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FOREWORD 
The ACS SYMPOSIUM SERIES was founded in 1974 to provide 
a medium for publishing symposia quickly in book form. The 
format of the SERIES parallels that of the continuing ADVANCES 
IN CHEMISTRY SERIES except that in order to save time the 
papers are not typeset but are reproduced as they are sub
mitted by the authors in camera-ready form. As a further 
means of saving time, the papers are not edited or reviewed 
except by the symposium chairman, who becomes editor of 
the book. Papers published in the ACS SYMPOSIUM SERIES 
are original contributions not published elsewhere in whole or 
major part and include reports of research as well as reviews 
since symposia may embrace both types of presentation. 
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PREFACE 

he drive for relevance by a commodity industry can be recognized 
-1- through many guises. One example is the age-old sugar industry. 

A capsulated version of its long and interesting history may be in order. 
The original discovery of the sweetness of the juice of the sugar cane is 
lost in prehistory, but wild sugar canes are still indigenous to the upper 
regions of those major rivers of India. A custom native to that region, 
the chewing of a "honey
the Great. Over the years this evolved into a lucrative sugar trade 
throughout the Mediterranean community. This was one of the rich 
prizes won by the Venetians as they wrested preeminence in the Inland 
Sea. The Venetians improved the commodity with a refining process, 
and cultivation of sugar cane spread Westward along both shores of the 
Mediterranean through the 13th-15th centuries. When, in 1493, Colum
bus was sent back to Hispaniola with colonists for the New Spain, they 
introduced the culture of sugar cane to their New World. Sugar beets, 
a thriving agribusiness in Europe since the Napoleonic wars, were 
introduced into the U.S. toward the middle of the 19th century. 

Thereafter, advancing technologies in agronomics, unit chemical 
engineering processes, ^nd transportation transformed sugar from an 
expensive delicacy to a household and manufacturing staple. This avail
ability, coupled with the rising standard of living in the latter part of 
the 19th and the 20th centuries, erased former economic barriers to its 
use. The populace of the United States and much of the North Atlantic 
community responded in the years following the First World War by 
sating their appetites with 30-50 kg/caput/annum, at which level it 
has remained now well into the 7th decade of this 20th century. Thus 
the markets for the ancient sugar industry have indeed matured. 

This maturation for the sugar markets of the United States was 
comprehended by some sugar men in the early years of the Second 
World War. Challenged by the late Ody H. Lamborn in 1943, the leaders 
of the U.S. sugar industry elected to grasp an opportunity for improve
ment by organizing the Sugar Research Foundation. The goal estab
lished then, and still viable for this 33-year-old organization, is to defend 
and extend the utilization of the commodity—sugar. 

Then, as now, at least 98% of the sugar sold in the United States 
was consumed by humans, most of it processed in the food business. 
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Yet there was a feeling of optimism that, if enough could be learned 
about the chemical peculiarities of this substance, ways could be devised 
to convert it into many of the material things required by a modern 
society. In such a way sugar could be relevant to the present age in a 
role secondary to its gustatory and nutritive values. 

Only the more foresighted of the pundits of that era were fore
casting an end to the age of liquid and gaseous fossil fuels, a reality that 
would be made painfully evident to us. Hardly anyone could foresee a 
forthcoming age in which the focus of such a large portion of the mate
rials industries would be turned toward renewable resources to supply 
the voracious appetites of the industries based on the organic compounds 
of carbon. Yet the research ethic, woven into the framework of the 
Foundation by O. H. Lamborn, and the continuing support of research by 
the leaders of the sugar industry have created a refrain which is con
sonant with what turns
substitution of renewable resources for those failing fossil carbon 
resources. 

The goal itself has not yet been achieved, for the sugar molecule is 
obstreperous. Sugar is an abundant resource of nearly matchless, molecu
lar homogeneity, available at prices seemingly reasonable. Yet the 
prophet of utilization who has dared to roll up his sleeves and attempt 
sugar reactions in his laboratory, more often than not, has met stark 
frustration. The small differences in the energies of activation among 
the several classes of hydroxyl groups in sucrose, for all but the most 
sophisticated of chemists, have produced intractable and almost unre-
solvable mixtures of positional isomers with ranges of degrees of substi
tution. Most investigators have retreated to "safer and tamer" starting 
materials. 

In 1952, however, the Board of Directors enticed a demonstrated 
chemical innovator to accept the presidency of the Sugar Research 
Foundation. Henry B. Hass had created quite a stir in the chemical 
community by taming the vapor phase reactions of hydrocarbons to 
produce halogen and nitro derivatives with intriguing potentials. Dr. 
Hass brought to the research program of the Foundation new ideas and 
boundless enthusiasm. He charged research groups with seemingly 
irresistible drives to tackle sucrochemical problems, and his infectious 
enthusiasm fostered a continuing flow of "patient money." In the 24 
years since Dr. Hass initiated the program, enough of a harvest has 
accrued from the seed he planted to justify this symposium. As assistant 
to Dr. Hass for seven of those years and subsequently for eleven years 
as Director of Research for the Foundation, your editor has found excite
ment and reward in the challenge of sucrochemistry. 

In the gathering experience of the midcentury, the sugar men of 
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many nations likewise recognized that, as in the United States, their 
markets had attained a stable maturity. Many accepted the rationale 
of the premises upon which the Sugar Research Foundation was struc
tured. Sugar companies in Canada, Europe, Africa, and Australia joined 
in the support of this research program, thus establishing centers of 
sucrochemical research in many lands. Cognizance of this international 
character of the program is evidenced by the fact that 14 of 27 papers in 
this symposium are written by non-American authors. 

In 1968 the Foundation likewise acknowledged this broadening of 
its support by redesignating itself as International Sugar Research Foun
dation and strengthening its commitment to the encouragement of 
research on the uses of sugar. One of the vehicles employed by ISRF is 
the fostering of symposia on a variety of subjects. In this role ISRF 
welcomed the invitation fro
then Chairman-Elect of the Division of Carbohydrate Chemistry of the 
ACS, to set up a symposium on sucrochemistry. With the strong endorse
ment of Gilles E. Sarault, President, and with a significant commitment 
from the Board of Directors of ISRF, the writer was assigned the task 
of creating the symposium. 

In the structuring of this program, no attempt has been made to be 
encyclopedic; rather the aim has been to display a sampling of the work 
by some of the star performers, selected to illustrate how some of the 
difficulties have been surmounted and to recount some of the rewarding 
achievements in this quarter century of exploration. In the first section 
the concepts and evolution of an intriguing, fundamental chemistry of 
the sucrose molecule are explored. Three sections are devoted to illus
trating some of the industrial applications of sucrochemistry: in sur
factants, surface coatings, urethane plastics, and fermentation processes. 
The symposium closes with discussions of the business and economic 
forecasts for sucrochemistry. 

It has been a distinct privilege and pleasure, both personally and 
professionally, to draw together these 27 papers from outstanding con
tributors representing academic and industrial leaders from seven coun
tries. These contributions are no less significant than they are self-evident. 

Yet, other major contributions to the achievement of the success of 
the symposium deserve to be recognized. First, the International Sugar 
Research Foundation contributed generous financial backing and staff 
time. The typing of the manuscripts for the printing was accomplished 
by the diligent, dedicated, cheerful, and thoughtful labors of Ms. Eliza
beth Dodds. Finally, and most significantly, an editor could not wish for 
greater cooperation than the time, energy, initiative, and application of 
intelligent editorial skills given by Stephanie S. Hillebrand (Information 
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Officer at the Foundation), who has served so capably as the assistant 
editor on the manuscript. 

Working with such a team of contributors, backers, and production 
staff, it has been most rewarding to have created this gateway on the 
path to relevance in an age of sucrochemistry. 

5915 Bradley Blvd. JOHN L. HICKSON , Consultant 
Bethesda, Md. 20014 
December 15, 1976 
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1 
The Concept of Sucrochemistry 

H. B. HASS 

Consultant, 95 Fernwood Rd., Summit, N.J. 07901 

By sucrochemistrand technology whoskets to sucrose and its byproducts by their chemical utilization. It is thus one sector of the much broader area called chemurgy. The chemurgic movement coined a neologism based upon the concept of putting chemistry to work to solve the problem of surpluses of farm crops. Scientists and crossword puzzle addicts will recognize the familiar term erg, a unit of work or energy, here spelled with a "u" to avoid problems of pronunciation. At present, crop surpluses have been largely wiped out by a burgeoning of world population, but the approaching depletion of our petroleum resources and the realization that even coal, oil shale and tar sands are not infinite in amount have emphasized the importance of the utilization of renewable resources such as forest products and annual crops. As we burn more and more fuels to carbon dioxide we can expect, in the long run, a more rapid growth of vegetation. The last time that we had plenty of carbon dioxide in the air, during the carboniferous era, the ferns grew 200 feet high. Thus the long view of industrial organic chemistry must inevitably foresee a continually decreased dependence upon fossil fuels. Sucrochemistry must inevitably be part of the wave of the future. Nobody can now know how much of that wave will be sucrochemical in nature, but the uniquely high productivity of sugar cane and sugar beet suggests that they will serve as very important sources of chemicals. 
*From 1952-1960, Dr. Hass was President and Director of Research, The Sugar Research Foundation, Inc. New York which, in 1968, became the International Sugar Research Foundation, Inc., Bethesda, Maryland, U.S.A. 
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1. HASS The Concept of Sucrochemistry 5 

I t i s w e l l known t o s u g a r c h e m i s t s , t h o u g h n o t t o 
c h e m i s t s i n g e n e r a l , t h a t s u c r o s e i s t h e p u r e o r g a n i c 
c h e m i c a l p r o d u c e d i n l a r g e s t amounts, w o r l d - w i d e . 
E t h y l e n e has been c r e e p i n g up on s u c r o s e b u t i s n o t 
y e t i t s e q u a l i n a n n u a l t o n n a g e . B e f o r e o u r e f f o r t s 
a t Sugar R e s e a r c h F o u n d a t i o n , s u c r o s e and i t s b y p r o 
d u c t s had been u s e d t o make s u c h p r o d u c t s as e t h a n o l , 
b u t a n o l and a c e t o n e by f e r m e n t a t i o n s , C e l o t e x , w a l l -
b o a r d and pap e r f r o m s u g a r c a n e b a g a s s e , w h i c h a l s o 
s e r v e d as a raw m a t e r i a l f o r f u r f u r a l . The g r o w t h o f 
t h e p e t r o c h e m i c a l i n d u s t r y was r a p i d l y s u p e r s e d i n g t h e 
f e r m e n t a t i o n p r o c e s s e s so i t seemed t h a t o u r most s u c 
c e s s f u l a p p r o a c h w o u l d be n o t i n t h e d i r e c t i o n o f mak
i n g s i m p l e r o r g a n i c m o l e c u l e s , b u t t o u t i l i z e t h e 
u n i q u e c h e m i c a l s t r u c t u r
w h i c h c o u l d n o t , a
fr o m p e t r o c h e m i c a l s o u r c e s . 

S i n c e t h e s u c r o s e m o l e c u l e c o n t a i n s t h r e e p r i m a r y 
and f i v e s e c o n d a r y h y d r o x y l g r o u p s , t h e s e were t h e l o g 
i c a l p o i n t s o f a t t a c k . S u c r o s e had p r e v i o u s l y been 
c o n v e r t e d t o t h e o c t a a c e t a t e w h i c h , b e i n g i n t e n s e l y 
b i t t e r , f o u n d a m i n o r u s e as a dénaturant f o r e t h a n o l . 
I t seemed t o me t h a t p u t t i n g one o r two l i p o p h i l i c 
g r o u p s on s u c r o s e w o u l d be l i k e l y t o g e n e r a t e a s u r 
f a c t a n t b e c a u s e o f t h e h i g h l y h y d r o p h i l i c n a t u r e o f 
s u c r o s e . As t h e n D i r e c t o r o f R e s e a r c h o f t h e 
Sugar R e s e a r c h F o u n d a t i o n , I c o n s u l t e d F o s t e r D. S n e l l 
on t h i s i d e a b e c a u s e he was v e r y k n o w l e d g e a b l e a b o u t 
s u r f a c t a n t s . 

F o s t e r S n e l l l i k e d t h e i d e a o f s u g a r - b a s e d s u r 
f a c t a n t s so I w r o t e o u t t w e n t y ways i n w h i c h i t seemed 
t h a t t h i s o b j e c t i v e c o u l d be r e a l i z e d . One o f t h e 
pro b l e m s was t o f i n d a s u i t a b l e s o l v e n t f o r s u c r o s e 
and s o m e t h i n g v e r y l i p o p h i l i c . Dr. L l o y d Osipow, 
t h e n o f t h e S n e l l o r g a n i z a t i o n , t r i e d d i m e t h y l f o r m a m i d e 
and i t worked. By t r a n s e s t e r i f i c a t i o n under m i l d l y 
a l k a l i n e c o n d i t i o n s a good y i e l d o f monoester c o u l d be 
o b t a i n e d and we were on o u r way. The e q u a t i o n i s 
d e c e p t i v e l y s i m p l e . 

C12 H22°11 + R C 0 2 C H 3 = ^ 2 v . 1 2 n 2 1 u 1 0 

U n f o r t u n a t e l y , t h e bad e f f e c t s o f t r a c e s o f w a t e r , t h e 
d i f f i c u l t y o f c o m p l e t e l y d r y i n g s u c r o s e c r y s t a l s , w h i c h 
t e n d t o t r a p mother l i q u o r f r o m t h e s y r u p u n d e r g o i n g 
c r y s t a l i z a t i o n , t h e p r o b l e m o f r e m o v i n g t h e l a s t t r a c e s 
o f d i m e t h y l f o r m a m i d e f r o m t h e p r o d u c t and t h e r e s e r 
v a t i o n s o f t h e U.S. Food and Drug A d m i n i s t r a t i o n (FDA) 
o v e r t h e p o s s i b l e t o x i c i t i e s o f r e s i d u e s were r e s p o n 
s i b l e f o r much t r o u b l e i n t h e dev e l o p m e n t s t a g e . 
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6 SUCROCHEMISTRY 

Then t h e r e o c c u r r e d t h e e r a o f t h e c o n c e p t o f z e r o 
t o l e r a n c e f o r t o x i c m a t e r i a l s , w h i c h i s now p r e t t y w e l l 
b e h i n d us and t h i s i s f o r t u n a t e , f o r i t meant t h a t , as 
a n a l y t i c a l methods f o r d e t e c t i n g t r a c e s i m p r o v e d , so 
d i d u n a c c e p t a b i l i t y o f p r o d u c t s . Thus, t h e manufac
t u r e r was a l w a y s s h o o t i n g a t a moving t a r g e t . F u r t h e r , 
t h e c o n c e p t o f z e r o t o l e r a n c e i s b a s e d upon t h e assump
t i o n t h a t i f a l a r g e amount o f a m a t e r i a l i s t o x i c , one 
t e n t h as much w i l l be a b o u t one t e n t h as t o x i c . T h i s 
i s n o t o n l y u n s c i e n t i f i c b u t i s c o n t r a r y t o common 
e x p e r i e n c e . A good f u l l m e al makes you f e e l g r e a t ; 
t w i c e as much g i v e s you a stomach ache. One d r i n k 
makes p e o p l e t a l k more v i v a c i o u s l y ; t e n d r i n k s p u t you 
t o s l e e p . Many o f t h e e s s e n t i a l n u t r i e n t s a r e t o x i c 
i n l a r g e amounts. Th
f l u o r i d e i o n , c o b a l
e l e m e n t s s e l e n i u m and i o d i n e a r e b o t h t o x i c i f you 
i n g e s t t o o much. The r e d u c t i o ad absurdum o f t h e i d e a 
o f z e r o t o l e r a n c e o f p o i s o n s came up when v i t a m i n B^2 
was f o u n d t o c o n t a i n c y a n i d e ; s t i l l i t i s an e s s e n t i a l 
n u t r i e n t . 

The n e t e f f e c t o f t h i s q u e s t i o n a b l e a t t i t u d e 
t h r u s t upon FDA was t h a t s u c r o s e e s t e r s went i n t o com
m e r c i a l p r o d u c t i o n i n J a p a n r a t h e r t h a n i n t h e l a n d o f 
t h e i r d i s c o v e r y . I n J a p a n t h e y go i n t o c a k e m i x e s as 
e m u l s i f y i n g a g e n t s , and so f a r t h e y have h u r t no one. 
The p r o c e s s o f d i g e s t i o n s p l i t s t h e s u c r o s e e s t e r i n t o 
f a t t y a c i d and i n v e r t s u g a r , compounds t h a t a r e n o r m a l 
l y p r e s e n t i n t h e body. More r e c e n t l y I have s e e n 
r e p o r t s t h a t t h e F r e n c h a r e u s i n g s u c r o s e e s t e r s i n 
a n i m a l f e e d s . The r e s u l t s o f e x p e r i m e n t s s y n t h e s i z i n g 
s u c r o s e e s t e r s f r o m a c i d a n h y d r i d e s , t o be r e p o r t e d 
l a t e r i n t h i s symposium, a r e , n a t u r a l l y , o f g r e a t 
i n t e r e s t t o me. 

M e a n w h i l e I g o t t h e i d e a t h a t s u p e r i o r d r y i n g o i l s 
m i g h t be p r o d u c e d i f we crowded as many d r y i n g o i l 
f a t t y a c i d m o l e c u l e s as p o s s i b l e i n t o a s u c r o s e m o l e 
c u l e . S i n c e t h i s was a l m o s t e n t i r e l y a d e v e l o p m e n t 
p r o b l e m , we t u r n e d i t o v e r t o P r o f e s s o r s Edward G. 
B o b a l e k and T . J . W a l sh a t Case I n s t i t u t e o f T e c h n o l o g y . 
They f o u n d t h a t s u c r o s e e s t e r s have a d v a n t a g e s o v e r 
o r d i n a r y d r y i n g o i l s i n t h a t t h e y f o r m h a r d e r , g l o s s i e r 
f i l m s w h i c h a d h e r e t o m e t a l s b e t t e r and w r i n k l e l e s s on 
d r y i n g . These e f f e c t s seem r e l a t e d t o t h e o c t a f u n c -
t i o n a l i t y o f s u c r o s e v e r s u s t h e t r i f u n c t i o n a l i t y o f 
g l y c e r o l . Thus a h e x a - o r h e p t a e s t e r o f s u c r o s e has 
a h i g h e r m o l e c u l a r w e i g h t t h a n i t s g l y c e r o l o r p e n t a -
e r y t h r i t o l a n a l o g c o n t a i n i n g t h e same f a t t y a c i d s and 
t h u s has many more p o s s i b i l i t i e s o f j o i n i n g w i t h a d 
j a c e n t m o l e c u l e s i n t h e n o r m a l d r y i n g p r o c e s s e s . 
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1. HASS The Concept of Sucrochemistry 7 

We r e s t u d i e d t h e a m m o n i a t i o n o f b e e t p u l p w h i c h 
had been r e p o r t e d by one o f our member companies b u t 
was n o t b e i n g u s e d c o m m e r c i a l l y . The c h e m i s t r y i n 
v o l v e d i s t h e ammonolysis o f m e t h y l e s t e r g r o u p s i n t h e 
b e e t p u l p t o l i b e r a t e m e t h a n o l and f o r m amide s t r u c 
t u r e s . These amides a r e a t t a c k e d by enzymes p r o d u c e d 
by m i c r o o r g a n i s m s i n t h e rumen o f c a t t l e and sheep t o 
for m p r o t e i n w h i c h becomes a v a i l a b l e t o t h e a n i m a l s . 
I n r e s e a r c h a t t h e N a t i o n a l I n s t i t u t e f o r R e s e a r c h i n 
D a i r y i n g , i n E n g l a n d , t h e p r o d u c t was f o u n d t o be e q u i 
v a l e n t t o pe a n u t meal as a . s o u r c e o f p r o t e i n f o r grow
i n g c a l v e s , b u t o n l y a f t e r an i n d u c t i o n p e r i o d d u r i n g 
w h i c h t h e m i c r o o r g a n i s m s o f t h e rumen were a d j u s t i n g 
t h e i r r e l a t i v e numbers t o t h e new f e e d . 

We t r i e d t o r e p l a c
NH2 g r o u p s by t h e s i m u l t a n e o u
h y d r o g e n . T h i s works w e l l w i t h s i m p l e a l c o h o l s b u t 
t h e s u c r o s e m o l e c u l e goes a l l t o p i e c e s u nder t h e s e 
c o n d i t i o n s and t h e p r i n c i p a l p r o d u c t , i s o l a t e d by 
P r o f e s s o r P h i l i p S k e l l a t P e n n s y l v a n i a S t a t e U n i v e r s i t y 
was 2 - m e t h y l p i p e r a z i n e . E f f o r t s t o improve t h e y i e l d 
s u f f i c i e n t l y t o make t h i s an e f f i c i e n t s o u r c e o f d i a 
mines f o r n y l o n - t y p e p o l y m e r s have n o t so f a r been 
s u c c e s s f u l . 

An e x p i r e d U.S. P a t e n t on t h e u se o f s u c r o s e a l o n g 
w i t h p h e n o l and f o r m a l d e h y d e t o make c o n d e n s a t i o n 
r e s i n s was i n v e s t i g a t e d w i t h i n c o n c l u s i v e r e s u l t s . 
The hope was t h a t s u c r o s e , t h e n v e r y i n e x p e n s i v e , 
c o u l d be b u i l t i n t o B a k e l i t e - t y p e p o l y m e r s w i t h o u t t o o 
much s a c r i f i c e o f p r o p e r t i e s . S u c r o s e - u r e a r e s i n s 
were a l s o i n v e s t i g a t e d w i t h p oor r e s u l t s . 

We s t a r t e d work on s u c r o s e a c e t a l s w i t h P r o f e s s o r 
E . J . Bourne a t R o y a l H o l l o w a y C o l l e g e i n E n g l a n d and 
t h e s e compounds were r e p o r t e d f o r t h e f i r s t t i m e . I t 
i s o f i n t e r e s t t o me t h a t Dr. R i a z Khan i s c o n t i n u i n g 
t h i s work a t T a t e and L y l e , L t d . , and w i l l p r e s e n t h i s 
r e s u l t s l a t e r i n t h i s symposium. 

We s t a r t e d a p r o j e c t w i t h P r o f e s s o r H a r r y Szmant 
a t U n i v e r s i t y o f O r i e n t e , Cuba, on r e p l a c i n g s u c r o s e 
h y d r o x y 1 g r o u p s w i t h c h l o r i n e , b u t t h e C a s t r o r e v o l -
t i o n t h e r e i n t e r f e r e d . I am p l e a s e d t h a t r e l a t e d 
work i s c o n t i n u i n g i n t h i s f i e l d . 

T h i s b r i n g s us t o t h e end o f t h i s p a r t o f t h e 
s t o r y . I n t h e words o f t h e p o e t John McRae, 

"To you f r o m f a l l i n g hands we t h r o w t h e t o r c h 
Be y o u r s t o h o l d i t h i g h ! " 

Abstract 

The use of sucrose and its byproducts as raw mat

In Sucrochemistry; Hickson, J.; 
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8 SUCROCHEMISTRY 
erials for chemical manufacture is much older than my 
efforts in this direction. These included Celotex 
sound-absorbent wall-board from sugarcane bagasse, 
typewriter paper from bagasse, ethanol, butanol and 
acetone by fermentation from molasses, though these 
fermentations were being superseded by petrochemical 
processes. 

"Sucrochemistry" covers a branch of science and 
technology whose objective is to bring added markets 
to sucrose and its byproducts by chemical utilization. 
It is thus a part of the broad area of chemurgy and is 
based upon the concept that, although the capacity of 
the human stomach is limited, mankind's desire for 
manufactured goods seems not to be. The pure organic 
chemical manufactured worldwide in the largest tonnage 
is sucrose, but it ha
compared to benzene  example
ammoniation of dried beet pulp to make a protein-equiv
alent feed for ruminants and we also ammoniated bagasse 
and molasses for the same purpose. We made sucrose 
mono- and difatty acid esters as edible surfactants, 
subjected sucrose to reductive aminolysis, used sucrose 
in the formation of phenolformaldehyde resins, and 
made drying oils from sucrose and unsaturated fatty 
acids. 

Biographic Notes 
Henry B. Hass, Ph.D. (and 6 honorary degrees). 

Retired educator and consultant to the chem. ind. 
Educated at Ohio Wesleyan Univ. and Ohio State Univ. 
For 21 years on the staff and 12 years as Head, Chem. 
Dept. Purdue Univ. Industrial experience: General 
Aniline & Film Corp., then, for 8 years, Pres. and 
Dir. Res. Sugar Research Foundation, Inc.; then Dir. 
of Chem. Res.,M. W. Kellogg Co. Some 200 papers and 
150 U.S. patents. A consultant in industrial chemis
try. 95 Fernwood Drive, Summit, N.J. 07901 U.S.A. 
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2 
Selective Substitution of Hydroxyl Groups in Sucrose 

LESLIE HOUGH 

Chemistry Department, Queen Elizabeth College, Camp Hill Rd., 
London W8 7AH, England 

The c h e m i s t r y o
c h e m i s t r y 1 , has p l a y e d a s p e c i a l r o l e i n o u r s t u d i e s o f 
c a r b o h y d r a t e s i n v i e w o f i t s u b i q u i t y and g r e a t i m p o r 
t a n c e i n commerce. Our i n t e r e s t has been c o n c e n t r a t e d 
upon s t e r e o s e l e c t i v e c h e m i c a l r e a c t i o n s , i n t h e main 
by r e p l a c e m e n t o f s p e c i f i c h y d r o x y l g r o u p s by o t h e r 
f u n c t i o n a l g r o u p s . The c o n s i d e r a b l e p r o g r e s s made i n 
t h i s f i e l d , d e s p i t e t h e c o m p l e x i t i e s a s s o c i a t e d w i t h 
t h e c h e m i s t r y o f t h i s u n i q u e m o l e c u l e , have been due t o 
t h e a p p l i c a t i o n o f mass s p e c t r o m e t r y , -̂H n.m.r. and 
1 3 C n.m.r. t o t h e s t r u c t u r e d e t e r m i n a t i o n o f t h e p r o 
d u c t s o b t a i n e d by s i m p l e b u t e f f e c t i v e c h r o m a t o g r a p h i c 
c o n t r o l and, i n t h e c a s e o f complex m i x t u r e s o f p r o 
d u c t s , t h r o u g h p u r i f i c a t i o n by column c h r o m a t o g r a p h y . 
A p r o f i l e o f c h e m i c a l r e a c t i v i t y has emerged s u c h t h a t 
w i d e r a p p l i c a t i o n s i n s u g a r and a s s o c i a t e d t e c h n o l o g i e s 
c a n now be e x p e c t e d as t h e f o s s i l i z e d m a t e r i a l s become 
i n c r e a s i n g l y e x p e n s i v e . S u c r o s e and i t s d e r i v a t i v e s 
show s t e r e o s e l e c t i v i t y i n many o f t h e i r r e a c t i o n s , 
w h i c h i s f o r t u n a t e , s i n c e a l a r g e number o f p a r t i a l l y 
s u b s t i t u t e d d e r i v a t i v e s a r e t h e o r e t i c a l l y p o s s i b l e . 
(See T a b l e I ) . 

(• = OH) * 

9 
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10 SUCROCHEMISTRY 

T a b l e I 

No. o f Isomers o f S u c r o s e D e r i v a t i v e s 

MONO 8 
DI 28 
TRI 56 
TETRA 70 

PENTA 
HEXA 
HEPTA 
OCTA 

56 
28 
8 
1 

T h u s f w h i l s t o n l y one o c t a d e r i v a t i v e o f s u c r o s e c a n 
e x i s t , s u c h as t h e o c t a m e s y l a t e ( B ) , t h e r e a r e 70 pos 
s i b l e t e t r a d e r i v a t i v e s and 56 a l t e r n a t i v e s i n t h e c a s e 
o f b o t h t r i - and pentä-derivatives. Our s t u d i e s (1,2) 
have r e v e a l e d t h a t t h e e i g h t h y d r o x y l s o f s u c r o s e (A) 
r e a c t s e l e c t i v e l y and f o u r  i n c l u d i n g t h e t h r e e p r i m a r y 
g r o u p s , can be r e p l a c e
t r i - and 1 ' , 4 , 6 , 6 ' - t e t r a s u b s t i t u t e
d e n t upon t h e r e a c t a n t s and t h e r e a c t i o n c o n d i t i o n s . 
F o r e xample, when s u c r o s e o c t a m e s y l a t e (B) was t r e a t e d 
w i t h n u c l e o p h i l e s , s u c h as i o d i d e , b r o m i d e , c h l o r i d e , 
a z i d e , e t c , i n an a p r o t i c s o l v e n t , s u c h as N , N - d i m e t h y l -
formamide (D.M.F.) o r h e x a m e t h y l p h o s p h o r i c t r i a m i d e 

E D 

B C 

( • = 0-S02CH3) 
(x = Nucleophile) 

In Sucrochemistry; Hickson, J.; 
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2. HOUGH Substitution of Hydroxyl Groups 11 

(H.M.P.T.), s p e c i f i c m e s y l o x y s u b s t i t u e n t s underwent 
n u c l e o p h i l i c s u b s t i t u t i o n t o g i v e 6 , 6 ' - d i s u b s t i t u t e d 
( C ) , 4 , 6 , 6 ' - t r i s u b s t i t u t e d (D) and 1 1 , 4 , 6 , 6 1 - t e t r a -
s u b s t i t u t e d (E) p r o d u c t s t h a t c o u l d r e a d i l y be i s o l a t e d 
by c a r e f u l c o n t r o l o f t h e r e a c t i o n c o n d i t i o n s and sub
s e q u e n t p u r i f i c a t i o n by column c h r o m a t o g r a p h y . I t was 
e s t a b l i s h e d t h a t t h e o r d e r o f r e p l a c e m e n t i s 6^6'> 
4 >1' » a l l o t h e r p o s i t i o n s . 

The o b s e r v e d s t e r e o s e l e c t i v i t y (1,2) i s i n a c c o r d 
w i t h t h e b i m o l e c u l a r t r a n s i t i o n s t a t e t h e o r y (3). 
The s u b s t i t u e n t s a t t h e l e a s t h i n d e r e d , p r i m a r y 6- and 
6 ' - p o s i t i o n s r e a c t i n g p r e f e r e n t i a l l y and t h e o t h e r p r i 
mary s u b s t i t u e n t , o f t h e more crowded n e o - p e n t y l t y p e 
a t t h e 1 ' - p r i m a r y p o s i t i o n , r e a c t i n g more s l o w l y t h a n 
t h e more f a v o r a b l e , b u t s e c o n d a r y  4 - p o s i t i o n  I
a c c o r d w i t h t h i s mechanism
a l w a y s o b s e r v e d whe  n u c l e o p h i l i
a t a c h i r a l c e n t r e , i n t h i s c a s e a t C-4. By t h i s p r o 
c e s s , 4 - s u l p h o n a t e e s t e r s o f s u c r o s e a r e c o n v e r t e d by 
s u b s t i t u t i o n and i n v e r s i o n o f c o n f i g u r a t i o n a t C-4 i n t o 
3 - D - f r u c t o f u r a n o s y l a - D - g a l a c t o p y r a n o s i d e (F) 
( ' g a l a c t o ' - s u c r o s e ) and i t s d e r i v a t i v e s (D and E) 
( 4 , 5 ) . I t i s o f i n t e r e s t t o n o t e t h a t g a l a c t o - s u c r o s e 
(F) i s n o t sweet, due t o t h e p r e s e n c e o f an a x i a l 4-
h y d r o x y l group (6) (see l a t e r , h o w e v e r ) . 

HO 

F 

By s e l e c t i v e e s t e r i f i c a t i o n w i t h s u l p h o n y l h a l i d e s 
p a r t i a l l y s u b s t i t u t e d s u l p h o n a t e e s t e r s o f s u c r o s e can 
be p r e p a r e d . F o r example, u s i n g l i m i t e d q u a n t i t i e s o f 
t o l u e n e - p - s u l p h o n y l ( ' t o s y l ' ) c h l o r i d e i n p y r i d i n e and 
sub s e q u e n t p u r i f i c a t i o n by column c h r o m a t o g r a p h y , t h e 
6 , 6 ' - d i t o s y l a t e ( G ) , 1 ' 6 , 6 ' - t r i t o s y l a t e ( H ) , and 1', 
2 , 6 , 6 ' - t e t r a t o s y l a t e (iE) were o b t a i n e d . A d v a n t a g e 
was s u b s e q u e n t l y t a k e n o f t h e i n c r e a s e d s e l e c t i v i t y o f 
b u l k i e r s u l p h o n y l h a l i d e s (!), s u c h as t r i i s o p r o p y l b e n -
zene s u l p h o n y l c h l o r i d e ( ' t r i p s y l c h l o r i d e ' ) and m e s i t y -
l e n e s u l p h o n y l c h l o r i d e t o p r e p a r e t h e c o r r e s p o n d i n g 
1 ' , 6 , 6 ' - t r i s u l p h o n a t e e s t e r s d i r e c t l y and i n good y i e l d 
(8,9) , w i t h o u t t h e use o f column c h r o m a t o g r a p h y . 

In Sucrochemistry; Hickson, J.; 
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12 SUCROCHEMISTRY 

»Ts 

A G 

OTs 

'OTs 

I 

(• =OH) 
(*TsCl = Tosyl Chloride 

PY = Pyridine) 

N u c l e o p h i l i c s u b s t i t u t i o n o f t h e s u l p h o n y l o x y s u b s t i 
t u e n t s i n t h e s e p a r t i a l l y s u b s t i t u t e d s u l p h o n a t e e s t e r s 
o f s u c r o s e r e a d i l y a f f o r d s 6 , 6 ' - d i - and l ,

f 6 f 6 l - t r i 
s u b s t i t u t e d s u c r o s e d e r i v a t i v e s , s u c h as t h e c o r r e s 
p o n d i n g c h l o r i d e s and a z i d e s , f r o m w h i c h t h e deoxy- and 
a m i n o - d e r i v a t i v e s , r e s p e c t i v e l y , c a n be p r e p a r e d . 

As an a l t e r n a t i v e , t h e s e l e c t i v e d e - e s t e r i f i c a t i o n 
o f s u c r o s e o c t a a c e t a t e (J) was examined. When a 
c h l o r o f o r m s o l u t i o n o f t h e l a t t e r (10) was p a s s e d 
t h r o u g h a column o f a l u m i n a , t h r e e h e p t a a c e t a t e s were 
o b t a i n e d w i t h f r e e h y d r o x y l s a t C-6 1, C-4 1 and C-4 
r e s p e c t i v e l y (K,L and M) (1£) . S i n c e a c e t y l g r o u p s 
r e a d i l y m i g r a t e , v i a an 4 , 6 - o r t h o e s t e r i n t e r m e d i a t e , 
f r o m t h e 4- t o t h e 6 - p o s i t i o n o f t h e D - g l u c o p y r a n o s y l 
r i n g , and p r e s u m a b l y l e s s r e a d i l y f r o m 4 1 - and 6'-}we 
(10) s u g g e s t e d , w i t h s u p p o r t i n g e v i d e n c e , t h a t t h e 
i n i t i a l p r o d u c t s were t h e two h e p t a a c e t a t e s , w i t h t h e 
6 - h y d r o x y l and t h e 6 ' - h y d r o x y l r e s p e c t i v e l y f r e e . 
The f i n a l p r o d u c t s p r o b a b l y r e s u l t e d f r o m a c e t y l m i g r a 
t i o n . 

S e l e c t e d h y d r o x y l s i n s u c r o s e c a n be r e p l a c e d by 
c h l o r i d e by e x p l o i t i n g r e a c t i o n s w i t h e i t h e r s u l p h u r y l 
c h l o r i d e i n p y r i d i n e ( L I ) o r m e s y l c h l o r i d e i n D.M.F. 
(1 2 , 1 3 ) . The r e a c t i o n w i t h s u l p h u r y l c h l o r i d e i n v o l v e s 
t h e i n i t i a l f o r m a t i o n o f a c h l o r o s u l p h a t e e s t e r (N) 
w h i c h t h e n u n d e r g o e s an i n t r a m o l e c u l a r n u c l e o p h i l i c 
s u b s t i t u t i o n r e a c t i o n w i t h t h e i n s e r t i o n o f c h l o r i d e . 

In Sucrochemistry; Hickson, J.; 
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14 SUCROCHEMISTRY 

Under c o n t r o l l e d conditions, sucrose reacts with 
sulphuryl c h l o r i d e i n pyr i d i n e i n a highly s e l e c t i v e 
manner to give e i t h e r 6,6'-dichloro-6,6'dideoxysucrose 
(0) or 4,6,6'-trichloro-4,6,6'-trideoxy-galacto-sucrose 
(P) which can be obtained d i r e c t l y , a f t e r d e -chlorosul-
phation, without r e s o r t i n g to preparative chromato
graphy. (16) In these s u b s t i t u t i o n r e a ctions, the 
l e a s t crowcTed, primary 6- and 6'-positions react pre
f e r e n t i a l l y and the favorable secondary 4-position 
reacts f a s t e r than the more hindered but primary 
l 1 - p o s i t i o n . In a r e l a t e d study P a r o l i s (14) has 
also i s o l a t e d the 4,6,6'-trichlorosucrose (P) d i r e c t l y 
but as the c r y s t a l l i n e 1',2,3,3',4'-pentachloro-sul-
phate. More extensive r e a c t i o n of sucrose occurs with 
sulphuryl c h l o r i d e at highe  temperature  t  giv  thre
4,6-dichloro-4,6-dideoxy
phate d e r i v a t i v e s (Q,  S), g
cations to the fr u c t o f u r a n o s y l moiety (15). The chlo-
rosucroses (0) and (P) are r e a d i l y converted i n t o an
hydrides (167 and deoxyderivatives (17). Thus the 
6,6'-dichloride (0) was r e a d i l y transformed i n t o the 
3,6;3',6'-dianhydroderivative (T) when treated with 
methanolic sodium methoxide, whereas, under s i m i l a r 
c onditions, the 4 , 6 , 6 ' - t r i c h l o r i d e (P) gave i n i t i a l l y 
the 3,6-anhydro-4,6'-dichloride (U), due to rate-en
hancement by the a x i a l 4-chloro group which moves to 
the more favorable e q u a t o r i a l p o s i t i o n (hCi-+lCk) 
followed by the formation of the f i n a l product, the 
4-chloro-4-deoxy-3,6;3',6'-dianhydro d e r i v a t i v e (16) 
(V) . 

(• = OH) 
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The 4 , 6 , 6 ' - t r i c h l o r i d e (P) was c o n v e r t e d i n t o 
4 , 6 , 6 ' - t r i d e o x y s u c r o s e (W) by c a t a l y t i c , r e d u c t i v e 
d e h a l o g e n a t i o n i n t h e p r e s e n c e o f p o t a s s i u m h y d r o x i d e 
( 1 7 ) . On t h e o t h e r hand, i n t h e p r e s e n c e o f t r i e t h y -
l a m i n e , d e c h l o r i n a t i o n o c c u r r e d e x c l u s i v e l y a t t h e s e 
c o n d a r y 4 - p o s i t i o n t o g i v e t h e 4 - d e o x y - 6 , 6 ' - d i c h l o r i d e 
(X) as e x p e c t e d f r o m t h e r e s u l t s o f Lawton, Wood, 
S z a r e k and J o n e s ( 1 8 ) . N u c l e o p h i l i c r e p l a c e m e n t o f t h e 
6 , 6 ' - c h l o r o - s u b s t i t u e n t s o f t h e l a t t e r (X) by b e n z o a t e 
t h e n gave 4 - d e o x y - s u c r o s e (11) ( Y ) • The i s o m e r i c 1', 
6 , 6 ' - t r i c h l o r o - l f , 6 , 6 ' - t r i d e o x y s u c r o s e (AA) was c o n 
v e n i e n t l y p r e p a r e d f r o m 1 ' , 6 , 6 ' - t r i m e s i t y l e n e s u l p h o -
n y l s u c r o s e (Z), and t h e n c o n v e r t e d as above i n t o 1', 
4 ' ; 3 , 6 ; 3 ' , 6 ' - t r i a n h y d r o s u c r o s e (BB)and 1 ' , 6 , 6 ' - t r i 
d e o x y s u c r o s e (CC) (19) • F u r t h e r c h l o r i n a t i o n o f t h e 

cc 

((§) = Sucrose) 
(. = OH) 
(M = Mesitylenesulfonyloxy) 
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1 ' , 6 , 6 ' - t r i c h l o r i d e (AA) by r e a c t i o n w i t h s u l p h u r y l 
c h l o r i d e i n p y r i d i n e o c c u r r e d a t C-4 as p r e d i c t e d , t o 
g i v e 1 ' , 4 , 6 , 6 ' - t e t r a c h l o r o - 1 ' , 4 , 6 , 6 ' - t e t r a d e o x y - g a l a c -
t o - s u c r o s e (DP)• An o b j e c t i v e i n o u r c h e m i c a l s t u d i e s 
on s u c r o s e has been t o enhance i t s n a t u r a l s w e e t n e s s , 
and we have been c o n s i d e r a b l y e n c o u r a g e d i n t h i s 
d i r e c t i o n by t h e s u r p r i s i n g d i s c o v e r y t h a t t h i s t e t r a 
c h l o r i d e (DP) i s i n t e n s e l y sweet, c o m p a r a b l e t o s a c c h a 
r i n b u t w i t h a p l e a s a n t a f t e r - t a s t e (20). The a p p a r 
e n t l y c o n t r a r y l o s s o f sw e e t n e s s i n g a l a c t o - s u c r o s e (F) 
has been a t t r i b u t e d t o h y d r o g e n b o n d i n g f r o m t h e a x i a l 
4 - h y d r o x y l g roup t o t h e r i n g oxygen w h i c h c a n n o t , o f 
c o u r s e , o c c u r a t C-4 i n t h e sweet 1 ' , 4 , 6 , 6 ' - t e t r a c h l o 
r i d e d e r i v a t i v e ( P P ) . The c o n s i d e r a b l e enhancement o f 
t h e s w e e t n e s s o f s u c r o s e by s e l e c t i v e s u b s t i t u t i o n by 
c h l o r i d e , n o t o b s e r v e
n o r i n any o t h e r c a r b o h y d r a t e
n o t o n l y i n n u t r i t i o n i n t h e devel o p m e n t o f a l t e r n a t i v e 
s w e e t e n e r s t o s u c r o s e , b u t i n r e l a t i o n t o t h e o r i e s o f 
s w e e t n e s s . 
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A p p l i c a t i o n o f 1 3 C n.m.r. t o t h e c h a r a c t e r i s a t i o n 
o f d e r i v a t i v e s o f s u c r o s e has r e v e a l e d (21) t h a t i n 
a d d i t i o n t o n.m.r. and mass s p e c t r o m e t r y , i t i s a 
p o w e r f u l a i d s i n c e t h e p o s i t i o n o f r e p l a c e m e n t o f 
h y d r o x y l s by o t h e r s u b s t i t u e n t s and t h e i r s t e r e o c h e m i s 
t r y i s e a s i l y r e c o g n i s e d by t h e s h i f t s . The r e s o n a n c e s 
o f C - l 1 , C-6 and C-6', t h e p r i m a r y c a r b o n s i n s u c r o s e , 
have been a s s i g n e d (21) ( F i g u r e 1) and a r e d i s t i n c t i v e 
i n t h a t t h e y o c c u r a t h i g h f i e l d . The s i g n a l s f o r C-2, 
-3 and -5 o f s u c r o s e (A) have n o t so f a r been a s s i g n e d 
u n e q u i v o c a l l y , b u t t h e y were u n a f f e c t e d by t h e i n t r o 
d u c t i o n o f c h l o r i n e a t C-6 whereas e p i m e r i s a t i o n a t 
C-4 t o g i v e g a l a c t o - s u c r o s e (F) r e s u l t s i n u p f i e l d 
s h i f t s o f C-2, -3 and -5 ( F i g u r e 2 ) . I n an a t t e m p t t o 
a s s i g n t h e s i g n a l f o r C-3  s u c r o s e (A) has been 
o x i d i s e d t o 3 - k e t o - s u c r o s
t u m e f a c i e n s (22) an
sodium b o r o d e u t e r i d e , w h i c h showed t h e e x p e c t e d s t e r e o -
s p e c i f i c i t y t o g i v e {(3- 2H) - a - P - a l l o p y r a n o s y l ß - P - f r u c -
t o f u r a n o s i d e ( F F ) ; ' a l i o ' - s u c r o s e } ( 2 3 ) . 
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Abstract 
In studying the fundamental chemistry of sucrose 

over the past two decades, we have discovered a profile 
of chemical reactivity that is unique to sucrose and 
devised procedures for the isolation and characterisa
tion of the products. Thus precise control of the 
reactions of sucrose with sulphuryl chloride in pyri
dine can effect replacement of two, three or four hy
droxyl groups in sucrose. By variation of the reaction 
conditions we can isolate 6,6'-dichloro-6,6'-dideoxy
sucrose, or 4,6,6'-trichloro-4,6,6'-trideoxy-galacto
sucrose in good yield, each crystalline or as a cry
stalline derivative, directly from the reaction with
out using chromatographic columns for isolation. 
Likewise, sulphonate esters of sucrose can be made di
rectly, such as 1',6,6'-tri-O-mesitylenesulphonyl-su
crose. 

We have studied the conversion of chlorosucroses 
into potentially useful products. Thus the d i - and 
trichloro compounds are readily converted into 3,6:3', 
6'-dianhydrosucrose and its 4-chloro derivative res
pectively. Furthermore, reductive dehalogenation of 
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the chlorosucroses with hydrogen-Raney nickel in the 
presence of base, afforded d i - , tri- and tetradeoxy-
sucroses in high yield. 

Studies on the application of 13C n.m.r.to sucrose 
and its derivatives have shown that i t is a valuable 
tool for characterisation. Literature Cited 
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D u r i n g t h e p a s t 6 o r so y e a r s , t h e r e have been a 
number o f d e v e l o p m e n t s i n t h e a r e a o f h i g h r e s o l u t i o n , 
n u c l e a r m a g n e t i c r e s o n a n c e (n.m.r.) s p e c t r o s c o p y w h i c h 
a r e p e r t i n e n t d i r e c t l y t o c a r b o h y d r a t e c h e m i s t s who a r e 
i n t e r e s t e d i n u s i n g n.m.r. t o p r o v i d e i n f o r m a t i o n c o n 
c e r n i n g t h e s t r u c t u r e s and c o n f o r m a t i o n s o f c a r b o h y 
d r a t e d e r i v a t i v e s i n s o l u t i o n . Two o f t h e s e d e v e l o p 
ments a l r e a d y have been u s e d i n s t u d i e s o f c a r b o h y d r a t e 
s y s t e m s and i n t h i s p r e s e n t a t i o n I i n t e n d t o r e m i n d you 
(1-3) b r i e f l y o f t h e s i g n i f i c a n c e o f t h o s e t e c h n i q u e s . 
F i r s t , t h e use o f s p e c t r o m e t e r s w h i c h , by o p e r a t i n g a t 
h i g h m a g n e t i c f i e l d s , p r o v i d e an o p t i m a l d i s p e r s i o n o f 
c h e m i c a l s h i f t s and t h e r e b y f a c i l i t a t e t h e use o f t h e 
f i r s t t h r e e s e t s o f n.m.r. p a r a m e t e r s l i s t e d i n T a b l e 
I . Second, t h e use o f s p e c t r o m e t e r s , w h i c h o p e r a t e 
i n t h e p u l s e F o u r i e r t r a n s f o r m mode and w h i c h , t h e r e b y , 
e x t e n d a p p l i c a t i o n s o f t h e same t h r e e s e t s o f p a r a 
m e t e r s t o s o l u t i o n s w h i c h m a g n e t i c a l l y a r e r a t h e r d i 
l u t e , as i n measurements o f n a t u r a l abundance (£) 1 3 C 
n.m.r. s p e c t r a . S i n c e I assume t h a t b o t h o f t h e s e 
a r e a s a r e r a t h e r w e l l known, I s h a l l p a s s t h r o u g h t h i s 
p a r t o f my p r e s e n t a t i o n r a t h e r r a p i d l y and t h e n I s h a l l 
go on t o d i s c u s s an a r e a w h i c h i s r a t h e r newer a n d , I 
a n t i c i p a t e , l e s s f a m i l i a r t o most c a r b o h y d r a t e c h e m i s t s . 
T h i s i s t h e use o f p u l s e F o u r i e r t r a n s f o r m methods t o 
measure t h e f o u r t h f a m i l y o f n.m.r. p a r a m e t e r s l i s t e d 
i n T a b l e I , namely s p i n - l a t t i c e , o r l o n g i t u d i n a l r e l a x 
a t i o n t i m e s ( T ^ - v a l u e s , s e c ) ; o r t h e i r r e c i p r o c a l s , 
t h e s p i n - l a t t i c e r e l a x a t i o n r a t e s ( R ^ - v a l u e s , m s e c " ! ) . 
And I s h a l l show (5-6) t h a t p r o t o n R ^ - v a l u e s p r o v i d e us 
w i t h v a l u a b l e new i n s i g h t t o t h e s o l u t i o n c o n f o r m a t i o n s 
o f s u g a r s i n g e n e r a l , a n d d i s a c c h a r i d e s s u c h as s u c r o s e , 
i n p a r t i c u l a r . 

22 
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T a b l e I . H i g h r e s o l u t i o n n.m.r. p a r a m e t e r s 

1. C h e m i c a l S h i f t s (p.p.m.) 
2. C o u p l i n g C o n s t a n t s (Hz) 
3. I n t e g r a t e d a r e a s 
4. S p i n - l a t t i c e ^ 

[ r e l a x a t i o n t i m e s ( s e c . ) 
L o n g i t u d i n a l ' 

5. S p i n - s p i n -n 

T r a n s v e r s e 
r e l a x a t i o n t i m e s ( s e c . ) 

(A) 

The p r o t o n n.m.r. s p e c t r a o f t h e t e t r a c h l o r o -
t e t r a m e s y l g a l a c t o - s u c r o s e d e r i v a t i v e ( A ) , w h i c h 
a r e shown i n F i g u r e 1 s e r v e t o i l l u s t r a t e t h e adv a n t a g e 
o f m e a s u r i n g 1 H n.m.r. s p e c t r a a t as h i g h a m a g n e t i c 
f i e l d as p o s s i b l e . The 100 MHz s p e c t r u m ( F i g u r e 1) 
shows e a c h o f t h e r i n g p r o t o n s as a s e p a r a t e l y r e s o l v e d 
r e s o n a n c e ; however, t h e s i x m e t h y l e n e p r o t o n s g i v e a 
p o o r l y r e s o l v e d m u l t i p l e t . I n c o n t r a s t f t h e 360 MHz 
n.m.r. s p e c t r u m o f t h e same s o l u t i o n now shows a l l o f 
t h e s e r e s o n a n c e s c l e a r l y r e s o l v e d and t h e a s s i g n m e n t s 
o f t h e s e and t h e v a r i o u s r i n g p r o t o n s a r e g i v e n i n 
F i g u r e 1. W i t h a s p e c t r u m w h i c h i s d i s p e r s e d t h u s , i t 
i s a t r i v i a l m a t t e r t o o b t a i n a l l o f t h e v i c i n a l 
^H- 1H c o u p l i n g c o n s t a n t s and t h e s e v a l u e s a r e b e l o w . 
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F o l l o w i n g t h e p i o n e e r i n g o b s e r v a t i o n s o f Lemieux (7^) 
and t h e s u b s e q u e n t c a l c u l a t i o n s o f K a r p l u s (8-9) i t i s 
a t r i v i a l m a t t e r t o i n f e r f r o m t h e s e c o u p l i n g s t h a t t h e 
p y r a n o s e r i n g o f (A) has t h e D - g a l a c t o c o n f i g u r a t i o n 
and f a v o u r s t h e ^ C i - c h a i r c o n f i g u r a t i o n . Thus t h e 
c o u p l i n g s between H-l:H-2 and H-3:H-4 a r e c h a r a c t e r i s 
t i c o f t h e gauche o r i e n t a t i o n , ^"4^.5 i s t y p i c a l o f t h e 
D - g a l a c t o c o n f i g u r a t i o n and t h e l a r g e v a l u e o f ^2,3 
p r o v i d e s u n e q u i v o c a l p r o o f t h a t H-2 and H-3 have a 
t r a n s - d i a x i a l d i s p o s i t i o n . T u r n i n g now t o t h e f r u c t o -
f u r a n o s e r i n g , we n o t e t h a t b o t h t h e v i c i n a l c o u p l i n g s 
a r e l a r g e and, a l t h o u g h t h e r e a r e many r e a s o n s (10) why 
one c a n n o t make an u n e q u i v o c a l c o n f o r m a t i o n a l a s s T g n -
ment. i t i s t e m p t i n g t o s p e c u l a t e t h a t t h i s r i n g f a v o r s 
t h e ^ T ^ - t w i s t c o n f o r m a t i o n i n w h i c h C-3 i s d i s p l a c e d 
above and C-4 e q u a l l
by C-2:0-5:C-5. W
t i o n a l e v i d e n c e i n s u p p o r t o f t h i s a s s e r t i o n . 

Figure 1. High resolution n.m.r. spectra of (A) in CDCls solution. The upper spectrum 
was measured at 100 MHz using a Varian XL-100 instrument. The lower one was meas
ured at 360 MHz using Bruker HX-360 instrument operating in the pulse Fourier trans

form mode. 
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A l t h o u g h t h e s e v i c i n a l c o u p l i n g s c l e a r l y p r o v i d e 
i n v a l u a b l e e v i d e n c e c o n c e r n i n g t h e c o n f o r m a t i o n s o f t h e 
i n d i v i d u a l r i n g s , i t i s n o t e w o r t h y t h a t n o t h i n g c a n be 
i n f e r r e d as t o t h e r e l a t i v e s p a t i a l d i s p o s i t i o n o f t h e 
two s a c c h a r i d e u n i t s and we a l s o s h a l l r e t u r n l a t e r t o 
t h i s p o i n t . 

I s h a l l now t u r n t o t h e use o f t h e p u l s e F o u r i e r 
t r a n s f o r m ( F . t . ) n.m.r. method. I t w i l l be r e c a l l e d 
t h a t , i n a c o n v e n t i o n a l c o n t i n u o u s wave n.m.r. measure
ment, e a c h n u c l e a r r e s o n a n c e s i g n a l i s e x c i t e d i n t u r n 
by a weak " o b s e r v i n g " r a d i o f r e q u e n c y f i e l d w h i c h i s 
scanned t h r o u g h t h e a p p r o p r i a t e f r e q u e n c y r e g i o n . Of 
n e c e s s i t y t h i s i s a s l o w p r o c e s s ; t y p i c a l l y 500 seconds 
i s r e q u i r e d t o s c a n a 1000 Hz s p e c t r a l r e g i o n . I n 
t h e p u l s e F . t . e x p e r i m e n t  r a t h e  s t r o n  " o b s e r v i n g " 
r a d i o f r e q u e n c y t r a n s m i t t e
t h e s p e c t r a l r e g i o n
p u l s e o f r a d i o f r e q u e n c y i s a p p l i e d i n t h e f o r m o f a 
p u l s e . W i t h o u t g o i n g i n t o t h e d e t a i l s h e r e ( 1 1 ) , s u f 
f i c e i t t o s a y t h a t t h e n.m.r. s p e c t r u m w h i c h Ts p r o 
duced i n t h i s way r e p r e s e n t s a p l o t o f m a g n e t i z a t i o n 
i n t e n s i t y as a f u n c t i o n o f t i m e . T h i s o f t e n i s r e f e r 
r e d t o as a " f r e e i n d u c t i o n d e c a y s i g n a l " and c o n s i s t s 
( F i g u r e 2 , p a r t A ) o f a s e r i e s o f o v e r l a p p i n g s i n e - w a v e s , 
t h e f r e q u e n c i e s o f w h i c h r e p r e s e n t t h e f r e q u e n c y s e p a r 
a t i o n s f r o m t h e t r a n s m i t t e r f r e q u e n c y o f e a c h o f t h e 
i n d i v i d u a l t r a n s i t i o n s i n t h e n.m.r. s p e c t r u m . T h i s 
r a t h e r u n u s u a l mode o f d i s p l a y i s t h e n m a t h e m a t i c a l l y 
c o n v e r t e d t o t h e more f a m i l i a r t y p e o f n.m.r. d i s p l a y 
( F i g u r e 2 , p a r t B ) , w h i c h i s a p l o t o f m a g n e t i s a t i o n i n 
t e n s i t y v e r s u s f r e q u e n c y , u s i n g t h e theorem o f F o u r i e r . 
I t i s n o t i n a p p r o p r i a t e t o n o t e h e r e t h a t t h i s t r a n s 
f o r m a t i o n c a n now be p e r f o r m e d r a t h e r r a p i d l y by a 
s m a l l d i g i t a l computer as a r e s u l t o f t h e C o o l e y - T u c k e y 
a l g o r i t h m s ( 1 2 ) . 

! 

Figure 2. Examples of n.m.r. spectra displayed in both 
the time domain A, and the frequency domain B 
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I n any e v e n t , t h e b e s t known a p p l i c a t i o n o f t h e 
p u l s e F . t . e x p e r i m e n t i s t h a t i t enhances c o n s i d e r a b l y 
t h e speed w i t h w h i c h an n.m.r. s p e c t r u m c a n be measured 
and t h e r e b y e n a b l e s s p e c t r a t o be o b t a i n e d f r o m s o l u 
t i o n s w h i c h m a g n e t i c a l l y a r e r a t h e r d i l u t e - and, f o r 
t h e p r a c t i c i n g o r g a n i c c h e m i s t , t h e most i m p o r t a n t use 
o f t h i s l i e s i n t h e measurement o f n a t u r a l abundance 

n.m.r. s p e c t r a . T h i s i s a f o r m i d a b l e p r o b l e m . 
The 13c n u c l e u s i s p r e s e n t n a t u r a l l y o n l y i n 1.1% abun
dance and, even i f i t were 100% abu n d a n t , i t s e f f e c t i v e 
s e n s i t i v i t y w o u l d o n l y be c a . 1% t h a t o f an e q u i v a l e n t 
number o f p r o t o n s . T h u s , t h e r e i s an e f f e c t i v e d e
c r e a s e i n s i g n a l - t o - n o i s e o f a p p r o x i m a t e l y 1 0 4 compared 
w i t h t h e p r o t o n . F o r t u n a t e l y , t h e p u l s e F . t . method, 
t o g e t h e r w i t h o t h e r i m p o r t a n t i n s t r u m e n t a l d e v e l o p m e n t s 
s u c h as n o i s e - m o d u l a t e
t a s k . 

The 1 3 C s p e c t r a shown i n F i g u r e 3 were measured a t 
90.5 MHz; t h a t i n p a r t A w i t h s i m u l t a n e o u s d e c o u p l i n g 
o f a l l o f t h e p r o t o n s and t h a t i n p a r t B w i t h t h e p r o 
t o n d e c o u p l e r t u r n e d o f f . C l e a r l y v i s i b l e i n t h e 
l a t t e r s p e c t r u m a r e t h e v a r i o u s l j p r o t o n c o u p l i n g s . 

100.0 90 0 800 70.0 60.0 50.0 40.0 S(ppm) 

Figure 3. Natural abundance 1SC n.m.r. spectra of (A) in CDCls solution 
(0.1 molar in a 5-mm diameter n.m.r. tube). The spectrum in Part A repre
sents the average of 5000 transients and was measured with simultaneous 
coupling of all of the proton resonances. The spectrum of Part B was ob
tained with the decoupler gated off during the acquisition time, and again 

5000 transients were used. 

In Sucrochemistry; Hickson, J.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1977. 



3. HALL ET AL. High Resolution Nuclear Magnetic Resonance 27 

The m u l t i p l i c i t y o f t h e s e r e s o n a n c e s p r o v i d e s d i r e c t 
e v i d e n c e f o r t h e number o f d i r e c t l y bonded p r o t o n s , 
and t h e m a g n i t u d e s o f t h e c o u p l i n g s r e f l e c t t h e o r i e n 
t a t i o n o f t h e a s s o c i a t e d s u b s t i t u t e n t , a t l e a s t a t t h e 
an o m e r i c c e n t r e ( 1 3 ) . Now, a l t h o u g h t h e s e s p e c t r a 
a r e r a t h e r i m p r e s s i v e - i n d e e d we b e l i e v e t h a t t h e y 
a r e t h e f i r s t 13c s p e c t r a o f a s u g a r t o be measured 
a t 90.5 MHz - i t i s i m p o r t a n t t o s t r e s s t h a t , even had 
t h i s s p e c t r u m been measured a t 20 MHz, t h e d i s p e r s i o n 
between t h e i n d i v i d u a l t r a n s i t i o n s w o u l d have been 
adequate f o r o u r p u r p o s e s . T h i s i s b e c a u s e 13c c h e m i 
c a l s h i f t s a r e e x t r e m e l y s e n s i t i v e t o t h e i r c h e m i c a l 
and s t e r e o c h e m i c a l e n v i r o n m e n t . Thus, f o r d e r i v a t i v e 
(A) t h e e n t i r e p r o t o n s p e c t r u m c o v e r s a s p e c t r a l r e g i o n 
o f o n l y c a . 3.5 ppm whereas t h e 1 3 c s p e c t r u m spans c a
70 ppm - an a p p r o x i m a t e l

The t r u e i m p o r t a n c
s p e c t r a a t h i g h f i e l d i s n o t t h e i n c r e a s e d d i s p e r s i o n 
o f t h e 1 3 c s p e c t r u m b u t , r a t h e r t h e i n c r e a s e d d i s p e r 
s i o n o f t h e p r o t o n s p e c t r u m . T h i s i s b e c a u s e i t i s 
n e c e s s a r y t o have a method f o r a s s i g n i n g e a c h o f t h e 
!3c r e s o n a n c e s and i t i s o b v i o u s t h a t , s i n c e e a c h r e s 
onance i s a s i n g l e t and t h e r e i s no m u t u a l 13c-13c 
c o u p l i n g , t h i s c a n n o t be done by d i r e c t i n s p e c t i o n . 
However, i f t h e ^H s p e c t r u m i s s u f f i c i e n t l y d i s p e r s e d 
f o r e a c h p r o t o n r e s o n a n c e t o be a s s i g n e d , t h e n t h o s e 
^H a s s i g n m e n t s c a n be t r a n s f e r r e d t o t h e 13c r e s o n a n c e s 
by s e l e c t i v e p r o t o n d e c o u p l i n g . B r i e f l y , a r a t h e r 
weak d e c o u p l i n g f i e l d i s l o c a t e d i n t u r n a t t h e r e s o n 
ance f r e q u e n c y o f e a c h p r o t o n , and t h e 1 3 c s p e c t r u m 
measured i n t h e n o r m a l f a s h i o n . Now, t h e o b s e r v e d 
s p e c t r a a r e a b l e n d o f t h o s e shown i n F i g u r e 3, p a r t 
A and B - a l l o f t h e r e s o n a n c e s a r e d e t e c t e d as m u l t i 
p l e t s w i t h t h e s o l e e x c e p t i o n o f t h a t c a r b o n w h i c h i s 
d i r e c t l y c o u p l e d w i t h t h e p r o t o n w h i c h i s b e i n g s e l e c 
t i v e l y i r r a d i a t e d , w h i c h now shows as a s h a r p , s p i n -
d e c o u p l e d s i n g l e t . The a s s i g n m e n t s g i v e n above, 
F i g u r e 3, p a r t A, were a l l made i n t h i s way and a r e 
u n e q u i v o c a l . We b e l i e v e t h a t s e l e c t i v e p r o t o n de
c o u p l i n g i s t h e method o f c h o i c e f o r a s s i g n i n g t h e 1 3 c 
s p e c t r a o f s u g a r s , s i m p l y b e c a u s e i t i s r e l a t i v e l y s i m 
p l e t o o b t a i n a dequate d i s p e r s i o n o f t h e i r ^H s p e c t r a . 

I want t o spend t h e r e m a i n i n g p a r t o f my p r e s e n t a 
t i o n d r a w i n g a t t e n t i o n t o a se c o n d i m p o r t a n t a p p l i c a 
t i o n o f t h e p u l s e F o u r i e r t r a n s f o r m t e c h n i q u e - namely 
t h e measurement o f t h e s p i n - l a t t i c e r e l a x a t i o n r a t e s 
( R l - v a l u e s ) o f t h e p r o t o n and 13c n u c l e i o f c a r b o h y 
d r a t e d e r i v a t i v e s i n g e n e r a l , and o f s u c r o c h e m i c a l s i n 
p a r t i c u l a r - w h i c h i s t h e f o u r t h o f t h e f i v e n.m.r. 
p a r a m e t e r s l i s t e d i n T a b l e I . 
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I n o t h e r s t u d i e s (5), we have p r o v e n t h a t t h e p r o 
t o n (1£) and 1 3 C n u c l e i (15) o f many c a r b o h y d r a t e d e r i 
v a t i v e s r e l a x e x c l u s i v e l y by t h e d i p o l e - d i p o l e mechan
i s m . T h i s r e l a x a t i o n mechanism has t h e g e n e r a l f o r m 
shown i n e q u a t i o n One.This t e l l s us t h a t t h e e f f i c i e n c y 
w i t h w h i c h a "donor" n u c l e u s (D) c o n t r i b u t e s t o t h e 
r e l a x a t i o n o f a " r e c e p t o r " n u c l e u s (R) i s p r o p o r t i o n a l 
t o t h e s q u a r e o f t h e m a g n e t o g y r i c r a t i o (y) o f b o t h D 
and R - s i n c e t h e o n l y n u c l e u s i n most c a r b o h y d r a t e de
r i v a t i v e s w h i c h has a s i g n i f i c a n t v a l u e o f yis t h e p r o 
t o n , i t comes as no s u r p r i s e t o f i n d t h a t a l l t h e r e 
l a x a t i o n o f p r o t o n (14) and 13c n u c l e i (15) come f r o m 
t h e p r o t o n s o f t h e compound. And, t h e f a c t t h a t i t 
i s t h e n e a r e s t n e i g h b o u r p r o t o n s w h i c h c o n t r i b u t e 
most t o t h i s r e l a x a t i o n  a l s o i s c o n s i s t e n t w i t h Equa
t i o n One, a c c o r d i n
s h o u l d f a l l o f f as
t a n c e between D and R. 

E q u a t i o n One. 

R x (D * R) 

I n s p i t e o f t h e i r common g e n e s i s , p r o t o n R e v a l u e s 
p r o v i d e q u i t e d i f f e r e n t , a l b e i t c o m p l i m e n t a r y , s t r u c t u r 
a l i n f o r m a t i o n t h a n t h o s e o f 13c n u c l e i . We have 
d e v e l o p e d (5) f o u r d i f f e r e n t methods by w h i c h t h e mag
n i t u d e s o f i n d i v i d u a l , i n t e r p r o t o n r e l a x a t i o n c o n t r i 
b u t i o n s may be d e t e r m i n e d a c c u r a t e l y . I t i s o b v i o u s 
t h a t , i f one d e t e r m i n e s t h e r e l a t i v e m a g n i t u d e s o f t h e 
c o n t r i b u t i o n s w h i c h two donor p r o t o n s D l and D2 make 
t o t h e r e l a x a t i o n o f a common r e c e p t o r p r o t o n , R, t h i s 
g i v e s a d i r e c t measure o f t h e r a t i o o f t h e i n t e r p r o t o n 
s e p a r a t i o n s , as d e p i c t e d i n E q u a t i o n Two. C l e a r l y 
t h i s e q u a t i o n w i l l be v a l i d o n l y i f b o t h o f t h e i n t e r -
n u c l e a r v e c t o r s Dl+R and have t h e same T ^ - v a l u e , 
t h a t i s t h e same m o t i o n a l c o r r e l a t i o n t i m e and t h i s 
i s where t h e 13c R i - v a l u e s e n t e r t h e p i c t u r e . Because 
o f t h e i n v e r s e s i x t h power dependence o f t h e d i p o l e - d i 
p o l e r e l a x a t i o n mechanism, t h e r e l a x a t i o n o f 13c n u c l e 
us w i l l be d o m i n a t e d by t h e p r o t o n s t o w h i c h i t i s 
d i r e c t l y bonded. I t f o l l o w s t h e n t h a t , i f e v e r y C-H 
bond l e n g t h i s t h e same i n a s u g a r d e r i v a t i v e , t h e Re
v a l u e s o f e a c h c a r b o n b e a r i n g a s i n g l e p r o t o n c a n be 
i d e n t i c a l o n l y i f e a c h C-H v e c t o r has t h e same T c - v a l u e . 
T h i s c an be so o n l y i f t h e m o l e c u l e i s t u m b l i n g i s o -
t r o p i c a l l y i n s o l u t i o n . Thus, measurement o f 13c R^_ 

= a 
YD • Y R T c ( D > R) 

D+R 
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v a l u e s p r o v i d e s a d i r e c t i n d i c a t i o n , n o t o n l y o f t h e 
r a t e and n a t u r e o f t h e t u m b l i n g m o t i o n o f a s u g a r , b u t 
a l s o p r o v i d e s a s p l e n d i d q u a l i t y c o n t r o l e x p e r i m e n t f o r 
t h e r e l a t i o n s h i p w h i c h i s summarised by E q u a t i o n Two. 

E q u a t i o n Two. 

r D l -* R 

r D2 + R 

We s h a l l r e t u r n l a t e r t o a b r i e f d i s c u s s i o n o f one 
o f t h e methods whereby s p i n - l a t t i c e r e l a x a t i o n r a t e s 
may be d e t e r m i n e d r o u t i n e l y
t o d e m o n s t r a t e t h a t
r e l e v a n c e t o t h e s u c r o c h e m i c a l a r e a . The p r o t o n Re
v a l u e s f o r (A) were d e t e r m i n e d a t 360 MHz and t h e d a t a 
a r e g i v e n beTow ( i n m s e c ~ l ) . I t w i l l be r e c a l l e d t h a t 
t h e s e c o m p o s i t e R ^ - v a l u e s s h o u l d be d o m i n a t e d by n e a r 
e s t - p r o t o n i n t e r a c t i o n s and, h e n c e , t h o s e p r o t o n s 
w h i c h a r e c l o s e s t t o g e t h e r s h o u l d r e l a x t h e most r a p i d 
l y , t h a t i s have t h e h i g h e r R ^ - v a l u e . I n a c c o r d w i t h 
t h i s e x p e c t a t i o n , t h e H-6p p r o t o n s o f t h e g a l a c t o p y r a n -
ose r i n g o f (A) r e l a x more r a p i d l y t h a n t h e o t h e r r i n g 
p r o t o n s o f t h a t m o i e t y . T h a t H-2p r e l a x e s t h e s l o w e s t 
s i m p l y r e f l e c t s t h e f a c t t h a t i t has o n l y one n e a r e s t 
n e i g h b o u r i n t e r a c t i o n - w i t h H - l p - p l u s a s e c o n d , v e r y 
much, weaker i n t e r a c t i o n w i t h H-3p. T u r n i n g now t o t h e 
p r o t o n s on t h e l o w e r f a c e o f t h i s r i n g we n o t e t h a t , 
even t h o u g h b o t h H-3p and H-5p a r e a l s o a x i a l l y o r i e n t 
e d , b o t h r e l a x more r a p i d l y t h a n H-2p. I n t h e c a s e 
o f H-5p, t h i s r e f l e c t s t h e f a c t t h a t i t c an p i c k up 
r e l a x a t i o n f r o m H-3p and t h e two H-6p p r o t o n s . B u t , 
t h e r e a s o n f o r t h e enhanced r e l a x a t i o n o f H-3p compared 
w i t h H-2p c a n be a s c r i b e d o n l y t o a t r a n s - a n n u l a r c o n 
t r i b u t i o n r e c e i v e d f r o m H-5p. From o t h e r s t u d i e s (_5, 
16-18)we know t h a t t h i s t r a n s - a n n u l a r c o n t r i b u t i o n i s 
r a t h e r s u b s t a n t i a l and i t p r o v i d e s a v e r y i m p o r t a n t 
new p r o b e f o r c o n f o r m a t i o n a l s t u d i e s o f o r g a n i c m ole
c u l e s . I n any e v e n t i t i s c l e a r f r o m t h e above, r a t h e r 
q u a l i t a t i v e , a n a l y s i s t h a t t h e p r o t o n R i - v a l u e s o f 
t h e g a l a c t o p y r a n o s e m o i e t y o f ( A ) a r e c o m p l e t e l y c o n s i s 
t e n t w i t h t h e 4 C i c h a i r c o n f i g u r a t i o n p r e v i o u s l y a s 
s i g n e d on t h e b a s i s o f t h e v i c i n a l c o u p l i n g s . 

T u r n i n g now t o t h e d a t a f o r thé f r u c t o f u r a n o s e 
r i n g o f (A) we n o t e t h a t once a g a i n t h e m e t h y l e n e p r o 
t o n s r e l a x more r a p i d l y t h a n t h e m e t h i n e p r o t o n s . The 
f a c t t h a t t h e l a t t e r r e l a x r a t h e r s l o w l y c e r t a i n l y i s 

= 61 V D 2 - R ) 

R-^Dl -f R) 
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c o n s i s t e n t w i t h t h e p r e v i o u s l y a s s i g n e d ^ 4 c o n f o r m a 
t i o n and t h u s s u p p o r t s t h a t p r e v i o u s l y t e n t a t i v e a s 
s i g n m e n t . 

2940 

(A) 

We now come t o d i s c u s s t h e most i m p o r t a n t s i n g l e 
f e a t u r e o f t h e e n t i r e d i s c u s s i o n so f a r . G r a n t e d t h a t 
t h e r e l a x a t i o n o f t h e s e p r o t o n s a c c o r d s w i t h E q u a t i o n 
One, and t h a t i n t e r p r o t o n r e l a x a t i o n c o n t r i b u t i o n s a r e 
r e c i p r o c a t e d between t h e donor and r e c e p t o r n u c l e i , why 
s h o u l d t h e a n o m e r i c p r o t o n o f t h e g a l a c t o p y r a n o s e moie
t y ( H - l p ) r e l a x so much more r a p i d l y t h a n i t s n e i g h b o u r , 
H-2p? I f a n y t h i n g , one w o u l d have a n t i c i p a t e d t h a t , 
s i n c e i t i s f u r t h e r away f r o m t h e o t h e r p r o t o n s o f t h e 
g a l a c t o p y r a n o s e r i n g , i t w o u l d r e l a x more s l o w l y . The 
o b v i o u s answer i s t h a t H - l p must r e c e i v e a d d i t i o n a l r e 
l a x a t i o n c o n t r i b u t i o n s f r o m e l s e w h e r e and t h e o b v i o u s 
s o u r c e i s t h e p r o t o n s u b s t i t u e n t s o f t h e f r u c t o f u r a n o s e 
r i n g . I f t h i s be s o , t h e n t h i s o b v i o u s l y opens up an 
e x c i t i n g new v i s t a f o r c o n f o r m a t i o n a l s t u d i e s o f s u c r o -
c h e m i c a l s , and o f any o t h e r d e r i v a t i v e s w h i c h have two 
o r more c o n t i n u o u s s a c c h a r i d e r i n g s * . 

(B) 
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A t p r e s e n t we have no e x p e r i m e n t a l d a t a f o r (A) 
b u t d a t a f o r t h e d i s a c c h a r i d e d e r i v a t i v e (B) ( D - g l u c o -
p y r a n o s y l - 1 ^ 6 - D - g a l a c t o p y r a n o s e ) p r o v e s Jl9) c o n c l u 
s i v e l y t h a t i n t e r - r i n g , p r o t o n r e l a x a t i o n c a n be sub
s t a n t i a l (20) . C o n s i d e r f i r s t t h e R e v a l u e s f o r t h e 
t h r e e a n o m e r i c p r o t o n s o f ( B ) . The d i f f e r e n t i a l b e
tween t h e r e l a x a t i o n r a t e s o f t h e a n o m e r i c p r o t o n s a t 
t h e r e d u c i n g c e n t r e , s i m p l y r e f l e c t s t h e a n t i c i p a t e d 
(16-18) d i f f e r e n t i a l o f a x i a l and e q u a t o r i a l p r o t o n s . 
The a x i a l p r o t o n o f t h e ß-anomer i s c l o s e r t o t h e a x i a l 
p r o t o n s H-3 and H-5, t h a n i s t h e e q u a t o r i a l p r o t o n o f 
t h e a-anomer. The l a r g e r a t e enhancement o f t h e a x i a l 
p r o t o n a t t h e n o n - r e d u c i n g c e n t r e as compared w i t h i t s 
c o u n t e r p a r t a t t h e r e d u c i n g c e n t r e must, a c c o r d i n g t o 
o u r s p e c u l a t i o n , a r i s  f r o  n e i g h b o u r i n  p r o t o n  t h
r e d u c i n g r i n g . C l e a r l
g a l a c t o p y r a n o s e r i n g  p r o b a b l
P r o o f t h a t t h i s i s so f o l l o w s f r o m measurement o f t h e 
p r o t o n R i - v a l u e s o f t h e 6 , 6 - d i d e u t e r o d e r i v a t i v e ( C ) . 
I t w i l l be r e c a l l e d f r o m E q u a t i o n One t h a t t h e r e l a x a 
t i o n e f f i c i e n c y o f a donor n u c l e u s i s p r o p o r t i o n a l t o 
t h e s q u a r e o f i t s m a g n e t o g y r i c r a t i o - w h i c h i s why 
p r o t o n s a r e t h e dominant s o u r c e o f r e l a x a t i o n . S i n c e 
t h e m a g n e t o g y r i c r a t i o o f d e u t e r i u m i s o n l y one s i x t h 
t h a t o f t h e p r o t o n , i t f o l l o w s t h a t r e p l a c e m e n t o f a 
p r o t o n by a d e u t e r i u m atom e f f e c t i v e l y e l i m i n a t e s t h e 
r e l a x a t i o n c o n t r i b u t i o n f r o m t h a t s i t e . (Because 
d e u t e r i u m has a n u c l e a r s p i n o f u n i t y whereas t h e 
p r o t o n has a s p i n o f o n e - h a l f , t h e r e l a x a t i o n c o n t r i b u 
t i o n f r o m a d e u t e r i u m n u c l e u s i s 6% t h a t o f a p r o t o n 
l o c a t e d a t p r e c i s e l y t h e same p o s i t i o n . ) Thus compari
son o f t h e p r o t o n R ^ - v a l u e s o f any d e r i v a t i v e w i t h 
t h o s e o f a s p e c i f i c a l l y d e u t e r a t e d a n a l o g p r o v i d e s a 
d i r e c t measure o f a s p e c i f i c i n t e r p r o t o n r e l a x a t i o n 
c o n t r i b u t i o n . 

(C) 

R e t u r n i n g now t o t h e d i s a c c h a r i d e s (B) and (C) we 
n o t e t h a t t h e r e l a x a t i o n o f t h e non-reducTng a n o m e r i c 
p r o t o n o f (C) i s s u b s t a n t i a l l y l o w e r t h a n t h a t o f i t s 
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c o u n t e r p a r t i n ( B ) , w h i c h i s as i t s h o u l d be. The 
c a l c u l a t e d v a l u e o f t h e r e l a x a t i o n c o n t r i b u t i o n between 
H - l " and t h e two H-6 p r o t o n s i s 530 msec-** 1 a t 30°, 
w h i c h i s 24% o f t h e t o t a l r e l a x a t i o n r a t e . 

U n f o r t u n a t e l y t i m e does n o t p e r m i t me t o d e l i n e a t e 
h e r e any f u r t h e r d e t a i l s o f o u r s t u d i e s o f t h e s e and 
o t h e r g l y c o s i d e and d i s a c c h a r i d e d e r i v a t i v e s . S u f f i c e 
i t t o s a y we have shown (19-21) t h a t many 1+4- and 
l - * 6 - l i n k e d d i s a c c h a r i d e s have s u b s t a n t i a l i n t e r - r i n g 
r e l a x a t i o n c o n t r i b u t i o n s and we have u s e d t h e s p e c i f i c 
d e u t e r a t i o n method t o q u a n t i t a t i v e l y i d e n t i f y t h e mag
n i t u d e s o f t h e s e i n t e r a c t i o n s f o r a number o f g l y c o 
s i d e s . These e x p e r i m e n t s p r o v i d e t h e f i r s t d i r e c t 
measure o f t h e r e l a t i v e s p a t i a l d i s p o s i t i o n o f t h e two 
s u g a r r i n g s o f a d i s a c c h a r i d  i  s o l u t i o n  Th
g e n e r a l i t y o f t h i s e x p e r i m e n t a
p o r t a n c e o f t h i s t y p
q u i t e o b v i o u s . I n t h e c a s e o f s u c r o c h e m i c a l s , i t i s 
h i g h l y p r o b a b l e t h a t t h e most i m p o r t a n t p h y s i o l o g i c a l 
p r o p e r t y o f s u c r o s e - namely i t s sweet t a s t e - i s i n 
t i m a t e l y a s s o c i a t e d w i t h t h e o v e r a l l shape o f t h e mole
c u l e and w i t h t h e way i n w h i c h i t a s s o c i a t e s w i t h t h e 
t a s t e - r e c e p t o r p r o t e i n . Thus, i t w o u l d be o f c o n 
s i d e r a b l e i n t e r e s t t o e s t a b l i s h t h e o v e r a l l c o n f o r m a 
t i o n o f s u c r o s e i n s o l u t i o n , t o f i n d o u t what t h i s 
shape has i n common w i t h t h e shapes o f o t h e r m o l e c u l e s 
w h i c h have a sweet t a s t e , and how i t d i f f e r s f r o m t h e 
shapes o f m o l e c u l e s w h i c h have e i t h e r no t a s t e o r a r e 
b i t t e r . F u r t h e r m o r e , b e i n g m i n d f u l o f t h e many i m p o r 
t a n t p h y s i o l o g i c a l p r o p e r t i e s o f o t h e r o l i g o s a c c h a r i d e s 
- s u c h as t h e o l i g o s a c c h a r i d e components o f t h e b l o o d 
g r oup s u b s t a n c e s , and t h e many a m i n o - g l y c o s i d e a n t i b i o 
t i c s - i t must be o b v i o u s why my group a t U.B.C. c u r 
r e n t l y a r e , w i t h c o n s i d e r a b l e i n t e r e s t , p u r s u i n g many 
e x p e r i m e n t s i n t h e s e a r e a s . 

A n t i c i p a t i n g t h a t o t h e r s w i l l s h a r e o u r i n t e r e s t 
i n s p i n - l a t t i c e r e l a x a t i o n , and r a t h e r c o n s c i o u s o f t h e 
p r e s e n t s h o r t a g e o f s i m p l e a c c o u n t s o f s p i n l a t t i c e 
r e l a x a t i o n , I s h a l l end t h i s p r e s e n t a t i o n w i t h a b r i e f , 
o v e r s i m p l i f i e d a c c o u n t o f t h i s phenomenon and o f one o f 
t h e s e v e r a l p u l s e F . t . methods w h i c h c a n be us e d t o 
measure s p i n l a t t i c e r e l a x a t i o n r a t e s . 

S p i n l a t t i c e r e l a x a t i o n i n v o l v e s t h e i n t e r c h a n g e 
o f m a g n e t i c e n e r g y , m a g n e t i z a t i o n , between t h e n u c l e i 
o f i n t e r e s t , t h e " s p i n s " and t h e i r s u r r o u n d i n g s , t h e 
" l a t t i c e " . T h i s e n e r g y exchange p r o c e s s i n v o l v e s 
i n t e r a c t i o n s between t h e s p i n s and r a p i d l y f l u c t u a t i n g 
m a g n e t i c f i e l d s w h i c h a r e g e n e r a t e d i n t h e l a t t i c e by 
t h e m o t i o n o f v a r i o u s m a g n e t i c s p e c i e s ( s u c h as a n o t h e r 
p r o t o n ) . Of t h e s e v e r a l p o s s i b l e mechanisms whereby 
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t h e s e f i e l d s c a n be g e n e r a t e d , t h e most i m p o r t a n t one 
f o r t h e o r g a n i c c h e m i s t i s t h e " d i p o l e - d i p o l e " mechan
i s m , w h i c h we have d i s c u s s e d e a r l i e r . 

Figure 4. Diagrammatic representation of the 
rotating reference-frame model of a spin-lattice, 
relaxation-time measurement using a two-pulse 
sequence. (In A the magnetization of the nuclei 
is at thermal equilibrium with the lattice. In B 
this magnetization has been inverted through 
180° by application of a 180°-pulse; the nuclei 
are no longer in thermal equilibrium, and the 
spin-lattice relaxation causes the magnetization 
to revert back along the z-axis towards its equi
librium position. After a known delay time— 
pulse-delay—the residual magnetization C is 
assayed by the application of a 90°-pulse which 
tips the magnetization up into the x-y-plane D .) 

The s p i n - l a t t i c e r e l a x a t i o n r a t e o f a p a r t i c u l a r 
s e t o f e q u i v a l e n t n u c l e i i s t h e f i r s t - o r d e r t i m e c o n 
s t a n t o f t h e e n e r g y exchange p r o c e s s f o r t h o s e n u c l e i 
and we now s h a l l u se t h e r o t a t i n g r e f e r e n c e frame model 
t o i l l u s t r a t e one o f s e v e r a l p o s s i b l e methods whereby 
t h e s e t i m e c o n s t a n t s may be measured. C o n s i d e r o u r 
ensemble o f s p i n s . When t h e y a r e a t t h e r m a l e q u i l i 
b r i u m w i t h t h e l a t t i c e , t h e i r n e t m a g n e t i s a t i o n c a n be 
r e p r e s e n t e d as a v e c t o r d i r e c t e d a l o n g t h e + z - a x i s (see 
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F i g u r e 4), w h i c h i s t h e d i r e c t i o n o f t h e e x t e r n a l ap
p l i e d m a g n e t i c f i e l d . These n u c l e i c a n be e f f e c t i v e l y 
" h e a t e d " , and t h u s t h e i r t h e r m a l e q u i l i b r i u m d e s t r o y e d , 
by a p p l y i n g a p u l s e o f e n e r g y a t t h e c o r r e c t f r e q u e n c y , 
and h a v i n g a t o t a l e n e r g y c o n t e n t s u f f i c i e n t t o t i p t h e 
n e t m a g n e t i s a t i o n v e c t o r t h r o u g h 180°- t h i s i s r e f e r 
r e d t o as a 180°-pulse. A t t h i s p o i n t t h e p r o c e s s o f 
s p i n - l a t t i c e r e l a x a t i o n a l l o w s t h e n u c l e i t o s t a r t t o 
" c o o l " down, back t o w a r d s t h e i r e q u i l i b r i u m t e m p e r a t u r e 
by p a s s i n g t h e i r e x c e s s e n e r g y t o t h e l a t t i c e . I n t h e 
r o t a t i n g r e f e r e n c e f r a m e , t h i s i s ac c o m p a n i e d , f i r s t by 
a p r o g r e s s i v e d e c r e a s e i n t h e m a g n e t i z a t i o n i n t e n s i t y 
a l o n g t h e - z - a x i s , f o l l o w e d s u b s e q u e n t l y by an i n c r e a s e 
i n t h e + z - d i r e c t i o n . And, i f we f o l l o w t h i s d e c a y - r e 
c o v e r y as a f u n c t i o n o f t i m e , we have t h e r e q u i r e d r e 
l a x a t i o n t i m e c o n s t a n t
o f t i m e ( t h e d e l a y t i m e
t h e 180°-pulse and t h e n t h e r e s i d u a l m a g n e t i z a t i o n 
w h i c h r e m a i n s a t t h e end o f t h a t p e r i o d i s measured by 
i n v e r t i n g t h e m a g n e t i z a t i o n up ( o r down) t o t h e x, y-
p l a n e by a p p l i c a t i o n o f a 90°-pulse. T h i s i n d u c e s , 
f o r t h e f i r s t t i m e i n t h e e x p e r i m e n t , a component o f 
m a g n e t i z a t i o n w h i c h c a n be d e t e c t e d by t h e r e c e i v e r o f 
t h e s p e c t r o m e t e r ( v i d e i n f r a ) . The sample i s l e f t 
t h e n f o r a s u f f i c i e n t t i m e f o r t h e s p i n s t o r e a c h t h e r 
m a l e q u i l i b r i u m w i t h t h e l a t t i c e - g e n e r a l l y a p e r i o d 
o f "5 x T]/ 1 i s u s e d , and t h e n t h e above, t w o - p u l s e , i n 
v e r s i o n - r e c o v e r y sequence i s u s e d a g a i n b u t w i t h a 
d i f f e r e n t v a l u e o f t h e d e l a y t i m e . T h i s g i v e s a s e c 
ond datum p o i n t on t h e d e c a y r e c o v e r y c u r v e . Sub
s e q u e n t l y t h e c y c l e i s r e p e a t e d a f u r t h e r 10, o r s o , 
t i m e s t o d e f i n e a c o m p l e t e r e l a x a t i o n c u r v e f o r t h e 
s p i n s . 

The above t w o - p u l s e sequence has been used by phy
s i c i s t s f o r many y e a r s , b u t w i t h t h e a d v e n t o f t h e 
F o u r i e r t r a n s f o r m method i t has become p o s s i b l e (22) 
t o use t h i s method t o measure s i m u l t a n e o u s l y t h e r e l a x 
a t i o n r a t e s o f a l l t h e c h e m i c a l l y s h i f t e d s p i n s o f a 
complex m o l e c u l e . The 180°-pulse i s a p p l i e d s i m u l t a n 
e o u s l y t o a l l t h e n u c l e a r s p i n s and t h e i r r e s i d u a l mag
n e t i z a t i o n i s t h e n measured u s i n g a n o n - s e l e c t i v e 90°-
p u l s e . F o u r i e r t r a n s f o r m a t i o n o f t h e r e s u l t a n t f r e e 
i n d u c t i o n decay c u r v e g i v e s t h e n.m.r. s p e c t r u m i n t h e 
r e q u i r e d f r e q u e n c y domain. By r e p e a t i n g t h e t w o - p u l s e 
sequence w i t h d i f f e r i n g v a l u e s f o r t h e p u l s e - d e l a y , a 
s e r i e s o f p a r t i a l l y r e l a x e d s p e c t r a a r e o b t a i n e d 
(see F i g u r e 5 ) . S p e c t r a measured i m m e d i a t e l y f o l l o w 
i n g t h e 180°-pulse have a l l t r a n s i t i o n s n e g a t i v e g o i n g , 
whereas t h o s e measured a f t e r l o n g d e l a y t i m e s a p p e a r 
as t h e y w o u l d i n a n o r m a l F . t . e x p e r i m e n t , a l l t h e nu-
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H-2 

Figure 5. Partial, 100-MHz, 1H n.m.r. spectra of 
methyl 2,3:4,5-di-o-isopropylidene-ß-n-glucosep-
tanoside in benzene-d6 solution (0.2M) using an 
acquisition time of 4.0 sec. ( A and B were each 
obtained by using 9 transients, and C and D 
by using 16 transients. The spectrum shown in 
A is the normal spectrum. That in B was ob
tained by inverting the magnetization with a 
180°-pulse and then sampling the residual mag
netization after 1.0 sec by using a 90°-pulse. 
The spectra in C and D were obtained in the 
same way, but using pulse-delay times of 1.6 and 

2.5 sec, respectively.) 
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2 0 

T i m e (secs) 

Figure 6. Typical decay plot of (M0-Mj) vs. t for the 
upfield transition of H-la of a solution of D-glucose (10% 
w/v) in D20 (99.96%) measured at 42°. (Note the "slowing 
down"—from purely exponential decay—at the longer delay 

times of ~1Tj period and greater.) 

c l e i h a v i n g r e a c h e d f u l l t h ermal* e q u i l i b r i u m when t h e 
m o n i t o r i n g p u l s e was a p p l i e d . The t r a n s i t i o n i n t e n s i 
t i e s f o r i n t e r m e d i a t e v a l u e s o f t h e d e l a y t i m e depend 
on t h e r e l a t i o n s h i p between t h e d e l a y t i m e and t h e 
p a r t i c u l a r s p i n - l a t t i c e r e l a x a t i o n r a t e . O b v i o u s l y 
n u c l e i w i t h t h e s h o r t e s t T ^ - v a l u e , w i l l r e l a x more 
r a p i d l y , h e n c e , t h e i r m a g n e t i s a t i o n w i l l p a s s t h e n u l -
p o i n t and go p o s i t i v e c o n s i d e r a b l y s o o n e r t h a n t h e i r 
more s l o w l y r e l a x i n g n e i g h b o u r s . I n any e v e n t , t h e 
r e l a x a t i o n r a t e i s o b t a i n e d by p l o t t i n g a s u i t a b l e 
f u n c t i o n o f t h e o b s e r v e d i n t e n s i t i e s v e r s u s d e l a y t i m e . 
I f a l l i s w e l l , a s i n g l e , smooth e x p o n e n t i a l c u r v e w i l l 
be o b t a i n e d (see F i g u r e 6 ) . 

W i t h a modern p u l s e F . t . i n s t r u m e n t i t i s a s i m p l e 
m a t t e r t o p e r f o r m t h e above e x p e r i m e n t on a c o m p l e t e l y 
r o u t i n e b a s i s and no p a r t i c u l a r s k i l l s a r e needed. 
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Conclusions 

It i s appropriate to conclude this presentation 
with a brief summary. High resolution n.m.r. spectros
copy has established i t s e l f already as an extremely 
versat i le method for studying the gross chemical struc
ture of sucrochemicals f and future developments in both 
instrumental methods and theoretical concepts can only 
increase the scope and importance of the data that can 
be obtained. It has been possible to give here only 
a br ie f , somewhat arbitrary demonstration of a few of 
the methods which already are in common usage in n.m.r. 
spectroscopy, any of a wide variety of alternatives 
could equally well have been presented. It i s clear 
that there i s a pressing need for a close l ia i son be
tween the sucrochemis
and i t i s hoped tha  presentatio  encourag
others to participate in such l ia i sons . From a per
sonal standpoint, I now need some spec i f ica l ly deutera-
ted sucrose derivatives and I would be most grateful i f 
anyone could provide me with these. Equally good 
would be sucrochemicals which have either aldehyde, ke
tone or carboxylate substituents since we already know 
how to use those functional groups as precursors in 
deuteration synthesis. I note with much interest 
that Professor Hough already has a ketone derivative. 

It remains to be seen whether there is a definite 
relationship between "shape" and "taste" for sucrochem
ica l s and whether the spin- lat t ice relaxation method 
can provide useful information on this point. 
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Abstract 

High resolution n.m.r. spectroscopy long has been 
firmly established as a powerful tool for studying the 
structure and conformation of monosaccharide deriva
tives in solution. With the development of n.m.r. 
instruments which operate at high frequencies and in 
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the pulse Fourier transform mode, equivalent studies of 
oligosaccharides should become equivalently routine, 
and many to ta l ly new sources of structural data should 
also evolve. I l lus trat ive examples of some of this 
potential in the sucrochemical area, derived from 
studies in this laboratory, are discussed. Spec i f i 
ca l ly : proton spectra measured at 360 MHz and 13C 
spectra at 91 MHz; assignments of 1H spectra by a 
pulse F.t. equivalent of the INDOR technique and of 
13C spectra v ia selective proton decoupling; and the 
measurement of 1H and 13C spin- lat t ice relaxation 
rates. 
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Some Fundamental Aspects of the Chemistry of Sucrose 

RIAZ KHAN 
Tate & Lyle Ltd., Group R & D, P.O. Box 68, Reading, RG6 2BX, Berks, England 

S u c r o s e r e p r e s e n t
o f u n d e t e r m i n e d c o m m e r c i a
been l o n g r e c o g n i z e d as a c h e m i c a l raw m a t e r i a l f o r 
f o o d a d d i t i v e s , s u r f a c t a n t s , p l a s t i c s and p o l y m e r s , 
a g r i c u l t u r a l c h e m i c a l s and p h a r m a c e u t i c a l s . However, 
a c t u a l c o m m e r c i a l s u c c e s s , so f a r , has been l i m i t e d . 
D u r i n g t h e p a s t few y e a r s , i t has become e v i d e n t t h a t 
no s i g n i f i c a n t p r o g r e s s i n t h i s d i r e c t i o n c an be made 
w i t h o u t a p r o f o u n d knowledge o f t h e f u n d a m e n t a l c h e m i s 
t r y o f s u c r o s e . Our o b j e c t i v e , t h e r e f o r e , has been 
t o s t u d y t h e b a s i c c h e m i s t r y o f t h i s m o l e c u l e . T h i s 
p a p e r r e v i e w s some r e c e n t work on c h e m i c a l m o d i f i c a 
t i o n s o f s u c r o s e w i t h t h e hope t h a t i t w i l l f o r m a 
b a s i s f o r c o m m e r c i a l e x p l o i t a t i o n o f s u c h d e r i v a t i v e s . 

S t r u c t u r e 

S u c r o s e i s a n o n - r e d u c i n g d i s a c c h a r i d e w h i c h i s 
s y s t e m a t i c a l l y named 3 -JD-f r u c t o f u r a n o s y l a - D - g l u c o p y r a -
n o s i d e (A),and t h e numbering o f t h e c a r b o n p o s i t i o n s i n 
t h e m o l e c u l e i s as shown i n F i g u r e 1. S u c r o s e c o n t a i n s 
e i g h t h y d r o x y l g r o u p s , t h r e e o f w h i c h a r e p r i m a r y ( C - l 1 , 
C-6, and C-6 1) and t h e r e m a i n i n g f i v e a r e s e c o n d a r y 
(C-2, C-3, C-3', C-4, and C - 4 1 ) . The s t r u c t u r e o f 
s u c r o s e has been e s t a b l i s h e d 'both by c h e m i c a l (1-4) and 
enzym i c (5-7) s y n t h e s e s . I t s s t r u c t u r e a l s o has been 
c o n f i r m e d by p h y s i c a l methods s u c h a s , X - r a y c r y s t a l l o 
g r a p h y ( 8 , 9 ) , n e u t r o n d i f f r a c t i o n ( 1 0 ) , and n u c l e a r 
m a g n e t i c r e s o n a n c e s p e c t r o s c o p y ( 1 1 - 1 2 ) . 

T r i t y l a t i o n R e a c t i o n 

The t r i t y l g r o u p has been used w i d e l y f o r t h e 
b l o c k i n g o f p r i m a r y h y d r o x y l g r o u p s i n c a r b o h y d r a t e 
c h e m i s t r y ( 1 3 ) . T r i t y l a t i o n o f s u c r o s e u s u a l l y i s 

40 
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6 
CH2OH 

A_ Sucrose 

Figure 1 

p e r f o r m e d by r e a c t i o n w i t h an a p p r o x i m a t e l y s t o i c h 
i o m e t r i c amount o f c h l o r o t r i p h e n y l m e t h a n e i n p y r i d i n e 
a t room t e m p e r a t u r e o r above. T r i t y l a t i o n a t C-6 and 
C-6 1 h y d r o x y l g r o u p s has been f o u n d t o undergo comple
t i o n i n t h e o r d e r o f 1 hour a t 100°, whereas t h e more 
h i n d e r e d p r i m a r y h y d r o x y l group a t C - l 1 p o s i t i o n r e a c t s 
more s l o w l y . S u c r o s e , on t r e a t m e n t w i t h f o u r m o l a r 
e q u i v a l e n t s o f c h l o r o t r i p h e n y l m e t h a n e i n p y r i d i n e f o r 
48 h o u r s a t room t e m p e r a t u r e , a f t e r c h r o m a t o g r a p h y on 
s i l i c a g e l , a f f o r d e d 6 , 6 1 - d i - O - t r i t y l s u c r o s e (B) and 
l 1 , 6 , 6 ' - t r i - O - t r i t y l s u c r o s e (C) i n 30 and 58% y i e l d , 
r e s p e c t i v e l y ( 1 4 ) . The p r e f e r e n t i a l r e a c t i v i t i e s o f 
t h e p r i m a r y h y d r o x y l g r o u p s a t C-6 and C-6 1 p o s i t i o n s 
i n s u c r o s e a l s o has been o b s e r v e d i n t h e t r a n s e s t e r i -
f i c a t i o n r e a c t i o n ( 1 5 ) . The t r i t y l a t i o n r e a c t i o n o f 
3 , 3 1 , 4 1 , 6 ' - t e t r a - O - a c e t y l s u c r o s e (D) has been d e s c r i b e d 
( 1 6 ) . T r e a t m e n t o f compound (D) w i t h c h l o r o t r i p h e n y l 
methane and p y r i d i n e f o r 4 h o u r s a t 85°, gave 3,3',4', 
ö'-tetra-O-acetyl-ö-O-tritylsucrose (E) and 3 f 3 ,

r 4 ,
f 6 l -

t e t r a - O - a c e t y l - 1 * , 6 - d i - O - t r i t y l s u c r o s e (F) i n y i e l d s o f 
67.7 and 14.8%, r e s p e c t i v e l y . When t h e r e a c t i o n was 
p e r f o r m e d f o r 24 h o u r s a t 90°,the y i e l d o f compound 
( F ) i n c r e a s e d t o 85%. (See F i g u r e 2 ) . 

T r i t y l e t h e r s o f s u c r o s e a r e o f t e n c r y s t a l l i n e 
s o l i d s w h i c h a r e s t a b l e under b a s i c and o t h e r n u c l e o -
p h i l i c c o n d i t i o n s . The t r i t y l p r o t e c t i n g g roup c a n be 
removed under m i l d a c i d i c c o n d i t i o n s a s , f o r example, 
h y d r o g e n b r o m i d e i n g l a c i a l a c e t i c a c i d o r b o i l i n g 
aqueous a c e t i c a c i d . 
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OH 

> o + 6 

D E F 

Figure 2 

M e t h y l a t i o n R e a c t i o n 

M e t h y l a t i o n o f c a r b o h y d r a t e s c o n t a i n i n g b a s e - l a b i l e 
s u b s t i t u e n t s u s i n g a c o m b i n a t i o n o f d i a z o m e t h a n e , d i -
c h l o r o m e t h a n e , and b o r o n t r i f l u o r i d e e t h e r a t e i s known 
t o p r o c e e d w i t h o u t c o n c o m i t a n t m i g r a t i o n o f a c y l g r o u p s 
(17, 1 8 ) . C o n s e q u e n t l y , t h i s method was c h o s e n f o r 
m e t h y l a t i o n o f v a r i o u s , p a r t i a l l y a c y l a t e d d e r i v a t i v e s 
o f s u c r o s e (19») . M e t h y l a t i o n o f 1' , 2,3 f 3 ', 4 1 ,6 '-hexa-
O - a c e t y l s u c r o s e (G) w i t h a f r e s h l y p r e p a r e d s o l u t i o n o f 
d i a z o m e t h a n e i n d T c h l o r o m e t h a n e and b o r o n t r i f l u o r i d e 
e t h e r a t e f o r 0.5 h r a t -5° a f t e r c h r o m a t o g r a p h i c s e p a r -
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I R = H 

Figure S 

a t i o n on s i l i c a g e l , g a v e 1 1
f 2 , 3 , 3 1 , 4 1 , 6 • - h e x a - O - a c e t y l -

4 , 6 - d i - O - m e t h y l s u c r o s e (H) i n 95.5% y i e l d (19). The 
s t r u c t u r e o f (H) was s u p p o r t e d by i t s 100 MHz p r o t o n 
n u c l e a r m a g n e t i c r e s o n a n c e (-̂ H n.m.r.) s p e c t r u m and by 
mass s p e c t r o m e t r y . The p r e s e n c e o f a m e t h y l group a t 
C-4 i n (H) was i n d i c a t e d by t h e absence o f an H-4 s i g 
n a l i n t h e r e g i o n o f T 4 . 5 - 5 . 4 o f t h e ! H m.m.r. s p e c 
trum where i t u s u a l l y o c c u r s i n a c e t y l a t e d d e r i v a t i v e s 
o f s u c r o s e , t h e mass s p e c t r u m o f ( H ) s h o w e d peaks a t m/e 
331 and 275 due t o k e t o f u r a n o s y l and h e x o p y r a n o s y l c a t 
i o n s , r e s p e c t i v e l y . The f r e e m e t h y l e t h e r (I) was 
o b t a i n e d i n 67% y i e l d , by t r e a t m e n t o f (H) w i t h a c a t a 
l y t i c amount o f sodium m e t h o x i d e i n m e t h a n o l . (See 
F i g u r e 3 ) . 

A c y l a t i o n R e a c t i o n 

A c y l a t i o n o f s u c r o s e g e n e r a l l y i s p e r f o r m e d w i t h 
t h e a p p r o p r i a t e a c i d a n h y d r i d e o r a c y l h a l i d e i n p y r i 
d i n e a t o r be l o w room t e m p e r a t u r e . The most common 
a c y l d e r i v a t i v e s o f s u c r o s e u s e d a r e a c e t a t e s and ben-
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z o a t e s . T h e i r v a l u e i s w e l l r e c o g n i z e d i n p r o t e c t i n g 
t h e h y d r o x y l g r o u p s o f t h e s u c r o s e m o l e c u l e a g a i n s t 
r e a c t i o n s w h i c h p r o c e e d under a c i d i c and n e u t r a l c o n d i 
t i o n s . The c l e a v a g e o f c a r b o x y l a t e e s t e r p r o t e c t i n g 
g r o u p s can be e f f e c t e d under m i l d l y b a s i c c o n d i t i o n s 
s u c h as c a t a l y t i c sodium m e t h o x i d e i n m e t h a n o l o r 
m e t h a n o l i c ammonia. 

6 , 6 f - D i - 0 - t r i t y l s u c r o s e ( B ) , on t r e a t m e n t w i t h 
a c e t i c a n h y d r i d e and p y r i d i n e a t room t e m p e r a t u r e , gave 
t h e e x p e c t e d h e x a - a c e t a t e ( J ) (ljO . D e t r i t y l a t i o n o f 
2 , 3 , 3 ' , 4 , 4 ' - p e n t a - O - a c e t y l - 1 1 , 6 , 6 1 - t r i - O - t r i t y l s u c r o s e 
w i t h h y d r o b r o m i c a c i d i n g l a c i a l a c e t i c a c i d and c h l o 
r o f o r m a t 0° , has been r e p o r t e d t o g i v e 2,3,3',4,4'-
p e n t a - O - a c e t y l s u c r o s e i n 74% y i e l d (20). The p o s s i 
b i l i t y o f a c y l m i g r a t i o n must be t a k e n i n t o a c c o u n t i n 
t h e s e l e c t i v e p r o t e c t i o
(J) was t r e a t e d w i t
t y l a t i o n a c c u r r e d w i t h c o n c o m i t a n t m i g r a t i o n o f an a c e 
t y l g r oup f r o m 0-4 — • 0-6, p r o b a b l y v i a t h e 4 , 6 - o r t h o -
e s t e r , t o g i v e 1 ' , 2 , 3 , 3 ' , 4 ' , 6 - h e x a - 0 - a c e t y l s u c r o s e (K) 
( 2 1 ) . I n c o n t r a s t , however, s i m i l a r t r e a t m e n t o f h e x a -
O - b e n z o y l - 6 , 6 ' - d i - O - t r i t y l s u c r o s e and o f 2,3,3',4,4'-
p e n t a - O - b e n z o y l - 1 ' , 6 , 6 ' - t r i - O - t r i t y l s u c r o s e b r o u g h t 
a b o u t t h e e x p e c t e d l o s s e s o f t r i t y l g r o u p s b u t c a u s e d 
l i t t l e o r no m i g r a t i o n o f e s t e r g r o u p s (1_4, 22) . 
(See F i g u r e 4 ) . 

j K 

Figure 4 
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Figure 5 

S u l f o n y l a t i o n R e a c t i o n 

The s e l e c t i v e p - t o l u e n e s u l f o n y l a t i o n o f s u c r o s e 
has been i n v e s t i g a t e d w i d e l y ( 2 2 - 2 7 ) . T r e a t m e n t o f 
s u c r o s e w i t h a b o u t two m o l a r e q u i v a l e n t s o f £-toluene-
s u l f o n y l c h l o r i d e i n p y r i d i n e f o r 6 days a t 0 ° f a f t e r 
c h r o m a t o g r a p h y on s i l i c a g e l , gave c r y s t a l l i n e 6 , 6 ' - d i -
O - p - t o l y l s u l f o n y l s u c r o s e (L) i n 18% y i e l d (26). A 
s i m i l a r r e a c t i o n o f s u c r o s e w i t h t h r e e moles o f p - t o l u 
e n e s u l f o n y l c h l o r i d e and p y r i d i n e gave 1',6,6 1-tri-0-£-
t o l y l s u l f o n y l s u c r o s e (M) i n 23% y i e l d (22) . T e t r a m o l a r 
P - t o l u e n e s u l f o n y l a t i o n o f s u c r o s e has been r e p o r t e d t o 
g i v e , i n a d d i t i o n t o compound (M), 1 ' , 2 , 6 , 6 ' - t e t r a - O - p -
t o l y l s u l f o n y l s u c r o s e (N) i n 40% y i e l d (2V) (See F i g u r e 
5 ) . The o r d e r o f r e a c t i v i t y f o r s u c r o s e i s t h u s 0-6= 
0-6 '>0-l'>0-2. M e t h a n e s u l f o n y l a t i o n r e a c t i o n s o f s u 
c r o s e and i t s d e r i v a t i v e s a l s o has been s t u d i e d . T r e a t 
ment o f l 1 ,2,3,3' ,4' , 6 , 6 ' - h e p t a - 0 - a c e t y l s u c r o s e a t 0° 
gave c r y s t a l l i n e 1 ' , 2 , 3 , 3 ' , 4 ' , 6 , 6 ' - h e p t a - 0 - a c e t y l - 4 - 0 -
( m e t h y l s u l f o n y l ) s u c r o s e i n 88% y i e l d (28). The l o c a 
t i o n o f t h e i s o l a t e d m e t h a n e s u l f o n y l o x y g r o u p s i n s u 
c r o s e c a n be i d e n t i f i e d by h i g h r e s o l u t i o n x H n.m.r. 
s p e c t r o s c o p y . I n c o m p a r i s o n w i t h t h e H n.m.r. d a t a 
f o r o c t a - O - a c e t y l s u c r o s e , t h e s i g n a l due t o H-4, i n 
t h e above 4 - s u l f o n a t e d e r i v a t i v e , a p p e a r e d a t a s l i g h t 
l y h i g h e r f i e l d , i . e . , a t x5.2 (2_8) . S i m i l a r l y , i n t h e 
*H n.m.r. s p e c t r u m o f 1' ,3,3 ' ,4 ' ,6 ,6 ' - h e x a - 0 - a c e t y l -
2 , 4 - d i - 0 - ( m e t h y l s u l f o n y l ) s u c r o s e , t h e s i g n a l s due t o 
H-2 and H-4 a p p e a r e d a t r e l a t i v e l y h i g h e r f i e l d s , i . e . , 
a t T5.35 and 5.2, r e s p e c t i v e l y ( 1 6 ) . 
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A c e t a l a t i o n R e a c t i o n 

The v a l u e o f c y c l i c a c e t a l s f o r t h e p r o t e c t i o n o f 
h y d r o x y l g r o u p s i n c a r b o h y d r a t e c h e m i s t r y i s w e l l known. 
S e v e r a l c y c l i c a c e t a l s o f s u c r o s e were s u c c e s s f u l l y 
s y n t h e s i z e d i n t h e l a s t two y e a r s . S u c r o s e , on t r e a t 
ment w i t h b e n z y l i d e n e b r omide and p y r i d i n e f o r 0 . 5 hour 
a t 95° , a f t e r a c e t y l a t i o n and c h r o m a t o g r a p h i c s e p a r a 
t i o n , gave 1 1 , 2 , 3 , 3 ' , 4 1 , 6 1 - h e x a - O - a c e t y l - 4 , 6 - O - b e n z y l i -
d e n e s u c r o s e ( 0 ) i n 35% y i e l d (297". The method i n v o l v 
i n g t h e use o f 2 , 2 - d i m e t h o x y p r o p a n e , N , N - d i m e t h y l f o r m a -
mide, and p - t o l u e n e s u l f o n i c a c i d has been a p p l i e d t o 
m o n o s a c c h a r i d e s t o a f f o r d s t r a i n e d and o t h e r w i s e i n a c 
c e s s i b l e c y c l i c a c e t a l s ( 3 0 - 3 3 ) . Use o f t h i s c o m b i n 
a t i o n o f r e a g e n t s w i t h s u c r o s e and 6 , 6 ' - d i c h l o r o - 6 , 6 '
d i d e o x y s u c r o s e (P) gav
t r e a t m e n t w i t h 2 , 2 - d i m e t h o x y p r o p a n
mamide i n t h e p r e s e n c e o f a c a t a l y t i c p r o p o r t i o n o f £-
t o l u e n e s u l f o n i c a c i d , g a v e 4 , 6 - 0 - i s o p r o p y l i d e n e - and 1', 
2 : 4 , 6 - d i - 0 - i s o p r o p y l i d e n e s u c r o s e i n 5 5 and 15% y i e l d , 
r e s p e c t i v e l y ( 1 6 , 3 4 ) . The l a t t e r p r o d u c t , a p p a r e n t l y , 
c o n s t i t u t e s t h e f i r s t example i n c a r b o h y d r a t e c h e m i s t r y 
o f a compound w i t h an e i g h t - m e m b e r e d , c y c l i c a c e t a l r i n g 
( l ' , 2 - 0 - ) . The r e a c t i o n o f compound (P) w i t h t h e above 
c o m b i n a t i o n o f r e a g e n t s , a f t e r a c e t y l a t i o n and chroma
t o g r a p h y on s i l i c a g e l , a f f o r d e d 3 , 3 ' , 4 , 4 ' - t e t r a - O - a c e -
t y l - 6 , 6 1 - d i c h l o r o - 6 , 6 ' - d i d e o x y - 1 ' , 2 - O - i s o p r o p y l i d e n e -
s u c r o s e (Q) and 3 1 , 4 ' - d i - 0 - a c e t y l - 6 , 6 1 - d i c h l o r o - 6 , 6 1 -
d i d e o x y - l T , 2 : 3 , 4 - d i - 0 - i s o p r o p y l i d e n e s u c r o s e ( R ) i n y i e l d s 
o f 37 and 3 9 % , r e s p e c t i v e l y ( 3 5 ) (See F i g u r e 6 ) . The 
r e a c t i o n o f 1, 6 , 6 ' - t r i - O - t r i t y T s u c r o s e w i t h 2 , 2 - d i m e t h 
o x y p r o p a n e — N , N - d i m e t h y l f o r m a m i d e— j > - t o l u e n e s u l f o n i c 
a c i d a t room t e m p e r a t u r e , a f t e r a c e t y l a t i o n and chroma
t o g r a p h y on s i l i c a g e l , gave 2 , 3 - 0 - i s o p r o p y l i d e n e - l 1 , 
6 , 6 ' - t r i - O - t r i t y l s u c r o s e t r i - a c e t a t e and 3 , 4 - 0 - i s o p r o -
p y l i d e n e - T ' , 6 , 6 ' - t r i t y l s u c r o s e t r i - a c e t a t e i n y i e l d s o f 
24% and 2 0 % , r e s p e c t i v e l y ( 3 5 ) . 

These r e s u l t s i n d i c a t e t h a t t h e o r d e r o f p r e f e r e n c e 
f o r t h e f o r m a t i o n o f a c e t a l s i n s u c r o s e i s 4 , 6> 2 , 1 ' > 2 , 3 
> 3 , 4 . 

B i m o l e c u l a r N u c l e o p h i l i c D i s p l a c e m e n t R e a c t i o n 

B i m o l e c u l a r n u c l e o p h i l i c d i s p l a c e m e n t r e a c t i o n s o f 
s u c r o s e s u l f o n a t e s and d e o x y h a l i d e s have been s t u d i e d . 
T r e a t m e n t o f o c t a - O - ( m e t h y l s u l f o n y l ) s u c r o s e (S) w i t h 
sodium i o d i d e i n butanone u n d e r r e f l u x gave 6 , 6 ' - d i -
d e o x y - 6 , 6 ' - d i d e o x y - 6 , 6 1 - d i i o d o - 1 ' , 2 , 3 , 3 ' , 4 , 4 ' - h e x a - O -
( m e t h y l s u l f o n y l ) s u c r o s e (T) i n 75% y i e l d (26). The 
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Figure 6 

i n a c t i v i t y o f t h e s u l f o n y l o x y g roup a t C - l ' i n (S) p r o 
b a b l y i s due t o u n f a v o r a b l e s t e r i c and p o l a r f a c t o r s . 
A d i f f e r e n c e i n t h e r e a c t i v i t i e s o f t h e s u l f o n y l o x y 
g r o u p s a t C-6 and C-6 1 was n o t e d d u r i n g t h e r e a c t i o n o f 
6,6'-di-0-£-tolysulfonyl s u c r o s e , b e n z o y l c h l o r i d e , 
and p y r i d i n e a t room t e m p e r a t u r e ( 2 6 ) . S ubsequent 
i n v e s t i g a t i o n o f t h e r e a c t i o n o f 1 T 2 , 3 ,3 1,4 ,4 1-hexa-O-
acetyl-6,6 f-di-0-£-tolysulfonyl s u c r o s e w i t h sodium 
c h l o r i d e i n h e x a m e t h y l p h o s p h o r i c t r i a m i d e , gave l ' , 2 , 
3 , 3 1 , 4 , 4 ' - h e x a - 0 - a c e t y l - 6 , 6 ' - d i c h l o r o - 6 , 6 1 - d i d e o x y s u -
c r o s e and 1*2,3,3 4,4'-hexa-O-acetyl-ö-chloro-ö-deoxy-
6'-0-£-tolylsulfonylsucrose i n y i e l d s o f 51 and 34%, 
r e s p e c t i v e l y (3£) . T h i s s u g g e s t e d t h a t t h e s u l f o n y l -
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oxy g roup a t C-6 i s more r e a c t i v e t h a n t h e s u l f o n y l o x y 
group C-6'. A s i m i l a r d i f f e r e n c e i n t h e r e a c t i v i t i e s 
o f t h e s u l f o n y l o x y g r o u p s a t C - l 1 and C-4 i n (S) a l s o 
has been e s t a b l i s h e d (37). Compound ( S ) , on r e a c t i n g 
with sodium azide i n hexamethylphosphorTc triamide f o r 
16 h r s . at 85°,gave 6-azido-6-deoxy-l,3,4-tri-0-(meth-
y l s u l f onylhß-]>-f r u c t o f u r a n o s y l 4 ,6-diazido-4 , 6 - d i d e o x y -
2 , 3 - d i - 0 - ( m e t h y l s u l f o n y l ) - a - D - g a l a c t o p y r a n o s i d e (U) i n 
80% y i e l d . When t h e above r e a c t i o n was p e r f o r m e d f o r 
48 h o u r s a t 90° i t g a v e , i n a d d i t i o n t o t h e t r i a z i d e ( U ) 
( 6 0 % ) , 1 , 6 - d i a z i d o - l f 6 - d i d e o x y - 3 , 4 - d i - O - ( m e t h y l s u l f o n y l ) -
ß-D-fructofuranosyl 4 f 6 - d i a z i d o - 4 , 6 - d i d e o x y - 2 , 3 - d i - O -
( m e t h y l s u l f o n y l ) - a - D - g a l a c t o p y r a n o s i d e ( V ) i n 10% y i e l d . 
The s e c o n d a r y s u l f o n y l o x y g r o u p a t C-4 t h u s i s more 
r e a c t i v e t h a n t h a t a t t h e p r i m a r y C - l 1 p o s i t i o n i n (S) 
(See F i g u r e 7 ) . 
I n t e r n a l D i s p l a c e m e n t R e a c t i o n 

S u c r o s e s u l f o n a t e s and d e o x y h a l i d e s , under b a s i c 
c o n d i t i o n s , have been shown t o undergo i n t e r n a l d i s 
p l a c e m e n t r e a c t i o n s t o g i v e a n h ydro d e r i v a t i v e s (22,24, 
2 6 , 3 8 - 4 2 ) . The c o n v e r s i o n o f 6,6'-di-0-£-tolylsul-
f o n y l s u c r o s e (L) i n t o 3,6: 3 ' , 6 ' - d i a n h y d r o s u c r o s e (W) 
has been a c h i e v e d u s i n g sodium m e t h o x i d e i n m e t h a n o l 
(26). The d i a n h y d r i d e (W) a l s o has been s y n t h e s i z e d 
f r o m 6 , 6 ' - d i c h l o r o - 6 , 6 ' - d i d e o x y s u c r o s e (P) i n 80% y i e l d 
( 4 3 ) , by means o f sodium m e t h o x i d e i n m e t h a n o l . A 
sTïnilar t r e a t m e n t o f 1',2,3,3',4,4',6'-hepta-O-acety 1-
6 - c h l o r o - 6 - d e o x y s u c r o s e (X) w i t h M sodium m e t h o x i d e i n 
m e t h a n o l u n d e r r e f l u x , a f t e r c o n v e n t i o n a l a c e t y l a t i o n 
w i t h a c e t i c a n h y d r i d e and p y r i d i n e , gave c r y s t a l l i n e 
1 ' , 2 , 3 ' , 4 , 4 ' , 6 ' - h e x a - O - a c e t y l - 3 , 6 - a n h y d r o s u c r o s e (Y) i n 
83% y i e l d (42_) . (See F i g u r e 8 ) . 

E l i m i n a t i o n R e a c t i o n 

D e h y d r o h a l o g e n a t i o n o f 1',2,3,3',4,4'-hexa-O-ben-
z o y l - 6 , 6 ' - d i d e o x y - 6 , 6 ' - d i i o d o s u c r o s e , 1',2,3,3',4,4'-
h e x a - O - b e n z o y l - 6 , 6 ' - d i b r o m o - 6 , 6 ' - d i d e o x y s u c r o s e , 
and öjö'-dideoxy-öjö'-diiodo-l 1,2,3,3',4,4'-
h e x a - O - ( m e t h y l s u l f o n y l ) s u c r o s e , by means o f s i l v e r 
f l u o r i d e and p y r i d i n e g i v e s t h e c o r r e s p o n d i n g 5,5'-
d i e n e d e r i v a t i v e ( 2 6 , 3 6 ) . 1 1,2,3,3',4,4',6'-Hepta-O-
a c e t y l - 6 - d e o x y - 6 - i o d o s u c r o s e (Ẑ ) on t r e a t m e n t w i t h 
a n h y d r o u s s i l v e r f l u o r i d e i n p y r i d i n e f o r 24 h o u r s a t 
room t e m p e r a t u r e , a f t e r p u r i f y i n g f r o m a column o f s i l i 
c a g e l , gave 1 , 3 , 4 , 6 - t e t r a - 0 - a c e t y l - 3 - D - f r u c t o f u r a n o s y l 
2 , 3 , 4 - t r i - 0 - a c e t y l - 6 - d e o x y - a - D - x y l o - h e x - 5 - e n o p y r a n o s i d e 
(AA) i n 60% y i e l d (4£) . The h i g h r e s o l u t i o n n.m.r. 
s p e c t r u m o f (AA) showed t h e w e l l - k n o w n (45) a l l y l i c 
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Figure 7 

c o u p l i n g between t h e p r o t o n s a t C-4 and C-6 (44). 
(See F i g u r e 9) 

R e d u c t i o n R e a c t i o n 

Deoxy d e r i v a t i v e s o f s u c r o s e have been p r e p a r e d by 
c a t a l y t i c r e d u c t i o n o f t h e c o r r e s p o n d i n g d e o x y h a l i d e s 
o r e x o c y c l i c v i n y l e t h e r s (2£,2j5,3J7'44) • R e d u c t i o n o f 
compound (Z)in m e t h a n o l w i t h Raney n i c k e l and h y d r a z i n e 
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Figure 9 
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h y d r a t e gave t h e e x p e c t e d 1',2,3,3 1,4,4 1
f6»-hepta-O-

a c e t y l - 6 - d e o x y s u c r o s e (BB) i n 75% y i e l d ( 4 4 ) . Reduc
t i o n o f t h e e x o c y c l i c v i n y l e t h e r f ß-D-fructofuranosyl 
g - D - x y l o - h e x - 5 - e n o p y r a n o s i d e by means o f p a l l a d i u m - o n -
c h a r c o a l i n m e t h a n o l , a f t e r a c e t y l a t i o n and chromat o 
g r a p h y on s i l i c a g e l f gave (BB) and l , 3 f 4 , 6 - t e t r a - 0 -
acetyl-ß-D-fructofuranosyl 2 , 3 , 4 - t r i - 0 - a c e t y l - 6 - d e o x y -
ß-L-idopyranoside (CC) i n 10 & 46% y i e l d s r e s p e c t i v e l y . 
When s i m i l a r r e d u c t i o n was p e r f o r m e d w i t h (AA) i t gave 
t h e L - i d o i s o m e r (CC) as t h e o n l y i s o l a b l e p r o d u c t i n 
46% y i e l d . L i t t l e o r no f o r m a t i o n o f t h e D-glu c o i s o m e r 
(BB) was o b s e r v e d . The s t r u c t u r e o f (CC) was s u p p o r t e d 
by i t s 100 MHz H n.m.r. s p e c t r u m . The d e r i v e d f i r s t -
o r d e r c o u p l i n g c o n s t a n t s (Ji,22*°'îl2 33'5'îZ.3 4 3 * 5 and 
J / c 2.5H*), were i n agreement w i t h tließ-L-ido c o n f i g u -
atiön and ^ 4 c o n f o r m a t i o
i n (CC) (44_) . (See

M e t h a n e s u l f o n y l c h l o r i d e — N, Ej-Dimethylformamide Com
p l e x R e a c t i o n 

The m e t h a n e s u l f o n y l c h l o r i d e and N , N - d i m e t h y I f o r 
mamide complex[Me2N=CHO M s ] + C 1 " has been used f o r t h e 
s e l e c t i v e r e p l a c e m e n t by c h l o r i n e (46>) o f p r i m a r y h y d r -
o x y l g r o u p s o f h e x o p y r a n o s i d e s . Subsequent i n v e s t i g a 
t i o n o f t h i s r e a c t i o n w i t h m e t h y l g l u c o p y r a n o s i d e s , 
m e t h y l ß-maltoside rand s u c r o s e , r e v e a l e d t h a t s u b s t i t u 
t i o n a l s o o c c u r s o f s e c o n d a r y p o s i t i o n s (42,47,48).The 
s u b s t i t u t i o n o f t h e h y d r o x y l g r o u p a t a c h i r a l c e n t r e 
has been shown t o p r o c e e d w i t h i n v e r s i o n o f c o n f i g u r a 
t i o n (£7). T r e a t m e n t o f 1 1 , 2 , 3 , 3 1 , 4 1 , 6 1 - h e x a - O - a c e t y l -
s u c r o s e (DD) w i t h m e t h a n e s u l f o n y l c h l o r i d e and N f N - d i -
m e t h y I f o r m a m i d e , i n i t i a l l y f o r 2 h o u r s a t 0° and t h e n 
f o r 24 h r a t 98 , gave two p r o d u c t s w h i c h were s e p a r a 
t e d on s i l i c a g e l and c h a r a c t e r i z e d as 1 , 3 , 4 , 6 - t e t r a -
O - a c e t y l - ß-D-fructofuranosyl 2 f 3 - d i - 0 - a c e t y l - 4 , 6 - d i c h -
l o r o - 4 , 6 - d i d e o x y - a - D - g a l a c t o p y r a n o s i d e (EE) and 1 1 , 2 , 3 , 
3',4* r6f-hexa-0-acetyl-6-chloro-6-deoxy-4-0-formylsu-
c r o s e (FF) (4_2) . The f o r m a t i o n o f f o r m i c e s t e r s has 
been r e c o g n i z e d (46) d u r i n g t h e r e a c t i o n o f h e x o p y r a n o 
s i d e s w / m e t h a n e s u l f o n y l c h l o r i d e — N f N - d i m e t h y I f o r m i d e 
complex v i a h y d r o l y s i s o f [Me2N=CHO"ÏÏ]~*Cl" Our a t t e m p t s 
t o i s o l a t e s u c h i n t e r m e d i a t e s r e c e n t l y have been s u c 
c e s s f u l (4_2) . The f o r m y l g r o u p i n (FF) was s e l e c t i v e l y 
c l e a v e d by t r e a t m e n t w i t h IRA-94S (HO -) r e s i n i n metha
n o l t o a f f o r d 1 ' , 2 , 3 , 3 1

f 4 1 , 6 1 - h e x a - 0 - a c e t y l - 6 - c h l o r o - 6 -
d e o x y s u c r o s e (GG) . (See F i g u r e 111". 
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Figure 11 
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C h l o r o s u l f o n y l a t i o n R e a c t i o n 

53 

The r e a c t i o n o f s u l f u r y l c h l o r i d e w i t h s u g a r s has 
been i n v e s t i g a t e d t o g i v e p r o d u c t s i n w h i c h t h e p r i m a r y 
h y d r o x y l g r o u p s were r e p l a c e d by c h l o r i n e and s e c o n 
d a r y h y d r o x y l g r o u p s e i t h e r were e s t e r i f i e d by c y c l i c 
s u l f a t e o r s u b s t i t u t e d by c h l o r i n e w i t h i n v e r s i o n o f 
c o n f i g u r a t i o n ( 4 9 - 5 7 ) . The r e a c t i o n o f methylß-D-glu-
c o p y r a n o s i d e w i t h s u l f u r y l c h l o r i d e and p y r i d i n e has 
been r e p o r t e d t o p r o c e e d v i a m e t h y l ß-D-glucopyranoside 
t e t r a k i s ( c h l o r o s u l f a t e ) t o g i v e m e t h y l 4 , 6 - d i c h l o r o - 4 , 6 -
dideoxy-ß - D - g a l a c t o p y r a n o s i d e 2 , 3 - s u l f a t e (154) . The 
assumed S N ^ c h a r a c t e r o f t h e d i s p l a c e m e n t r e a c t i o n has 
been q u e s t i o n e d r e c e n t l y by Khan ( 5 5 ) . T r e a t m e n t o f 
2 , 3 , 3 ' , 4 , 4 ' - p e n t a - 0 - b e n z o y l s u c r o s  (HH) w i t h s u l f u r y l 
c h l o r i d e and p y r i d i n
c o r r e s p o n d i n g 1 ' , 6 , 6 ' - t r i s ( c h l o r o s u l f a t e
y i e l d . Compound (11) on t r e a t m e n t w i t h p y r T d i n i u m 
c h l o r i d e i n c h l o r o f o r m f o r 4 h o u r s a t 50° a f f o r d e d 2,3, 
3 ' , 4 , 4 ' - p e n t a - O - b e n z o y l - 6 , 6 ' - d i c h l o r o - 6 , 6 ' - d i d e o x y s u 
c r o s e 1 ' - c h l o r o s u l f a t e ( J J ) i n 76% y i e l d . The v a l u e 
o f c h l o r o s u l f a t e r e s i d u e as a l e a v i n g g r o u p has been 
e m p h a s i z e d (5£) . However, when ( I I ) a n d 1',2,3,3',4,4'-
h e x a - O - b e n z o y l s u c r o s e 6 , 6 ' - b i s ( c h l o r o s u l f a t e ) w a s t r e a t 
ed w i t h sodium a z i d e i n b u t a n o n e , t h e o n l y i s o l a b l e p r o 
d u c t s were ( J J ) ( 8 3 % ) and 1',2,3,3',4,4'-hexa-O-benzoyl-
6 , 6 ' - d i c h l o r o - 6 , 6 ' - d i d e o x y s u c r o s e ( 6 9 % ) , r e s p e c t i v e l y . 
The above r e a c t i o n s u g g e s t e d an e f f e c t i v e c o m p e t i t i o n 
by t h e c h l o r i d e i o n w h i c h c o u l d have a r i s e n o n l y f r o m 
t h e c h l o r o s u l f a t e g r o u p s o f ( I I ) and 1',2,3,3',4,4'-
h e x a - O - b e n s o y l s u c r o s e 6 , 6 ' - b i s ( c h l o r o s u l f a t e ) . 
Hence, t h e d i s p l a c e m e n t o f t h e c h l o r o s u l f a t e g r o u p s i n 
( I I ) and 1 ' , 2 , 3 , 3 ' , 4 , 4 ' - h e x a - O - b e n z o y l s u c r o s e 6 , 6 ' - b i s 
(cïïlorosulfate) by c h l o r i d e i o n , p r o b a b l y i n v o l v e d an 
i n t r a m o l e c u l a r p r o c e s s , s i m i l a r t o t h e S N 1 r e a c t i o n o f 
a l k y l c h l o r o s u l f i t e s o r a l k y l chloroformâtes. (See 
F i g u r e 1 2 ) . 

S e l e c t i v e D e - e s t e r i f i c a t i o n o f S u c r o s e D e r i v a t i v e s 

S e l e c t i v e d e - e s t e r i f i c a t i o n o f s u c r o s e o c t a - a c e -
t a t e , u s i n g a column o f a l u m i n a ( L a p o r t e Type H ) , has 
been r e p o r t e d t o g i v e 2 , 3 , 4 , 6 , 1 ' , 3 ' , 4 ' - h e p t a - O - a c e t y l -
s u c r o s e , 2 , 3 , 6 , 1 ' , 3 ' , 4 ' , 6 ' - h e p t a - O - a c e t y l s u c r o s e , and 
2 , 3 , 4 , 6 , 1 ' , 3 ' , 6 ' - h e p t a - O - a c e t y l s u c r o s e i n y i e l d s o f 9, 
2.7 and 6% r e s p e c t i v e l y (58). We have i n v e s t i g a t e d 
t h e u se o f ammonia i n m e t h a n o l t o a c h i e v e s e l e c t i v e d e-
e s t e r i f i c a t i o n o f 2 , 1 ' : 4 , 6 - d i - O - i s o p r o p y l i d e n e s u c r o s e 
t e t r a - a c e t a t e ( K K ) . T r e a t m e n t o f t h e d i a c e t a l (KK) 
w i t h ammonia i n m e t h a n o l a t 0°, a f t e r c h r o m a t o g r a p E y on 
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a column o f s i l i c a g e l , gave S ^ ' - d i - O - a c e t y l - ^ , ! ' :4,6-
d i - O - i s o p r o p y l i d e n e s u c r o s e (LL) and 3 - 0 - a c e t y l - 2 , 1 1 : 4 f 

6-dï"-0-isopropylidenesucrose (MM) i n y T e l d s o f 71% and 
22%, r e s p e c t i v e l y ( 5 7 ) . These r e s u l t s s u g g e s t e d t h a t 
t h e l a b i l i t y o f t h e a c e t y l g r o u p s i n t h e f u r a n o s e r i n g 
o f (KK) were i n t h e o r d e r o f 0-3=O-4>0-6. L a c k o f 
r e a c t i v i t y o f t h e a c e t y l g r o u p a t 0-3 i n (KK) p r o b a b l y 
i s due t o t h e s t e r i c e f f e c t o f t h e n e i g h b o u r i n g a c e t a l 
( 2 , 1 ' : 4 , 6 - d i - 0 - ) g r o u p s . (See F i g u r e 1 3 ) . 

S u c r o s e E p o x i d e s 

The v a l u e o f s u g a r e p o x i d e s as s y n t h e t i c i n t e r m e 
d i a t e s i s w e l l - k n o w n i n c a r b o h y d r a t e c h e m i s t r y . Syn
t h e s i s o f s u c r o s e e p o x i d e s h i t h e r t o has n o t been r e p o r -
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t e d . However, an e p o x i d e d e r i v a t i v e o f s u c r o s e , 4,6-
d i c h l o r o - 4 , 6 - d i d e o x y - 2 , 3 - 0 - s u l f o - a - D - g a l a c t o p y r a n o s y l 
3,4-anhydro-l,6-dichloro-l,6-dideoxy-ß-D-ribo-hexulo-
f u r a n o s i d e formed d u r i n g t h e r e a c t i o n o f s u c r o s e and 
s u l f u r y l c h l o r i d e a t room t e m p e r a t u r e (57). The s t r u c 
t u r e o f t h e above e p o x i d e has n o t y e t been c o n f i r m e d . 

I n t r a m o l e c u l a r Sßj2_ r e a c t i o n s o f 3 1 ,4 ' - d i - O - p - t o l u -
e n e s u l f o n y l s u c r o s e h e x a - a c e t a t e ( N N ) , 3 1 - O - p - t o l u e n e s u l -
f o n y l s u c r o s e h e p t a - a c e t a t e ( R R ) and 4 ' - 0 - p - t o l u e n e s u l -
p h o n y l s u c r o s e h epta-acetateTQQ) have been i n v e s t i g a t e d 
( 5 9 ) . T r e a t m e n t o f (NN) w i t h M sodium m e t h o x i d e i n 
me t h a n o l under r e f l e x f o r 1-2 m i n , a f t e r c o n v e n t i o n a l 
a c e t y l a t i o n and ch r o m a t o g r a p h y on s i l i c a g e l , gave 2,3, 
4 , 6 - t e t r a - O - a c e t y l - a - D - g l u c o p y r a n o s y l 1 , 6 - d i - 0 - a c e t y l -
3,4-anhydro-ß-D-lyxo-hexulofuranoside (00) and 2,3,4
6 - t e t r a - O - a c e t y l - a - D - g l u c o p y r a n o s y
4 - a n h y d r o - B - D - r i b o - h e x u l o f u r a n o s i d  y i e l d
76% and 12%, r e s p e c t i v e l y . The s t r u c t u r e s o f (00) and 
(PP) have been c o n f i r m e d by unambiguous s y n t h e s e s . 
R e a c t i o n o f t h e 3 ' - t o s y l a t e ( R R ) w i t h M sodium m e t h o x i d e 
i n m e t h a n o l f o r 1-2 m i n , a f t e r a c e t y l a t i o n and chroma
t o g r a p h i c f r a c t i o n a t i o n , gave t h e r i b o - e p o x i d e (PP) i n 

H 0 

MM 

Figure 13 
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r i se to a r ing opening reaction exclusively at C-4' in 
each case (59). Consequently, reaction of the 3 ' , 4 f -
ribo-epoxide (PP) with sodium azide followed by acety-
lat ion gave a-D-glucopyranosyl 4 - a z i d o - 4 - d e o x y - £ - D - x y l o 
hexulofuranoside hepta-acetate (SS) in 82% y i e l d . 
Similarly,treatment of the 3',4 1 -lyxo-epoxide (00) with 
sodium azide followed by acetylation gave, 4 , -azTdo-4'-
deoxysucrose hepta-acetate(TT) in 63% y i e l d , as the 
only product. The direct ion of cleavage of these epox
ides, presumably, were governed by a combination of 
96% y i e l d . The short time required for the formation 
of the epoxide indicated that the reacting groups (C-4',-
OTs and C-3' , -0Ac) in (RR) had coplanar configurations. 
Synthesis of the lyxo-epoxide (00)was achieved in 82% 
yie ld by treatment of the 4'-tosylate (QQ) with M sodi
um methoxide in methano
lowed by acetylatio
(See Figure 14). 

Ring Opening Reactions of Sucrose Epoxides 

Treatment of the ribo-(PP) and lyxo-(00) epoxides 
with sodium azide in aqueous ethanol was found to give 
ster ic and polar factors. In part icu lar , the lack of 
react iv i ty at C-3 1 in each of these cases i s indicative 
of the polar interactions which would occur between the 
permanent dipoles of the two C-2'-0 bonds and the d i -
pole which would be set up in the transit ion state. 
This can be considered to be analogous to the low reac
t i v i t y of a 2-sulphonyloxy group, in s n 2 reactions, in 
hexopyranosides. (Figure 15). 
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Abstract 

During the past six years, the objectives of our 
research have been to develop new applications of su
crose, by studying the fundamental chemistry of sucrose 
and i t s derivatives. The value of cyc l i c acetal groups 
is  well recognised for the protection of hydroxyl func
tions in carbohydrate chemistry. The first synthesis of 
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Figure 14 

a cyc l i c acetal derivative of sucrose, 4,6-O-benzyli
dene sucrose, was achieved in this laboratory in 1974. 
Since then progress in this f i e l d has been rapid and 
various cyc l i c acetals of sucrose and its derivatives 
have been prepared. 

Sucrose on treatment with 2,2-dimethoxypropane-N, 
N-dimethylformamide-toluene-p-sulfonic acid (reagent A) 
gave 4,6-0-isopropylidene (55%) and 1 ' , 2 :4 ,6 -d i -0 - i so 
propylidene derivative (15%). When 6,6'-dichloro-6, 
6'-dideoxysucrose was treated with reagent A, the cor
responding mono-(1',2-) and di-(1',2:3,4-) acetals were 
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SS — 

Figure 15 

isolated in yields of 40% and 37%, respectively. On 
the basis of these results, i t has been concluded that 
the order of preference for the formation of acetal l in 
kage in the sucrose skeleton is 4,6>1',2>2,3>3,4. These 
cyclic acetals of sucrose and their derivatives allow 
selective reactions with previously inaccessible hydrox
yl groups, in particular C-2, C-3, C-3', and C-4 '. Some 
of these selective reactions also wil l be discussed. 

Literature Cited 
1. Lemieux, R.U., Huber, G., J.Amer.Chem.Soc., (1953) 

75, 4118. 
2. Tushida, H., Komoto, M., Agr. Biol. Chem. (Tokyo), 

(1963), 29, 239--242. 
3. Ness, R.K., Fletcher, Jr. , H.G., Carbohyd. Res., 

(1971), 17, 465--470. 
4. Reid, B.F., Intern. Symp. Carbohyd. Chem. VII in, 

Bratislava, (1974). 
5. Hassid, W.Z., Dondoroff, M., Barker, H.A., J . Amer. 

Chem. Soc., (1944), 66, 1416--1419. 
6. Hassid, W.Z., Dondoroff, M., Advan. Enzymol., (1950) 

10, 123--143. 
7. Kauss, H., Z. Naturforsch., (1962), 176, 698--699. 
8. Beevers, C.A., Cochran, W., Proc. Roy. Soc. (London) 

Ser. A., (1947), 190, 257--272. 
9. Beevers, C.A., McDonald, T.R.R., Robertson, J.H., 

Stern, F., Act. Crystallogr., (1952), 5, 689--
690. 

In Sucrochemistry; Hickson, J.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1977. 



4. KHAN Fundamental Aspects 59 

10. Brown, G.M., Levy, H.A. , Science, (1963), 141, 921— 
923. 

11. Binkley, W.W., Horton, D. , Bhacca, N . S . , Carbohyd. 
Res., (1969), 10, 245—258. 

12. De Bruyn, A., Anteunis, M . , Verhegge, G. , Carbohyd. 
Res. (1975), 42, 157--161. 

13. Helferich, B . , Advan. Carbohyd. Chem., (1948), 3, 
79--106. 

14. Hough, L., Mufti , K . S . , Khan, R., Carbohyd. Res. 
(1972), 21, 144--147. 
15. Reinfeld, E . , Klaudianos, S., Zucker, (1968), 21, 

330--338. 
16. Khan, R., Mufti , K . S . , Carbohyd. Res., (1975), 43, 

247--253. 
17. Gros, E . G . , Flematti  S.M.  Chem  Ind  (1966)

(London) 1556-1557
18. Deferrari, J .O . , , , , , 

Carbohyd. Res., (1967), 4, 432--434. 
19. Lindley, M.G., Birch, G.G., Khan, R., Carbohyd.Res., 

43, 360--365 (1975). 
20.Suami, T. , Kato, N., Kawamura, M . , Nishimura, T. , 

Carbohyd. Res., (1971), 19, 407--411. 
21. Khan, R., Carbohyd. Res., (1972), 25, 232--236. 
22. Khan, R., Carbohyd. Res., (1972), 22, 441--445. 
23. Bragg, P . B . , Jones, J.K.N., Can. J. Chem., (1959), 

37, 575--578. 
24. Lemieux, R .U . , Barrette, J . P . , Can. J. Chem., (1959) 
37, 1964--1969. 
25. Neuman, R., Ibara, J.A., J. prakt. Chem., (1972), 

314, 365--366. 
26. Bolton, C.H., Hough, L., Khan, R., Carbohyd. Res., 
(1972), 21, 133--143. 
27. Bal lard, J . M . , Hough, L., Richardson, A.C., 

(Unpublished Data). 
28. Khan, R. , Unpublished data. 
29. Khan, R. , Carbohyd. Res., (1974), 32, 375--379. 
30. Evans, M.E. , Parrish, F.W., Tetrahedron Le t t . , (1966) 

3805--3807. 
31. Evans, M.E. , Parrish, F.W., Long, Jr., L., Carbohyd. 
Res., (1967), 3, 453--462. 
32. Hasegawa, A . , Fletcher, Jr., G.H., Carbohyd. Res., 

(1973), 29, 209--222. 
33. Hasegawa, A. and Nakajima, M . , Carbohyd. Res., 
(1973), 29, 239--245. 
34. Khan R., Mufti, K . S . , Brit. Pat. 1,437,048. 
35. Khan R., Jenner, M.R. and Jones, H.F. , Carbohydrate 

Research, 49, 259--265 (1976); Khan R., and 
Jenner, M.R., (Unpublished data). 

36. Hough, L., Mufti , K . S . , Carbohyd. Res., (1972), 
25, 497--503. 

In Sucrochemistry; Hickson, J.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1977. 



60 SUCROCHEMISTRY 

37. Hough,L., Mufti , K . S . , Carbohyd. Res., (1973), 
27, 47--54. 
38. Lemieux, R .U . , Barrette, J.P., J. Amer. Chem. Soc., 

(1958), 80, 2243--2246. 
38a.Lemieux, R .U . , Barrette, J.P., Can. J. Chem., 

(1960), 38, 656--662. 
39. Buchanan, J.G., Cummerson, D.A. , Turner, D.H. , 
Carbohyd. Res., (1972), 21, 283--292. 
40. Buchanan, J.G., Cummerson, D.A. , Carbohyd. Res. 
(1972), 21, 293--296. 
41.Isaacs, N.W., Kennard, C .H.L . , O'Donnell, A.W., 

Richards, G.N. , Chem. Commun., (1970), 360. 
42. Khan, R., Jenner, M.R., Mufti , K . S . , Carbohyd. 
Res., (1975), 39, 253--262. 
43. Khan, R., (unpublished data)
44. Khan, R., Jenner
45.Sternhell, S., Rev. Pure Appl. Chem., (1964), 14, 

15--46. 
46. Evans, M.E. , Long, Jr., L., Parrish, F.W., J. Org. 
Chem., (1968), 33, 1074--1076. 
47. Edwards, R.G. , Hough, L., Richardson, A . C . , Tarelli, 

E., Tetrahedron Le t t . , (1973), 26, 2369--2370. 
48. Khan, R., Mufti,K.S.,Parker K.J.,Brit.Pat. 1,430,288 
49. Helferich, B., Ber. , (1921), 54, 1082--1084. 
49a.Helferich, B., Lowa, A., Nippe, W., Riedel, H . , 

Ber. , (1923), 56, 1083--1087. 
50. Helferich, B . , Sprock, G. , Bester, E., Ber. , (1925), 

58, 886--891. 
51. Jennings, H.J., Jones, J.K.N., Can. J. Chem.,(1962), 

40, 1408--1414. 
52. Jennings, H.J., Jones, J.K.N., Can J. Chem., (1963), 

41, 1151--1159. 
53. Jennings, H.J., Jones, J.K.N., Can J. Chem., (1965), 
43, 2372--2386, 3018--3025. 

54. Cottrell, A . G . , Buncell, E., Jones, J.K.N., Chem. 
Ind., (London), (1966), 552; Can. J. Chem., 
(1966), 44, 1483--1491. 

55. Khan, R., Carbohyd. Res., (1972), 25, 504--510. 
56. Bal lard, J . M . , Hough, L., Richardson, A . C . , Chem. 

Commun., (1972), 1097--1098. 
57. Bal lard, J . M . , Hough, L., Richardson, A . C . , Fa i r -

clough, P . H . , J. Chem. Soc., Perkin 1, (1973), 
1524--1528. 

58. Bal lard, J . M . , Hough, L . and Richardson, A.C., 
Carbohyd.Res., (1974), 34, 184--188. 

59. Khan, R., and Jenner, M.R., (Unpublished resul ts) . 

In Sucrochemistry; Hickson, J.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1977. 



4. KHAN Fundamental Aspects 61 
Biographic Notes 

Riaz Khan, Ph.D., Industrial research chemist. 
Education at Bristol Univ. Joined staff of Tate & 
Lyle, Ltd., in 1968. Many papers on carbohydrate re
actions and analyses. Philip Lyle Memorial Research 
Laboratory, Tate & Lyle, Ltd., P.O. Box 68, Reading, 
Berkshire RG6 2BX, England. 

In Sucrochemistry; Hickson, J.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1977. 



5 

Selective Substitution of Sucrose Hydroxyl Groups via 

Chelates 

E. AVELA, S. ASPELUND, B. HOLMBOM, and B. MELANDER 
Academy of Finland, Pyorokiventie 10, 00830 Helsinki 83, Finland 
H. JALONEN and C. PELTONEN 
Abo Academy, 20500 Turko 50, Finland 

A l l of the thre
y l groups of sucros
gents causing par t ia l derivatization and producing a 
mixture of degrees of substitution and isomer loca
tions. Due to the multistages of reactions required, 
the protection of some hydroxyls followed by specific 
substitutions and reconversions not only causes low 
yields but usually produces insufficient se lec t iv i ty . 
We have found that, i f instead, a reaction site in a 
polyol molecule i s converted to a chelate group, usual
ly involving binding two of the hydroxyl groups into a 
f ive- or sixmembered ring compound, a high yie ld se l 
ective reaction i s obtained (1-4). Such a reaction i s , 
e.g. the selective monoacetylation of methyl 4,6-ben-
zylidene-a-D-glucopyranoside mercuric chelate with ace
t i c anhydride giving a 94 mole-% yie ld of 2-O-acetyl 
ester, 2% of 3-O-acetyl and 4% of the di-O-acetyl ester 
(5) . S imi lar ly , the methylation of the cupric chelate 
of the same compound with methyl iodide gives solely 
monoethers or 19 mole-% of 2-O-methyl ether and 73% 
of 3-0-methyl ether (2). The preparations of the se l 
ectively reacting chelates are seen in Figure 1. 

The substitution reaction can be i l lus t ra ted by 
Figure 2. The reason why a bidentate ligand gives 
solely monosubstitution instead of a diderivative can 
be explained by blockage of the underivatized oxygen 
by salt formation as shown in Figure 3. 

In the present study, selective substitution via 
chelates w i l l be applied to etherification and es ter i -
f icat ion of sucrose. To be a homogenous substrate for 
a selective reaction, sucrose should give stoichiome-
t r i c a l l y definable chelates that are sufficiently solu
ble in a dry aprotic solvent, such as N,N-dimethyIfor-
mamide or dimethylsulphoxide. One might question 
whether the unchelated hydroxyl groups of sucrose also 
would be derivatized. 

62 
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x : 
il 1:1:0 
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v 2:2:1 

0 : 0 : l | 

x : 
vu 1:1:1 
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ONa 
1:2:0 III i : 2:c 

|o:0 

i x > o 
i ^ 0 ^ 

x 
" 0 cr 

0 
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Figure 1. Preparation and interchangeabilité of 
mono- and disodium alcoholates 1:1:0 and 1:2:0 
resp., and copper (II) derivatives 1:2:1, 2:2:1, 
2:4:1,1:1:1, and 1:2:2 of a dihydroxyl compound. 
Compounds characterized by mole ratio of 
diol:NaH:CuClg in synthesis; notations of + and 

— charges omitted. 

di-derivotive mono-derivative 

Figure 2 
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Figure 3 

E x p e r i m e n t a l 

E t h e r i f i c a t i o n o f S u c r o s e C h e l a t e s by A l l y l 
H a l i d e s , and Sodium B r o m o a c e t a t e . A l l y l b r o m i d e o r 
c h l o r i d e was added t o a d i m e t h y l s u l p h o x i d e (DMSO) 
s o l u t i o n o f s u c r o s e c h e l a t e i n t h e r a t i o s o f s u c r o s e : 
a l l y l h a l i d e 1:1,1, 1:1,3, 1:2,0 and 1:2,5 and k e p t a t 
80°C f o r 16 t o 48 h
c a r r i e d o u t i n s c r e
t h e a l l y l c h l o r i d e r e a c t i o n s i n a s e a l e d a u t o c l a v e . 
D e c o m p o s i t i o n o f t h e s u c r o s e was p r e v e n t e d by k e e p i n g 
t h e r a t i o o f s u c r o s e t o a l l y l h a l i d e e q u a l o r l e s s 
t h a n t h e r a t i o 1:2,5. The r e a c t i o n between s u c r o s e 
c h e l a t e s and sodium b r o m o a c e t a t e was p e r f o r m e d i n t h e 
f o l l o w i n g r a t i o s ; s u c r o s e : b r o m o a c e t a t e , 1:2,6, 1:3,8, 
1:5,2 and 1:7,0, i n DMSO f o r 72 h a t 70°C. 

E s t e r i f i c a t i o n o f S u c r o s e C h e l a t e s by A c i d Anhy
d r i d e s and C h l o r i d e s . A c e t i c , c a p r y l i c , s t e a r i c , 
m a l e i c o r p h t h a l i c a c i d a n h y d r i d e s were added t o 
a N , N - d i m e t h y l f o r m a m i d e (DMF) s o l u t i o n o f a s u c r o s e 
c h e l a t e i n r a t i o s o f s u c r o s e : a n h y d r i d e 1:1,3 o r 1:3. 
The r e a c t i o n m i x t u r e was a l l o w e d t o s t a n d w i t h a c e t i c 
a n h y d r i d e f o r 15 h a t 22°C, w i t h c a p r y l i c and s t e a r i c 
a n h y d r i d e f o r 3 h a t 60°C, o r w i t h m a l e i c and p h t h a l i c 
a n h y d r i d e f o r 10 h a t 60°C. The i s o l a t i o n , e.g. o f 
m o n o s t e a r a t e s , was made by e x t r a c t i o n w i t h 1 - b u t a n o l 
(6) a f t e r a d d i t i o n o f 10% aq sodium c h l o r i d e t o t h e 
DMF. 

E s t e r i f i c a t i o n s w i t h a c r y l o y l , c a p r o y l and l a u r o y l 
c h l o r i d e s was c a r r i e d o u t o v e r 3 h a t 60°C. The hy
d r o l y s i s i s a v o i d e d when no more t h a n 3 moles o f a c i d 
c h l o r i d e i s u s e d p e r mole o f s u c r o s e . 

T r a n s e s t e r i f i c a t i o n . S i x t o 30 moles o f m e t h y l 
o r e t h y l a c e t a t e , m e t h y l c a p r i n a t e , l a u r a t e , o l e a t e , 
stéarate o r m e t h a c r y l a t e was added t o a DMF s o l u t i o n 
o f one mole o f s u c r o s e c h e l a t e . The r e a c t i o n m i x t u r e s 
were a l l o w e d t o s t a n d 3 h a t 100° o r 120°C and a n a l y z 
ed. 
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A n a l y t i c a l 

S u c r o s e e t h e r s and e s t e r s were a n a l y z e d as t r i -
m e t h y l s i l y l d e r i v a t i v e s p r e p a r e d by a d d i n g t o 0,5 ml o f 
r e a c t i o n s o l u t i o n , 0,1 ml h e x a m e t h y l d i s i l a z a n e and 0,05 
ml d i m e t h y l c h l o r o s i l a n e . The c a r b o x y m e t h y l e t h e r s 
were g a s - c h r o m a t o g r a p h i c a l l y s e p a r a t e d on a 12 f t 3% 
OV-17 g l a s s column a t f i r s t w i t h t h e t e m p e r a t u r e p r o 
grammed a t 180°-280°C, 4°/min, and t h e n i s o t h e r m a l l y . 
The a l l y l e t h e r s were s e p a r a t e d on a 28 m, 0,33 mm i d 
OV-17 g l a s s c a p i l l a r y column i s o t h e r m a l l y a t 245°C. 
The a c e t a t e s were g a s - c h r o m a t o g r a p h i c a l l y s e p a r a t e d on 
a 12 f t 3% OV-17 g l a s s c o l u m n , w i t h t h e t e m p e r a t u r e 
programmed a t 2 4 0 6 -260° C, l ô / m i n , o r a t 245°C i s o t h e r 
m a l l y . The r e s p o n s e v a l u e s f o r t h e p a r t i a l l y a c e t y -
l a t e d s u c r o s e d e r i v a t i v e
t i o n b a s e d on v a l u e
t a t e . The c a p r y l a t e s , stéarates, m a l e a t e s and p h t h a -
l a t e s were s e p a r a t e d on a 1 f t 1% OV-1 g l a s s column 
t e m p e r a t u r e programmed a t 150°-340°C, 10°/min. The 
a c r y l a t e s and l a u r a t e s were s e p a r a t e d on a 1 f t 1% SE-
30 g l a s s column w i t h t h e t e m p e r a t u r e programmed a t 
150°-330°C, 10°/min. The m e t h a c r y l a t e s were s e p a r a t e d 
on a 4 f t 3% OV-17, w i t h t h e t e m p e r a t u r e programmed a t 
180°-280°C, 4°/min. The de g r e e o f s u b s t i t u t i o n o f t h e 
e t h e r s and e s t e r s was d e t e r m i n e d by LKB gas chr o m a t o -
graph-mass s p e c t r o m e t e r (GC-MS). 

The p r o g r e s s o f t h e e s t e r i f i c a t i o n r e a c t i o n s was 
f o l l o w e d by t h i n l a y e r c h r o m a t o g r a p h y (TLC) i n a d d i t i o n 
t o gas c h r o m a t o g r a p h y . Merck s i l i c a g e l p l a t e s were 
d e v e l o p e d w i t h a m i x t u r e o f t o l u e n e - e t h y l a c e t a t e -
95 % e t h a n o l (2:1:1 v/v/v) (1)• The s p o t s were v i s 
u a l i z e d b y s p r a y i n g t h e p l a t e s w i t h a s o l u t i o n o f 1 g 
u r e a , i n 4,5 ml 80% p h o s p h o r i c a c i d and 48 ml 1 - b u t a n o l , 
dyed p l a t e s h e a t e d i n an oven a t 110°C f o r 30 m i n , and 
a n a l y z e d w i t h a V i t a t r o n d e n s i t o m e t e r . 

R e s u l t s 

A l l o f t h e s u c r o s e m e t a l complexes i n v e s t i g a t e d 
gave c o l o r e d s o l u t i o n s e x c e p t m e r c u r y c h e l a t e s , w h i c h 
were c o l o r l e s s . R e s u l t s o f t h e a l l y l a t i o n r e a c t i o n s 
a r e shown i n T a b l e s I and I I . The c h e l a t e r e a c t i o n s 
a r e s u p e r i o r i n s e l e c t i v i t y t o t h e c o r r e s p o n d i n g a l c o -
h o l a t e r e a c t i o n s . F o r i n s t a n c e , i n T a b l e H t h e c h e 
l a t e 2:4:1:4,0 gave 69% mono- and 2% d i e t h e r s w h i l e t h e 
a l c o h o l a t e gave 50% mono- and 35% d i e t h e r s . F u r t h e r 
more, t h e c h e l a t e 2:4:1 was more r e a c t i v e t h a n t h e 
c h e l a t e 1:2:1 and t h e s e l e c t i v i t y d e c r e a s e d f o r t h e 
c h e l a t e s when t h e r a t i o , s u c r o s e : r e a g e n t was i n c r e a s e d . 
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T a b l e I . C o m p o s i t i o n o f t h e e t h e r i f i c a t i o n p r o d u c t s o f 
s u c r o s e c h e l a t e s and a l c o h o l a t e s w i t h a l l y l b r o m ide i n 
DMSO, 80°C, 48 h, mole-%. R e a c t i o n s p e r f o r m e d i n 
scr e w cap s e a l e d t e s t t u b e s . 

M o l e r a t i o o f s u c r o s e : C h e l a t i n g S u c r o s e 
N a H : m e t a l c h l o r i d e : m e t a l U n r e a c t e d M o n o - O - D i - O - H y d r o l y s i s 
a l l y l b r o m i d e e t h e r s e the r s p r o d u c t s 

2 : 4 : 1 : 2 , 6 C o 7 5 2 5 -

" : 4 , 0 " 5 9 41 
" : 6 , 0 " 2 9 8 

1 : 2 : 1 : 1 , 3 " 8 9 11 
" : 2 , 0 " 7 4 2 6 -

1 : 2 : 0 : 1 , 3 N
" : 2 , 0 " 4 2 4 3 15 

T a b l e I I . C o m p o s i t i o n o f t h e e t h e r i f i c a t i o n p r o d u c t s o f 
s u c r o s e c h e l a t e s and a l c o h o l a t e s w i t h a l l y l c h l o r i d e 
and a l l y l b r o m i d e i n DMSO, 80°C, 16 h, mole-%. 
R e a c t i o n s p e r f o r m e d i n a s e a l e d a u t o c l a v e . 

M o l e r a t i o o f s u c r o s e : C h e l a t i n g S u c r o s e 
N a H : m e t a l c h l o r i d e : m e t a l U n r e a c t e d M o n o - O - D i - O - H y d r o l y s i s 
a l l y l r e a g e n t e the r s e t h e r s p r o d u c t s 

A l l y l c h l o r i d e 

2 : 4 : 1 : 2 , 2 C o 4 5 5 5 -
" : 4 , 0 " 2 9 6 9 2 
" : 5 , 0 " 7 9 3 

1 : 2 : 1 : 2 , 0 " 6 3 3 7 -

1 : 2 : 0 : 2 , 0 N a 15 5 0 3 5 

A l l y l b r o m i d e 

2 : 4 : 1 : 2 , 2 C o 6 3 3 7 -
" : 4 , 0 " 5 6 4 3 1 
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The r e s u l t s o f t h e c a r b o x y m e t h y l a t i o n r e a c t i o n c a n 
be seen i n T a b l e I I I . Here a g a i n t h e c h e l a t e s were more 
s e l e c t i v e t h a n t h e a l c o h o l a t e s , a l t h o u g h t h e d i f f e r e n 
c e s were n o t as s i g n i f i c a n t as i n t h e f o r m e r e x a m p l e s . 
The c h e l a t e 2:4:1:7,6 gave 41% mono- and 4% d i e t h e r s 
and t h e a l c o h o l a t e 22% mono- and 6% d i e t h e r s . A g a i n , 
t h e s e l e c t i v i t y o f t h e c h e l a t e r e a c t i o n d e c r e a s e d when 
g r e a t e r r a t i o s o f s u c r o s e : r e a g e n t were u s e d . 

T a b l e I I I . C o m p o s i t i o n o f t h e e t h e r i f i c a t i o n p r o d u c t s 
o f s u c r o s e c h e l a t e s and a l c o h o l a t e s w i t h sodium brom
o a c e t a t e i n DMSO, 70°C, 72h, mole-%. 

M o l e r a t i o o f s u c r o s e : C h e l a t i n g S u c r o s e 
N a h h m e t a l c h l o r i d e : m e t a l U n r e a c t e d M o n o - O - D i - O - H y d r o l y s i s 

s o d i u m b r o m o a c e t a t e 

2 : 4 : 1 : 5 , 2 C o 71 2 9 _ 
" : 7 , 6 H 5 5 41 4 

" : 1 0 , 4 H 3 7 5 0 13 

" : 1 4 , 0 H 2 4 5 5 21 

1 : 2 : 1 : 2 , 6 H 6 7 3 3 _ 
" : 3 , 8 H 4 5 4 8 7 

" : 5 , 2 H 2 3 51 2 6 

1 : 4 : 2 : 3 , 8 H 5 0 4 4 6 

1 : 2 : 0 : 2 , 6 N a 8 5 15 _ 
" : 3 , 8 H 7 2 2 2 6 

" : 5 , 2 M 5 8 3 2 10 

The a l l y l a t i o n and c a r b o x y m e t h y l a t i o n r e a c t i o n 
v e l o c i t i e s d i f f e r f r o m e a c h o t h e r . F o r a l l y l a t i o n , 
t h e c h e l a t e s r e a c t e d s l o w e r t h a n t h e a l c o h o l a t e s , b u t 
t h e c a r b o x y m e t h y l a t i o n p r o c e e d e d f a s t e r w i t h c h e l a t e s 
t h a n w i t h a l c o h o l a t e s . However, t h e s e l e c t i v i t y o f 
t h e c h e l a t e s , i n t h i s c a s e , i s s t i l l b e t t e r t h a n t h e 
s e l e c t i v i t y o f t h e a l c o h o l a t e s . 

The c o m p o s i t i o n s o f t h e p r o d u c t m i x t u r e s f r o m t h e 
t r e a t m e n t o f s u c r o s e w i t h a c e t i c a n h y d r i d e a r e g i v e n i n 
T a b l e s I V and V. I t i s seen t h a t , w i t h 1,3 moles o f 
a c e t i c a n h y d r i d e , t h e c o b a l t c h e l a t e formed f r o m s u 
c r o s e , sodium h y d r i d e and c o b a l t o u s c h l o r i d e , i n t h e 
mole r a t i o 2:4:1, g i v e s 98 mole-% o f m o n o a c e t a t e s . 
Even t h e c o b a l t c h e l a t e 1:2:1 and c o p p e r c h e l a t e s 1:2:1 
and 2:4:1 gave o v e r 90 mole-% o f m o n o a c e t a t e s . The 
c o r r e s p o n d i n g s u c r o s e a l c o h o l a t e , 1:2:0, gave no s e l e c 
t i v i t y and a t b e s t , 59 mole-% m o n o a c e t a t e s . Mass 
s p e c t r o m e t r y d i s c l o s e d t h a t t h e peaks 1-8 i n t h e gas 
chromatogram r e p r e s e n t a l l t h e p o s s i b l e s u c r o s e mono-
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T a b l e IV« C o m p o s i t i o n o f t h e a c e t y l a t i o n p r o d u c t s o f 
s u c r o s e c h e l a t e s and a l c o h o l a t e s w i t h a c e t i c a n h y d r i d e 
i n DMF, 15h, 22°C, mole-%. 

M o l e r a t i o o f s u c r o s e : C h e l a t i n g S u c r o s e 
N a H : m e t a l c h l o r i d e : m e t a l U n r e a c t e d M o n o - O - D i -
A c 2 0 a c e t y l a c e 

1:2:1 1 , 3 C o (II) 10 9 0 _ 
M 3 It 8 9 2 -
H 1 , 3 F e (II) 32 6 6 2 
H 3 II 5 4 6 4 9 
H 1 , 3 C u (II) 4 9 3 3 
M i i 

H g (II) 2 4 71 5 
H M n (II) 1 0 8 9 1 

1 :2 :0 1/3 N a 52 4 8 
H 3 

1:4:2 1 ,3 C o (II) 2 9 71 _ 
H 3 II 1 3 4 6 5 
H 1/3 F e (II) 2 8 7 2 -
M H C u (II) 4 8 9 7 
H H 

H g (II) 4 3 5 5 2 
" M n (II) 3 7 6 3 -

1 :4 :0 1 , 3 N a 5 8 4 2 -
H 3 " 4 3 4 8 -

1 :6 :3 1 , 3 C o (II) 3 4 6 6 _ 
H II F e (II) 2 9 71 -

II C u (II) 12 8 4 4 
H II 

H g (II) 6 2 3 8 -
H II M n (II) 5 9 41 -

1 :6 :0 3 N a 6 5 31 4 

T a b l e V. C o m p o s i t i o n o f t h e a c e t y l a t i o n p r o d u c t s o f 
s u c r o s e c h e l a t e s w i t h a c e t i c a n h y d r i d e i n DMF, 15 h, 
22°C, mole-%. 

C h e l a t e : C h e l a t i n g S u c r o s e 

A C 2 O m e t a l U n r e a c t e d M o n o - O - D i - O -
a c e t y l a c e t y l 

: 2 , 6 C o (II) 2 9 8 -
: 6 II - 2 8 7 2 

: 2 , 6 F e (II) 21 7 6 3 

: 6 4 5 5 41 

= 1 , 3 C u (II) 5 9 2 3 
: 1 , 3 H g (II) 17 71 12 

: 1 , 3 M n (II) 2 6 71 3 
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T a b l e V I . C o n t e n t o f t h e d i f f e r e n t s u c r o s e mono-O-ace
t a t e s i n a c e t y l a t i o n p r o d u c t s o f s u c r o s e c h e l a t e s and 
a l c o h o l a t e s , y i e l d o f r e a c t i o n m ole-%. 
M o l e r a t i o o f C h e l a t i n g T o t a l P e a k n u m b e r o f d i f f e r e n t m o n o - O -

s u c r o s e : N a H : m e t a l m o n o - O - a c e t a t e s in ga s c h r o m a t o g r a m s 

m e t a l c h l o r i d e : 

A c 2 0 
a c e t a t e 

y i e l d 

1 2 3 4 5 

m o l e - % 

6 7 8 

2 : 4 : 1 : 2 , 6 C o ( l l ) 9 8 6 8 4 2 6 

1 : 2 : 1 : 1 , 3 H 

1 : 2 : 1 : 3 , 0 M 9 0 5 4 - 5 31 

1 : 4 : 2 : 1 , 3 " 71 - 6 0 - - 1 - 10 

1 : 6 : 3 : 1 , 3 H 6 6 - 5 8 - - 1 - 7 

2 : 4 : 1 : 2 , 6 F e ( l l ) 7 6 4 2 7 11 8 14 5 7 

1 : 2 : 1 : 1 , 3 II 6 6 5 15 8 18 - 10 5 5 

2 : 4 : 1 : 2 , 6 C u ( l l ) 9 2 24 1 3 8 13 5 4 2 5 

1 : 2 : 1 : 1 , 3 " 9 2 2 6 1 3 5 15 5 2 2 6 

1 : 4 : 2 : 1 , 3 i i 3 9 16 1 3 8 14 7 2 3 8 

1 : 6 : 3 : 1 , 3 i i 8 4 11 3 3 5 18 7 1 3 6 

2 : 4 : 1 : 2 , 6 H g ( l l ) 7 0 12 6 22 8 9 8 2 3 

1 : 2 : 1 : 1 , 3 II 71 9 18 15 10 12 — 5 2 

2 : 4 : 1 : 2 , 6 M n ( l l ) 71 8 16 17 11 12 2 2 3 

1 : 2 : 1 : 1 , 3 H 8 9 5 4 0 8 10 13 2 5 6 

1 : 3 : 1 : 1 , 3 F e ( l l l ) 6 5 6 5 12 18 12 3 3 6 

2 : 3 : 1 : 2 , 6 C r ( l l l ) 6 3 12 7 2 2 7 9 3 1 2 

1 : 2 : 0 : 3 , 0 N a 5 7 14 5 11 11 6 2 4 4 

1 : 4 : 0 : 3 , 0 H 4 8 5 - 17 2 2 2 - 1 -
1 : 6 : 0 : 3 , 0 H 31 2 - 13 14 1 - - 1 
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a c e t a t e i s o m e r s . The c o b a l t o u s c h e l a t e s gave o n l y 
t h r e e d i f f e r e n t m o n o a c e t a t e i s o m e r s , t h e f e r r o u s c h e 
l a t e s gave s e v e n , w h i l e a l l t h e o t h e r c h e l a t e s s t u d i e d 
Cu ( I I ) , Hg ( I I ) , Mn ( I I ) , Fe ( I I I ) and C r ( I I I ) , gave 
a l l e i g h t i s o m e r s . 

W i t h f a t t y a c i d a n h y d r i d e s , T a b l e V I I , t h e s u c r o s e 
c h e l a t e s gave much h i g h e r y i e l d s , o f m o n o e s t e r s , t h a n 
w i t h t h e c o r r e s p o n d i n g f a t t y a c i d c h l o r i d e s , as shown 
i n T a b l e I X . The monoe s t e r y i e l d a l s o was h i g h e r 
when, i n s t e a d o f d i s o d i u m a l c o h o l a t e s , t h e c h e l a t e s 
were t r e a t e d w i t h a n h y d r i d e s . The c o b a l t c h e l a t e 
2:4:1 gave 82 mole-% o f m o n o s t e a r a t e o r 89% o f monoca-
p r y l a t e . Even t h e s l o w e r r e a c t i n g c o p p e r 2:4:1 c h e 
l a t e gave a h i g h e r and more s e l e c t i v e y i e l d t h a n d i 
sodium s u c r a t e . 

The c o p p e r c h e l a t
s t e a r a t e s b u t a h i g h e  y i e l
C o b a l t c h e l a t e 2:4:1 gave o n l y two m o n o s t e a r a t e s w h i c h 
b a s e d on TLC and GC-MS a r e n o t t h e same ones w h i c h a r e 
formed f r o m sodium s u c r a t e . 

The c o b a l t c h e l a t e 2:4:1 r e a c t e d w i t h m a l e i c o r 
p h t h a l i c a n h y d r i d e s e l e c t i v e l y g i v i n g r e s p . 72 and 85 
mole % o f m o n o e s t e r s as seen i n T a b l e V I I I . I n c o n 
t r a s t t h e d i s o d i u m a l c o h o l a t e gave up t o 65% o f mono-
e s t e r s . No s e l e c t i v i t y was o b t a i n e d w i t h s u c c i n i c 
a n h y d r i d e . 

R e a c t i n g t h e f a t t y a c i d c h l o r i d e s w i t h c h e l a t e s 
and a l c o h o l a t e s u s u a l l y gave p r i m a r i l y m o n o e s t e r s , b u t 
t h e y i e l d o b t a i n e d f r o m r e a c t i n g c h e l a t e s w i t h anhy
d r i d e s was l o w e r , as see n i n T a b l e I X . 

T a b l e V I I » C o m p o s i t i o n o f e s t e r i f i c a t i o n p r o d u c t s o f 
s u c r o s e c h e l a t e s and a l c o h o l a t e s w i t h c a p r y l i c o r 
s t e a r i c a n h y d r i d e i n DMF, 3 h, 60°C, mole-%. 

C h e l a t e : C h e l a t i n g A n h y d r i d e S u c r o s e 

a n h y d r i d e m e t a l U n r e a c t e d M o n o - D i - T r i -

esters es ters es ters 

1:2:1:1 3 C o (II) C a p r y l i c 19 7 3 8 -
2 : 4 : 1 : 2 6 M H - 8 9 11 -
1:2:0:1 3 N a H 22 4 4 2 8 6 

1:2:1:1 3 C o (II) S t e a r i c 14 61 2 5 _ 
2 : 4 : 1 : 2 6 " 5 8 2 13 -
1:2:1:1 3 C u (II) H 2 3 6 3 14 -
2 : 4 : 1 : 2 6 II " 2 5 6 2 13 -
1:2:0:1 3 N a H 3 3 4 0 2 7 -
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T a b l e V I I I . C o m p o s i t i o n o f e s t e r i f i c a t i o n p r o d u c t s o f 
s u c r o s e c h e l a t e s and a l c o h o l a t e s w i t h m a l e i c and p h t h a 
l i c a n h y d r i d e i n DMF, 3 h, 60°C, mole-%. 

C h e l a t e : C h e l a t i n g A n h y d r i d e S u c r o s e 

a n h y d r i d e m e t a l U n r e a c t e d M o n o - D i - h a l f -

h a l f - e s t e r s es ters 

2 : 4 : 1 : 4 

2 : 4 : 1 : 1 6 

1 : 2 : 0 : 2 

2 : 4 : 1 : 4 

2 : 4 : 1 : 1 6 

1 : 2 : 0 : 8 

C o (II) 
II 

N a 

C o (II) 
II 

N a 

M a l e i c 4 6 

18 

31 

3 4 

5 4 

7 2 

6 0 

6 5 

10 

9 

T a b l e IX. C o m p o s i t i o n o f e s t e r i f i c a t i o n p r o d u c t s o f 
s u c r o s e c h e l a t e s and a l c o h o l a t e s w i t h a c r y l o y l , l a u r o y l 
and o l e o y l c h l o r i d e s i n DMF, 3 h, 60°C, mole-%. 

C h e l a t e : C h e l a t i n g A c i d S u c r o s e 

a c i d c h l o r i d e m e t a l c h l o r i d e U n r e a c t e d M o n o - D i 

e s t e r e s t e r 

1:2:1:1 5 C o (II) A c r y l o y l 4 9 51 -
2 : 4 : 1 : 3 H 4 2 5 8 -
1:2:0:1 5 N a " 4 4 5 5 -
1 :2 :1 :2 C o (II) L a u r o y l 4 6 4 9 5 
2 : 4 : 1 : 4 II H 2 6 5 9 15 
1:2:0:1 5 N a H 3 9 5 7 4 

1:2:1:1 5 C o (II) O l e o y l 5 9 41 _ 
2 : 4 : 1 : 2 6 M 6 9 31 -
1:2:0:1 5 N a H 9 2 8 -
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I n c r e a s i n g t h e amounts o f a c y l c h l o r i d e r e l a t i v e 
t o s u c r o s e t o m o l a r r a t i o s o f o v e r 3:1 d i d n o t im p r o v e 
t h e e s t e r y i e l d b u t r a t h e r i n i t i a t e d t h e h y d r o l y s i s o f 
s u c r o s e . H y d r o l y s i s was n o t f o u n d t o o c c u r a t l o w e r 
l e v e l s o f a c y l c h l o r i d e . A r a t i o o f s u c r o s e t o a l k y l 
c h l o r i d e o f 1:1.5 was f o u n d t o be p r e f e r a b l e . A s i m i 
l a r r e a g e n t t h r e s h o l d amount was f o u n d i n t h e e t h e r i -
f i c a t i o n o f s u c r o s e w i t h a l k y l h a l i d e s . The use o f 
1.3 moles o f e.g. m e t h y l i o d i d e p e r mole o f s u c r o s e 
c h e l a t e seemed p r e f e r a b l e . R a t i o s o v e r 3 moles o f 
a l k y l h a l i d e c a u s e d s u c r o s e h y d r o l y s i s , as was o b s e r v e d 
w i t h e a r l i e r a t t e m p t s a t s u c r o s e e s t e r i f i c a t i o n (_). 

The t r a n s e s t e r i f i c a t i o n o f s u c r o s e w i t h t h e r e a d i 
l y a v a i l a b l e , f a t t y a c i d m e t h y l e s t e r s i n t h e p r e s e n c e 
o f a l k a l i n e c a t a l y s t s (6,9) i s a common method o f p r e
p a r i n g s u c r o s e f a t t
s u b s t i t u t i o n . Whe
c r o s e c h e l a t e s , i t p r o d u c e d p r e d o m i n a n t l y m o n o e s t e r s , 
w i t h d i e s t e r s . The c h e l a t e t r a n s e s t e r i f i c a t i o n t h u s 
i s more s e l e c t i v e and g i v e s h i g h e r y i e l d s t h a n t h e 
s t a n d a r d t r a n s e s t e r i f i c a t i o n . F o r example, t h e s u 
c r o s e c o b a l t c h e l a t e 2:4:1 w i t h e t h y l a c e t a t e y i e l d e d 
92 mole-% o f e s t e r s w i t h t h e c o m p o s i t i o n o f 68% o f 
m o n o a c e t a t e , 24% o f d i a c e t a t e and 8% o f u n r e a c t e d s u 
c r o s e . The c h e l a t e s r e g u l a r l y gave h i g h e r s u c r o s e 
e s t e r y i e l d s (60-92%) t h a n t h e c o r r e s p o n d i n g d i s o d i u m 
stéarates (32-63%) i n t h e t r a n s e s t e r i f i c a t i o n s s t u d i e d . 
I n c r e a s i n g t h e r e a c t i o n t e m p e r a t u r e f r o m 80°C t o 120°C, 
o r t h e amount o f m e t h y l e s t e r , i m p r o v e d t h e s u c r o s e 
e s t e r y i e l d . 

R e a c t i o n o f s u c r o s e c h e l a t e s w i t h a c i d a n h y d r i d e s 
and c h l o r i d e s g i v e s s e l e c t i v e p r o d u c t i o n o f m o n o e s t e r s 
and o n l y some d i e s t e r s , i n c o n t r a s t t o t h e r e a c t i o n 
p r o d u c t s o f s u c r o s e a l c o h o l a t e s w i t h a c i d a n h y d r i d e s , 
c h l o r i d e s and e s t e r s g i v i n g s u c r o s e mono- as w e l l as 
d i e s t e r s . T h i s r e s u l t i s i n good a c c o r d a n c e w i t h o u r 
e a r l i e r o b s e r v a t i o n s o f s e l e c t i v e s u b s t i t u t i o n o f 
p o l y o l s v i a c h e l a t e s ( 1 - 5 ) . I n t h i s c a s e as w e l l , 
t h e r e a s o n why o n l y one o f t h e two oxygen atoms o f a 
c h e l a t e g roup i s d e r i v a t i z e d i s o b v i o u s l y t h a t f u r t h e r 
s u b s t i t u t i o n o f a n o t h e r oxygen i s b l o c k e d by s a l t 
f o r m a t i o n . A d d i n g w a t e r w i l l c o n v e r t t h i s oxygen 
back t o a h y d r o x y l g r o u p , w h i l e t h e o t h e r oxygen i s 
d e r i v a t i z e d t o e s t e r , as shown i n F i g u r e 4. 

I n c a s e o f t r a n s e s t e r i f i c a t i o n , t h e b l o c k i n g r e a c 
t i o n i s n o t e f f e c t i v e b e c a u s e a c o b a l t o u s d i a l c o h o l a t e , 
-O-Co-O-CH^is formed w h i c h r e a c t s f u r t h e r c a u s i n g p a r 

t i a l e s t e r i f i c a t i o n o f t h e o t h e r oxygen w h i c h was 
i n v o l v e d o r i g i n a l l y i n t h e c h e l a t e f o r m a t i o n . The 
p r i n c i p a l mono- and p a r t i a l d i e s t e r f o r m a t i o n f r o m 
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T a b l e X. C o m p o s i t i o n o f t r a n s e s t e r i f i c a t i o n p r o d u c t s 
o f s u c r o s e c h e l a t e s and a l c o h o l a t e s w i t h e t h y l a c e t a t e , 
m e t h y l c a p r i n a t e , l a u r a t e , stéarate, o l e a t e , and e t h y l 
m e t h a c r y l a t e i n DMF, 3 h, 80°-120°C, mole-%. 

C h e l a t e : C h e l a t i n g Es ter 

es te r m e t a l U n r e a c t e d M o n o - D i 

e s t e r e s t e r 

2 : 4 : 1 : 2 0 C o (II) A c e t a t e 2 9 4 5 2 6 
1 : 2 : 0 : 2 0 N a H 6 8 2 4 8 

2 : 4 : 1 : 2 0 C o (II) C a p r i n a t e 3 0 5 8 12 
1 : 2 : 0 : 1 0 N a H 61 3 4 5 

2 : 4 : 1 : 2 0 C

1 : 2 : 0 : 1 5 N a 5 5 3 8 7 

2 : 4 : 1 : 2 0 C o (II) S t é a r a t e 3 4 5 5 11 
1 : 2 : 0 : 1 0 N a H 3 7 5 0 13 

2 : 4 : 1 : 2 0 C o (II) O l e a t e 4 0 5 2 8 
1 : 2 : 0 : 1 0 N a H 5 8 3 2 10 

2 : 4 : 1 : 1 2 C o (II) M e t h a c r y l a t e 4 5 4 5 10 
1 : 2 : 0 : 6 N a H 38 3 7 2 5 

—o 
> .Co R-C 

"CI 

—o-c 

— O - C o - C I — OH 

Co + ^ O - R ^ ^ R 

-Of ^ - O - C o - O - C f - O H 

Figure 4 

In Sucrochemistry; Hickson, J.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1977. 



74 SUCROCHEMISTRY 

s u c r o s e v i a t r a n s e s t e r i f i c a t i o n , can be w r i t t e n as 
shown i n F i g u r e 5. 

° \ X O C H v R
 X O C H 3 - R S R 

Co • + y O 

— O — 0 - C o - O C H 3 — 0 - C o - O C H 3 — ° _ C \ R 

-o-c*° 

— O H 

Figure 5 

Summary 

S u c r o s e c h e l a t e s i n DMSO r e a c t s e l e c t i v e l y w i t h 
a l l y l h a l i d e and sodium b r o m o a c e t a t e t o p r o d u c e mono-
e t h e r s i n h i g h y i e l d s . S u c r o s e c h e l a t e s i n DMF s o l u 
t i o n r e a c t s e l e c t i v e l y w i t h a c i d c h l o r i d e s , a n h y d r i d e s 
and e s t e r s t o p r o d u c e s u c r o s e m o n o e s t e r s o r , i n some 
c a s e s , d i e s t e r s as w e l l . The y i e l d s and s e l e c t i v i t i e s 
o f t h e p a r t i a l e s t e r i f i c a t i o n o f s u c r o s e v i a c h e l a t e s 
i s h i g h e r t h a n w i t h o t h e r methods. The y i e l d r ange 
o f t h e a c i d d e r i v a t i v e s s t u d i e d a r e shown i n T a b l e X I . 

T a b l e X I . C o m p o s i t i o n o f E s t e r i f i c a t i o n P r o d u c t s o f 
s u c r o s e c h e T a t e s w i t h a c i d d e r i v a t i v e s , mole-%. 

A c i d d e r i v a t i v e Y i e l d o f s u c r o s e e s t e r , m o l e - ' : 

r e a c t i n g w i t h T o t a l M o n o - D i 

s u c r o s e c h e l a t e es ters es te rs es ters 

A c i d c h l o r i d e s 4 1 - 7 4 4 1 - 5 9 0 - 1 5 

A c e t i c a c i d a n h y d r i d e 9 0 - 9 8 9 0 - 9 8 0 

H i g h e r f a t t y a c i d a n h y d r i d e s 9 5 - 1 0 0 8 2 - 8 9 1 1 - 1 3 

D i c a r b o x y l i c a c i d a n h y d r i d e s 8 2 - 8 5 7 2 - 8 5 0 - 1 0 

A c e t i c a c i d esters 7 1 - 8 0 4 3 - 5 0 2 6 - 3 0 

M e t h a c r y l i c a c i d es te r 5 5 4 5 10 

H i g h e r f a t t y a c i d esters 6 0 - 7 0 5 2 - 5 8 8 - 1 2 
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Abstract 
The partial derivatization of sucrose hydroxyls 

generally gives isomer mixtures with various degrees 
of substitution. We have reported earlier a method 
to selectively monoetherify or monoesterify polyols 
and glucosides via metal chelates instead of using 
multistage organic protectio
tions. Sucrose chelate
tive and, to a certain DS level, limited reaction. 
The chelates are prepared in anhydrous DMF or DMSO 
by ionization of the desired number of hydroxyl groups 
of the sucrose molecule with stoichiometric amounts of 
sodium hydride to form alcoholates which, with metal 
salts, give the chelates. The etherification of su
crose with alkyl halides or esterification with organic 
acids causes hydrolysis. The hydrolysis or diether 
formation is avoided if sucrose chelate is etherified 
at moderate temperatures and with only a small excess 
of a l ly l halide or sodium bromoacetate, giving 55-69% 
mono- and 0-2% dial lyl ethers respectively, 41-48% 
mono- and 4-7% dicarboxymethyl ethers of sucrose. 
The partial esterification of sucrose with organic acid 
chlorides, anhydrides or esters gives mixtures of est
ers and a low yield. Acid chlorides with chelates in 
anh. DMF give monoester 41-59 mole-%, diester 0-15% 
and no higher esters. Acid anhydrides give mainly 
monoesters, low molecular weight anhydrides 80-98%,and 
higher fatty acid anhydrides 82-89%.Transesterification 
of chelates with acetic acid ethyl ester gives mono-
esters 45% and diesters 26%, and higher molecular 
fatty acid esters give monoester 52-58% and diester 
8-12%. 
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Discussion 

Q u e s t i o n ; Ha
o f f o r LD50 work don
s u c r o s e d e r i v a t i v e ? 

P r o f e s s o r Hough: S t u d i e s have been i n i t i a t e d by 
T a t e and L y l e b u t , as f a r as I know, t h e r e s u l t s a r e 
n o t y e t a v a i l a b l e . 

One must n o t e , o f c o u r s e , t h a t we came a c r o s s t h e 
s w e e t n e s s a c c i d e n t a l l y . I t o b v i o u s l y i s a h a z a r d o u s 
p r o c e s s t o t a s t e compounds h a p h a z a r d l y . Y e t , b e c a u s e 
o f t h i s a c c i d e n t a l d i s c o v e r y , what we have t o do now 
i n o u r program o f work, w h i c h we have n o t done p r e v i 
o u s l y b e c a u s e we n e v e r s u s p e c t e d t h a t t h e s e compounds 
w o u l d be s w e e t e r t h a n s u c r o s e , i s t o s u b m i t a l l o f o u r 
compounds t o t o x i c i t y s c r e e n i n g b e f o r e we t a s t e them. 
O t h e r w i s e , I m i g h t l o s e many r e s e a r c h s t u d e n t s i n t h e 
p r o c e s s , and t h e y a r e t o o v a l u a b l e t o l o s e I 

I m i g h t j u s t comment on how u n p r e d i c t a b l e t h e 
s w e e t n e s s was, b e c a u s e i t has been b e l i e v e d t h a t a l l 
t h e m o n o a c e t a t e s a r e l e s s sweet t h a n s u c r o s e . Su
c r o s e o c t a a c e t a t e , as I m e n t i o n e d , i s v e r y , v e r y b i t 
t e r . The g e n e r a l p r e d i c t i o n , t h e r e f o r e , was t h a t you 
c a n n o t make s u c r o s e s w e e t e r t h a n i t i s . 

Q u e s t i o n : A l t h o u g h one may n o t f i n d t o x i c i t y i n 
s u c h a t e s t , i t m i g h t be t h a t t h e compound may be a 
c o m p e t i t i v e i n h i b i t o r , w h i c h c o u l d r e s u l t , f o r example, 
i n h y p o g l y c e m i c a c t i v i t y . T here i s a f u r t h e r c o m p l i 
c a t i o n ; i t c o u l d be h y d r o l i z e d , and p r o b a b l y w o u l d be 
h y d r o l i z e d t o c h l o r o g a l a c t o s e and c h l o r o f r u c t o s e . I f 
s o , someone has t o s t u d y a g r e a t d e a l o f t h e b i o c h e m i s 
t r y o f c h l o r o g l u c o s e and c h l o r o f r u c t o s e . As f a r as I 
know, no s t u d i e s have been c a r r i e d o u t i n t h i s r e g a r d . 

77 
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P r o f e s s o r Hough; Dr. Norman T a y l o r , o f c o u r s e , i s 
q u i t e c o r r e c t . As an e x p e r t on f l u o r o c a r b o h y d r a t e s , he 
i s w e l l aware o f t h e p r o b l e m s i n t h i s f i e l d . He has 
made i t a l i f e t i m e s t u d y . I s h a l l hope t h a t he w i l l 
t a k e up c h l o r o c a r b o h y d r a t e s now, and a s s i s t us i n o u r 
work i n e x p l o i t i n g t h e c h l o r o d e r i v a t i v e s o f s u c r o s e by 
s t u d y i n g t h e i r b i o c h e m i s t r y . 

P r o f e s s o r T a y l o r : May I add t h a t s a c c h a r i n i s an 
i n h i b i t o r o f g l u c o s e t r a n s p o r t . 

Q u e s t i o n : A r e t h e d i a n h y d r o s u c r o s e d e r i v a t i v e s 
a p p r e c i a b l y s o l u b l e i n o r g a n i c s o l v e n t s ? 

P r o f e s s o r Hough
s o l u b l e t h a n s u c r o s
d i f f i c u l t t o d i s s o l v e i n p y r i d i n e . The d i a n h y d r o s u
c r o s e d i s s o l v e s v e r y much more r e a d i l y . 

Q u e s t i o n : Would t h i s be a r o u t e t o f u r t h e r d e r i v -
a t i z a t i o n ? 

P r o f e s s o r Hough: C e r t a i n l y , y e s . I t i s a v e r y 
i m p o r t a n t r o u t e t o f u r t h e r d e r i v a t i z a t i o n i n my v i e w 
b e c a u s e o n l y f o u r h y d r o x y l s a r e now e x p o s e d , w h i c h i s 
s o m e t h i n g t h a t we c a n e x p l o i t , and t h e d i a n h y d r i d e i s 
r e a d i l y a v a i l a b l e . 

Q u e s t i o n : I s i t p o s s i b l e t o p r e p a r e 1 4 C - l a b e l l e d -
g a l a c t o - s u c r o s e ? 

P r o f e s s o r Hough: Dr. R i a z Khan c o u l d make e x p e r t 
comments s i n c e he has d e s c r i b e d a good s y n t h e s i s o f 
g a l a c t o - s u c r o s e i n C a r b o h y d r a t e R e s e a r c h . T a k i n g r a n -
domly--L4c l a b e l l e d s u c r o s e , p r e s u m a b l y p r e p a r e d p h o t o -
s y n t h e t i c a l l y , i t c o u l d be c o n v e r t e d r e a d i l y i n t o 
g a l a c t o - s u c r o s e . The i m p o r t a n t o b j e c t i v e i s a good 
r a d i o c h e m i c a l y i e l d . 

Dr. Khan: The s y n t h e s i s o f g a l a c t o - s u c r o s e f r o m 
s u c r o s e p r o c e e d s i n q u i t e a good y i e l d . 

Q u e s t i o n : Why a r e t h e b u l k y s u l p h o n y l c h l o r i d e s 
more s e l e c t i v e f o r t h e C - l 1 - p o s i t i o n ? 

P r o f e s s o r Hough: We w o u l d have p r e d i c t e d t h a t r e -
a c t i o n w o u l d o c c u r p r e f e r e n t i a l l y a t t h e 6 , o p p o s i 
t i o n s . T h i s , i n f a c t , does happen i f you r e d u c e t h e 
q u a n t i t y o f t h e r e a g e n t s . The n e x t r e a c t i v e p o s i t i o n 
c e r t a i n l y i s t h e I m p o s i t i o n i n s u l p h o n y l a t i o n . T h i s 
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r e a c t i o n does depend, I b e l i e v e , upon t h e r e l a t i v e a c -
c e s s a b i l i t y and a c i d i t y o f t h e h y d r o x y l g r o u p s , i n c o n 
t r a s t t o n u c l e o p h i l i c s u b s t i t u t i o n r e a c t i o n s . When 
you i n t r o d u c e a f o u r t h s u l p h o n a t e s u b s t i t u e n t , i t goes 
t o t h e C-2 g r o u p i n g o f s u c r o s e , s i m i l a r t o e t h e r i f i c a 
t i o n . I t h i n k t h i s a c c o u n t s f o r t h e r e a c t i v i t y o f t h e 
1 ^ - p o s i t i o n . 

I f you l o o k c l o s e l y a t t h e mechanism o f t h e r e a c 
t i o n , i t depends l a r g e l y upon t h e s t e r e o c h e m i s t r y , 
w h i c h i s a l l r i g h t a t t h e p r i m a r y p o s i t i o n s . I n a d d i 
t i o n , t h e h y d r o x y l g r o u p must r e a c t w i t h base and t h e 
s u l p h o n y l h a l i d e w i t h t h e r e m o v a l o f h y d r o g e n , o r a p r o 
t o n , f r o m t h a t p r i m a r y p o s i t i o n . T h i s i s more f a v o r 
a b l e a t t h e 1 ^ - p o s i t i o n t h a n i t i s , f o r example, a t t h e 
4 - p o s i t i o n . T h i s i s how I w o u l d e x p l a i n t h e r e a c t 
i v i t y . 

Q u e s t i o n : I n b i m o l e c u l a r n u c l e o p h i l i c s u b s t i t u 
t i o n r e a c t i o n s , t h e 1 ^ - p o s i t i o n i s v e r y h i n d e r e d . 
Would you comment? 

P r o f e s s o r Hough: N u c l e o p h i l i c s u b s t i t u t i o n i s 
q u i t e d i f f e r e n t i n mechanism f r o m a s e l e c t i v e a c y l a t i o n 
r e a c t i o n b e c a u s e , i n t h e l a t t e r , o n l y t h e h y d r o g e n o f 
a h y d r o x y group i s b e i n g r e p l a c e d by a b u l k y g r o u p . 
No a t t e m p t i s b e i n g made t o r e p l a c e oxygen p l u s t h e 
b u l k y group by a r e a r w a r d a t t a c k . T h e r e f o r e , e s t e r i -
f i c a t i o n a t t h e l 1 - p o s i t i o n w i l l p r o c e e d as a t a n o r m a l 
p r i m a r y h y d r o x y l . 

Q u e s t i o n : Dr. Khan, w o u l d you r e p e a t t h e c o n d i 
t i o n s you u s e d f o r y o u r h y p o o x i d a t i o n s ? You had h i g h 
y i e l d s , and you do n o t l o s e any o f t h e a c e t a t e g r o u p s . 

Dr. Khan: A c t u a l l y , t h e p r o d u c t i s c o m p l e t e l y 
d e e s t e r i f i e d b u t , i n o r d e r t o i s o l a t e i t , we r e e s t e r i -
f y i t , and t h e n we g e t t h e a c e t y l d e r i v a t i v e s . 

Q u e s t i o n : P r o f e s s o r H a l l , have you e s t a b l i s h e d 
w h i c h p r o t o n s i n t h e f r u c t o s e r e s i d u e a r e r e s p o n s i b l e 
f o r t h e r e l a x a t i o n o f ^H? 

P r o f e s s o r H a l l : I am a f r a i d n o t . To do t h i s , we 
need e i t h e r a 1,000 m e g a c y c l e n.m.r. m a c h i n e , w h i c h i s 
n o t a v a i l a b l e , o r t o make t h e c o r r e s p o n d i n g d e u t e r a t e d 
d e r i v a t i v e s . We w o u l d be v e r y i n t e r e s t e d t o know i f 
anybody has any good i d e a s on how t o g e t t h e c a r b o x y l i c 
a c i d s , b e c a u s e t h e n we c o u l d g e t t h e d e u t e r i u m i n . 
That i s t h e r e a s o n why we w o u l d l i k e t o g e t d e u t e r a t e d 
s u c r o s e d e r i v a t i v e s . 
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New Plant and New Applications of Sucrose Esters 

T. K0SAKA and T. YAMADA 
Ryoto Co. Ltd., 5-2, Marunouchi 2-chome, Chiyoda-ku Tokyo 100, Japan 

It was 15 year  tha  (SE) mad
a spectacular debu
ample of sucrochemistry. In I960, Ryoto s predeces
sor, Dai-Nippon Sugar Mfg. Co., Ltd., built a semicom-
mercial plant with an output of 300 tons per year. 
Since then, there has been a growing demand for SE, 
mainly in the food industry, as a very safe product 
having as its raw materials sugar and natural edible 
fats, and as a near-natural surfactant. In 1967, 
there was completed a full-scale plant with a contin
uous process scaled-up to 1200 tons per year. This 
process, known as the Hass-Snell process,used dimethyl-
formamide as the solvent for a transesterification of 
sucrose by the methyl esters of fatty acids to yield SE. 

In 1967 Dr. Osipow and coworkers developed the 
Nebraska-Snell process, in which a microemulsion of 
sucrose is formed in a propylene glycol solvent and 
treated with methyl esters of fatty acids. This method 
was then improved in Japan by Daiichi Kogyo Seiyaku 
Co., Ltd., who succeeded in industrializing i t by using 
water instead of propylene glycol. 

Other methods of sucrose ester synthesis include 
a nonsolvent method known as the USDA method, for which 
Ryoto is exclusive licensee, and the Zimmer method de
veloped in West Germany. Industrialization of these 
methods has been studied by at least 10 companies 
throughout the world but, while some may s t i l l be con
tinuing their research, the only companies among them 
to have commenced commercial production of SE are Ryoto 
and Daiichi Kogyo Seiyaku in Japan. As a sucroglycer-
ide producer, there is Rhone-Poulenc of France and re
cently Tate & Lyle, Ltd., of the U.K. has developed an 
SE-detergent (discussion of both occur later in this 
volume). It is rather puzzling why SE industrial
ization should have occurred only in Japan, which is 
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t o t a l l y dependent on i m p o r t s o f t h e main raw m a t e r i a l s , 
s u g a r and e d i b l e f a t s and whose p e r c a p i t a c o n s u m p t i o n 
o f e m u l s i f i e r s i s , i n f a c t , l o w e r t h a n t h a t o f Europe 
o r o f t h e U.S.A. 

I n 1975, R y o t o c o m p l e t e d and p u t i n t o o p e r a t i o n a 
new p l a n t , p r o d u c i n g 3000 t o n s p e r y e a r ( i n c l u d i n g 
some SE compound p r o d u c t s ) t o cope w i t h t h e g r o w i n g 
d o m e s t i c and o v e r s e a s demands. 

I am s o r r y t o s a y t h a t , s i n c e i t i s R y o t o 1 s p o l i c y 
t h e new p r o c e s s o f t h i s p l a n t i s n o t t o be d i s c l o s e d 
f o r some t i m e y e t , I s h a l l go no f u r t h e r h e r e t h a n 
t o say t h a t i t i s t h e most advanced p r o c e s s a v a i l 
a b l e t o d a y , b o t h f r o m t h e a n g l e s o f p u b l i c h e a l t h and 
e c o n o m i c s , b e i n g t h e c r y s t a l l i z a t i o n o f o u r 15 y e a r s 
o f t e c h n i c a l e x p e r i e n c e w i t h SE

I n p a r t i c u l a r ,
a l t h o u g h r e s i d u e s o
formamide (DMF), o f t e n have been c a l l e d i n t o q u e s t i o n 
even when w i t h i n t h e f o o d a d d i t i v e s t a n d a r d s , t h e 
p r o d u c t o f t h i s p r o c e s s i s s o l v e n t - f r e e and w i l l c a u s e 
no p r o b l e m s , w h a t s o e v e r . FAO/WHO had a p p r o v e d a max
imum l e v e l o f 50 ppm f o r DMF, b u t when r e v a l u a t i o n o f 
t h e SE s t a n d a r d s was c a r r i e d o u t i n A p r i l o f t h i s y e a r , 
we r e q u e s t e d FAO/WHO t o r e v i s e t h e DMF l e v e l t o , " n o t 
d e t e c t e d " . The r e q u e s t e d l e v e l was a c c e p t e d . I n a l l 
o t h e r s p e c i f i c a t i o n s , t h i s p r o d u c t meets n o t o n l y t h e 
J a p a n e s e b u t a l s o a l l f o r e i g n f o o d a d d i t i v e s t a n d a r d s . 
F u r t h e r m o r e , t h e p r o d u c t n a t u r a l l y p a s s e s t h e s t a n d a r d s 
o f n o t more t h a n 10 ppm m e t h a n o l and n o t l e s s t h a n 90% 
SE c o n t e n t , i m p l e m e n t e d by a d i r e c t i v e o f t h e EEC Com
m i t t e e on June 18, 1976. 

T a b l e I 
C u r r e n t Usage o f Sugar E s t e r s i n D i f f e r e n t A p p l i c a t i o n s 

Cakes and B r e a d s 31.0% 
E m u l s i f i e d O i l " a n d F a t 22.3% 

C o f f e e W h i t e n e r , Whipped Cream 
Recombined M i l k , S h o r t e n i n g O i l , 
I c e Cream 

I n s t a n t Food 13.1% 
C u r r y , Soy Bean C u r d , C o c o a , 
Cake-Mix 

C o n f e c t i o n a r y 15.3% 
B i s c u i t , C h o c o l a t e , Chewing-gum, 
R i c e - C a k e , T a b l e t Candy 

D e t e r g e n t 9.3% 
O t h e r s 9.0% 

D r u g s , C o s m e t i c s , 
C h e m i c a l I n d u s t r i e s 
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New A p p l i c a t i o n s 

Many a p p l i c a t i o n s o f SE i n t h e f o o d f i e l d a l r e a d y 
have been d i s c u s s e d . As much as 80% o f t h e SE demand, 
so f a r , o c c u r s i n t h e f o o d i n d u s t r i e s , i n a p p l i c a t i o n s 
as shown i n T a b l e I and T a b l e I I . 

T a b l e I I 

R e p r e s e n t a t i v e Types o f Ryoto Sugar E s t e r s and t h e i r 
U s e s . 

Types 

S-370 

S-570 

S-770 

S1170 

H LB 

2-3 

M a i n F a t t y A c i d 

S t e a r i c 

S t e a r i c 

S t e a r i c 

11 S t e a r i c 

P1570 14-15 P a l m i t i c 

LW 1540 15 L a u r i e 

OW 1540 15 O l e i c 

R e p r e s e n t a t i v e Uses 

T a b l e t L u b r i c a n t 

Chewing-gum E m u l s i f i e r 
C h o c o l a t e V i s c o s i t y 
R e d u c t i o n e r 
I n s t a n t C u r r y E m u l s i 

f i e r * 
B i s c u i t E m u l s i f i e r , 
I m p r o v e r 
R i c e Cake I m p r o v e r 
C a r a m e l , Candy E m u l s i 

f i e r 
I c e Cream E m u l s i f i e r 
Cake Foaming A g e n t 
M i l k , D a i r y P r o d u c t 
S t a b i l i z e r 
O i l , F a t E m u l s i f i e r 
I n s t a n t Food W e t t i n g 

A g e n t 
I n s o l u b l e M a t e r i a l 

D i s p e r s i n g A g e n t 

D e t e r g e n t S u r f a c t a n t 

However, we e x p e c t t h a t , f r o m now on,.SE demand w i l l 
o c c u r i n f i e l d s o t h e r t h a n f o o d . As an example o f 
SE's p o t e n t i a l , I w o u l d l i k e t o d a y t o d i s c u s s i t s 
a p p l i c a t i o n i n d e t e r g e n t s . 

The r e s e a r c h on SE was o r i g i n a l l y m o t i v a t e d by t h e 
need f o r d e v e l o p m e n t o f a n o n i r r i t a n t , n o n t o x i c d e t e r 
g e n t . 

Much r e s e a r c h was done on SE d e t e r g e n t d e v e l o p m e n t 
w i t h t h e o b j e c t i v e o f p r e v e n t i n g e n v i r o n m e n t a l p o l l u -
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t i o n and damage t o human h e a l t h . However, t h i s r e 
s e a r c h was, and i s s t i l l , h a n d i c a p p e d by t h e f a c t t h a t , 
f o r SE i t s e l f t h e d e t e r g e n c y d e f i n e d as i t s ( g r e a s e -
r e m o v i n g p o w e r ) , c a n n o t compete w i t h t h a t o f s y n t h e t i c 
d e t e r g e n t m a t e r i a l s d e s i g n e d p r i m a r i l y f o r e f f i c i e n c y . 
On t h e o t h e r hand, t h e p r o p e r t y o f b e i n g a s a f e d e t e r 
g e n t must s u r e l y f i n d g r e a t emphasis when one w i s h e s t o 
c l e a n f o o d s t u f f s and f o o d m a t e r i a l s , w h e t h e r i n t h e 
k i t c h e n o r i n f a c t o r y p r o c e s s i n g . I n v i e w o f t h e 
p e n e t r a t i o n o f d e t e r g e n t components i n t o f o o d s t u f f s 
and f o o d m a t e r i a l s , i n a d d i t i o n t o t h e r e s i d u e s l e f t 
by i n a d e q u a t e r i n s i n g , an i d e a l i n t h e f u t u r e w o u l d be 
f o r a l l f o o d s t u f f d e t e r g e n t s t o be made o f n a t u r a l 
p r o d u c t s a n d / o r f o o d a d d i t i v e s . 

F o r c l e a n s i n g f o o d s t u f f s  t h e d e t e r g e n c y and 
s t r o n g g r e a s e - r e m o v i n
g e n t s i s u n n e c e s s a r y
on v i r t u a l l y e v e r y c o m b i n a t i o n o f f o o d a d d i t i v e s w h i c h 
c o u l d be us e d as d e t e r g e n t components, and have f a b r i 
c a t e d a p r o d u c t w h i c h a c t u a l l y s u r p a s s e s s y n t h e t i c 
d e t e r g e n t s w i t h r e s p e c t t o t h e e f f e c t s w h i c h we s o u g h t . 

C h o o s i n g f r o m t h e s a f e t y v i e w p o i n t , t h e f o l l o w i n g 
s u b s t a n c e s were s e l e c t e d as s u r f a c t a n t , b u i l d e r and 
s o l v e n t f o r t h e s e t e s t s . 

T a b l e I I I 

S u r f a c t a n t s : 

s u c r o s e e s t e r s : 16 t y p e s s t e a r i c , o l e i c t y p e s 
l a u r i c , p a l m i t i c e t c . 

m o n o g l y c e r i d e s : 3 t y p e s c a p r i c , l a u r i c , o l e i c 
s o r b i t a n e s t e r s : 4 t y p e s l a u r i c , s t e a r i c , p a l -

m i t i c , o l e i c 
( p o l y s o r b a t e s : 2 t y p e s l a u r i c , o l e i c ) 

B u i l d e r s : 

N a - m a l e a t e , N a - s u c c i n a t e , N a - g l u t a m a t e 
N a - l a c t a t e , N a - o x a l a t e , N a - c i t r a t e 
N a - g l u c o n a t e , K - p y r o p h o s p h a t e 

S o l v e n t s : 

g l y c e r o l , p r o p y l e n e g l y c o l , e t h a n o l 

The r e s u l t i n g d e t e r g e n t i s c o m p r i s e d o f t h e i n 
g r e d i e n t s shown i n T a b l e I V and e x h i b i t s t h e c h a r a c t e r 
i s t i c s shown i n T a b l e V. 
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T a b l e I V 
C o m p o s i t i o n o f SE D e t e r g e n t 

1. S u c r o s e e s t e r o f f a t t y a c i d (Food a d d i t i v e ) 
S u c r o s e c o c o a t e 
S u c r o s e t a l l o w a t e 

2. Sodium c i t r a t e (Food a d d i t i v e ) 
3. P r o p y l e n e g l y c o l (Food a d d i t i v e ) 
4. E t h a n o l (Food grade) 
5. Water 

T a b l e V 

C h a r a c t e r i s t i c s o f SE D e t e r g e n t 

1. F r e e f r o m any
s i s t s o f f o o

2. No t r o u b l e t o t h e s k i n s u c h as chapped hands due 
t o t h e d e t e r g e n t . R a t h e r , s u c r o s e e s t e r 
p r o t e c t s t h e s k i n . 

3. E x c e l l e n t i n c l e a n s i n g d i r t , a g r i c u l t u r a l chem
i c a l s and b a c t e r i a a d h e r i n g t o v e g e t a b l e s , 
f r u i t s , e t c . 

4. No f e a r o f e n v i r o n m e n t a l p o l l u t i o n , b e c a u s e i t i s 
c a p a b l e o f c o m p l e t e biodégradation. 

5. I n h i b i t o r y a c t i o n on t h e g r o w t h o f b a c t e r i a . 
6. L e s s r e s i d u e s t h a n s y n t h e t i c d e t e r g e n t s on f o o d 

m a t e r i a l s and f o o d s t u f f s . 
7. P r o m o t i o n o f o p e r a t i o n e f f i c i e n c y b e c a u s e foam

i n g i n c l e a n s i n g i s s l i g h t . 

The back-up d a t a f o r my s t a t e m e n t s o f t h e s e 
c h a r a c t e r i s t i c s i s e x p l a i n e d i n o u t l i n e f o r m i n T a b l e 
VI-XV, F i g u r e 1, and T a b l e X V I . 

The u s e s i n f o o d s t u f f c l e a n s i n g n a t u r a l l y a r e 
e x p e c t e d t o be c e n t e r e d on t h e f o o d p r o c e s s i n g i n d u s 
t r y . 

Such u s e s i n c l u d e c l e a n s i n g o f raw m a t e r i a l s f o r 
f r u i t and v e g e t a b l e j u i c e s , i n c l u d i n g m a n d a r i n o r a n g e s 
and t o m a t o e s , as w e l l as o f m a r i n e p r o d u c t s , p o u l t r y , 
and f r o z e n f o o d m a t e r i a l s , e t c . They a l s o i n c l u d e 
c l e a n s i n g o f t h e i n g r e d i e n t s u s e d i n c o o k i n g i n t h e 
s e r v i c e i n d u s t r i e s , s u c h as r e s t a u r a n t s , h o t e l s and i n 
h o s p i t a l c a t e r i n g . 

I n t h e d o m e s t i c k i t c h e n , s i n c e t h e d e t e r g e n t w i l l 
a l s o be used f o r d i s h - w a s h i n g , i t s g r e a s e - r e m o v a l 
power m i g h t become a p r o b l e m , f o r u n f o r t u n a t e l y t h e 
r e s u l t s o f d i s h - w a s h i n g t e s t s d i d n o t come up t o s y n 
t h e t i c d e t e r g e n t p e r f o r m a n c e . The q u e s t i o n o f w h e t h e r 
g r e a t e r w e i g h t w i l l come t o be p l a c e d on g r e a s e - r e m o v a l 
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e f f i c i e n c y o r on s a f e t y , i n c l u d i n g t h a t o f t h e e n v i r o n 
ment, t h a t i s , what we m i g h t c a l l t h e l e v e l o f p u b l i c 
awareness o f s a f e t y , w i l l most l i k e l y be a k e y f a c t o r 
e f f e c t i n g t h e a d o p t i o n o f t h i s d e t e r g e n t f o r h o u s e h o l d 
k i t c h e n u s e . 

T a b l e V I 

S a f e t y 

1. A c u t e T o x i c i t y L D 5 0 
O r a l a d m i n i s t r a t i o n 
a group o f 10 male m i c e , 33.96 ml (38.23 g) / k g 
a gr o u p o f 10 f e m a l e mice,24.8 ml (27.91 g ) / k g 

R e f e r e n c e : S y n t h e t i
k g , J a p a  S y n t h e t i
D e t e r g e n t s f o r H o u s e h o l d s : P r o b l e m s on 
S y n t h e t i c Detergents., November, 1972, 

T a b l e V I I 

S a f e t y 

2. TLm on K i l l i f i s h 

a) T e s t C o n d i t i o n s : 
K i l l i f i s h ; a v e r a g e l e n g t h 3.91 cm 

a v e r a g e w e i g h t 0.47 g 
T e s t w a t e r t e m p e r a t u r e ; 2.5+ 1°C 
D i l u t e d w a t e r ; 

pH 7.0, a l k a l i n i t y 0.4 meq/1 
h a r d n e s s 25 ppm w i t h i n o r g . s a l t 
1 1 . o f t e s t w a t e r t o 1 gram o f f i s h w e i g h t 

b) T e s t Method: J a p a n e s e I n d u s t r y S t a n d a r d s 
c) T e s t R e s u l t s : 

U n i t : p p m 

SE D e t e r g e n t 
24 h r 48 h r 

SE D e t e r g e n t 410 400 

S y n t h e t i c K i t c h e n 
D e t e r g e n t (LAS) 48 48 

S y n t h e t i c K i t c h e n 
D e t e r g e n t ( F a t t y A l c o h o l ) 42 38 
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T a b l e V I I , S a f e t y , c o n t i n u e d 

3. i o n o f S u c r o s e E s t e r s 
B i o d e g r a d a t i o n 

100% 1* 
100% 2* 

T 

S u c r o s e l a u r a t e 
S u c r o s e t a l l o w a t e 

*1 H.J. H e i n z , W.F. F i s c h e r : F e t t e - S e i f e n - A u s t r i c h -
m i t t e l , 69 ( 3 ) , 188-196 (1967) 

*2 C H . Waynan, J.B. R o b e r t s o n : B i o t e c h n o l . B i o e n g . , 
5, 367-384 (1963) 

T a b l e V I I I 

T e s t on S k i n I r r i t a t i o n 

1. R a b b i t s 

a) T e s t r a b b i t s : 

F o u r e a c h male and f e m a l e , 
J a p a n e s e w h i t e s p e c i e s w e i g h i n g a b o u t 3 k g 

b) Method: 

H a i r on t h e l e f t s i d e o f t h e back was s h a v e n . 
Two a p p l i c a t i o n a r e a s , 10 cm^ (3.3 x 3 . 3 ) . 
One a r e a was t r e a t e d w i t h d i s t i l l e d w a t e r as 
c o n t r o l . The o t h e r w i t h 0.5 ml sample o f t h e 
D e t e r g e n t . 

c) A p p l i c a t i o n p e r i o d : 

One week (once a d a y ) . 

d) T e s t r e s u l t s : 

No d e v e l o p m e n t o f e r y t h e m a , edema, c r u s t e t c . , 
o r a b n o r m a l i t y o f p y r e x i a e t c . , was f o u n d . 
No d i f f e r e n c e was f o u n d between c o n t r o l and 
sample t h r o u g h o u t t h e e n t i r e t e s t p e r i o d . 
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T a b l e I X 

T e s t on S k i n I r r i t a t i o n 

2. Human Body 
E f f e c t i v e n e s s o f S u c r o s e C o c o a t e as an I r r i t a t i o n 
M i t i g a t o r f o r A l k y l b e n z e n e s u l f o n a t e . 
a) T e s t method: P a t c h T e s t 

15 p e r s o n s , 30% c o n c e n t r a t i o n , 2-16 h r 
b) T e s t r e s u l t s : 

Sodium 
a l k y l S u c r o s e P e r s o n s P e r s o n s P e r s o n s 

b enzene- c o c o n u t w i t h w i t h w i t h o u t 
s u l f o n a t e o i l e s t e r v i g o r o u s r e a c t i o n r e a c t i o n 

(%) (%) 

30 0 7 7 1 
29 1 4 10 1 
28 2 1 12 2 
27 3 0 12 3 
20 10 0 6 9 
15 15 0 3 12 
0 30 0 0 15 

T a b l e X 

Cleansing Tests 
1. Dirt: Semidry Dirtied Cotton Clothes 

Composition of dirt, rubbed into the clothes 
Soil 49.0 wt % n-Decane 5.0 wt % 
Carbon black 0.5 Ferric oxide 0.5 
Beef tallow 30.0 Liquid paraffin 10.0 
Cetyl alcohol 5.0 
Cleansing and Rinse : by Terg-O-Tometer 
Measurement: by Reflectometer 
Cleansing Reflexibility of Reflexibility of 
Efficiency % = Dirtied cloth - Dirtied cloth 

after cleansing before cleansing x 100 
Reflexibility of Reflexibility of 
original cloth - Dirtied cloth 

before cleansing 
Test results 

SE Detergent 
Synthetic 

Kitchen Detergent Water 
39.5 30.0 10.0 
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T a b l e X I 
C l e a n s i n g T e s t s 

2. A g r i c u l t u r a l Chemicals 

Commercially a v a i l a b l e v e g e t a b l e s and f r u i t s were 
spo n t a n e o u s l y d r i e d f o r one day a f t e r b e i n g sprayed w i t h 
a g r i c u l t u r a l c h e m i c a l s . 

C l e a n s e d w i t h p r o p e l l e r type a g i t a t o r 

C l e a n s i n g r a t e (%) 

Amount o f a g r i c u l t u r a l c h e m i c a l s i n the c l e a n s i n g l i q u i d ^ _̂  
Amount o f a g r i c u l t u r a l Amount of r e s i d u a l 
c h e m i c a l s i n th
c l e a n s i n g l i q u i d

V e g e t a b l e s 

Tomato, Cucumber, Cabbage, Spani s h p a p r i k a , Apple, Orange 

T a b l e X I I 
T e s t r e s u l t s ; C l e a n s i n g r a t e o f A g r i c u l t u r a l Chemicals (%) 

Water 
SE D e t e r g e n t 
S y n t h e t i c 
K i t c h e n D e t e r g e n t 

TOMATO CUCUMBER CABBAGE 

Water 
SE D e t e r g e n t 
S y n t h e t i c 
K i t c h e n D e t e r g e n t 

Zineb Vor do 
C h l o r o 
p h a l o n i l Zineb Vor do 

F e n i t r o -
p h i o n 

Water 
SE D e t e r g e n t 
S y n t h e t i c 
K i t c h e n D e t e r g e n t 

11.5 
64.0 
45.0 

0 
73.5 
7.5 

65.0 
97.5 
70.0 

19.5 
62.0 
69.0 

38.0 
90.5 
63.0 

58.5 
79.0 
77.5 

Sp a n i s h P a p r i k a , Apple Orange 

C h l o r o p h a l o n i l Zineb C h l o r o 
p h a l o n i l 

Zineb Vordo 

Water 60.0 
SE De t e r g e n t 93.5 
S y n e t h e t i c 91.0 
K i t c h e n D e t e r g e n t 

84.0 
91.0 
90.0 

50.0 
91.0 
92.0 

12.5 
52.5 
28.0 

0 
93.5 
3.5 

A n a l y s i s : Zineb ... as Zn by atomic a b s o r b t i o n a n a l y s i s 
Vordo . . . as Cu 11 

C h l o r o p h a l o n i l ... by ECD gas chromatography 
F e n i t r o p h i o n ... by FPD 11 
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T a b l e X I I I 
Cleansing Tests 
3. Bacteria 

Commercially available vegetables 5 ^ 
(Number of bacteria are between 10 and 10 per g usually) 
Cleansing by shaking for 3 min 
Test results: 

Bacteria Removal Rate (%) 

Cucumber Cabbage Spanish Paprika 
Common 

Bacteria 
E. Coli Common 

Bacteria 
E. Coli Common 

Bacteria 
E. Coli 

Water 60.5 48.0 64.5 70.5 67.5 67.5 
SE Detergent 98.5 
Synthetic 
Kitchen Detergent 

95.5 

Calculated by the same way with that of Agricultural Chemicals 

Noted for Cleansing Tests: 
The concentration of each detergent in cleansing tests was due 
to the direction of standard use: 
SE Detergent: 0.25% Synthetic Kitchen Detergent: 0.17% 

T a b l e X IV 
Residual Amounts of Surfactant for Detergent on Vegetables* 

Preparing of labelled surfactant 
Sucrose ester: alcoholysis of 14c labelled fatty acid and 

sucrose 
ABS: synthesis of 25s labelled H2S04 and alkyl-

benzene 
Test conditions 

Vegetables were dipped for 5 minutes, agitated at certain 
intervals in surfactant solution. Rinsed for 1 minuted with 
100 ml water per 4 x 4 cm of surface area of vegetable. 

Test results: mg/100 g 
Sucrose ester A B S 

Concentration 0 1 % 0.2 % 0.1 % 0. 2 % 
Cabbage 0 015 0.019 0.19 0. 28 
Cucumber 0 0011 0.0015 0.07 0. 08 
Radish 0 0007 0.001 0.018 0. 027 
Tomato 0 0007 0.0011 0.01 0. 019 
Grape 0 001 0.0017 0.037 0. 07 

(Cited from the technial report of Kao Soap Co., Ltd.) 
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T a b l e XV 

I n h i b i t o r y A c t i o n on Growth of B a c t e r i a 

1. Influence on Growth of E. C o l i 

Concent
r a t i o n 
mg/ml 

550 iriK absorbance (-log T) Concent
r a t i o n 
mg/ml 4 hr 6 hr 8 hr 

Sucrose l a u r a t e 1.0 
0.1 

0.050 
0.015 

0.050 
0.010 

0.050 
0.010 

L a u r i c a c i d 1.0 
0.1 

0.072 
0.160 

0.062 
0.550 

t 

0.105 
0.630 

Methyl l a u r a t e 1.0 0.162 0.499 0.660 

Tween 20 
0.1 0.128 0.480 0.630 

Nonaddition - 0.160 0.565 0.650 

Medium: Na 2HP0 4 • 2H 20 8.8, KH 2P0 4 3.0, 

NH 4C1 1.0, MgS0 4*7H 20 0.02, 
FeS0 4°7H 20 0.005, Glucose 4.0 

Cultured at 37°C 

Biochemical and Biophysical Research Communications 

Taken from Kato, A., Arima, K., Biochem. Biophys. Res. Commun. 42 (4), 596-601. 

i 1 1 I I t I § I I I . 

1 2 3 4 5 6 7 8 9 10 Time(hour) 

Biochemical and Biophysical Research Communications 

Figure 1. Inhibitory action of growth of bacteria. Influence of addition of sucrose lau-
rate on various reproduction conditions of E. Coli (Taken from Kato, A., Arima, K., Bio

chem. Biophys. Res. Commun. 42 (4), 596-601. 
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T a b l e XVI 

Comparison of Foaming Power 

By modified method of Weeks 

ml: Foaming Volume 
SE 

Detergent 
Soap Synthetic 

Kitchen Detergent 

Concentration (%) 0.25 0.75 0.17 
Deionized water 418 6,315 1,385 
Water of 40 ppm CaCO^ 318 215 1,389 
City water 

A f u r t h e r p o i n t w o r t h s p e c i a l m e n t i o n i s t h e r e 
c e n t m a r k e t i n g o f t h i s d e t e r g e n t f o r w a s h i n g b a b i e s ' 
n u r s i n g b o t t l e s . I t has been f o u n d t o be s u p e r i o r t o 
s y n t h e t i c d e t e r g e n t s i n r e m o v i n g m i l k r e s i d u e f r o m t h e 
b o t t l e s u r f a c e , as T a b l e X V I I shows. Of c o u r s e , i t 
meets t h e s o c i a l demand f o r t h e s a f e t y o f t h e n u r s i n g 
c h i l d . 

T a b l e X V I I 

Cleansing Test 

Test on Milk D i r t i e d P l a t e s 

Test method: 
Dried f o r 3 h r , 80°C, a f t e r being a p p l i e d with commercially 
a v a i l a b l e milk powder s o l u t i o n on p l a t e s and l e f t i t as i t was. 
Dipped f o r 6 hr i n detergent l i q u i d . 
Test r e s u l t s : Cleansing r a t e (%) 

Detergent 
Concentration 

Glass p l a t e Polycarbonate 
p l a t e 

SE Detergent 0.15 
0.25 

93 
98 

.5 

.6 
86.5 
95.6 

Water - 75 .4 70.9 
Synthetic 
Kitchen Detergent 
(LAS) 

0.17 78 .0 -

Synthetic 
Kitchen Detergent 
(Fatty alcohol) 

0.17 76 .8 -
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I am c o n v i n c e d t h a t SE d e t e r g e n t g r a d u a l l y w i l l 
s p r e a d n o t o n l y f o r s p e c i a l u s e s l i k e t h e above-men
t i o n e d ones b u t a l s o , f r o m t h e v i e w p o i n t o f s a f e t y , f o r 
wi d e use i n h o u s e h o l d k i t c h e n s . 

A t p r e s e n t , b a s e d on t h e p r o m i s i n g a p p l i c a t i o n s o f 
SE d e t e r g e n c y t o s p e c i a l t y d e t e r g e n t s , we now a r e un
d e r t a k i n g r e s e a r c h and de v e l o p m e n t work on a p p l i c a t i o n s 
o f SE i n shampoo and t o o t h p a s t e . I t r u s t t o have t h e 
o p p o r t u n i t y , i n t h e n e a r f u t u r e , t o r e p o r t on t h e r e 
s u l t s o f t h i s work. 

Abstract 
Since Dai-Nippon Sugar Mfg. Co. (Predecessor 

of Ryoto Co.) constructed the first commercial plant 
with productivity o
mand of sucrose ester  pe
and reached a 1,000 ton/year total in Japan, Asia and 
Europe. In order to meet demand which is expected to 
grow, Ryoto completed a new plant capable of producing 
3,000 ton/year at the end of 1974. The products are 
completely solvent-free. The new process developed 
by Ryoto does not employ dimethylformamide as a sol
vent which has often caused public discussion about 
the safety of sucrose esters. The quality of the new 
products meets the additional requirement of EEC com
mon approval that the total sucrose ester content 
shall be not less than 90% and the total methanol 
content (free and combined) shall be not more than 10 
mg per kg, and the specifications of FAO/WHO. Su
crose esters are of great promise not only in food 
fields but also in non-food uses, especially in deter
gents. Detergents made with sucrose ester, sodium 
citrate, propylene glycol and ethanol have been ex
panding the market for food and household kitchen pur
poses due to edibility, mild washing ability and 100% 
biodegradation. 

Biographic Notes 
Terahiko Kosaka, Dir. Devel. Dept. Educated at 

Faculty of Agric. Chem., Tokyo Univ. Joined Dai-Nip-
pon Sugar Mfg. Co., Ltd. in 1952. In 1973 became Dir. 
Devel. Dept., specializing in yeast and sugar ester 
surfactants. Ryoto Co.,Ltd., 5-2 Marunouchi, 2 Chome, 
Chiyoda-Ku, Tokyo, Japan. 
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Sucrose Ester Surfactants—A Solventless Process and the 
Products Thereof 

KENNETH J. PARKER, K. JAMES, and J. HURFORD 
Tate & Lyle Ltd., Group R & D, Philip Lyle Memorial Laboratory, 
The University, Whiteknights, P.O. Box 68, Reading, Berks, RG6 2BX, England 

Sucrose is uniqu  i  it  combinatio f physical 
and chemical propertie
a non-reducing sugar, i t is extremely stable except to 
hydrolysis, and a strongly polar hydrogen-bonding 
structure results in its very high solubility in water. 
It is the lowest cost, polyhydric alcohol available, 
and its world production exceeds that of any other 
single, pure organic chemical. 

It is not surprising, therefore, that the indus
t r ia l potential of sucrose derivatives of long chain 
alkyls (1) as surface-active agents has been long 
recognised. The original concept of a sucrose ester-
based detergent is due to Dr. Henry B. Hass who, in 
1952, commissioned an investigation into the prepara
tion of sucrose monoesters of fatty acids with Dr. 
Foster D. Snell (2). The impetus for this interest 
derived from a search for new, non-food uses for su^ 
crose, sponsored by the Sugar Research Foundation, 
which was subsequently supplemented by a need for new 
markets for inedible animal fat, principally tallow 
(_3) • For example, the State Government of Nebraska 
commissioned research which led to the development of 
the Nebraska-Snell Process for the production of su
crose esters as an outlet for surplus tallow (4-5). 

At about that time, concern was being expressed 
for the accumulation of detergent residues in inland 
water reserves, a consequence of the low rate of bac
terial degradation of alkylarylsulphonates, then the 
principal surfactants used in industrial and domestic 
detergents. It had been shown that sucrose esters of 
cottonseed o i l fatty acids were readily broken down by 
sewage bacteria (6), giving sucrose ester-based deter
gents a particular advantage. The switch to the more 
costly, linear alkyl sulphonates has, however, reduced 
the urgency of this problem in Europe {J), though the 
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demand f o r a t o t a l l y b i o d e g r a d a b l e s u r f a c t a n t r e m a i n s . 
S u c r o s e e s t e r s o f f a t t y a c i d s a r e r e a d i l y h y d r o l y -

sed t o s u c r o s e and t h e i r component f a t t y a c i d s by t h e 
no r m a l d i g e s t i v e enzymes, and show no e v i d e n c e o f t o x 
i c i t y . C o n s e q u e n t l y , t h e y a r e o f i m p o r t a n c e as f o o d 
a d d i t i v e s ( 8 ) , and i n c o s m e t i c s ( 9 - 1 0 ) . Many o t h e r 
u n i q u e a p p l i c a t i o n s o f s u c r o s e e s t e r s have been r e c o g 
n i s e d (11) . 

S u c r o s e stéarates, p a l m i t a t e , l a u r a t e and o l e a t e 
c u r r e n t l y a r e m a n u f a c t u r e d by t h e Ry o t o Company o f 
Ja p a n (12) by t h e p r o c e s s o r i g i n a l l y d e v e l o p e d u n d e r 
t h e a u s p i c e s o f t h e Sugar R e s e a r c h F o u n d a t i o n ( S R F ) . 
Known as t h e 'Ryoto ( f o r m e r l y t h e N i t t o ) Sugar E s t e r 
P r o c e s s ' , i t o r i g i n a l l y was p u t i n t o o p e r a t i o n by t h e 
D a i N i p p o n Sugar M a n u f a c t u r i n g Company L i m i t e d w i t h a 
c a p a c i t y o f 100 ton s / m o n t h
was l i c e n s e d t o companie
and B r a z i l . 

The p r o c e s s o r i g i n a l l y s e l e c t e d i n v o l v e d t r a n s e s -
t e r i f i c a t i o n between a t r i g l y c e r i d e ( f a t , e.g., t a l l o w ) 
and s u c r o s e i n d i m e t h y l f o r m a m i d e (DMF-a m u t u a l s o l v e n t ) 
i n t h e p r e s e n c e o f a c a t a l y s t ( p o t a s s i u m c a r b o n a t e 
- K 2 C 0 3 ) a t a t e m p e r a t u r e o f 90°C. Under t h e s e c o n d i 
t i o n s t h e f a t t y a c i d underwent t r a n s f e r t o s u c r o s e 
g i v i n g a complex m i x t u r e o f mono- and d i g l y c e r i d e s and 
s u c r o s e e s t e r s . The r e a c t i o n i s n o t c o m p l e t e and t h e 
p r o d u c t a l s o c o n t a i n s u n r e a c t e d s u c r o s e and t a l l o w , 
g i v i n g p r o b l e m s i n p u r i f i c a t i o n and a n a l y s i s . 

M e t h y l f a t t y a c i d e s t e r s , b y - p r o d u c t s o f t h e p r o 
d u c t i o n o f g l y c e r o l f r o m f a t s , a r e r e a d i l y a v a i l a b l e . 
T r a n s e s t e r i f i c a t i o n w i t h s u c r o s e , under c o n d i t i o n s i n 
w h i c h m e t h a n o l i s removed c o n t i n u o u s l y , r e s u l t s i n t h e 
e q u i l i b r i u m s h i f t i n g t o w a r d s c o m p l e t e r e a c t i o n ( 1 3 ) . 

K CO 
d M O H ) R + MeO-COR _ > ©(OH) 7-0-COR + MeOH 

DMF 
S u c r o s e M e t h y l 90°C S u c r o s e e s t e r 

f a t t y a c i d e s t e r 
Under t h e s e c o n d i t i o n s , t h e f o r m a t i o n o f h i g h e r 

e s t e r s o f s u c r o s e i s f a v o u r e d so t h a t , even i n t h e 
p r e s e n c e o f an e x c e s s o f s u c r o s e , t h e p r o d u c t w i l l 
c o n t a i n 10% o r more o f t h e d i e s t e r . I n p r a c t i c e t h i s 
r a r e l y i s a d i s a d v a n t a g e . O t h e r s o l v e n t s ( d i m e t h y l -
s u l p h o x i d e , p y r i d i n e , N - a c y l p i p e r i d i n e , e t c . ) and 
c a t a l y s t s c a n be u s e d , b u t t h e s e p a r a t i o n and p u r i f i 
c a t i o n o f t h e s u c r o s e e s t e r s t i l l i s c o s t l y . 

Owing t o t h e r e l a t i v e l y h i g h c o s t o f t h e p u r i f i e d 
s u c r o s e m o n o e s t e r s , t h e y n e v e r were c o m p e t i t i v e w i t h 
p e t r o l e u m b a s e d , a n i o n i c s u r f a c t a n t s and t h e i r u s e s 
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a r e c o n f i n e d m a i n l y t o f o o d and c o s m e t i c a p p l i c a t i o n s . 
F o r t h e s e a p p l i c a t i o n s , i t i s n e c e s s a r y t o r e d u c e t h e 
l e v e l o f r e s i d u a l , t o x i c d i m e t h y l f o r m a m i d e below a r o u n d 
50 ppm ( 1 4 ) . 

The a v o i d a n c e o f an a p r o t i c s o l v e n t i n t h e p r o c e s s 
w o u l d o f f e r a c o n s i d e r a b l e economic a d v a n t a g e and s e v 
e r a l p r o c e s s e s have been d e s c r i b e d u s i n g e i t h e r a non-
p o l a r s o l v e n t ( x y l e n e ) (L5) , a n o n - t o x i c s o l v e n t ( p r o 
pane 1-2 d i o l ) (4-5) o r no s o l v e n t ( 1 6 - 1 7 ) . W i t h t h e 
s i m u l t a n e o u s e t h o x y l a t i o n o f s u c r o s e , a s o l v e n t i s un
n e c e s s a r y , t h e m o l t e n f a t and s o l i d s u g a r u n d e r g o i n g 
a h e t e r o g e n e o u s r e a c t i o n t o g i v e a c o m p l e x , u n i f o r m m i x 
t u r e o f p r o d u c t s h a v i n g d e t e r s i v e p r o p e r t i e s ( 1 8 ) . 

W i t h t h e i n c r e a s i n g c o s t and i m p e n d i n g s h o r t a g e s 
o f p e t r o l e u m - b a s e d p r o d u c t s
d e r i v e d s o l e l y f r o
A l o w - c o s t r o u t e t o s u c r o s e f a t t y a c i d e s t e r s , t h e a d
va n t a g e o u s p r o p e r t i e s and a p p l i c a t i o n s o f w h i c h a r e 
now w e l l r e c o g n i s e d , w o u l d p r o v i d e t h e n e c e s s a r y im
p e t u s . The T a t e & L y l e (TAL) p r o c e s s (19) i s d e s i g n e d 
t o p r o v i d e t h i s . 

The TAL P r o c e s s 

I n o r d e r t o p r o d u c e a s u c r o s e - d e r i v e d s u r f a c t a n t 
w h i c h w o u l d be c o s t c o m p e t i t i v e w i t h c o n v e n t i o n a l 
a n i o n i c and n o n - i o n i c s u r f a c t a n t - b a s e d d e t e r g e n t s and 
e m u l s i f i e r s , i t was d e c i d e d t o i n v e s t i g a t e t h e c o n 
d i t i o n s under w h i c h s u c r o s e w o u l d r e a c t d i r e c t l y w i t h 
a t r i g l y c e r i d e i n t h e absence o f a s o l v e n t . T h i s 
w o u l d a v o i d t h e economic d i s a d v a n t a g e s o f s o l v e n t l o s s 
and r e c o v e r y . 

I n t h i s r e a c t i o n i t i s w e l l known t h a t , u n l e s s 
g l y c e r o l i s c o n t i n u o u s l y removed f r o m t h e r e a c t i o n 
m i x t u r e , an e q u i l i b r i u m i s r e a c h e d i n w h i c h c h i e f l y 
s u c r o s e m o n o e s t e r s a r e p r e s e n t , t o g e t h e r w i t h mono-
and d i g l y c e r i d e s , u n r e a c t e d s u c r o s e and t r i g l y c e r i d e s . 
P o t a s s i u m soaps a l s o a r e p r e s e n t p l u s t r a c e s o f g l y 
c e r o l , h i g h e r s u c r o s e e s t e r s ( m a i n l y t h e d i - ) and c a t 
a l y s t . However, as t h e b u l k o f t h e r e m a i n i n g com
p o n e n t s p o s s e s s e s s u r f a c e a c t i v e p r o p e r t i e s , p r o v i d e d 
t h a t t h e d i - and t r i g l y c e r i d e c o n t e n t i s k e p t t o a 
minimum, f u r t h e r s e p a r a t i o n o f t h e p r o d u c t i s n o t 
n e c e s s a r y . 

I n p r a c t i c e i t was fo u n d t h a t , on h e a t i n g a m i x 
t u r e o f s u c r o s e , t a l l o w * a n d p o t a s s i u m c a r b o n a t e f o r 
s e v e r a l h o u r s , t h e r e a c t i o n p r o d u c t d i d e x h i b i t d e t e r 
s i v e and e m u l s i f y i n g p r o p e r t i e s . 

I n o r d e r t o o p t i m i s e t h e c o n v e r s i o n o f s u c r o s e t o 
i t s m o n o e s t e r w i t h o u t r e m o v i n g g l y c e r o l , w h i c h w o u l d 
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r e q u i r e o p e r a t i o n u n d e r h i g h vacuum, t h e f a c t o r s 
a f f e c t i n g t h e r a t e o f r e a c t i o n and t h e p o s i t i o n o f 
e q u i l i b r i u m a t am b i e n t p r e s s u r e were s t u d i e d . The 
p a r a m e t e r s c o n s i d e r e d were: 1. T e m p e r a t u r e ; 2. R a t i o 
o f r e a c t a n t s ; 3. P r o p o r t i o n o f c a t a l y s t ; 4. N a t u r e o f 
c a t a l y s t ; 5. P a r t i c l e s i z e o f s u c r o s e ; and 6. P r e s e n c e 
o f w a t e r . 

T y p i c a l l y , t h e r e a c t a n t s and c a t a l y s t were h e a t e d 
i n an open v e s s e l w i t h m e c h a n i c a l s t i r r i n g a dequate 
t o g i v e a u n i f o r m i n i t i a l d i s p e r s i o n o f r e a c t a n t s . 
The r e a c t i o n m i x t u r e was sampled a t i n t e r v a l s f o r 
a n a l y s i s . 

The c o m p o s i t i o n o f t h e m i x t u r e was d e t e r m i n e d by 
q u a n t i t a t i v e gas l i q u i d c h r o m a t o g r a p h y ( g l c ) u s i n g 
s u c r o s e o c t a a c e t a t e as an i n t e r n a l s t a n d a r d  A r e p r e 
s e n t a t i v e g l c t r a c
a n a l y s i s i t i s p o s s i b l
r e a c t i o n w i t h t i m e , i n terms o f t h e changes i n t h e 
r e l a t i v e c o n c e n t r a t i o n s o f r e a c t i o n s and p r o d u c t s . 

tO 
tu 

TIME 

Figure 1. GLC trace of sucrose surfactant reaction product 
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Temperature. The e f f e c t of temperature over the 
range 90 to 145 WC was in v e s t i g a t e d . Above 130°C, 
d i s c o l o r a t i o n and charring i s unacceptably high, while 
below 115° C the rate of r e a c t i o n i s impracticably low. 
Between these two extremes, the optimal temperature 
i s c l o s e l y confined to 125 + 5°C, as demonstrated i n 
Figures 2 - 4 . 

Ratio of reactants. Approximately equimolar pro
portions of sucrose and tallow have been used i n these 
studies. However, because the system i s heterogene
ous, the e f f e c t of changing the r e l a t i v e proportions of 
reactants w i l l be lessened by t h e i r mutual i n s o l u b i l i 
ty. In p r a c t i c e , the highest conversion of sucrose to 
esters i s obtained with an approximately 40% molar ex
cess of sucrose. 

70 r 

6 g 10 12 14 16 18 20 22 
TIME IN HOURS 

Figure 2. Reaction of tallow(27A% )/sucrose(64.5%)/potassium carbonate(8.1% ) 
at 115°C 
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70 r 
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Figure 3. Reaction of tallow(64.5%)/sucrose(27'.4%)/potassium carbonate(8.1%) at 
125°C 

70 r 
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Figure 4. Reaction of tallom(64.5%)/sucrose(27.4%)/potassium 
carbonate(8.1 % ) at 135°C 
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70 R 

TIME IN HOURS 

Figure 5. Reaction of tallow(68.7%)/sucrose(29.2%)/potassium carbonate(2.1%) at 
125°C 

P r o p o r t i o n o f c a t a l y s t . The i n f l u e n c e o f t h e p r o 
p o r t i o n o f c a t a l y s t on t h e c o u r s e and r a t e o f t h e r e 
a c t i o n was s t u d i e d u s i n g p o t a s s i u m c a r b o n a t e a t l e v e l s 
o f a d d i t i o n between 2.1% and 14.9% a t 125°C. A g a i n f 

s i n c e c o n c e n t r a t i o n s a r e i n d e t e r m i n a b l e , t h e o p t i m a l 
a d d i t i o n o f c a t a l y s t c a n o n l y be e s t a b l i s h e d a p p r o x i 
m a t e l y . N e v e r t h e l e s s , f r o m t h e r e s u l t s shown i n 
F i g u r e s 4, 5, and 6, t h e l o w l e v e l s o f c a t a l y s t 
r e s u l t i n n e g l i g i b l e t r a n s e s t e r i f i c a t i o n . A t t h e 
h i g h e s t l e v e l s o f a d d i t i o n o f c a t a l y s t , t h e e q u i l i b r i 
um c o n c e n t r a t i o n o f s u c r o s e e s t e r i s p r o p o r t i o n a t e l y 
i n c r e a s e d b u t t h e v i s c o s i t y o f t h e mix becomes u n d u l y 
h i g h owing t o t h e c o n c o m i t a n t i n c r e a s e d f o r m a t i o n o f 
p o t a s s i u m s o a p s . An 8.1% a d d i t i o n o f c a t a l y s t g i v e s 
an a c c e p t a b l e compromise. 

N a t u r e o f c a t a l y s t . Of t h e a c t i v e a l k a l i n e c a t a 
l y s t s , w h i c h i n c l u d e t h e h y d r o x i d e s o f a l k a l i and a l 
k a l i n e e a r t h m e t a l s , a l k a l i c a r b o n a t e s and b i c a r b o 
n a t e s , sodium m e t h o x i d e , p o t a s s i u m p h o s p h a t e and a c e 
t a t e , p o t a s s i u m c a r b o n a t e p r o v e d t o be t h e most e f f e c 
t i v e c a t a l y s t . 
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Figure 6. Reaction of talhw(59.7%)/sucrose(25.4%)/potassium carbonate(14.9%) at 
125°C 

P a r t i c l e s i z e o f s u c r o s e . The p a r t i c l e s i z e o f 
b o t h s u c r o s e and c a t a l y s t i s f o u n d t o have l i t t l e 
e f f e c t on t h e r a t e o f r e a c t i o n . L a r g e g r a n u l e s a r e 
d i f f i c u l t t o suspend i n t h e i n i t i a l s t a g e s , w h i l e v e r y 
f i n e powders t e n d t o a g g l o m e r a t e and r e m a i n u n d i s p e r -
se d . I n p r a c t i c e , t h e s u c r o s e and p o t a s s i u m c a r b o n a t e 
a r e m i l l e d t o remove g r o s s p a r t i c l e s . 

P r e s e n c e o f w a t e r . The p r e s e n c e o f t r a c e s o f wa
t e r (< 1%) i n t h e r e a c t i o n m ix i s n o t f o u n d t o have 
any d e l e t e r i o u s e f f e c t on t h e r e a c t i o n and no s p e c i a l 
p r e c a u t i o n s a r e n e c e s s a r y t o e x c l u d e w a t e r . 

As c a n be s e e n , a t 125°C t h e r e i s a 'dormant' 
p e r i o d o f a p p r o x i m a t e l y 6 h o u r s b e f o r e any s i g n i f i c a n t 
r e a c t i o n t a k e s p l a c e . T h i s t i m e has been term e d t h e 
i n i t i a t i o n p e r i o d , t h e end o f w h i c h i s a s s o c i a t e d w i t h 
t h e r e a c t i o n m i x t u r e i n c o r p o r a t i n g a l a r g e amount o f 
gas w i t h c o n c o m i t a n t f o a m i n g . D u r i n g t h i s s t a g e an 
e m u l s i o n d e v e l o p s w h i c h i s f o l l o w e d by t h e r a p i d f o r 
m a t i o n o f s u c r o s e e s t e r s . I t i s o f i n t e r e s t t o n o t e 
t h a t t h e t r i g l y c e r i d e r e a c t s v e r y s l o w l y compared w i t h 
c o m m e r c i a l l y a v a i l a b l e t a l l o w . 
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The l o n g i n i t i a t i o n p e r i o d has been t h e s u b j e c t 
o f much d e t a i l e d r e s e a r c h w i t h i n T a t e & L y l e and i t 
a p p e a r s t h a t t h e f i r s t s t a g e o f t h e r e a c t i o n i s t h e 
f o r m a t i o n o f a r e a c t i v e i n t e r m e d i a t e , t h e d i g l y c e r i d e s , 
and i t i s t h e s e compounds w h i c h t a k e p a r t i n t h e t r a n s -
e s t e r i f i c a t i o n r e a c t i o n w i t h s u c r o s e . A p a r t i c u l a r 
a d v a n t a g e o f t h e p r o c e s s i s t h a t t h e t r a n s e s t e r i f i c a 
t i o n r e a c t i o n v i r t u a l l y s t o p s a t t h e s u c r o s e m onoester 
s t a g e , r e s u l t i n g i n o n l y s m a l l amounts o f d i e s t e r be
i n g p r o d u c e d and no d e t e c t a b l e amounts o f unwanted, 
h i g h e r e s t e r s . 

The c r u d e r e a c t i o n p r o d u c t i s now u n d e r g o i n g 
e x t e n s i v e e v a l u a t i o n t r i a l s i n a wi d e ra n g e o f d e t e r 
g e n t a p p l i c a t i o n s w i t h v e r y e n c o u r a g i n g r e s u l t s . A 
measure o f t h e c o n f i d e n c e shown i n t h e p r o c e s s i s t h a t 
t h e m a t e r i a l c u r r e n t l
duced on a p i l o t p l a n
1000 tons/annum. 

The TAL p r o c e s s i s d e p i c t e d i n t h e f l o w d i a g r a m 
( F i g u r e 7 ) . The raw m a t e r i a l s a r e mixed u n d e r c l o s e l y 
c o n t r o l l e d c o n d i t i o n s i n t h e p r e s e n c e o f a c a t a l y s t . 
The w h ole o f t h e r e a c t i o n mass i s c o n v e r t e d i n a b a t c h 
r e a c t o r t o a v i s c o u s , l i q u i d s u r f a c t a n t w h i c h can be 
c o o l e d , s o l i d i f i e d and f l a k e d f o r i n c o r p o r a t i o n i n a 
powdered d e t e r g e n t . A l t e r n a t i v e l y , i t c a n r e m a i n i n 
th e l i q u i d s t a t e and be i n c o r p o r a t e d i n a l i q u i d d e t e r 
g e n t . 

The m a j o r raw m a t e r i a l f o r t h e p r o c e s s i s a t r i 
g l y c e r i d e ( o i l o r f a t ) . There i s an added advantage 
t h a t many d i f f e r e n t k i n d s o f t r i g l y c e r i d e s c an be us e d 
( T a b l e I) w h i c h removed dependence on a s i n g l e raw 
m a t e r i a l , w h i c h may f l u c t u a t e i n p r i c e . Most o f t h e 
r e s e a r c h and d e v e l o p m e n t , so f a r , has been b a s e d on 
t a l l o w w h i c h i s r e a d i l y a v a i l a b l e i n t h e U.K. and w h i c h 
t r a d i t i o n a l l y i s c h e a p e r t h a n i m p o r t e d v e g e t a b l e o i l s . 
M o r e o v e r , s u f f i c i e n t work has been done t o e n s u r e t h a t , 
i n o t h e r p a r t s o f t h e w o r l d , l o c a l l y p r o d u c e d t r i g l y c e r 
i d e s c a n be us e d i n t h e p r o c e s s . 

T a b l e I 
T r i g l y c e r i d e s o u r c e s w h i c h c a n be use d as f e e d 

s t o c k f o r s u c r o s e s u r f a c t a n t p r o d u c t i o n . There un
d o u b t e d l y a r e many o t h e r s w h i c h c a n be u s e d . 

T a l l o w 
Palm O i l 
C o conut O i l 
C o t t o n Seed O i l 
L i n s e e d O i l 
P alm S t e a r i n O i l 

Soya Bean O i l 
C a s t o r O i l 
Rape Seed O i l 
S a f f l o w e r O i l 
Groundnut O i l 

In Sucrochemistry; Hickson, J.; 
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C o i n c i d e n t a l w i t h t h e d e velopment o f t h e new 
low c o s t s u c r o s e s u r f a c t a n t p r o c e s s , t h e u p s u r g e i n 
w o r l d m i n e r a l o i l p r i c e s has l e d t o e s c a l a t i o n s i n t h e 
p r i c e s o f p e t r o c h e m i c a l s a n d , c o n s e q u e n t l y , t h e p r i c e s 
o f p e t r o l e u m - b a s e d s u r f a c t a n t s . As an i n d i c a t i o n o f 
t h e i n c r e a s e , s u r f a c t a n t f e e d s t o c k p r i c e s i n Europe 
have r i s e n by 500% i n t h e l a s t f o u r y e a r s . 

C o m p o s i t i o n o f TAL 

The new T a t e & L y l e s u c r o s e s u r f a c t a n t i s c a l l e d 
TAL, and i s a complex m i x t u r e o f s u c r o s e e s t e r s , mono-, 
d i - and t r i g l y c e r i d e s and p o t a s s i u m s o a p s . 

T a b l e I I 
T y p i c a

S u c r o s e m o n o e s t e r 27 (%) 
S u c r o s e h i g h e r e s t e r 3 
S u c r o s e 13 
T r i g l y c e r i d e s 3 
D i g l y c e r i d e s 9 
M o n o g l y c e r i d e s 15 
P o t a s s i u m s o a ps 30 

I t s c h a r a c t e r i s t i c s a r e u n i q u e and t h e m i x t u r e 
c a n n o t be u s e d s i m p l y a s a s u b s t i t u t e f o r a l l o t h e r 
s u r f a c t a n t s . The n e a r e s t p e t r o c h e m i c a l e q u i v a l e n t 
s u r f a c t a n t s a r e s o f t , n o n - i o n i c t y p e s . 

S a f e t y - i n - U s e 

TAL has been t e s t e d e x t e n s i v e l y f o r s a f e t y i n u s e . 
TAL was fo u n d i n f e e d i n g t e s t s on r a t s t o be c o m p l e t e l y 
m e t a b o l i z e d by t h e t e s t a n i m a l s , w i t h o u t any h a r m f u l 
e f f e c t s . Because o f t h i s , i t was n o t p o s s i b l e t o 
e s t a b l i s h an L D 5 Q b u t l e v e l s as h i g h as 11.5 g/kg body 
w e i g h t / d a y were f e d t o t h e a n i m a l s w i t h o u t t o x i c 
e f f e c t s . 

TAL i s s a f e t o use as i t does n o t c a u s e s k i n i r r i 
t a t i o n n o r c a u s e a l l e r g e n i c r e a c t i o n s . S k i n i r r i t a 
t i o n t e s t s u s i n g s t a n d a r d l a b o r a t o r y methods have been 
c a r r i e d o u t on a n i m a l s w i t h no a d v e r s e r e s u l t s . 

TAL i s n o t t o x i c t o p l a n t s and can be us e d s a f e l y 
i n a g r i c u l t u r a l f o r m u l a t i o n s . P h y t o t o x i c i t y t e s t s 
have been c a r r i e d o u t on peas and m a i z e p l a n t s . A f t e r 
s p r a y i n g w i t h a 2% s o l u t i o n o f TAL, t h e p l a n t s p r o d u c e d 
f l o w e r s and f r u i t s n o r m a l l y , as compared w i t h t h e c o n 
t r o l s . 
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C o m p a t i b i l i t y 

TAL i s c o m p a t i b l e w i t h a l l c o n v e n t i o n a l f i l l e r s , 
b u i l d e r s , d y e s , p erfumes and b r i g h t e n e r s w i t h i n a pH 
ra n g e o f 7 t o 12. E x p e r i m e n t a l f o r m u l a t i o n s u s i n g 
n on-phosphate b u i l d e r s a r e u n d e r e v a l u a t i o n and l o o k 
p r o m i s i n g . 

P r o p e r t i e s 

The f o a m i n g p r o p e r t i e s o f TAL a r e v e r y l o w . T h i s 
means t h a t i t can be f o r m u l a t e d v e r y s i m p l y i n t o d e t e r 
g e n t s f o r use i n a u t o m a t i c m a c h i nes ( d o m e s t i c and i n 
d u s t r i a l ) w i t h o u t t h e i n c o r p o r a t i o n o f foam s u p p r e s 
s a n t s . 

An added a d v a n t a g
TAL has i n h e r e n t f a b r i c s o f t e n i n g p r o p e r t i e s w h i c h ob
v i a t e t h e need f o r a d d i t i o n a l s o f t e n e r s and c o n d i 
t i o n e r s i n c l o t h e s w a s h i n g . 

T a b l e I I I 

Some P r o p e r t i e s o f TAL 

App e a r a n c e A t a n , f r e e f l o w i n g , f l a k e d p r o d u c t 
w h i c h s o f t e n s a t 80°C and f l o w s r e a d i l y a t 115° C. 

D e n s i t y 1.2g/ml a t 25°C. 
0.7g/ml a t 125°C. 

S o l u b i l i t y The maximum c o n c e n t r a t i o n o b t a i n a b l e 
i n w a t e r i s 43% w/w. T h i s " s o l u t i o n " c a n be 
d i l u t e d w i t h w a t e r r e a d i l y . 

S u r f a c e t e n s i o n The s t a n d a r d l o w e r i n g o f s u r f a c e 
t e n s i o n o f w a t e r i s 32 dynes/cm a t c o n c e n t r a t i o n 
o f 200 ppm-300 ppm. 

pH 9.7 i n 1% s o l u t i o n . 

B i o d e g r a d a b i l i t y 100% 

B i o d e g r a d a b i l i t y o f TAL 

The complex n a t u r e o f TAL has made i t i m p o s s i b l e 
t o use s t a n d a r d p r o c e d u r e s (20-21) f o r d e t e r m i n i n g i t s 
b i o d e g r a d a b i l i t y , f o r two r e a s o n s . F i r s t l y , u n r e a c t e d 
s u c r o s e and t a l l o w i n TAL a r e b o t h good s u b s t r a t e s f o r 
m i c r o b i a l g r o w t h ; hence o b s e r v a t i o n s t h a t TAL w i l l 
s u p p o r t m i c r o b i a l g r o w t h , i n t h e absence o f any o t h e r 
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c a r b o n s o u r c e , a r e n o t i n d i c a t i v e o f i t s o v e r a l l b i o 
d e g r a d a b i l i t y . S e c o n d l y , TAL c a n n o t be d e t e r m i n e d 
by a s i n g l e method; h e n c e , a n a l y t i c a l t e c h n i q u e s have 
had t o be d e v e l o p e d f o r e a c h component o f TAL and p u r e 
s t a n d a r d s s y n t h e s i s e d . 

We have u s e d s e v e r a l , complementary a p p r o a c h e s t o 
measure TAL b i o d e g r a d a b i l i t y b a s e d on t h e OECD s c r e e n 
i n g t e s t . These i n c l u d e t h e use o f r a d i o a c t i v e l y 
l a b e l l e d d e t e r g e n t ; measurements o f t h e g r o w t h r a t e s 
and maximum c o u n t s o f m i c r o o r g a n i s m s f r o m n a t u r a l 
s o u r c e s on ea c h component o f TAL i n a b a s a l s a l t s 
medium; and f i n a l l y , g l c a n a l y s i s o f each component i n 
s o l u t i o n s i n c u b a t e d w i t h s o i l s u s p e n s i o n s . The e v i 
dence a c c u m u l a t e d t o d a t e s u g g e s t s t h a t t h e components 
of TAL a r e r e a d i l y m e t a b o l i s e d b  m i c r o o r g a n i s m s
Work now i s i n p r o g r e s
i n m o d e l , e f f l u e n t d i s p o s a  p l a n t s

The s u r f a c t a n t b r e a k s down r a p i d l y and t o t a l l y 
t h u s e a s i n g t h e p o l l u t i o n l o a d on t h e e n v i r o n m e n t . 
I f TAL i s d i s c h a r g e d t o a m a r i n e e n v i r o n m e n t i t has a 
low t o x i c i t y t o m a r i n e l i f e . T e s t s on t h e brown 
s h r i m p as an i n d i c a t o r o r g a n i s m g i v e an L C 5 Q v a l u e o f 
5000 ppm. 

E v a l u a t i n g t h e S u r f a c t a n t M a r k e t 

The U.K. ma r k e t f o r s u r f a c t a n t s i s complex and 
h i g h l y s t r u c t u r e d . The i n v e s t i g a t i o n o f t h i s m a r k e t 
on b e h a l f o f TAL has l e d t o t h e de v e l o p m e n t o f a s e r 
i e s o f e v a l u a t i n g s t a g e s w h i c h c a n be a p p l i e d t o any 
mark e t i n w h i c h i t i s i n t e n d e d t o s e l l s u c r o s e s u r 
f a c t a n t s . 

1. A r e v i e w o f t h e raw m a t e r i a l s u p p l y s i t u a t i o n 
f o r e x i s t i n g s u r f a c t a n t s and f o r t h e s u c r o s e -
b a s e d p r o d u c t s . 

2. A c o m p r e h e n s i v e s t u d y o f t h e l o c a l s u r f a c t a n t 
m a r k e t . 

3. An i d e n t i f i c a t i o n o f t h e most s i g n i f i c a n t 
m a r k e t a r e a s . 

4. The f o r m u l a t i o n and t e s t i n g o f e q u i v a l e n t 
p r o d u c t s t o t h o s e i n u s e i n t h e c h o s e n m a r k e t 
s e c t o r s . 

5. The s e l e c t i o n and c o l l a b o r a t i o n w i t h s u i t a b l e 
companies a l r e a d y u s i n g s u r f a c t a n t s . 
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The u n d e r l y i n g a d v a n t a g e o f TAL i s c o s t e f f e c t i v e 
n e s s . S e c o n d a r y a d v a n t a g e s become a p p a r e n t a c c o r d i n g 
t o t h e m a r k e t s e c t o r under c o n s i d e r a t i o n . 

B i o d e g r a d a b i l i t y - T e x t i l e and wood 
i n d u s t r i e s . 

N o n - t o x i c i t y - F o o d , p h a r m a c e u t i c a l s , 
o i l s l i c k d i s p e r s a l . 

N o n - i r r i t a n c y - C o s m e t i c s , t o i l e t r i e s . 
N o n - a l l e r g e n i c i t y - C o s m e t i c s , 

t o i l e t r i e s , d o m e s t i c 
c l e a n e r s . 

Low f o a m i n g power - A u t o m a t i c m a c h i n e s . 

L e g a l 

The TAL m a n u f a c t u r i n g p r o c e s  p r o t e c t e y 
w o r l d - w i d e p a t e n t s (19_) , i n c l u d i n g a r e c e n t l y g r a n t e d 
US p a t e n t . The name TAL i s a t r a d e mark b e l o n g i n g t o 
T a t e & L y l e L i m i t e d . 

Economic A s s e s s m e n t 

When u s e d f o r d e t e r g e n t f o r m u l a t i o n s t h e c o m p e t i 
t i v e n e s s o f t h e s u r f a c t a n t depends e s s e n t i a l l y on t h e 
r e l a t i v e c o s t s compared w i t h p e t r o c h e m i c a l l y b a s e d 
p r o d u c t s . T h e r e a r e c i r c u m s t a n c e s where one o r more 
o f t h e o t h e r a t t r i b u t e s o f TAL c o u l d c a r r y a premium, 
e.g., b i o d e g r a d a b i l i t y , f a b r i c s o f t e n i n g , n o n - t o x i c i t y , 
b u t , e s s e n t i a l l y , t h e c r i t i c a l f a c t o r i s p r i c e r e l a 
t i v i t y . 

P e t r o l e u m - b a s e d s u r f a c t a n t s a r e d e r i v e d f r o m t h r e e 
p r i n c i p a l f e e d s t o c k s , namely, e t h y l e n e , n - p a r a f f i n s and 
benzene. Of t h e s e t h r e e f e e d s t o c k s , t h e f i r s t has 
had w i d e s t u se s i n c e i t i s t h e l o w e s t i n c o s t ( 1 9 7 3 ) . 
Benzene, on t h e o t h e r hand, g e n e r a l l y has been h i g h e r 
i n c o s t t h a n t h e o t h e r two f e e d s t o c k s and has t e n d e d 
t o be u s e d o n l y when n e c e s s a r y . I t i s i n t e r e s t i n g t o 
n o t e t h a t t h e r e l a t i v e c o s t d i f f e r e n t i a l s between t h e 
t h r e e f e e d s t o c k s a r e c h a n g i n g r a p i d l y and, u n d e r l y i n g 
an i n c r e a s e i n t h e a b s o l u t e c o s t l e v e l o f a l l p e t r o 
c h e m i c a l f e e d s t o c k s , i t i s e x p e c t e d t h a t t h e r e l a t i v e 
c o s t s o f benzene and e t h y l e n e w i l l be r e v e r s e d by t h e 
n e x t d e c ade. 

The l i n e a r a l k y b e n z e n e s u l p h o n a t e s ( L A S ) , w h i c h 
a r e a l r e a d y t h e " w o r k h o r s e " , a c t i v e i n g r e d i e n t s o f t h e 
i n d u s t r y , a r e d e r i v e d f r o m benzene and n - p a r a f f i n s . 
P r i c e s have v a r i e d w i d e l y i n t h e r e c e n t p a s t due t o 
f l u c t u a t i o n s i n m a r k e t c o n d i t i o n s , g o v e r n m e n t a l a c t i o n s 
i n t e r ms o f p r i c e f r e e z e s and o t h e r f a c t o r s . I n t h e 

In Sucrochemistry; Hickson, J.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1977. 



7. PARKER ET AL. Sucrose Ester Surfactants 111 

U.K. t h e p r i c e o f LAS has v a r i e d between $630 and 
$1,200 p e r t o n . 

The m a j o r c o s t f a c t o r f o r t h e s u g a r - b a s e d p r o d u c t 
i s t h e p r i c e o f s u g a r and t r i g l y c e r i d e . I n many 
c o u n t r i e s , f o r example t h e U.K., t a l l o w i s t h e most 
s u i t a b l e , l o w - c o s t s o u r c e o f t r i g l y c e r i d e . I n o t h e r 
c o u n t r i e s , v e g e t a b l e o i l s a r e more r e a d i l y a v a i l a b l e 
and may o f t e n be o b t a i n e d a t p r i c e s c o n s i d e r a b l y b e l o w 
t h e q u o t e d , w o r l d m a r k e t p r i c e . I t i s o f s i g n i f i c a n t 
a d v a n t a g e t h a t t h e TAL p r o c e s s i s s u f f i c i e n t l y f l e x i b l e 
t o u t i l i s e a l t e r n a t i v e t r i g l y c e r i d e s o u r c e s and i t i s 
p o s s i b l e t h e r e f o r e t o " p l a y t h e m a r k e t " i n t e r m s o f 
t r i g l y c e r i d e i n p u t . 

An e x a m i n a t i o n o f w o r l d s u g a r p r i c e s o v e r t h e l a s t 
4 y e a r s m i g h t n o t s u g g e s t t h a t t h i s commodity has any 
measure o f p r i c e s t a b i l i t y
a l ow o f 5.58C/lb i
1974. More r e c e n t l y , t h e London d a i l y p r i c e has r e 
t u r n e d t o ab o u t $ 3 0 0 / t o n , b u t i t i s n o t e x p e c t e d t o 
r e t u r n t o t h e l ow l e v e l s w h i c h p e r t a i n e d up t o 1972. 
D u r i n g a 20 y e a r p e r i o d p r i o r t o 1972, t h e w o r l d p r i c e 
o f s u g a r a v e r a g e d $61 p e r t o n . 

E s t e r S e p a r a t i o n 

I f t h e c o m p o s i t i o n o f t h e r e a c t i o n m i x t u r e i s c o n 
s i d e r e d i n d e t a i l , i t c a n be seen t h a t i t s h o u l d be 
p o s s i b l e t o i s o l a t e d i f f e r e n t e m u l s i f i e r s ystems f r o m 
t h i s m i x t u r e by s u i t a b l e s e p a r a t i o n p r o c e d u r e s . The 
c o m p o s i t i o n s o f t h e s e new sys t e m s a r e shown b e l o w . 

A) S u c r o g l y c e r i d e s B) S u c r o s e e s t e r s 

A g a i n , i t was c o n s i d e r e d t h a t a s e p a r a t i o n s y s t e m 
was r e q u i r e d t h a t was r e l a t i v e l y s i m p l e t o o p e r a t e 
w h i c h u s e d s o l v e n t s t h a t were a l r e a d y a c c e p t e d as 
a d d i t i v e s i n t h e f o o d i n d u s t r y . Though i t c o u l d be 
p r e d i c t e d t h a t a l i q u i d - l i q u i d e x t r a c t i o n p r o c e d u r e 
w o u l d be e x t r e m e l y d i f f i c u l t t o u s e , b e c a u s e o f t h e 
n a t u r e o f t h e s u r f a c t a n t s y s t e m , t h i s method a f t e r i n 
v e s t i g a t i o n i n d e t a i l , e v e n t u a l l y was d i s c a r d e d i n f a v 
o r o f t h e p r e f e r r e d , s o l i d - l i q u i d e x t r a c t i o n p r o c e d u r e . 
The l a t t e r p r o c e s s i s o u t l i n e d i n t h e s c h e m a t i c d i a 
gram i n F i g u r e 8. 

T r i g l y c e r i d e s 
D i g l y c e r i d e s 
M o n o g l y c e r i d e s 
S u c r o s e m o n o e s t e r s 
S u c r o s e d i e s t e r s 

S u c r o s e m o n o e s t e r s 
S u c r o s e d i e s t e r s 
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T A L 

S O L U T I O N 
O F 

G L Y C E R I D E S 

S U C R O S E 

S O L U T I O N O F A M I X T U R E 
O F S U C R O S E ESTERS A N D 

G L Y C E R I D E S 

S U C R O S E ESTERS 

COMPOSITION 

C O M P O S I T I O N Sucrose Monoes t e r 
Sucrose D ies te r 

Sucrose Monoesrer 
Sucrose Diester 
T r i g l y ce r i des 
D i g l y c e r i d e s 
M o n o g l y c e r i d e s 

The a l l i m p o r t a n t s t e p o f t h i s p r o c e s s i s t h e p r e 
c i p i t a t i o n o f an i n s o l u b l e soap. T h i s e f f e c t i v e l y r e 
s u l t s i n p r e c i p i t a t i o n o f a l l t h e components o f t h e 
s u r f a c t a n t m i x t u r e w i t h t h e e x c e p t i o n o f s u c r o s e and 
t h e w a t e r s o l u b l e d e g r a d a t i o n p r o d u c t s . 

One o f t h e m a j o r a d v a n t a g e s o f t h i s t o t a l p r o c e s s 
i s t h a t t h e p h y s i c o - c h e m i c a l p r o p e r t i e s s u c h as H.L.B, 
v a l u e s , s o l u b i l i t i e s , w e t t i n g t i m e s , e t c . , o f t h e s e 
e m u l s i f i e r s a r e g o v e r n e d l a r g e l y by t h e n a t u r e o f t h e 
i n p u t m a t e r i a l . T h e r e f o r e , by c h a n g i n g t h e n a t u r e 
o f t h e t r i g l y c e r i d e u s e d i n t h e s u r f a c t a n t - p r o d u c i n g 
r e a c t i o n , t h e p r o p e r t i e s o f t h e s u c r o g l y c e r i d e s and 
s u c r o s e e s t e r s i s o l a t e d f r o m s u c h a r e a c t i o n m i x t u r e 
c a n be a l t e r e d c o n s i d e r a b l y . C o n s e q u e n t l y , a w i d e 
s p e c t r u m o f a p p l i c a t i o n s c a n be c o v e r e d by e s s e n t i a l l y 
one p r o c e s s , by a l t e r i n g t h e n a t u r e o f t h e i n p u t mat
e r i a l . 

C A L C I U M 
S O A P S 

Figure 8. TAL separation process for emulsifiers 
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Abstract 
Without the need of a sometimes costly and often 

toxic solvent employed in other processes, sucrose 
fatty acid esters can now be prepared by the direct re
action of sucrose and a triglyceride in the presence of 
potassium carbonate at 125°. Ini t ial ly, the mixture 
is heterogeneous but towards the end of the reaction 
a single phase is noted, containing rougly equal 
amounts of sucrose esters and potassium soaps (60%) , 
the remainder being unreacted sucrose and mixed gly-
cerides. 

Research has shown that the individual components 
of the mixture can be isolated singly or as required 
mixtures, by the techniques of solid-liquid extraction 
procedures. For example
after double decomposition of potassium soaps with a 
suitable metal salt, selective extraction of the mixed 
glycerides followed by extraction of the sucrose 
esters. These esters have great potential as emulsi
fiers, for example in the food and cosmetic indus
tries, as they are completely non-toxic and biodegrad
able. Similarly, the very effective detergent action 
of a mixture of sucrose esters, soaps and sucrose (made 
simply by one step extraction of the crude reaction 
product), can be employed on a heavy tonnage scale in 
many detergent formulations without fear of polluting 
the environment. 
Literature Cited 
1. Berne-Allen, A. and Nobile, L.,(1965), Virginia 
J. Sci., 16, (3), 229-238. 

2. Hass, H.B.,"Sugar Esters", Noyes Development Corp. 
1968, 1. 

3. Berne-Allen, A.,Fette, Seifen, Austrichmittel, 
(1965), 67, 509-511. 

4. Osipow, L.I., U.S.P. 3,480,616. 
5. Osipow, L.I. and Rosenblatt, W.,J. Amer. Oil Chem. 

Soc. (1967), 44, 307-309. 
6. Isaac, P.C.G. and Jenkins, P.,Chem. & Ind. (Lon

don), (1958), 976. 
7. Truesdale, G. A.,Chem. Prod., (1962), 25, 22. 
8. Ames, G. R.,Tropical Science, (1962), 4, 64-73. 

Kl is , J . B.,Food Proc. (1963), (July), 79-80. 
9. Osipow, L.I., J. Soc. Cos. Chem., (1956), 7, (3), 

249-255. 
10. Nobile, L.,Drug and Cosmetic Ind. (1961), 89,(1). 
11. Kollinitsch, V.,"Sucrose Chemicals", The Inter

national Sugar Research Foundation, Inc, Beth-
esda, (1970). 

In Sucrochemistry; Hickson, J.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1977. 



114 SUCROCHEMISTRY 
12. Japan Chemical Week, (1975), (September), 12. 
13. Hass, H. B. , Snell, F. D. r York, W.C., and Osipow, 

L. I . , U.S.P. 2,893,990. 
14. "Codex Alimentarius", F.A.O./W.H.O., (1973), 38. 
15. Curtis, G. W., U.S.P. 2,999,858. 
16. B. P. 1,188,614; Jap.P. 14486/76. 
17. Feuge, R. O., Zeringrie, J r . , H.J. , Weiss, T. J . 

and Brown, M.,J. Amer.Oil Chem. Soc. (1970), 
47, 56-60. 

18. B.P. 1,160,144; B.P. 1,099,777. 
19. Parker, K . J . , Khan, R.A. and Mufti, K.S.,B.P. 

1,399,053 and foreign equivalents. 
20. Determination of the biodegradability of anionic 

synthetic surface active agents, Pollution by 
detergents, O.E.C.D., Paris, (1971). 
21. Fifteenth Progres

cal Committee o  Synthetic Detergents. Appen
dix G. " A method for assessing the biodegrad-
ability of Nonionic Surfactants". 30-36. 
H.M.S.O., London, (1974). 

Biographic Notes 
Kenneth J . Parker, Ph. D., General Manager, Group 

R&D. Educated at Oxford Univ. Joined Tate & Lyle 
Ltd., 1955. Some 30 papers and patents on sugar, its 
chemistry and technology. Tate & Lyle, Ltd., Philip 
Lyle Memorial Research Laboratory, P.O. Box 68, Read
ing, Berkshire RG6 2BA, England. 

In Sucrochemistry; Hickson, J.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1977. 



8 

A Sugar Ester Process and Its Applications in Calf 
Feeding and Human Food Additives 

LOUIS BOBICHON 
Rhône-Poulenc S.A., 22 Avenue Montaigne, Paris, France 

The process whic
for the manufacture
It is the one which has been patented and licensed to 
Société Melle-Bezons in 1958 by the Sugar Research 
Foundation, Inc. This process was studied and develop
ed, at that time in cooperation with Ledoga, and was 
industrialized in 1963. Melle-Bezons has been acquir
ed by Rhône-Poulenc and this is the reason why sucro
glycerides actually are sold by the Fine Chemicals 
Division of this company. 

Much already has been published on sucroglycerides 
obtained by this process and a first review was made at 
the International Symposium on Sugar Esters, held in 
Paris in June, 1961 (1). 

A second review appeared in the papers presented 
by Passedouet, Loiseau and Antoine (2-3) at the Inter
national Sugar Ester Symposium held in San Francisco, 
in August, 1967. 

My task is to report the status of sucroglycerides 
at Rhône-Poulenc, trying to cover all the aspects of 
these products, including manufacture, composition, 
specifications and applications. 
Manufacture of Sucroglycerides 

To begin, for the manufacture of Rhône-Poulenc 
(R.P.) sucroglycerides, we now are working a plant of 
2000 T / year capacity. The process involves the reac
tion of sucrose with a triglyceride, such as tallow or 
palm oil, and is performed in dimethylformamide with 
potassium carbonate as a catalyst. This mixture is 
heated and at the end of the reaction, the dimethylfor-
mamide is distilled off for recovery, and the reaction 
product is purified by washing with an aqueous phase to 
eliminate the last traces of dimethylformamide. The 
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f i n a l p r o d u c t i s a v i s c o u s l i q u i d when m e l t e d , and a 
y e l l o w waxy m a t e r i a l when c o l d . 

C o m p o s i t i o n o f S u c r o g l y c e r i d e s 

The p r o d u c t s o f o u r p r o c e d u r e a r e m i x t u r e s o f s u 
c r o s e e s t e r s and g l y c e r i d e s , f o r w h i c h an a v e r a g e com
p o s i t i o n , o b t a i n e d by u s i n g t a l l o w o r palm o i l as a 
s t a r t i n g m a t e r i a l , i s p r e s e n t e d i n T a b l e I . 

T a b l e I . C o m p o s i t i o n o f R.P. S u c r o g l y c e r i d e s 

T a l l o w Palm O i l 
S u c r o s e m o n o e s t e r 26 24 
S u c r o s e d i e s t e r 16 15 
M o n o g l y c e r i d e 
D i g l y c e r i d e 
T r i g l y c e r i d e 13 10 
F r e e s u g a r 1 1 
F r e e f a t t y a c i d s 2 2 
Combined f a t t y a c i d s (soap) 3 3 
Water 1 1 

C o m p o s i t i o n has been d e t e r m i n e d by column chroma
t o g r a p h y . 

S p e c i f i c a t i o n s 

S p e c i f i c a t i o n s f o r o u r p r o d u c t s may v a r y s l i g h t l y 
a c c o r d i n g t o w h i c h g l y c e r i d e s a r e u s e d i n t h e p r o c e s s . 
However, a good f i g u r e c a n be drawn f r o m t h e s p e c i f i c a 
t i o n s we c e r t i f y f o r t h e q u a l i t y s o l d i n t h e human f o o d 
a d d i t i v e m a r k e t . These s p e c i f i c a t i o n s a r e g i v e n i n 
T a b l e I I . 

T a b l e I I . Food A d d i t i v e S t a n d a r d s o f R.P. S u c r o g l y -
c e r i d e s . 

A c i d v a l u e n o t e x c e e d i n g 6 
Soap " 6 % 
M o i s t u r e " 0.5 % 
F r e e s u g a r " 1.5 % 
S a p o n i f i c a t i o n v a l u e 150 + 10 
S u l p h a t e d a s h " 1 % 
D i m e t h y l f o r m a m i d e " 5 ppm 
Heavy m e t a l s " 20 ppm 
A r s e n i c " 3 ppm 
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T h e r e i s n o t much t o be s a i d , r e g a r d i n g t h e a n a l y 
t i c a l p r o c e d u r e s u s e d t o make t h e s e d e t e r m i n a t i o n s , be
cau s e t h e s e a r e w e l l - k n o w n . May I m e n t i o n , however, 
t h a t : t h e p e r c e n t a g e o f soap i s o b t a i n e d by d i r e c t 
P o t e n t i o m e t r i e t i t r a t i o n o f s u c r o g l y c e r i d e d i s s o l v e d 
i n 2 - p r o p a n o l and w a t e r ; t h e f r e e s u g a r i s d e t e r m i n e d 
by t h e t h i n l a y e r c h r o m a t o g r a p h i c method i n c o m p a r i s o n 
w i t h a s t a n d a r d ; and t h e d i m e t h y l f o r m a m i d e c o n t e n t i s 
o b t a i n e d c o l o r i m e t r i c a l l y by t h e c o p p e r d i m e t h y l d i t h i o -
c a rbamate method. 

Some work had t o be done i n t h e p l a n t t o meet 
t h e s e l ow s p e c i f i c a t i o n s f o r soap and d i m e t h y l f o r m a m i d e , 
i n o r d e r t o comply w i t h o f f i c i a l s p e c i f i c a t i o n s f o r 
t h e s e i m p u r i t i e s . The main p r o b l e m , i n f a c t , has been 
t o r e d u c e t h e d i m e t h y l f o r m a m i d  c o n t e n t f  p r o d u c t
w h i c h was i n t h e o r d e
m a n u f a c t u r e o f s u c r o g l y c e r i d e  s p e c i f y 
l e s s t h a n 5 ppm. 

S u c r o g l y c e r i d e s i n A n i m a l F e e d i n g 

The main u s e o f o u r s u c r o g l y c e r i d e s , i n t h e p a s t 
and t o d a y , r e m a i n s i n t h e a n i m a l f e e d i n g m a r k e t , where 
we s e l l o u r p r o d u c t u n d e r t h e t r a d e name C e l y n o l . We 
s e l l two p r o d u c t s : C e l y n o l MST 11, w h i c h i s a t a l l o w 
s u c r o g l y c e r i d e ; and C e l y n o l TL, w h i c h i s a m i x t u r e o f 
t a l l o w s u c r o g l y c e r i d e and s o y a l e c i t h i n . B o t h o f 
t h e s e have been a p p r o v e d i n t h e a n i m a l f e e d i n g m a r k e t 
by B e l g i u m , E n g l a n d , F r a n c e , I t a l y and S w i t z e r l a n d . 
They a r e u s e d m a i n l y i n m a n u f a c t u r i n g r e c o n s t i t u t e d 
m i l k f o r c a l v e s . I n t h i s f i e l d t h e y seem q u i t e w e l l 
s u i t e d b e c a u s e o f t h e i r r e l a t i v e l y cheap p r i c e and 
t h e i r d e s i r a b l e p h y s i c a l and b i o l o g i c a l p r o p e r t i e s . 
T h e i r p h y s i c a l p r o p e r t i e s a r e e a s y t o a p p r e c i a t e i n 
t h e m a n u f a c t u r e o f m i l k r e p l a c e r s , e s p e c i a l l y i n what 
we c a l l t h e wet p r o c e s s , t h a t i s t h e p r o c e s s u s i n g 
t h e s p r a y d r y i n g method. T h i s method i s u s e d m o s t l y 
i n E u r o p e . The s u c r o g l y c e r i d e s promote f o r m a t i o n o f 
a v e r y good e m u l s i o n and d e c r e a s e t h e v i s c o s i t y o f t h e 
mix b e f o r e s p r a y d r y i n g . 

The s u c r o g l y c e r i d e s a l s o have an a n t i c a k i n g e f f e c t 
as w e l l as an a n t i o x i d a n t e f f e c t , t h u s h e l p i n g t o 
i n c r e a s e t h e s t o r a g e t i m e o f t h e s p r a y d r i e d m a t e r i a l . 
I n a d d i t i o n t h e y i m p a r t a n t i f o a m i n g p r o p e r t i e s t o t h e 
d r i e d m i l k s and c o n s i d e r a b l y r e d u c e t h e f o r m a t i o n o f 
foam when t h e m i l k s a r e r e c o n s t i t u t e d . 

T h e i r b i o l o g i c a l p r o p e r t i e s have been t e s t e d many 
t i m e s , and more r e c e n t l y by R o b e r t (£) . I t was demon
s t r a t e d t h a t s u c r o g l y c e r i d e s d e c r e a s e t h e c o n s u m p t i o n 
i n d e x , i n c r e a s e t h e d i g e s t i b i l i t y o f f a t s and n i t r o g e n , 
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and d e c r e a s e t h e i n c i d e n c e o f d i a r r h e a o f h a l f day 
d u r a t i o n . T h i s i s i l l u s t r a t e d i n T a b l e I I I . 

T a b l e I I I . E f f e c t o f S u c r o g l y c e r i d e s on C a l f N u t r i t i o n 

W i t h o u t W i t h 
E m u l s i f i e r S u c r o g l y c e r i d e s 

W e i g h t g a i n a f t e r 84 d (kg) 79.0 98.0 
D a i l y w e i g h t g a i n a f t e r 84 941 1167 

d ays (gm) 
C o nsumption i n d e x 1.75 1.45 
F a t d i g e s t i b i l i t y i n d e x 48.6 71 

(5-6 week) 
N i t r o g e n d i g e s t i b i l i t y i n d e x 88.7 91.8 

(5-6 week) 
D i a r r h e a 1/2 d a f t e

Our s u c r o g l y c e r i d e s u s u a l l y a r e s o l d i n t h e m e l t e d 
s t a t e , i n t a n k c a r s , and a r e i n c o r p o r a t e d i n t h e m i l k s 
i n t h a t m e l t e d s t a t e . The most common method o f i n 
c o r p o r a t i o n i s t o add m e l t e d s u c r o g l y c e r i d e t o skimmed 
m i l k k e p t a t 60°C. Once t h e s u c r o g l y c e r i d e has been 
d i s p e r s e d , t h e n t h e f a t may be added and, a f t e r homo-
g e n i z a t i o n , t h e m i x t u r e may be s p r a y d r i e d . The 
dosage o f s u c r o g l y c e r i d e i n t h i s example i s 1.5 t o 2 % 
o f t h e f a t u s e d . 

S u c r o g l y c e r i d e s i n Human Food A d d i t i v e s 

I n t h e human f o o d a d d i t i v e m a r k e t , we a l s o s e l l 
o u r s u c r o g l y c e r i d e s u n d e r t h e t r a d e name C e l y n o l and 
o u r p r o d u c t s have been a p p r o v e d i n B e l g i u m , E n g l a n d , 
F r a n c e , and S w i t z e r l a n d . T h i s i s a m a r k e t i n w h i c h 
we have t r i e d t o use some o f t h e i n t e r e s t i n g c h a r a c t e r 
i s t i c s o f s u c r o g l y c e r i d e s , s u c h a s : t h e e m u l s i f y i n g 
p r o p e r t i e s f o r b o t h o i l - i n - w a t e r and w a t e r - i n - o i l emul
s i o n s , w i t h a p p l i c a t i o n s i n m a r g a r i n e m a n u f a c t u r e , 
n o n - a l c o h o l i c b e v e r a g e s t o i n c o r p o r a t e a r o m a t i c s , and 
i n s a u c e s , and d r e s s i n g s ; and t h e a b i l i t y o f s u c r o 
g l y c e r i d e s t o o b t a i n homogenous p r e p a r a t i o n s i n s i t u a 
t i o n s where t h e v a r i o u s components a r e d i f f i c u l t t o 
m i x. Here a p p l i c a t i o n s i n c l u d e : 
- d i s p e r s i o n o f c o l o r i n g a g e n t s i n p a r a f f i n o r p o l y m e r 

m a t e r i a l s f o r m a n u f a c t u r e o f c h e e s e c r u s t s , 
- c o a t i n g s o f powders s u c h as b u t t e r , v e g e t a b l e s , and 

f r u i t s t o f a c i l i t a t e s u b s e q u e n t m i x i n g w i t h o t h e r 
i n g r e d i e n t s , 

- m a n u f a c t u r e o f b i s c u i t s , p a s t r y doughs o r i n s t a n t 
p u d d i n g s t o f a c i l i t a t e t h e m i x i n g o f i n g r e d i e n t s s u c h 
as f l o u r , f a t , s u g a r , e t c . , 

In Sucrochemistry; Hickson, J.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1977. 



8. BOBicHON Sucrose Ester Process and Applications 119 

t h e p r e v e n t i o n o f m i g r a t i o n o f i n g r e d i e n t s i n f o o d 
c o n f e c t i o n i n g s u c h as r a v i o l i and c a n n e l o n i manu
f a c t u r e o r c h o c o l a t e c o n f e c t i o n e r y , 
t h e r e d u c t i o n o f v i s c o s i t y i n s u c h i n s t a n c e s as 
c h o c o l a t e m a n u f a c t u r e , where a l o w e r i n g o f manufac
t u r i n g t e m p e r a t u r e has some e f f e c t on t h e s t a b i l i t y 
o f t h e f i n i s h e d p r o d u c t , 
t h e r e d u c t i o n i n t h e s i z e o f t h e c r y s t a l s formed i n 
l i q u i d o r s e m i - l i q u i d media d u r i n g t h e c o u r s e o f 
s o l i d i f i c a t i o n i n t h e p r e s e n c e o f a f a t t y o r non-
f a t t y p h a s e , f o r i n s t a n c e i n i c e cream m a n u f a c t u r e 
and c o n f e c t i o n e r y . 
t h e improvement o f t e x t u r e , p a r t i c u l a r l y i n baked 
p r o d u c t s , 
t h e a b i l i t y t o r e s t o r  t h  w h i p p i n  p r o p e r t i e f 
su c h p r o d u c t s a
d r i e d . 

C o n c l u s i o n 

The s u c r o g l y c e r i d e s a r e r e l a t i v e l y cheap m a t e r i a l s , 
t h e y a r e n o n - t o x i c and e x h i b i t i n t e r e s t i n g e m u l s i f y i n g 
p r o p e r t i e s . They have been a p p r o v e d by t h e European 
Committee as a d d i t i v e s f o r a p p l i c a t i o n i n t h e f o o d 
i n d u s t r y u nder t h e code number E 474 (5) . They d e f i n 
i t e l y have a p o t e n t i a l i n t h e f o o d and f e e d i n d u s t r i e s . 

Abstract 
Rhône-Poulenc manufactures sucroglycerides by the 

Sugar Research Foundation process which involves the 
use of dimethylformamide as a solvent, which means that 
the product must be purified in order to meet the low 
requirements for dimethylformamide. This product has 
a high content in mono- and diester of sucrose, a low 
content in sucrose and low in soap. It is used mainly 
in the animal food field in reconstituted milk for calf 
feeding because of its tensioactive properties. Other 
applications in human markets have been found. 
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Sucrose Esters in Bakery Foods 

P. A. SEIB, W. J. HOOVER, and C. C. TSEN 
Department of Grain Science, Kansas State University, Manhattan, Kans. 66506 

Surfactants ar
more of the function
the functions are encountered in the bakery. For ex
ample, surfactants are added to cake premixes to pre
vent solid ingredients from clumping during hydration. 
Also, most cake formulas include emulsifiers to improve 
batter aeration and the eating and keeping qualities of 
cake. Surfactants complex with wheat proteins in 
bread dough to strengthen dough, while in bread crumb 
they apparently modify crystallization properties of 
starch, and thereby prevent bread from firming. 
Table I. Functions of Surfactants in Foods. 

Wetting Complexing 
Emulsifying Modifying Crystals 
Foaming Suspending 
A wide choice of surfactants (Table II) is avail

able to the food technologist (1, 2). The choice de
pends on many factors but the most important are l i s t 
ed in Table III. Except for food-safety, the factors 
are self-explanatory. In the United States, the Food 
and Drug Administration (FDA) permits white bread and 
white enriched bread (3) # for example, to contain a 
maximum of 0.5 part by weight of dough conditioner per 
100 parts of flour. The baker may use a dough con
ditioner from the surfactants listed either in the 
"Generally Recognized As Safe" (GRAS) section (£) or in 
Subpart D (5) of the Food-Âdditive Regulations. In 
either case, he must follow "good-manufacturing-prac
tices" (GMP), which is to say, the dough conditioner 
should be added in an amount "...reasonably required 
to accomplish its intended physical, nutritional, or 
other technical effect...". Surfactants on the GRAS 
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l i s t (and some o f t h o s e i n S u b p a r t D ) , s u c h as d i a c e t y l 
t a r t a r i c a c i d e s t e r s o f m o n o g l y c e r i d e s o f e d i b l e o i l s 
( f a t s ) may be added t o any f o o d under GMP, o t h e r s i n 
S u b p a r t D a r e p e r m i t t e d o n l y i n c e r t a i n f o o d s a t s p e c i 
f i e d maximum l e v e l s ( f o r example, p o l y o x y e t h y l e n e s o r -
b i t a n m o n o s t e a r a t e ) . 

T a b l e I I . S u r f a c t a n t s Used i n Foods i n t h e 
U n i t e d S t a t e s o f A m e r i c a 

L e c i t h i n 
G l y c e r o l and P o l y g l y c e r o l E s t e r s 
P r o p y l e n e G l y c o l E s t e r s 
L a c t y l a t e E s t e r s 
S o r b i t e  E s t e r
F u m a r a t e
E t h o x y l a t e

T a b l e I I I . F a c t o r s A f f e c t i n g C h o i c e o f Food-grade 
S u r f a c t a n t . 

U n i q u e F u n c t i o n H a n d l i n g ; S t o r a g e 
Two o r more F u n c t i o n s S a n i t a t i o n 
C o s t S a f e t y 

S u c r o s e e s t e r s have n o t been a p p r o v e d f o r use i n 
t h e U.S.A. However, t h e y were i n c l u d e d on t h e l i s t o f 
f o o d e m u l s i f i e r s c o m p i l e d by t h e Codex A l i m e n t a r i u s 
Committee o f t h e Food and A g r i c u l t u r e O r g a n i z a t i o n / 
W o r l d H e a l t h O r g a n i z a t i o n . I n a d d i t i o n , a 1974 d i r e c 
t i v e d r a f t e d by t h e n i n e c o u n t r i e s o f t h e E u r o p e a n E c 
onomic Community (2) p l a c e d s u c r o s e e s t e r s w i t h Annex 
I s u b s t a n c e s . Annex I s u b s t a n c e s a r e t h o s e l i k e l y t o 
be a p p r o v e d f o r f o o d use by a l l s t a t e s o f t h e EEC. 
To t h e a u t h o r s ' k n o w l e d g e , s u c r o s e e s t e r s a r e c u r r e n t l y 
u sed i n f o o d s i n J a p a n , S w i t z e r l a n d , F r a n c e , B e l g i u m 
and E n g l a n d . 

S u r f a c t a n t s i n B a k e r y Foods 

As p r e v i o u s l y i n t i m a t e d , f o o d - g r a d e s u r f a c t a n t s 
a r e i m p o r t a n t i n t h e p r o d u c t i o n o f b a k e r y f o o d s . 
T a b l e I V shows t h e a n n u a l p r o d u c t i o n o f b a k e r y f o o d s 
i n t h e U n i t e d S t a t e s . Y e a s t - l e a v e n e d , b r e a d - t y p e p r o 
d u c t s ( b r e a d , r o l l s , and sweet-goods) do m i n a t e t h e mar
k e t , a c c o u n t i n g f o r *v> 70% o f t h e t o t a l poundage. Wh i t e 
pan b r e a d i s t h e s i n g l e most i m p o r t a n t b a k e r y f o o d 
( T a b l e V ) , and e a c h one-pound l o a f c o n t a i n s up t o 1.4g 
added s u r f a c t a n t , o r a t o t a l p o t e n t i a l m a r k e t i n b r e a d -
making o f 90,000 l b day-1 (4.1 MT/day). Use o f dough 
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c o n d i t i o n e r s i n b r e a d m a k i n g has been e s t i m a t e d (6) t o 
l o w e r t h e r e t a i l p r i c e o f b r e a d 10-15%. Because o f 
t h e p r o m i n e n t p o s i t i o n o f b r e a d , o u r d i s c u s s i o n o f 
f o o d - g r a d e s u r f a c t a n t s i n t h e b a k e r y d e a l s h e a v i l y w i t h 
b r e a d . 

T a b l e I V . B a k e r y Foods i n t h e U n i t e d S t a t e s o f A m e r i c a 
A n n u a l P r o d u c t i o n , B i l l i o n s o f l b . 

B r e a d 13.4 Sweet Goods 1.3 
R o l l s 4.0 P i e 0.9 
C o o k i e s & C r a c k e r s 4.0 Donuts (Cake) 0.7 
Cakes 1.8 Donuts 0.4 

T a b l e V. Most I m p o r t a n t B a k e r y Food 

W h i t e Pan B r e a d =

S u r f a c t a n t , 1.4 g i n l b o f b r e a d = 90,000 l b d " 1 

S u r f a c t a n t s a r e u s e d i n b r e a d m a k i n g f o r t h r e e 
m a j o r r e a s o n s ( T a b l e V I ) . 

T a b l e V I . F u n c t i o n s o f S u r f a c t a n t s i n B r e a d m a k i n g . 

Dough S t r e n g t h e n e r Gas C e l l s 
Oven S p r i n g Non-Wheat P r o t e i n 
Crumb S o f t e n i n g R e p l a c e F a t 

Depending on c h e m i c a l s t r u c t u r e , a s u r f a c t a n t w i l l : 
(a) p r e v e n t dough f r o m c o l l a p s i n g d u r i n g p r o c e s s i n g 
( s t r e n g t h e n d o u g h ) ; (b) i n c r e a s e o v e n - s p r i n g o f a l o a f 
d u r i n g i n i t i a l s t a g e s o f b a k i n g , t h e r e b y i n c r e a s i n g 
l o a f - v o l u m e w h i l e s i m u l t a n e o u s l y k e e p i n g g a s - c e l l s o f 
th e b r e a d crumb s m a l l ; and (c) p r o l o n g s h e l f - l i f e o f 
b r e a d by s o f t e n i n g t h e crumb. As an example o f how 
c h e m i c a l s t r u c t u r e a f f e c t s t h e f u n c t i o n s o f a s u r f a c 
t a n t , sodium s t e a r o y l 2 - l a c t y l a t e (SSL) p e r f o r m s a l l 
t h r e e f u n c t i o n s ( 7 ) , b u t g l y c e r o l m o n o s t e a r a t e (GMS) 
and p o l y o x y e t h y l e n e s o r b i t a n m o n o s t e a r a t e (20) p e r f o r m 
f u n c t i o n s (c) and ( a ) , r e s p e c t i v e l y {8). 

S u r f a c t a n t s w i t h d o u g h - s t r e n g t h e n i n g p r o p e r t i e s 
a l s o p r o d u c e doughs t h a t h o l d more w a t e r and have l e s s 
s t i c k y s u r f a c e s . S t r o n g , d r y - s u r f a c e d doughs mean 
many fe w e r " c r i p p l e d " l o a v e s , w h i l e t h e e x t r a w a t e r gen
e r a t e s more p r o d u c t ( w h i t e b r e a d c o n t a i n s £ 38% w a t e r ) . 
D o u g h - s t r e n g t h e n e r s a l s o c a n be u s e d t o r a i s e p r o t e i n 
a n d/or l o w e r f a t i n l o a v e s ( 9 - 1 0 ) . 

B e f o r e t h e v o l a t i l e commodity p r i c e s o f r e c e n t 
y e a r s , b r e a d dough n o r m a l l y c o n t a i n e d 3% l a r d o r s h o r t -
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e n i n g , ( p e r c e n t a g e s a r e g i v e n as " b a k e r ' s p e r c e n t a g e s " , 
i . e . 1% f a t i n dough means one p a r t by w e i g h t o f f a t 
has been added p e r 100 p a r t s o f f l o u r ) . S h o r t e n i n g 
i m p r o v e s l o a f volume, s l i c i n g , and s h e l f - l i f e o f b r e a d . 
B u t , dough s t r e n g t h e n e r s a t <_ 0.5% t o g e t h e r w i t h v e g e 
t a b l e o i l s a t 0-1%, c a n be u s e d t o r e p l a c e s h o r t e n i n g . 
Such i n g r e d i e n t i n t e r c h a n g e s h e l p r e d u c e c o s t s . 

H i g h p r o t e i n b r e a d s a r e o f i n t e r e s t i n d e v e l o p i n g 
c o u n t r i e s t o a l l e v i a t e p r o t e i n / c a l o r i e m a l n u t r i t i o n 
( 9 - 1 0 ) . B r e a d p r o v i d e s an i d e a l v e h i c l e t o i m p r o v e 
n u t r i t i o n b e c a u s e i t i s u s e d w i d e l y and i t c a n be f o r 
t i f i e d a t t h e m i l l o r b a k e r y . A d d i n g p r o t e i n - r i c h 
f l o u r s f r o m p u l s e s and legumes t o wheat f l o u r r e s u l t s 
i n b r e a d w i t h l ow volume and p o o r t e x t u r e . F o r t u n a t e 
l y , dough s t r e n g t h e n e r s overcome t h o s e o b s t a c l e s

Wheat f l o u r c o n t a i n
i m a t e l y o n e - h a l f o  d i g a l a c t o s y  d i g l y c e r i d e
( 1 1 ) . D e s p i t e t h e i r l o w c o n c e n t r a t i o n , f r e e - p o l a r 
l i p i d s a r e e s s e n t i a l t o t h e b r e a d m a k i n g c h a r a c t e r i s t i c s 
o f wheat f l o u r ( 1 2 ) . M o n o e s t e r s o f s u c r o s e c o n t a i n 
t h e same r a t i o o f hexose t o f a t t y a c i d as f o u n d i n 
d i g a l a c t o s y l d i g l y c e r i d e s ( F i g u r e 1 ) . 

Figure 1. Digalactosyldiglyceride in wheat flour 

The a b i l i t y o f s u c r o s e e s t e r s t o c a r r y " f o r e i g n " 
p r o t e i n i n b r e a d i s i l l u s t r a t e d i n F i g u r e 2. The f i g 
u r e shows pup l o a v e s b aked i n an e x p e r i m e n t a l b r e a d -
m aking s y s t e m d e v e l o p e d d u r i n g t h e p a s t 30 y e a r s by 
P r o f e s s o r K a r l F i n n e y o f t h e Hard W i n t e r Wheat Q u a l i t y 
L a b o r a t o r y o f t h e U n i t e d S t a t e s Department o f A g r i c u l 
t u r e . I n t h i s bake t e s t (13) , t h e b a k e r i s l o o k i n g 
f o r t h e h i g h e s t p o s s i b l e l o a f - v o l u m e a ccompanied by 
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Figure 2. Added lipids in breadmaking. Center pup-loaf, no added lipid; right, 0.75% 
commercial sucrose monopalmitate; left, 3% shortening (percent based on flour in for
mula). (Courtesy K. F. Finney, Grain Marketing Research Lab., US Dept. of Agriculture, 

Manhattan, Kansas) 

t h e s m a l l e s t and " b e s t d e v e l o p e d " gas c e l l s . L o a f 
volumes i n t h e bake t e s t a r e r e p r o d u c i b l e t o + 2% 
when t r i p l i c a t e l o a v e s a r e b a k e d . 

I t i s n e c e s s a r y t o d i g r e s s h e r e t o p o i n t o u t t h a t 
l o a f - v o l u m e p o t e n t i a l o f a b r e a d f o r m u l a i s t o t h e 
b a k e r what a c i d s t r e n g t h o f a compound i s t o t h e chem
i s t . L o a f -volume c a n be d e c r e a s e d e a s i l y j u s t as a c i d i t y 
can be l o w e r e d by d i l u t i o n o f a s t r o n g a c i d f b u t p o o r 
l o a f volume p r o d u c e d by a f o r m u l a under optimum c o n 
d i t i o n s c a n n o t be i m p r o v e d , j u s t as a c e t i c a c i d c a n 
n e v e r g i v e a s t r o n g l y a c i d i c s o l u t i o n i n w a t e r . 

R e t u r n i n g t o F i g u r e 2, a l l t h r e e l o a v e s were 
p r e p a r e d u s i n g a c o m p o s i t e f l o u r c o n t a i n i n g ^ 11% d e f a t 
t e d , t o a s t e d soy f l o u r . The l o a f i n t h e c e n t e r , c o n 
t a i n i n g no added l i p i d , was u n a c c e p t a b l e . The l o a f on 
t h e l e f t , c o n t a i n i n g 3% s h o r t e n i n g ( b a k e r s ' p e r c e n t a g e ) 
was i m p r o v e d o v e r t h e c o n t r o l l o a f , w h i l e t h e l o a f on 
t h e r i g h t , c o n t a i n i n g ^ 3/4% c o m m e r c i a l s u c r o s e mono
p a l m i t a t e , was h i g h l y a c c e p t a b l e . L o a v e s i n F i g u r e 2 
i l l u s t r a t e t h e a b i l i t y o f f a t t y a c i d e s t e r s o f s u c r o s e 
t o (a) c a r r y soy f l o u r , (b) s p a r e s h o r t e n i n g , and (c) 
s t r e n g t h e n dough ( i m p r o v e d gas r e t e n t i o n w i t h f a s t e r 
p r o o f i n g ) . 
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The s u c r o s e e s t e r u s e d i n F i g u r e 2 was a commer
c i a l sample c o n t a i n i n g a m i x t u r e o f compounds. The 
m a n u f a c t u r e r r e p o r t e d t h e e s t e r c o n s i s t e d o f 70% mono-
and 30% h i g h e r e s t e r s o f a m i x t u r e ( 7 / 3 , w/w) o f p a l 
m i t i c and s t e a r i c a c i d s . The q u e s t i o n a r i s e s as t o 
w h i c h c h e m i c a l c o n s t i t u e n t ( s ) i s (are) r e s p o n s i b l e 
f o r t h e i m p r o v i n g a c t i o n o f s u c r o s e e s t e r s i n b r e a d -
m a k i n g . Such i n f o r m a t i o n i s needed t o f o r m u l a t e t h e 
most e f f e c t i v e s u c r o s e e s t e r . 

S u c r o s e E s t e r s o f P u r e F a t t y A c i d s 

I n o u r work we u s e d t h e Lemieux m o d i f i c a t i o n (14) 
o f t h e Hass p r o c e d u r e t o p r o d u c e s u c r o s e e s t e r s o f 
p u r e f a t t y a c i d s ( c a p r y l l i  t  a r a c h i d i c  i n c l u d i n
o l e i c a c i d ) . We u s e
i s o l a t e and p u r i f y t h
t h e d i e s t e r f r a c t i o n s . The p u r e e s t e r s were c h a r a c 
t e r i z e d by s a p o n i f i c a t i o n number and s u c r o s e c o n t e n t . 
They had no e f f e c t on t h e p r o d u c t i o n o f C 0 2 i n a y e a s t -
f l o u r f e r m e n t . 

The d a t a i n T a b l e V I I show t h a t s u c r o s e monopalmi-
t a t e (G14) was v e r y a c t i v e i n o v e r c o m i n g t h e volume-
d e p r e s s i n g e f f e c t o f soy f l o u r i n b r e a d , whereas t h e 
d i e s t e r f r a c t i o n behaved p a s s i v e l y . The c o n t r o l 
l o a f ' s (0% l i p i d ) volume was 713 c c , w h i c h i n c r e a s e d 
d r a m a t i c a l l y t o 851 c c w i t h o n l y 0.25% s u c r o s e mono-
p a l m i t a t e . The volume o f t h e l o a f made f r o m 3% s h o r t 
e n i n g was 880 c c , w h i c h c o u l d be r e a d i l y s u r p a s s e d 
u s i n g 0.5-0.75% s u c r o s e e s t e r . The d i p a l m i t a t e f r a c 
t i o n had no v o l u m e - i m p r o v i n g o r d e t r i m e n t a l e f f e c t a t 
0.25%. We c o n c l u d e d t h a t o n l y t h e m o n o e s t e r s o f s u 
c r o s e a r e dough c o n d i t i o n e r s i n b r e a d m a k i n g . 

We a l s o examined t h e e f f e c t o f f a t t y a c i d c h a i n 
l e n g t h on t h e d o u g h - c o n d i t i o n i n g e f f e c t o f s u c r o s e 
m o n o e s t e r s . A g a i n , we u s e d t h e v o l u m e - i m p r o v i n g 
a c t i o n o f s u c r o s e m o n o e s t e r s i n s o y - f o r t i f i e d b r e a d s t o 
measure t h e d o u g h - s t r e n g t h e n i n g e f f e c t . R e s u l t s a r e 
shown i n F i g u r e 3. 

I n t h i s e x p e r i m e n t , t h e volume o f t h e c o n t r o l l o a f 
c o n t a i n i n g 3% s h o r t e n i n g and no s u c r o s e e s t e r was 880cc 
compared w i t h 638 c c f o r t h e l o a f w i t h n e i t h e r s h o r t e n 
i n g n o r s u c r o s e e s t e r . A d d i n g 0.2 - 0.4% o f a commer
c i a l s u c r o s e e s t e r (F-160, D a i - I c h i Kogyo S e i y a K u 
Co., L t d . , K y o t o , Japan) d r a m a t i c a l l y i m p r o v e d l o a f 
v olume, b u t a d d i t i o n a l amounts (0.4 - 0.8%) p r o d u c e d 
no f u r t h e r improvement. 

Up t o now ( A u g u s t , 1976) we have o b t a i n e d o n l y 
t h r e e d a t a p o i n t s on t h e volume i m p r o v i n g e f f e c t o f t h e 
p u r e s u c r o s e m o n o e s t e r s . B u t t h o s e d a t a p o i n t s , a l o n g 
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T a b l e V I I . E f f e c t o f L i p i d s on Loaf-volume of Bread ( c c ) 
Pr e p a r e d from 100 g of a M i x t u r e (9:1) of 
Wheat F l o u r and Toas t e d D e f a t t e d Soy F l o u r . 

L i p i d * 5 , % La r d Monopalm. C D i p a l m . 

0 713 713 713 

0.1 - 815 698 

0.25 - 8 5 1 d 688 

3.0 8 8 0 d - -

(a) I n c o l l a b o r a t i o n w i t h H. Chung, K. F i n n e y , and C. 
M a g o f f i n , U. S  G r a i  M a r k e t i n  R e s e a r c h Lab.
Manhattan, KS

(b) P e r c e n t based
(c) Sucrose monopalmitate. 
(d) Crumb s t r u c t u r e judged s a t i s f a c t o r y . 
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Figure 3. Performances of a commercial sucrose monopalmitate 
and of sucrose monoesters of pure fatty acids in bread (pup-loaf) 
made from a no-shortening formula containing a 9:1 mixture of 
wheat-soy flour. The loaf with 3% shortening had a loaf-volume of 
880 cc. (Results determined by C. Magoffin and K. F. Finney, Grain 
Marketing Research Laboratory, U.S.D.A., Manhattan, Kansas, 
U.S.A., in collaboration with H. Chang, Dept. of Grain Science, 

Kansas State University, Manhattan, Kansas) 
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w i t h t h e g e n e r a l shape o f t h e c u r v e f o r t h e c o m m e r c i a l 
e s t e r f c a n be u s e d t o s u g g e s t shapes o f c u r v e s f o r 
t h e p u r e e s t e r s . F i g u r e 3 shows t h a t a t 0.4%, s u c r o s e 
m o n o l a u r a t e (C-12) and m o n o p a l m i t a t e were much more 
e f f e c t i v e dough s t r e n g t h e n e r s t h a n t h e m o n o c a p r y l l a t e 
(C-8) o r m o n o a r a c h i d a t e , ( C - 2 0 ) • A l t h o u g h n o t shown, 
t h e m o n o m y r i s t a t e , m o n o s t e a r a t e , and m o n o o l e a t e e s t e r s 
were a l m o s t as e f f e c t i v e as t h e m o n o l a u r a t e e s t e r , b u t 
t h e monocaprate e s t e r was somewhat l e s s e f f e c t i v e . 

I n c r e a s i n g t h e w e i g h t p e r c e n t a g e o f p u r e s u c r o s e 
e s t e r i n t h e p u p - l o a f f o r m u l a f r o m 0.4% t o 0.75% p r o 
duced some s u r p r i s e s . A t t h o s e l e v e l s , s u c r o s e mono
c a p r y l l a t e , m o n o c a p r a t e , and m o n o a r a c h i d a t e became more 
e f f e c t i v e t h a n s u c r o s e m o n o m y r i s t a t e , m o n o p a l m i t a t e , 
m o n o s t e a r a t e , and m o n o o l e a t e  O n l y s u c r o s e monolau
r a t e d i d n o t d e c l i n
b r o a d , optimum v o l u m e - r e s p o n s
dough. 

Two o t h e r p o i n t s a r e e v i d e n t i n F i g u r e 3. Sodium 
s t e a r o y l 2 - l a c t y l a t e (SSL) i s i n f e r i o r t o s u c r o s e 
e s t e r s f o r c a r r y i n g soy p r o t e i n i n a n o - s h o r t e n i n g 
b r e a d f o r m u l a . A l s o , t h e s u p e r i o r p e r f o r m a n c e o f t h e 
c o m m e r c i a l s u c r o s e e s t e r i m p l i e s s y n e r g i s t i c e f f e c t s 
i n w h i c h a m i x t u r e o f s u c r o s e e s t e r s i s somewhat more 
e f f e c t i v e as a dough s t r e n g t h e n e r t h a n i s a p u r i f i e d 
m o n o e s t e r . 

Carbon-13 N u c l e a r M a g n e t i c Resonance S p e c t r a 

A m o n o e s t e r o f s u c r o s e p r e p a r e d f r o m a p u r e f a t t y 
a c i d m e t h y l e s t e r by t r a n s e s t e r i f i c a t i o n i s a m i x t u r e 
o f p o s i t i o n a l i s o m e r s ( 1 5 - 2 0 ) . E a c h i s o m e r c o u l d b e 
have d i f f e r e n t l y i n b r e a d . D a t a i n F i g u r e 4 show a 
d r a m a t i c example o f how p o s i t i o n a l i s o m e r s f u n c t i o n 
d i f f e r e n t l y i n b r e a d m a k i n g ( 2 1 ) . L - A s c o r b y l 6 - p a l m i -
t a t e i s an e x c e l l e n t dough s t r e n g t h e n e r , w h i c h showed 
a +92 c c volume r e s p o n s e above a n o - s h o r t e n i n g c o n t r o l 
l o a f (905 c c ) . On t h e o t h e r hand, L - a s c o r b y l 2 - p a l m i -
t a t e d e c r e a s e d l o a f volume 165 c c b e l o w t h e c o n t r o l . 

To t a i l o r - m a k e s u c r o s e e s t e r s f o r f o o d , i t i s im
p o r t a n t t o l e a r n w h i c h p o s i t i o n a l i s o m e r s a r e most e f 
f e c t i v e i n a g i v e n a p p l i c a t i o n . To b e g i n s u c h a p r o g r a m , 
a r a p i d method o f c h a r a c t e r i z i n g a m i x t u r e o f i s o m e r s 
o f s u c r o s e m o n o e s t e r s was needed. P r e l i m i n a r y r e s u l t s 
i n d i c a t e d c a r b o n - 1 3 n u c l e a r m a g n e t i c r e s o n a n c e ( 1 3 C 
n.m.r.) ca n p r o v i d e t h e r e q u i r e d c o m p o s i t i o n a l i n f o r 
m a t i o n . 

A p a r t i a l s p e c t r u m o f t h e m o n o e s t e r f r a c t i o n o f 
s u c r o s e p a l m i t a t e i n m e t h y l s u l f o x i d e i s shown i n F i g 
u r e 5. The t h r e e s i g n a l s o f t h e a n o m e r i c c a r b o n o f 
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t h e f r u c t o s e r e s i d u e i n d i c a t e d t h a t t h e f r a c t i o n c o n 
t a i n e d t h r e e p r e d o m i n a n t i s o m e r s . T h a t c o n c l u s i o n 
was c o n f i r m e d by t h e a p p e a r a n c e o f t h r e e r e l a t i v e l y i n 
t e n s e c a r b o n y l r e s o n a n c e s a t a p p r o x i m a t e l y 173 ppm. 
As p r i m a r y h y d r o x y l s n o r m a l l y a r e more r e a d i l y e s t e r i -
f i e d t h a n s e c o n d a r y h y d r o x y l s , i t i s assumed t h a t t h e 
t h r e e main i s o m e r s a r e s u c r o s e 6 - p a l m i t a t e , 6 ' - p a l m i -
t a t e , and l ' - p a l m i t a t e ( p r i m e d p o s i t i o n s a r e on t h e 
f r u c t o s e r e s i d u e ) . 

The c h e m i c a l s h i f t s o f t h e t w e l v e c a r b o n s i n s u 
c r o s e have been a s s i g n e d by t h r e e g r o u p s o f i n v e s t i g a 
t o r s ( 2 2 - 2 4 ) . F u r t h e r m o r e , H o r t o n e t a l . , f o u n d t h a t 
t h e c h e m i c a l s h i f t s o f s u c r o s e i n w a t e r were p r a c t i c a l 
l y i d e n t i c a l t o t h o s e i n m e t h y l s u l f o x i d e (23.) . We 
t h e r e f o r e , c a n compare t h e d a t a on s u c r o s e e s t e r s i n 
m e t h y l s u l f o x i d e t o t h o s e f o u n d i n w a t e r . 

The F-2 s i g n a l o f l o w e s t i n t e n s i t y (101.7 ppm) 
seen i n F i g u r e 5 was s h i f t e d a p p r o x i m a t e l y 2 ppm up-
f i e l d f r o m t h e two o t h e r F-2 s i g n a l s (103.5 and 103.8 
ppm). The c h e m i c a l s h i f t o f a c a r b o n i n t h e ß-posi-
t i o n t o a c a r b i n o l u n d e r g o e s a p p r o x i m a t e l y a +2 ppm 
s h i f t when t h e c a r b i n o l h y d r o x y l i s e s t e r i f i e d (25) . 
The peak a t 101.7 ppm t h u s c a n be a s s i g n e d t o t h e F-2 
c a r b o n o f s u c r o s e l ' - p a l m i t a t e . 

Two s i g n a l s were o b s e r v e d i n t h e F-4 r e g i o n o f t h e 
sp e c t r u m o f s u c r o s e m o n o p a l m i t a t e . The F-4 c a r b o n o f 
s u c r o s e i s e a s i l y i d e n t i f i e d i n t h e s p e c t r u m o f s u c r o s e , 
as i t i s t h e s i g n a l f a r t h e s t d o w n f i e l d e x c e p t f o r t h e 
an o m e r i c c a r b o n s . The p r e d o m i n a t e s i g n a l a t 82.4 ppm 
i s c l o s e t o t h e F-4 s i g n a l o f s u c r o s e (82.2 ppm). 
T h e r e f o r e , we assume t h a t s i g n a l r e s u l t s f r o m t h e o v e r 
l a p p i n g r e s o n a n c e s o f t h e F-4 c a r b o n s o f s u c r o s e 6-
p a l m i t a t e and l ' - p a l m i t a t e . The s i g n a l a t 79.3 ppm 
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Figure 5. Partial carbon-13 nuclear magnetic resonance spectrum of 
sucrose monopalmitate in methyl sulfoxide; pulse time was 3 sec with 

a total of 32,000 pulses 

was a s s i g n e d t o F-4 o f s u c r o s e 6 1 - p a l m i t a t e . R e i s t 
and c o w o r k e r s (26) p r e v i o u s l y r e p o r t e d t h e F-4 c a r b o n 
i n s u c r o s e 6 , 6 * - d i - p - t o l u e n e s u l f o n a t e r e s o n a t e d a t 
80.8 o r 79.7 ppm i n a c e t o n e - d g s o l u t i o n , w h i c h i s 1.4 -
2.5 ppm u p f i e l d f r o m t h e p o s i t i o n o f t h e F-4 c a r b o n o f 
s u c r o s e i n w a t e r # | E x c l u d i n g s o l v e n t e f f e c t s , e s t e r i -
f i c a t i o n a t t h e 6 - p o s i t i o n o f f r u c t o s e a p p e a r s t o c a u s e 
an u p f i e l d s h i f t o f t h e F-4 s i g n a l . 

The r e l a t i v e i n t e n s i t i e s o f t h e F-2 and F-4 s i g 
n a l s were u s e d t o c a l c u l a t e t h a t t h e mo n o e s t e r f r a c t i o n 
c o n t a i n e d 64% s u c r o s e 6 - p a l m i t a t e , 29% s u c r o s e 6'-
p a l m i t a t e , and 7% l ' - p a l m i t a t e , w h i c h a g r e e s w i t h c o n 
c l u s i o n s o f o t h e r s who have r e p o r t e d t h a t t h e p r e d o m i 
n a t e i s o m e r i s t h e 6 - e s t e r (17-20) and t h a t t h e 1'-po
s i t i o n i s t h e most s t e r i c a l l y h i n d e r e d (26). 

Crumb S o f t e n i n g 

Crumb s o f t e n e r s a r e us e d by b a k e r s t o e x t e n d t h e 
s h e l f - l i f e o f b r e a d , and t h e r e b y r e d u c e d e l i v e r y c o s t s . 
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The c r u m b - s o f t e n i n g power o f a s u r f a c t a n t o f t e n i s de
t e r m i n e d by m e a s u r i n g t h e w e i g h t r e q u i r e d t o compress 
b r e a d crumb a g i v e n d i s t a n c e . S h o r t e n i n g ( 3 % b a s e d 
on f l o u r ) g i v e s some crumb s o f t e n i n g ( F i g u r e 6 ) , where
as s u c r o s e m o n o s t e a r a t e (0.75% b a s e d on f l o u r ) s o f t e n s 
b r e a d crumb a l m o s t as w e l l as sodium s t e a r o y l 2 - l a c t y -
l a t e . The l a t t e r s u r f a c t a n t i s as e f f e c t i v e as t h e 
o t - g l y c e r o l m o n o e s t e r s o f f a t t y a c i d s , t h e most w i d e l y 
u s e d , c o m m e r c i a l b r e a d s o f t e n e r . 

The s o f t e n i n g power o f s u c r o s e m o n o e s t e r s d e c l i n e d 
p r o g r e s s i v e l y as t h e c h a i n l e n g t h o f t h e f a t t y a c i d 
was d e c r e a s e d f r o m C-18 t o C-8 a t b o t h t h e 0.75% and 
0.4% l e v e l . When p l o t t e d , t h e d a t a p r o d u c e s a f a m i l y 
o f c u r v e s ( F i g u r e 6 ) , a l l o f w h i c h a r e n o t shown. A l s o , 
s u c r o s e m o n o o l e a t e , m o n o a r a c h i d a t e d
s t e a r a t e were e q u a l l
two were i n f e r i o r a

O t h e r P o t e n t i a l B a k e r y and C e r e a l Uses o f S u c r o s e 
E s t e r s 

S o f t c a k e s g e n e r a l l y a r e p r e p a r e d f r o m f o r m u l a s 
c o n t a i n i n g 40 - 70 p a r t s o f s h o r t e n i n g p e r 100 p a r t s o f 
f l o u r . Most s h o r t e n i n g s a r e t h e e m u l s i f i e d t y p e c o n 
t a i n i n g 3-6% o f a s u r f a c t a n t , s u c h as mono- and d i g l y 
c e r i d e s , p r o p y l e n e g l y c o l e s t e r s , o r p o l y o x y e t h y l e n e 
s o r b i t a n m o n o s t e a r a t e . S u r f a c t a n t s f u n c t i o n i n cake 
t o i m p r o v e cake v o l u m e , p r o d u c e a f i n e r g r a i n , c a r r y 

Figure 6. Crumb-softening effects of sucrose monoesters 
of pure fatty acids in soy-fortified bread (see Figure 3). 

Control contained no added lipid. 
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more s u g a r ( h i g h r a t i o c a k e s ) , and t o i m p r o v e e a t i n g 
and k e e p i n g q u a l i t i e s o f c a k e . The t o t a l p o t e n t i a l 
m a r k e t f o r s u r f a c t a n t s i n cake i s a p p r o x i m a t e l y 1 0 f 0 0 0 
l b day " 1 . 

S u c r o s e e s t e r s now a r e u s e d i n sponge c a k e i n 
J a p a n (27^) . However, no i n f o r m a t i o n i s a v a i l a b l e on 
how t h e y w o u l d p e r f o r m i n t h e v a r i e t y o f c a k e s made i n 
t h e U.S.A. 

A p a r t i c u l a r l y e x c i t i n g m a r k e t f o r s u c r o s e e s t e r s 
and o t h e r f o o d s u r f a c t a n t s c o u l d be d e v e l o p e d i f t h e y 
r e d u c e d t h e r e q u i r e m e n t f o r s h o r t e n i n g i n c a k e s f cook
i e s , and c r a c k e r s . T h a t w o u l d p e r m i t t h o s e p o p u l a r 
f o o d s t o be e n j o y e d w i t h l e s s c a l o r i c i n t a k e . Tsen 
(28) has r e p o r t e d , f o r example, t h a t 25% o f t h e s h o r t 
e n i n g i n c o o k i e s c a n be r e p l a c e d i f one u s e s < 1% s u r 
f a c t a n t . 

S u c r o s e e s t e r
t i f i e d f l o u r f o r p u r c h a s e by v o l u n t e e r a g e n c i e s o v e r 
s e a s u n d e r T i t l e I I o f t h e PL-480 program o f t h e U n i t e d 
S t a t e s Department o f A g r i c u l t u r e . I n 1975, 150 m i l 
l i o n pounds o f s o y - f o r t i f i e d f l o u r was s h i p p e d f r o m 
t h e U n i t e d S t a t e s t o d e v e l o p i n g c o u n t r i e s . C u r r e n t l y 
s odium s t e a r o y l 2 - l a c t y l a t e i s t h e a p p r o v e d s u r f a c t a n t 
i n s o y - f o r t i f i e d f l o u r . D e v e l o p i n g c o u n t r i e s may 
p r e s e n t s t i l l a n o t h e r m a r k e t f o r s u c r o s e e s t e r s . 
F r e q u e n t l y t h o s e c o u n t r i e s want t o r e d u c e i m p o r t s o f 
wheat f l o u r f o r b r e a d by c o m p o s i t i n g wheat f l o u r w i t h 
i n d i g e n o u s s t a r c h y f l o u r s f r o m c o r n , sorghum, r i c e , 
o r c a s s a v a . S u r f a c t a n t s a r e r e q u i r e d t o p r o d u c e 
a c c e p t a b l e b r e a d s f r o m s u c h c o m p o s i t e f l o u r s ( 2 9 ) . 

The p o s s i b i l i t y o f u s i n g s u c r o s e e s t e r s i n t h e 
f o l l o w i n g a p p l i c a t i o n s s h o u l d be e x p l o r e d ; (1) i n 
hamburger and h o t dog r o l l s t o r e d u c e t h e g l u t e n added 
( 3 0 ) ; (2) t o make p i z z a dough e a s i e r t o s h e e t ; (3) 
i n w h i p p e d t o p p i n g s and f i l l i n g s f o r c a k e s and sweet 
goods; (4) t o s u b s t i t u t e f o r h a r d e n e d f a t s i n c o n t i n 
uous-mix b r e a d t o i n c r e a s e s t r e n g t h o f t h e l o a f ' s s i d e -
w a l l s ; and (5) i n p a s t a and n o o d l e s as w e l l as p r e c o o k 
ed b r e a k f a s t c e r e a l s t o r e d u c e s t i c k i n e s s and s o g g i n e s s 
upon h y d r a t i o n . 

Summary 

S u c r o s e m o n o e s t e r s o f common f a t t y a c i d s a r e e x 
c e l l e n t dough c o n d i t i o n e r s i n b r e a d m a k i n g . They p r o 
duce d r i e r , s t r o n g e r doughs; p e r m i t p r o d u c t i o n o f h i g h 
l y a c c e p t a b l e b r e a d f r o m wheat f l o u r c o n t a i n i n g non-
wheat, h i g h - p r o t e i n , o r h i g h - s t a r c h f l o u r s ; and t h e y 
s p a r e s h o r t e n i n g . I n a d d i t i o n , s u c r o s e e s t e r s r a n k 
c l o s e l y t o t h e most e f f e c t i v e crumb s o f t e n e r s c u r r e n t l y 
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used. Although bread provides by far the largest 
potential market for sucrose esters in the bakery, 
other uses would be s igni f icant , including: emulsifier 
for soft cakes; shortening-sparing agent in cookies and 
crackers; gluten-sparing agent in buns; and emulsifier 
in toppings and f i l l i n g s . 
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Abstract 

In 1969, Pomeranz, Shogren and Finney, Cereal 
Chemistry, 46, (1969), 503 and 513, reported protein
-fortified breads can be prepared using selected fatty
-acid esters of sucrose. Additional useful functions 
of sucrose esters in baked foods have been demonstrated 
including, among others, shortening-sparing in bread, 
cookies and crackers. Additional studies are under
way to determine the dough conditioning and crumb soft
ening effects of sucrose esters in breadmaking. A 
review of the potential bakery market for sucrose 
esters is presented. 
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M e t h o d for Preparing Esters of Polyalcohols (Sugar 

Alcohols) 

J. A. VAN VELTHUIJSEN, J. G. HEESEN., and P. K. KUIPERS 
C.V. Chemie Combinatie, Amsterdam C.C.A., Arkelsedijk 46, Gorinchem, Holland 

E s t e r s o f p o l y o l
a c i d s f r e q u e n t l y ar
agents . The s o r b i t a n e s t e r s o f f a t t y a c i d s are w e l l 
known. They are prepared by e s t e r i f i c a t i o n o f s o r b i t o l 
w i t h f a t t y a c i d s a t temperatures o f a t l e a s t 190°C, 
u s u a l l y at 2 2 0 - 2 4 0 ° C . Dur ing the r e a c t i o n , a sub
s t a n t i a l p o r t i o n o f the s o r b i t o l (more than 75%)is con
v e r t e d i n t o anhydro-compounds ( i n t r a m o l e c u l a r e the r s 
l i k e s o r b i t a n and i s o s o r b i d e ) . The produc ts become 
l e s s h y d r o p h i l i c due t o the fo rmat ion o f these anhydro-
compounds. 

P o l y o l e s t e r s o f f a t t y a c i d s can be prepared w i t h 
out s imul taneous fo rmat ion o f anhydro-compounds by 
r e e s t e r i f i c a t i o n of the methy l o r g l y c e r y l e s t e r s i n a 
p o l a r s o l v e n t , i n the same way t h a t sucrose e s t e r s have 
been p repa red . Residues o f the t o x i c s o l v e n t s are 
d i f f i c u l t t o e l i m i n a t e from the f i n a l p roduc t s , and t h i s 
c r ea t e s problems f o r the p roduc t s t o be used i n foods . 

Now we have found t h a t p o l y o l e s t e r s , c o n t a i n i n g a 
min ima l percentage o f anhydro-compounds can be ob t a ined 
i f the f a t t y a c i d i s e s t e r i f i e d w i t h the p o l y o l o r a 
g l y c o s i d e t h e r e o f , i n the presence o f a f a t t y a c i d soap 
( i n a q u a n t i t y o f 10% or more c a l c u l a t e d upon the p o l y 
o l ) a t a temperature between 100°C and 190°C w i t h 
s imul taneous e l i m i n a t i o n o f the water formed d u r i n g the 
r e a c t i o n . I f , f o r i n s t a n c e , s o r b i t o l i s e s t e r i f i e d a t 
150°C i n the presence o f f a t t y a c i d soap, o n l y 3 t o 5% 
of the s o r b i t o l i s conver ted t o anhydro-compounds 
( s o r b i t a n ) . (See F i g u r e 1.) 

I t i s a we l l -known procedure t o use soap as a c a t a 
l y s t o r as a m i s c i b i l i t y promot ing agent i n p r e p a r i n g 
sucrose e s t e r s o f f a t t y a c i d s w i t h o u t a s o l v e n t . One 
of these i s the mic roemuls ion p rocess f o r p r e p a r i n g 
sucrose e s t e r s , d e v e l o p e d by S n e l l f o r the S ta t e o f 
Nebraska . Soap a l s o i s deemed an e s s e n t i a l p a r t o f 
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t h e r e a c t i o n m i x t u r e i n t h e m o l t e n s u c r o s e p r o c e s s de
v e l o p e d by Dr. R.O. Feuge o f S o u t h e r n R e g i o n a l R e s e a r c h 
L a b o r a t o r y o f t h e U.S.D.A. I n o u r method f o r t h e 
p r e p a r a t i o n o f p o l y o l e s t e r s , a good r e s u l t g e n e r a l l y 
can be o b t a i n e d w i t h l e s s s o a p , and no homogeneous 
s o l u t i o n o r m i c r o e m u l s i o n i s r e q u i r e d f o r t h e e s t e r i f i -
c a t i o n o f t h e g r e a t e r p a r t o f t h e f a t t y a c i d . 

I n o u r p r o c e s s , t h e p o l y o l s may be added t o t h e 
r e a c t i o n m i x t u r e as an aqueous s o l u t i o n . However, 
w a t e r i s n o t an e s s e n t i a l component o f t h e m i x t u r e as 
i t i s i n t h e m i c r o e m u l s i o n p r o c e s s f o r t h e p r e p a r a t i o n 
o f s u c r o s e e s t e r s o f f a t t y a c i d s . 

A c h a r a c t e r i s t i c d i f f e r e n c e f r o m t h e p r e p a r a t i o n 
o f s u c r o s e e s t e r s , i s t h a t s u g a r a l c o h o l s a r e much 
more s t a b l e t h a n s u c r o s e  so t h a t t h e y c a n w i t h s t a n d 
t h e r e l a t i v e l y l o n g
e s t e r i f i c a t i o n by f a t t
s a t i s f a c t o r y f o r p r e p a r i n g f a t t y a c i d e s t e r s o f s u g a r 
a l c o h o l s o f mono- and d i s a c c h a r i d e s . 

Sugar a l c o h o l s c a n be p r e p a r e d by hydrogénation 
o f r e d u c i n g mono-, d i - and o l i g o s a c c h a r i d e s . S o r b i t o l 
and m a n n i t o l a r e o b t a i n e d f r o m s u c r o s e , m a l t i t o l f r o m 
m a l t o s e and l a c t i t o l f r o m l a c t o s e . M a l t o s e i s more 
e x p e n s i v e t h a n s u c r o s e w h i l e l a c t o s e , o b t a i n e d f r o m 
whey, p o t e n t i a l l y i s an i n e x p e n s i v e raw m a t e r i a l . 
The p r o p e r t i e s o f t h e f a t t y a c i d e s t e r s o f t h e g l y c o 
s i d e s o f s o r b i t o l , l i k e t h o s e o f l a c t i t o l and m a l t i t o l 
a r e c o m p a r a b l e w i t h t h o s e o f t h e known s u c r o s e e s t e r s . 
S u c r o s e has 8 h y d r o x y l g r o u p s w h i c h ca n be e s t e r i f i e d , 
whereas l a c t i t o l and m a l t i t o l c o n t a i n 9 h y d r o x y l g r o u p s . 

E m u l s i f y i n g a g e n t s c a n be p r e p a r e d by means o f o u r 
method w i t h v a l u e s f o r t h e h y d r o p h i l i c - l i p o p h i l i c b a l 
ance (HLB) v a r y i n g f r o m HLB 4 t o HLB 16 by m o d i f i c a 
t i o n s o f t h e p e r c e n t a g e o f m o n o e s t e r c o n t e n t , by t h e 
t y p e o f f a t t y a c i d c h o s e n and, p a r t i c u l a r l y by t h e 
c h o i c e o f t h e p o l y o l o r p o l y o l g l y c o s i d e . F o r i n 
s t a n c e , t h e s t a b i l i t y o f t h e f a t t y a c i d s o r b i t o l e s t e r s 
s u r p r i s i n g l y i s so h i g h t h a t , i n t h e r e a c t i o n w i t h f r e e 
o r g a n i c a c i d s , o n l y a r e l a t i v e l y s m a l l amount o f s o r b i 
t a n compound i s formed,whereas t h e r e a c t i o n o f s o r b i t o l 
l a c t a t e w i t h f a t t y a c i d s w i l l r e s u l t i n a f a i r l y h i g h 
c o n v e r s i o n i n t o anhydro-compounds. 

I n t h e b e g i n n i n g o f o u r r e s e a r c h p r ogram, i t was 
e x p e c t e d t h a t t h i s l a s t r e a c t i o n e s p e c i a l l y w o u l d 
r e s u l t i n a smooth e s t e r i f i c a t i o n w i t h o u t a n h y d r o -
f o r m a t i o n , due t o t h e b e t t e r m u t u a l s o l u b i l i t y o f t h e 
r e a c t a n t s . 

To m o d i f y t h e p r o p e r t i e s o f t h e p o l y o l e s t e r s ob
t a i n e d , we have t r e a t e d them w i t h s e v e r a l o r g a n i c a c i d s 
i n c l u d i n g a c e t i c , l a c t i c , m a l i c , c i t r i c and d i a c e t y l t a r -
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t a r i e a c i d s . 
I n t h e r e a c t i o n o f t h e p o l y o l s w i t h t h e f a t t y 

a c i d s , t h e m o l a r r a t i o p o l y o l / f a t t y a c i d may v a r y be
tween 4:1 and 1:5. The f a c t i s t h a t i n t h e r e a c t i o n , 
a p a r t f r o m m o n o f a t t y a c i d e s t e r s , d i f a t t y a c i d and 
h i g h e r e s t e r s a l s o a r e b e i n g formed. The monoester 
c o n t e n t i n t h e p r o d u c t c a n be v a r i e d by r e g u l a t i n g t h e 
mol p r o p o r t i o n o f p o l y o l / f a t t y a c i d . The f a t t y a c i d s 
u sed a r e n a t u r a l f a t t y a c i d s h a v i n g 10-20 c a r b o n atoms. 

The f a t t y a c i d soap may be added as an a l k a l i 
m e t a l s a l t o f f a t t y a c i d s h a v i n g 10-22 c a r b o n atoms, o r 
p r e p a r e d i n s i t u by a d d i n g a l k a l i m e t a l compounds t o 
th e r e a c t i o n m i x t u r e , s u c h as a l k a l i m e t a l h y d r o x i d e s 
o r s a l t s o f v o l a t i l e o r g a n i c a c i d s . The q u a n t i t y o f 
soap c an v a r y w i t h i  w i d  l i m i t s  e.g.,10-80% b  w e i g h t 
o f t h e q u a n t i t y o f

The r e a c t i o n v e l o c i t y c a  be i n f l u e n c e d s i g n i f i
c a n t l y by t h e c h o i c e o f t h e r e a c t i o n t e m p e r a t u r e and 
q u a n t i t y o f s o a p , w i t h o u t t h e f o r m a t i o n o f t o o much o f 
t h e anhydro-compounds. As t h e soap has t o be e l i m i n a 
t e d f r o m t h e r e a c t i o n p r o d u c t a f t e r t h e r e a c t i o n and 
e s p e c i a l l y when t h e r e a c t i o n p r o d u c t i s t o be u s e d 
d i r e c t l y w i t h o u t p u r i f i c a t i o n , t h e q u a n t i t y o f soap 
c h o s e n p r e f e r a b l y w i l l be as low as p o s s i b l e . The 
r e a c t i o n s u s u a l l y a r e c a r r i e d o u t under an i n e r t gas 
f o r t h e e x c l u s i o n o f oxygen. The r e a c t i o n p r o d u c t s 
can be p u r i f i e d by known methods, l i k e t h e methods u s e d 
f o r t h e p u r i f i c a t i o n o f s u c r o s e e s t e r s o f f a t t y a c i d s . 
I n a d d i t i o n n o n p u r i f i e d p r o d u c t s , c o n t a i n i n g some f r e e 
p o l y o l and soap , may be u s e d d i r e c t l y as e m u l s i f i e r s . 

The y i e l d s o f anhydro-compounds formed and t h e 
r e s i d u a l p o l y o l p e r c e n t a g e s a r e d e t e r m i n e d by g a s -
ch r o m a t o g r a p h y . F o r t h a t p u r p o s e , t h e p r o d u c t s a r e 
s a p o n i f i e d , t h e s a l t s a r e removed by i o n exchange 
r e s i n s and t h e p o l y o l m i x t u r e i s a c e t y l a t e d , a f t e r 
a d d i n g an i n t e r n a l s t a n d a r d . The p o l y o l g l y c o s i d e s 
can be d e t e r m i n e d by means o f q u a n t i t a t i v e , t h i n l a y e r 
c h r o m a t o g r a p h y . The s e p a r a t e d components a r e c o l o r e d 
by s p r a y i n g w i t h an a n i l i n e - d i p h e n y l a m i n e - p h o s p h o r i c 
a c i d (adp) r e a g e n t (0.75 g a n i l i n e , 0.75 d i p h e n y l a m i n e 
i n 50 ml e t h a n o l w i t h 5 ml 85% p h o s p h o r i c a c i d ) and 
h e a t e d f o r 30 min a t 110°C. C o n c e n t r a t i o n s a r e meas
u r e d on t h e p l a t e by means o f a V i t a t r o n TLD 100, 
" f l y i n g s p o t " d e n s i t o m e t e r , r e f e r r i n g them t o s t a n d a r d 
m i x t u r e s o f known c o n c e n t r a t i o n s . 

The c o m p o s i t i o n o f t h e p o l y o l e s t e r s a l s o i s d e t e r 
mined by means o f q u a n t i t a t i v e t h i n l a y e r c h r o m a t o 
g r a p h y . M o n o f a t t y a c i d e s t e r s , d i f a t t y a c i d e s t e r s 
and h i g h e r e s t e r s a r e s e p a r a t e d on s i l i c a g e l , t h i n 
l a y e r p l a t e s by e l u t i o n w i t h a m i x t u r e o f benzene, e t h e r 
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and m e t h a n o l ( 7 0 f 35 and 7 p a r t s by volume, r e s p e c t i v e 
l y ) f o r t h e d e t e r m i n a t i o n o f p o l y o l f a t t y a c i d e s t e r s 
and, by e l u t i o n w i t h a m i x t u r e o f c h l o r o f o r m , a c e t i c 
a c i d , m e t h a n o l and w a t e r (80, 10, 8 and 2 p a r t s by 
volume, r e s p e c t i v e l y ) f o r t h e d e t e r m i n a t i o n o f t h e g l y 
c o s i d e e s t e r s . The s e p a r a t e d g l y c o s i d e e s t e r s a r e 
made v i s i b l e by s p r a y i n g w i t h an adp r e a g e n t and t r e a t 
i n g them f o r 30 min a t 110°C. The r e t e n t i o n t i m e s o f 
t h e v a r i o u s components o f t h e m a l t i t o l and l a c t i t o l 
f a t t y a c i d e s t e r s c o r r e s p o n d f a i r l y w e l l w i t h t h o s e o f 
s u c r o s e f a t t y a c i d e s t e r s . T h i s i s d e m o n s t r a t e d i n 
F i g u r e 2, a p i c t u r e o f a t h i n l a y e r p l a t e , s h o w ing t h e 
s e p a r a t e d components o f t h e f a t t y a c i d e s t e r s o f s u 
c r o s e , l a c t i t o l and m a l t i t o l . The s i m i l a r i t y o f t h e 
e l u t i o n p a t t e r n s i n d i c a t e s a c e r t a i n r e s e m b l a n c e i n 
h y d r o p h i l i c p r o p e r t i e s

Figure 2. Thin layer chromatography. TCL-2 microliter of a 2.5% solu
tion in pyridine of: maltitol palmitate, (mol ratio: 1:1); lactitol palmitate, 
(mol ratio: 0.4:1); lactitol palmitate, (mol ratio: 1:1); sucrose stéarate, H LB 

7; sucrose stéarate, H LB 11. 

F i g u r e 3 g i v e s d a t a f o r t h e p r e p a r a t i o n o f l a c t i 
t o l p a l m i t a t e , as an i l l u s t r a t i o n o f t h e i n f l u e n c e o f 
t h e m o l a r r a t i o p o l y a l c o h o l / f a t t y a c i d on t h e c o m p o s i 
t i o n o f t h e r e a c t i o n p r o d u c t . A c c o r d i n g t o t h i s p r o -
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c e s s a c o n s i d e r a b l e v a r i e t y o f p r o d u c t s w i t h d i f f e r e n t 
p r o p e r t i e s can be p r e p a r e d , w h i c h c an be us e d i n numer
ous a p p l i c a t i o n s , i n a n a l o g y w i t h t h e known e m u l s i -
f i e r s on t h e b a s i s o f g l y c e r o l , p o l y g l y c e r o l , s o r b i t a n 
and s u c r o s e . F o r more e x p e r i m e n t a l d e t a i l s o f t h e 
p r e p a r a t i o n o f t h e s e p o l y o l e s t e r s , we can r e f e r t o t h e 
p a t e n t s f o r w h i c h we have a p p l i e d i n s e v e r a l c o u n t r i e s , 
e.g., U.S. p a t e n t 3.951.945, r e c e n t l y g r a n t e d . 
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We w i l l n o t d i s c u s s i n t h i s p a p e r t h e v a r i o u s 
examples o f t h e s u b s e q u e n t r e a c t i o n s o f t h e p o l y o l 
f a t t y a c i d e s t e r s t o p r e p a r e a d d i t i o n a l d e r i v a t i v e s by 
f u r t h e r e s t e r i f i c a t i o n w i t h f o o d a c i d s , s u c h as l a c t i c , 
c i t r i c and d i a c e t y l t a r t a r i c a c i d s . The r e a c t i o n s a r e 
c a r r i e d o u t a t ab o u t 100°C a t r e d u c e d p r e s s u r e s o f 20-
40 mm Hg. 

The p o l y o l e s t e r s have many i n t e r e s t i n g p r o p e r t i e s 
w h i c h make them u s e f u l as a d d i t i v e s i n f o o d s t u f f s , 
c o s m e t i c s and p h a r m a c e u t i c a l p r e p a r a t i o n s , d e t e r g e n t s , 
e t c . I t i s o b v i o u s t h a t t h e f u n c t i o n a l p r o p e r t i e s o f 
p o l y o l e s t e r s , s u c h as e m u l s i f i c a t i o n and s t a b i l i s a t i o n 
o f e m u l s i o n s , improvement o f t e x t u r e o r c o n s i s t e n c y o f 
f o o d s t u f f s , c r y s t a l m o d i f i c a t i o n , d e t e r g e n t a c t i v i t y 
e t c . , a r e dependent l a r g e l y on t h e i r c h e m i c a l s t r u c t u r e : 
t y p e o f p o l y o l and f a t t
p r e s e n c e o f soap and f r e e p o l y o l s , e t c . F o r e a c h 
s p e c i f i c a p p l i c a t i o n , t h e c h e m i c a l c o m p o s i t i o n has t o 
be o p t i m i z e d . 

F o r s e v e r a l a p p l i c a t i o n s a c e r t a i n a n a l o g y was 
f o u n d between t h e p r o p e r t i e s o f t h e p o l y o l e s t e r s and 
t h o s e o f c h e m i c a l l y r e l a t e d g r o u p s o f e m u l s i f i e r s . 
C o n f i n i n g o u r s e l v e s t o l a c t i t o l p a l m i t a t e we o b s e r v e d 
c e r t a i n p r o p e r t i e s a n a l o g o u s w i t h s u g a r e s t e r s . F o r 
some a p p l i c a t i o n s , l a c t i t o l p a l m i t a t e gave t h e b e s t r e 
s u l t s , i n o t h e r a p p l i c a t i o n s s u g a r e s t e r s were p r e 
f e r a b l e . Some o f t h e p r o p e r t i e s o f l a c t i t o l p a l m i t a t e 
a r e i l l u s t r a t e d by t h e f o l l o w i n g e x p e r i m e n t a l e x a m p l e s . 
I n t h e s e examples t h e l a c t i t o l p a l m i t a t e u s e d was an 
u n p u r i f i e d p r o d u c t , d i r e c t f r o m t h e r e a c t i o n . 

The e m u l s i f i e r p r o p e r t i e s o f l a c t i t o l p a l m i t a t e 
were d e t e r m i n e d as f o l l o w s : 
F i v e g o f t h e e m u l s i f i e r was d i s p e r s e d i n 450 g w a t e r . 
Then 50 g s o y a o i l was added and t h i s m i x t u r e homogen
i z e d . The e m u l s i o n s were p o u r e d i n t o 100 ml c a l i 
b r a t e d c y l i n d e r s and t h e e m u l s i o n s t a b i l i t y was d e t e r 
mined a f t e r 24 h o u r s , by m e a s u r i n g t h e p e r c e n t a g e o f 
u p p e r l a y e r o f t h e e m u l s i o n . The r e s u l t s a r e shown i n 
T a b l e I . 

T a b l e I . E m u l s i o n s t a b i l i t y d a t a 

E m u l s i f i e r % u p p e r phase a f t e r 24 h r 
L a c t i t o l p a l m i t a t e 1 % 
S o r b i t a n m o n o l a u r a t e 8 % 
S o r b i t a n m o n o p a l m i t a t e 37 % 
G l y c e r o l m o n o s t e a r a t e 6 % 

The d i a c e t y l t a r t a r i c e s t e r o f s o r b i t o l p a l m i t a t e 
was f o u n d t o be v e r y e f f e c t i v e i n l i q u i d c o f f e e w h i t e -

In Sucrochemistry; Hickson, J.; 
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n e r f o r m u l a t i o n s . I t o f f e r s good e m u l s i f y i n g and s t a 
b i l i z i n g p r o p e r t i e s and i n c r e a s e s t h e f r e e z e - t h a w s t a 
b i l i t y o f t h e p r o d u c t . The c i t r i c a c i d e s t e r o f s o r 
b i t o l p a l m i t a t e gave good r e s u l t s i n s e v e r a l cake and 
sponge c a k e f o r m u l a t i o n s . L a c t i t o l p a l m i t a t e and 
s e v e r a l i o n i c d e r i v a t i v e s o f s o r b i t o l p a l m i t a t e showed 
good a n t i s p a t t e r i n g p r o p e r t i e s i n f r y i n g t e s t s . The 
d e t e r g e n t a c t i v i t y o f l a c t i t o l p a l m i t a t e was d e t e r 
mined by w a s h i n g c o t t o n and p o l y e s t e r - c o t t o n t e s t 
f a b r i c s w i t h an i n t e r n a t i o n a l r e f e r e n c e w a s h i n g com
p o s i t i o n , i n w h i c h t h e d e t e r g e n t component was r e p l a c e d 
e i t h e r by l a c t i t o l p a l m i t a t e o r s u g a r e s t e r s . The 
w a t e r h a r d n e s s was 180 ppm C a C 0 3 f t h e t e m p e r a t u r e 60°C. 
The d e t e r g e n t a c t i v i t i e s were d e t e r m i n e d by m e a s u r i n g 
t h e i n c r e a s e i n r e f l e c t a n c e o f t h e t e s t f a b r i c s a f t e r 
w a s h i n g . The d a t a
L a c t i t o l p a l m i t a t e showe
p r o p e r t i e s , w h i c h a r e i n a c c o r d a n c e w i t h t h e r e s u l t s 
o f F. S c h o l n i c k , e t a l . , E a s t e r n R e g i o n a l R e s e a r c h 
C e n t e r , U.S.D.A., p u b l i s h e d i n J.A.O.C.S. J u l y 1975. 
They have p r e p a r e d l a c t i t o l p a l m i t a t e by r e e s t e r i f i c a -
t i o n o f m e t h y l p a l m i t a t e w i t h l a c t i t o l i n DMF. 

Abstract 
Polyols are esterified directly with fatty acids 

of edible fats in such a way that formation of anhydro-
polyols are minimized. The reaction is carried out 
at a relatively low temperature of about 150°C with 
sodium soaps of the fatty acids as catalysts. Exam
ples of the esters made by this process include sorbi
tol , mannitol, lactitol and other polyols. Additional 
derivatives are made by further esterification with 
organic acids such as ci t r ic and diacetyltartaric acid. 
The polyol esters exhibit a surfactant character equiv
alent to the sucrose esters and find uses in similar 
applications. 
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Organometallic Derivatives of Sucrose as Pesticides 

R. C. POLLER and A. PARKIN 
Chemistry Department, Queen Elizabeth College, University of London, 
Campden Hill Rd., London W8 7AH, England 

O r g a n o t i n p e s t i c i d e s , u s u a l l
c a r b o n bonds ( R 3 S n X )
a c t i v i t y d i s a p p e a r s when t h e o r g a n i c g r o u p s a r e removed 
f rom t h e m e t a l . T h i s p r o c e s s o c c u r s on e x p o s u r e t o 
l i g h t and m i c r o o r g a n i s m s ( 1 , 2 ) and t h e s e p e s t i c i d e s , 
t h e r e f o r e , p r e s e n t no t h r e a t t o t h e e n v i r o n m e n t . T h e i r 
m a j o r d i s a d v a n t a g e s a r e h i g h c o s t and l a c k o f s p e c i f i 
c i t y so t h a t p r e y as w e l l as p r e d a t o r , may be a t t a c k e d . 

The a i m o f t h e p r e s e n t work was t o examine t h e 
e f f e c t on b i o l o g i c a l a c t i v i t y o f m a k i n g a m a j o r change 
i n t h e s o l u b i l i t y o f R 3 S n X compounds by i n t r o d u c i n g a 
s u c r o s e r e s i d u e i n t o t h e X g r o u p . T h i s method o f i n 
c r e a s i n g s o l u b i l i t y seemed a t t r a c t i v e s i n c e g l y c o s i d e 
f o r m a t i o n commonly i s u s e d i n n a t u r e t o e f f e c t t r a n s 
p o r t i n t i s s u e c e l l s o f o t h e r w i s e i n s o l u b l e m a t e r i a l s . 

B e c a u s e o f t h e n a t u r e o f t h e f u n c t i o n a l g r o u p s 
p r e s e n t i n c a r b o h y d r a t e s , few o f t h e i r o r g a n o m e t a l l i c 
d e r i v a t i v e s have been r e p o r t e d . O r g a n o t i n g r o u p s 
have b e e n l i n k e d t o c e l l u l o s e by a v a r i e t y o f methods 
( 3 , 4 ) . I n a few i n s t a n c e s h y d r o g e n atoms o f h y d r o x y l 
g r o u p s i n s u g a r s have b e e n r e p l a c e d by o r g a n o t i n g r o u p s 
(5 -7) b u t t h e s e a l k o x y d e r i v a t i v e s u s u a l l y a r e s e n s i 
t i v e t o w a t e r . More r e c e n t l y , we have d e s c r i b e d some 
more s t a b l e compounds i n w h i c h an o r g a n o m e t a l l i c g r o u p 
i s j o i n e d t o a s u g a r b y a s u l p h u r a tom (8). 

None o f t h e s e me thods seemed a p p r o p r i a t e t o o u r 
p u r p o s e and we d e c i d e d t o p r e p a r e o r g a n o t i n compounds 
f r o m s u c r o s e h y d r o g e n p h t h a l a t e and s u c r o s e h y d r o g e n 
s u c c i n a t e , s i n c e t h e s e c o u l d be o b t a i n e d by d i r e c t 
r e a c t i o n s b e t w e e n s u c r o s e and p h t h a l i c o r s u c c i n i c a n 
h y d r i d e s , as shown i n F i g u r e 1 . The m a l e a t e was 
d i f f i c u l t t o i s o l a t e so t h a t l a t e r w o r k was c o n f i n e d 
t o t h e p h t h a l a t e and s u c c i n a t e . 

145 
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sucroseOH + X J-> 
N CO 

X 
COOsucrose 

ÖDOH 

^COOsucrose 
X + R M OH 

COOH 

COOsucrose 

NrcoMRg 

I  • II CH 2- HC-
Figure 1 

We were i n t e r e s t e d i n c o m m e r c i a l e x p l o i t a t i o n and 
c h o s e t o use f r e e s u c r o s e and a c c e p t t h a t , i n a d d i t i o n 
t o v a r i a t i o n s i n t h e e x t e n t o f s u b s t i t u t i o n , t h e r e 
w o u l d be c o m p l i c a t i o n s due t o r e g i o i s o m e r i s m . A l l o f 
t h e b i o l o g i c a l t e s t s were c a r r i e d o u t w i t h t h e c r u d e 
p r o d u c t s o b t a i n e d f r o m t h e above r e a c t i o n s . B e f o r e 
g i v i n g d e t a i l s o f t h e r e s u l t s o f t h e s e t e s t s , r e f e r e n c e 
w i l l be made t o some a s p e c t s o f t h e work we have done 
on c h e m i c a l c h a r a c t e r i s a t i o n o f t h e s u c r o s e e s t e r s . 

W i t h r e g a r d t o t h e d e g r e e o f s u b s t i t u t i o n , two 
a p p r o a c h e s have been u s e d , i . e . s e p a r a t i o n o f s i l y l a t e d 
d e r i v a t i v e s by gas c h r o m a t o g r a p h y ( g l c ) w i t h mass s p e c 
t r o g r a p h s e x a m i n a t i o n o f t h e p e a k s and s e p a r a t i o n o f 
a c e t y l d e r i v a t i v e s by column c h r o m a t o g r a p h y . A t y p i 
c a l g l c t r a c e i s shown i n F i g u r e 2. From r i g h t t o 
l e f t , t h e f i r s t peak i s due t o s o l - v e n t , t h e n e x t s h a r p 
peak i s o c t a ( t r i m e t h y l s i l y l ) s u c r o s e and t h e s i l y l a t e d 
s u c r o s e s u c c i n a t e s t h e n a p pear as a p o o r l y r e s o l v e d , 
c o m p o s i t e peak. Hence, a l t h o u g h we can a c u r a t e l y 
e s t i m a t e t h e amount o f u n s u b s t i t u t e d s u c r o s e , we a r e 
l e s s c e r t a i n o f t h e r e l a t i v e amounts o f mono- and d i -
e s t e r . The s e c o n d t e c h n i q u e , whereby s u c r o s e o c t a a c e -
t a t e and t h e v a r i o u s a c e t y l a t e d s u c r o s e e s t e r s a r e 
s e p a r a t e d by column c h r o m a t o g r a p h y , y i e l d s more r e l i a 
b l e i n f o r m a t i o n . I n T a b l e s I and I I t h e two methods 
a r e compared and we see t h a t agreement i s good i n t h e 
c a s e o f t h e p h t h a l a t e e s t e r , l e s s so f o r t h e s u c c i n a t e 
and t h a t b o t h p r o d u c t s c o n t a i n s u b s t a n t i a l amounts o f 
f r e e s u c r o s e . 
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! 

Figure 2. GLC trace of "su
crose succinate" after trimethyl-

silylation 

Table I 
Composition of Sucrose Phthalate 

Method 

Separation of Separation of 
Acetates Me 3Si d e r i v s . 

(%) (%) 
Free sucrose 36 35 
Monoester 37 42 
Diester 26 24 
Higher esters 1 0 

American Chemical 
Society Library 

1155 16th St. N. w. 
Washington, D. C. 200% 
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T a b l e I I 
C o m p o s i t i o n o f S u c r o s e S u c c i n a t e 

Method 

S e p a r a t i o n o f S e p a r a t i o n o f 
A c e t a t e s Me~Si d e r i v s . 

(%) (%) 
F r e e s u c r o s e 22 32 
M o n o e s t e r 43 
D i e s t e r 34 
H i g h e r e s t e r s 1 3 

3 65 

We a r e n o t i n
s t a t e m e n t s a b o u t r e g i o i s o m e r i s m w i t h i n t h e mono  and 
d i e s t e r c l a s s i f i c a t i o n s b u t i n f o r m a t i o n c a n be g l e a n e d 
f r o m a somewhat s p e c u l a t i v e i n t e r p r e t a t i o n o f t h e l ^ C 
nmr ( n u c l e a r m a g n e t i c r e s o n a n c e ) s p e c t r a o f t h e s e p r o 
d u c t s . Work i n t h i s a r e a s t i l l i s i n p r o g r e s s and, 
f o r e xample, o u r t e n t a t i v e c o n c l u s i o n r e g a r d i n g s u c r o s e 
p h t h a l a t e i s t h a t s u b s t i t u t i o n has o c c u r r e d a t t h e 
6,6' and 4 p o s i t i o n s i n s u c r o s e . 

I t was o f i n t e r e s t t o i n c l u d e i n o u r b i o l o g i c a l 
t e s t s a compound i n w h i c h t h e s u c r o s e r e s i d u e was i n 
c o r p o r a t e d i n t o an R group o f an R^SnX compound. To 
t h i s end we u t i l i s e d t h e s e r i e s o f r e a c t i o n s shown i n 
F i g u r e 3, b e g i n n i n g w i t h t h e sodium s a l t o f t h e c r u d e 
s u c r o s e p h t h a l a t e . G i v e n t h e c o m p l e x i t y o f t h e s t a r t 
i n g m a t e r i a l , t h e f i n a l bromo compound, o f c o u r s e , i s 
a m i x t u r e b u t i t s a n a l y s i s , i n f r a r e d ( i r ) and nmr 
s p e c t r a c o r r e s p o n d t o t h e f o r m u l a shown. 

Cœsucrose 
-f- ^ S n C H 2 C H 2 C H 2 B r — ^ 

COONa 

^ . C O O s u c r o s e ^ C O O s u c r o s e 

^\:OOC H £ H 2 C H 2 S n P h 3 ^ ^ C O O C H 2 C H 2 CH 2 SnPh 2 B r 

Figure 3 

T u r n i n g now t o t h e b i o l o g i c a l a c t i v i t y o f t h e s e 
compounds t h e r e s u l t s o f t e s t s a g a i n s t v a r i o u s o r g a n 
isms a r e summarized i n T a b l e s I I I - V I . 
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T a b l e I I I A c t i v i t i e s a g a i n s t p a i n t - d e s t r o y i n g f u n g i 
No. o f f u n g i showing i n h i b i t i o n 
o f s p o r e g e r m i n a t i o n (max 16) 

Compound 100 ppm 10 ppm 1 i 

Bu 3SnOCOC 6H 4COOsucrose 16 16 6 

Ph - SnOCOC^H„COO s u c r o se 3 6 4 16 14 4 

( C 6 H 1 ; L ) 3SnOCOC 6H 4COOsucrose 3 0 0 

Bu 3SnOCOCH 2CH 2COOsucrose 16 16 10 

Ph 3SnOCOCH 2CH 2COOsucros

SucroseOCOC^H-COO(CH 0) 
S n P h 9 B r 6 4 2 3 16 7 0 

( B u 3 S n ) 2 0 13 13 12 

T a b l e I V A c t i v i t i e s a g a i n s t E n t e r o m o r p h a : compounds 
t e s t e d a g a i n s t E n t e r o m o r p h a i n s e a w a t e r m o d i f i e d w i t h 
a l g a l n u t r i e n t s . 

C o n c e n t r a t i o n 

Compound 1 ppm 0.1 ppm 

Bu^SnOCOC^H ..COOsucrose + + 3 6 4 
Ph^SnOCOC^H.COOsucrose + + 3 6 4 

^ C 6 H 1 1 ^ 3 S n O C O C 6 H 4 C O O s u c r O S e 

Bu 3SnOCOCH 2CH 2COOsucrose + + 

Ph 3SnOCOCH 2CH 2COOsucrose + + 

SucroseOCOC^H.COO(CH 9)~-
S n P h 2 B r b q z J + + 

+ = e f f e c t i v e -=not e f f e c t i v e 
mm concG 
0.3 ppm 

Minimum c o n c e n t r a t i o n a t w h i c h ( B u 3 S n ) 2 0 i s e f f e c t i v e 

In Sucrochemistry; Hickson, J.; 
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T a b l e V. 

SUCROCHEMISTRY 

A n t i b a c t e r i a l p r o p e r t i e s o f o r g a n o t i n compounds 

Compound 

Ph - SnOCOC ̂  H„COO s u c r o s e 3 6 4 
Bu 3SnOCOC 6H 4COOsucrose 

SucroseOCOC^H-COO(CHJ
S n P h 2 B r 6 4 2

E s c h e r i c h i a M i c r o c o c c u s 
c o l i d e n i t r i f i c a n s 

Cone 3 1 I n h i b 1 1 Cone 1 1 I n h i b 1 1 

(ppm) 

84 
7%T 
100 

(ppm) (%) 

0.25 100 

1 100 

T a b l e V I 

M o l l u s c i c i d a l A c t i v i t y 

Compounds t e s t e d a g a i n s t a d u l t B i o m p h a l a r i a c f l a b r a t a . 
The LC50 a s s e s s e d a f t e r a 120 h r e c o v e r y p e r i o d . 

Compound L C 5 0 
Tppm) 

T r i p h e n y l l e a d S u c r o s e P h t h a l a t e 0.1-0.2 
T r i p h e n y l t i n S u c r o s e P h t h a l a t e 0.2 
T r i p h e n y l l e a d S u c r o s e S u c c i n a t e 0.1-0.2 
T r i c y c l o h e x y l t i n S u c r o s e P h t h a l a t e 0.05 
T r i b u t y l t i n S u c r o s e P h t h a l a t e 0.1 
T r i p h e n y l t i n S u c r o s e S u c c i n a t e >0.2 
T r i b u t y l t i n S u c r o s e S u c c i n a t e 0.075-0.1 

These r e s u l t s show t h a t t h e t r i b u t y l t i n and t r i 
p h e n y l t i n d e r i v a t i v e s o f s u c r o s e a r e a t l e a s t e q u a l i n 
b i o l o g i c a l a c t i v i t y t o t h e c o m m e r c i a l l y u s e d t r i b u t y l 
t i n o x i d e and f l u o r i d e and a r e s u p e r i o r w i t h r e g a r d t o 
a l g i c i d a l and f u n g i c i d a l p r o p e r t i e s (9/ 1 0 ) . T h i s 
i s even more r e m a r k a b l e when we compare t h e t i n c o n 
t e n t s , see T a b l e V I I . E x c e p t i n t h e c a s e o f m o l l u s c i 
c i d a l a c t i v i t y t h e t r i c y c l o h e x y l t i n compounds a r e l e s s 
e f f e c t i v e and, i n most t e s t s , t h e l e s s a c c e s s i b l e 
compound w i t h t h e s u c r o s e r e s i d u e i n t h e R g r o u p s 
i s i n f e r i o r . T e s t s on t h e o r g a n o l e a d compounds 
so f a r have been c o n f i n e d t o m o l l u s c i c i d a l a c t i v i t y . 
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T a b l e V I I 

T i n c o n t e n t o f b i o c i d a l o r g a n o t i n compounds 

Compound % Sn 

T r i b u t y l t i n o x i d e 
T r i b u t y l t i n f l u o r i d e 
Bu3SnOCOC5H4COO s u c r o s e 
Ph3SnOCOC5H4COO s u c r o s e 

39.8 
38.4 
15.2 
14.1 

T r i b u t y l t i n s u c r o s e p h t h a l a t e and s u c c i n a t e have 
been f o r m u l a t e d i n t o p a i n t s and s u b j e c t e d t o l a r g e r 
s c a l e t e s t s . The f u n g i c i d a l a c t i v i t y i s r e t a i n e d and 
t h e compounds a p p e a  t  g i v  enhanced p r o t e c t i o  t
w e a t h e r e d f i l m s o f
t r i b u t y l t i n o x i d e . 

I n t h e t r i a l k y l and t r i p h e n y l compounds d e s c r i b e d 
a b o v e f t h e s u c r o s e g r o u p i s j o i n e d t o t i n v i a an 

A l t h o u g h t h e b i o l o g i c a l t e s t s and o t h e r measurements 
i n d i c a t e t h a t t h i s g r o u p i s much more r e s i s t a n t t o hy
d r o l y s i s t h a n m i g h t be e x p e c t e d , i t , n e v e r t h e l e s s , r e 
p r e s e n t s a p o i n t o f s t r u c t u r a l weakness i n t h e mole
c u l e . We t h e r e f o r e , have been e x a m i n i n g o t h e r methods 
o f j o i n i n g o r g a n o t i n g r o u p s t o s u c r o s e , a g a i n c o n f i n i n g 
o u r s e l v e s t o p r o c e s s e s o f p o t e n t i a l c o m m e r c i a l i n t e r e s t . 
The most e f f e c t i v e o f t h e s e i s as f o l l o w s : 
R 3SnSCH 2COOMe + sucroseOH->R 3SnSCH 2COOsucrose + MeOH 

As b e f o r e , t h e p r o d u c t l i k e l y i s t o be a m i x t u r e and 
we as y e t do n o t have d e t a i l s o f i t s c o m p l e x i t y . The 
f u n g i c i d a l p r o p e r t i e s o f t h i s t y p e o f compound a r e 
b e i n g e v a l u a t e d . P r e l i m i n a r y r e s u l t s i n d i c a t e t h a t 
t h e y a r e somewhat l e s s a c t i v e t h a n t h e p h t h a l a t e s and 
s u c c i n a t e s , b u t b e t t e r t h a n t r i b u t y l t i n o x i d e , on a 
w e i g h t f o r w e i g h t b a s i s . 
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Abstract 
Methods for attaching organotin groups to sucrose 

are discussed. Treatment of sucrose with phthalic 
(or succinic) anhydride gave a mixture of sucrose hy
drogen phthalates (succinates) which reacted with or
ganotin hydroxides, (R3SnOH R=alkyl or aryl), to give 
organostannyl sucrose phthalates (succinates). The 
corresponding organolead and organogermanium compounds 
were prepared by similar methods. The biocidal acti
vities of the organotin derivatives of sucrose were 
found to be much higher than would be expected from 
the tin content. 
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Discussion 

Q u e s t i o n : Mr
duced u s i n g a s o l v e n t
DMF? 

Mr. K o s a k a : R y o t o does n o t use DMF, b u t I do n o t 
deny t h a t t h e company i s u s i n g some k i n d o f s o l v e n t i n 
t h e p r o c e s s . 

Q u e s t i o n : I s i t an e d i b l e s o l v e n t , and i s i t non
t o x i c ? 

Mr. K o s a k a : I t i s one o f t h e s a f e s t s o l v e n t s , 
however, t h e p r o d u c t s a r e s o l v e n t - f r e e . 

Q u e s t i o n : Dr. P a r k e r , have you done any e x p e r i -
ments i n m aking y o u r s u g a r e s t e r by t h e s o l v e n t l e s s 
p r o c e s s u s i n g impure s u g a r r a t h e r t h a n p u r e s u c r o s e ? 
I f s o , what r e s u l t s d i d you g e t ? 

Dr. P a r k e r : We have u s e d impure s u g a r b u t n o t 
m o l a s s e s , w h i c h has t o o h i g h an a s h c o n t e n t . The main 
r e a s o n f o r n o t d o i n g so i s t h a t t h e s u g a r r e p r e s e n t s 
a r e l a t i v e l y m i n o r c o s t c o n s t i t u e n t , and t r a d i t i o n a l l y 
we have u s e d r e f i n e d s u g a r . We do n o t have t o , b u t 
t h e r e i s no p a r t i c u l a r a d v a n t a g e i n n o t d o i n g s o . 

Q u e s t i o n : M o n s i e u r B o b i c h o n , c o u l d you d i v u l g e i n 
some g e n e r a l way how y o u managed t o r e d u c e t h e d i -
m e t h y l f o r m a m i d e t o 5 ppm? 

Mr. B o b i c h o n : I c a n n o t answer t h a t i n t o o much 
d e t a i l - j u s t by t a k i n g p a i n s i n t h e p r o c e s s , b e i n g 
v e r y c a r e f u l . I do n o t t h i n k t h a t t h e d i m e t h y l f o r m a -
mide i s r e a l l y s u c h a bad m a t e r i a l , and I a g r e e w i t h 
what Dr.Hass s a i d t h i s m o r n i n g about t h e i n a p p r o p r i a t e -
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n e s s o f z e r o t o l e r a n c e f o r t o x i c m a t e r i a l s . 

Q u e s t i o n ; What i s meant by a h a l f - d a y d i a r r h e a ? 

Mr. B o b i c h o n : We measure t h e d i a r r h e a o f t h e a n i 
m a l s t w i c e a day by v i s u a l e v a l u a t i o n , and r e c o r d t h e 
t o t a l number o f o b s e r v a t i o n s and t h e number o f d e f i n i t e 
d i a r r h e a . 

Q u e s t i o n ; I s t h a t a f t e r 84 days o f f e e d i n g ? 

Mr. B o b i c h o n ; A f t e r 84 d a ys o f f e e d i n g , we have 
168 e v a l u a t i o n s . As an e x ample, we c o u l d have 14 
p o s i t i v e d i a r r h e a o b s e r v a t i o n s . Then we w o u l d r e c o r d 
14 as t h e number f o r t h e h a l f - d a y d i a r r h e a

Q u e s t i o n ; How
f a c t a n t s compare w i t h t h e p e t r o c h e m i c a l l y - d e r i v e d p r o 
d u c t s , on a c o s t / p e r f o r m a n c e b a s i s ? 

Dr. P a r k e r ; I t i s v e r y d i f f i c u l t t o answer f o r 
o t h e r p r o c e s s e s . Our own work was b a s e d on t h e f a c t 
t h a t we w i s h e d t o o b t a i n a s u c r o s e - d e r i v e d s u r f a c t a n t 
w h i c h was i n d e e d c o m p e t i t i v e w i t h l i n e a r a l k y l b e n z e n e 
s u l f o n a t e - t y p e s o f s u r f a c t a n t s . Our p r o d u c t , as p r o 
duced a t t h e moment, i s somewhat c h e a p e r . We a l s o 
have a r a n g e o f more h i g h l y p u r i f i e d p r o d u c t s w h i c h a r e 
more e x p e n s i v e , b u t a r e i n t e n d e d t o be c o m p e t i t i v e w i t h 
n o n - i o n i c s u r f a c t a n t s o f t h e s o r b i t a n e s t e r - t y p e . I 
t h i n k p r o c e s s e s u s i n g s o l v e n t s i n e v i t a b l y must be some
what more e x p e n s i v e , b e c a u s e o f t h e need t o r e d u c e s o l 
v e n t r e s i d u e s t o a minimum. We were n o t a b l e t o see 
how we c o u l d do t h i s , b u t maybe, M o n s i e u r B o b i c h o n , 
c o u l d g i v e h i s p o i n t o f v i e w . 

Mr. B o b i c h o n ; I t i s d i f f i c u l t f o r a s u r f a c t a n t t o 
be c o m p e t i t i v e p r i m a r i l y b e c a u s e o f t h e pH s t a b i l i t y . 
We t r i e d many t i m e s t o f i n d a p p l i c a t i o n s i n s u r f a c t a n t s 
f o r o u r s u c r o g l y c e r i d e , b u t we f a i l e d b e c a u s e o f t h e 
i n s t a b i l i t y a t a l k a l i n e pH. 

Q u e s t i o n ; Dr. P a r k e r , w i l l you comment on t h a t , 
p l e a s e ? 

Dr. P a r k e r ; We f o u n d t h a t t h e s u c r o g l y c e r i d e s a r e 
s t a b l e o v e r a pH r a n g e f r o m 6 t o 12. O b v i o u s l y , t h e y 
a r e n o t s t a b l e u n d e r a c i d i c c o n d i t i o n s , a n d t h i s c o n s t i 
t u t e s a l i m i t a t i o n . B u t , t h e number o f a p p l i c a t i o n s 
r e q u i r i n g a c i d - s t a b l e s u r f a c t a n t s a r e r e l a t i v e l y few. 
We a r e n o t w o r r i e d by t h i s , a l t h o u g h we w o u l d l i k e t o 
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have one f o r t h e s e p a r t i c u l a r a p p l i c a t i o n s . 

Q u e s t i o n : Mr. K o s a k a , w o u l d you l i k e t o say any
t h i n g a b o u t t h e e c o n o m i c s o f y o u r p r o d u c t ? 

Mr. K o s a k a : The r e c o v e r y o f s o l v e n t i n t h e R y o t o 
p r o c e s s i s g r e a t e r t h a n 99%. Thus, t h e c o s t o f s o l 
v e n t i s n e g l i g i b l e , and o u r p r o d u c t s a r e s o l v e n t - f r e e . 

Q u e s t i o n : Mr. K o s a k a , w o u l d you e l a b o r a t e on t h e 
b a k e r y u s e s o f s u c r o s e e s t e r s i n J a p a n ? 

Mr. K o s a k a : The use i n c a k e s i s most p o p u l a r . 
J a p a n e s e b a k e r s a r e u s i n g a m i x t u r e o f s u g a r e s t e r and 
m o n o g l y c e r i d e i n b r e a d . 

Q u e s t i o n : F o
l a r wheat b r e a d ? 

Mr. K o s a k a : J u s t r e g u l a r b r e a d . 

Q u e s t i o n : I s t h a t a p p l i c a t i o n as an a n t i - s t a l i n g 
a g e n t ? 

Mr. K o s a k a : Y e s , as an a n t i - s t a l i n g a g e n t , m o s t l y . 

Q u e s t i o n : How d i f f i c u l t i s i t t o c o n t r o l t h e r e 
s i d u a l m e t h a n o l c o n t e n t , a n d t h e t o x i c i t y o f t h i s meth
a n o l ? I f t h e r e i s any p r o b l e m , have you t h o u g h t o f t h e 
use o f t h e e t h y l e s t e r s f o r t h e t r a n s e s t e r i f i c a t i o n ? 

Mr. K o s a k a : We t h o u g h t a b o u t u s i n g e t h y l e s t e r , 
b u t i t s c o s t i s h i g h e r t h a n t h a t o f m e t h y l e s t e r . We 
c a n n o t f i n d m e t h a n o l i n o u r p r o d u c t s . 

Dr. Hass: M i n u t e t r a c e s o f m e t h a n o l a r e n o t t o x i c . 
The p e c t i n s w h i c h a r e u s e d f o r making j e l l i e s have c a r -
bomethoxy g r o u p s w h i c h a r e s p l i t o f f i n t h e d i g e s t i v e 
s y s t e m t o f o r m t r a c e s o f m e t h a n o l , and t h e y do n o t h u r t 
anybody. 

Dr. H i c k s o n : W i t h r e g a r d t o t h e e t h a n o l - m e t h a n o l 
q u e s t i o n , d o n o t f o r g e t t h a t e t h a n o l b o i l s a t a s l i g h t l y 
h i g h e r t e m p e r a t u r e and r e q u i r e s a l i t t l e more h e a t t o 
t a k e i t o f f . The r e a c t i o n c a l l s f o r t h e d i s t i l l a t i o n 
o f m e t h a n o l t o p r o v i d e t h e d r i v i n g f o r c e t o c r e a t e t h e 
s u g a r e s t e r . T h a t i s a m a j o r r e a s o n why t h e m e t h y l 
e s t e r was c h o s e n . 

Q u e s t i o n : P r o f e s s o r S e i b , what i s t h e p o t e n t i a l 
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t o t a l volume o f t h e s u r f a c t a n t m a r k e t , i n b a k i n g , i n 
t h e u n i t e d S t a t e s , a l o n e ? 

P r o f e s s o r S e i b : I t r i e d t o i n t i m a t e what t h e t o 
t a l m a r k e t m i g h t be by t a b u l a t i n g t h e poundage o f t h e 
v a r i o u s b a k e d f o o d s i n t h e U n i t e d S t a t e s . I f 70% o f 
t h a t poundage i s b r e a d and r o l l s , one c o u l d e s t i m a t e 
a b o u t 90,000 l b / d a y o f s u r f a c t a n t f o r t h a t p a r t o f t h e 
m a r k e t . The n e x t l a r g e s t use p r o b a b l y w o u l d be c a k e . 
I c a l c u l a t e d a n o t h e r 10,000 l b o f e s t e r / d a y i n t h a t 
m a r k e t . T h a t i s b a s e d on a t o t a l o f 1.4 b i l l i o n l b 
o f cake a n n u a l l y , w h i c h c o n t a i n s 3 t o 6 % s u r f a c t a n t i n 
t h e e m u l s i f i e d s h o r t e n i n g s w h i c h a r e u s e d i n cake manu
f a c t u r i n g . I t h i n k t h a t , c e r t a i n l y , i s n o t t h e t o t a l , 
b u t you can see how q u i c k l y you d r o p o f f i n m a g n i t u d e 
f r o m 14 - 17 b i l l i o
b i l l i o n l b o f cake p e
m a r k e t o f a 100,000 l b / d a y o f s u g a r e s t e r s i n t h e bak
i n g i n d u s t r y i s a f a i r l y good a p p r o x i m a t i o n . M r . B e a t t y , 
o f C o n t i n e n t a l B a k i n g , has j u s t m e n t i o n e d t h a t 450,000 
t o n s o f b r e a d f l o u r / y e a r i s u s e d by h i s company a l o n e . 

Q u e s t i o n ; Dr. v a n V e l t h u i j s e n , i s t h e p r i c e o f 
t h e s u g a r a l c o h o l s much h i g h e r t h a n t h e p r i c e o f s u g a r ? 
How does t h i s a f f e c t t h e t o t a l e c o n o m i c s o f t h e f i n a l 
p r o d u c t ? 

Dr. v a n V e l t h u i j s e n ; The p r i c e o f t h e s u g a r a l c o 
h o l s i s a b o u t d o u b l e o r t r i p l e t h e p r i c e o f s u g a r . Of 
c o u r s e , t h i s e n t e r s i n t h e c o s t i n g o f t h e p r o d u c t . 
Even s o , t h e p r i c e o f t h e c r u d e r e a c t i o n m i x t u r e i s i n 
t h e same p r i c e l e v e l as t h e s u r f a c t a n t s , s u c h as t h e 
g l y c e r o l m o n o s t e a r a t e s and s t e a r o y l l a c t y l a t e s , now 
a v a i l a b l e i n t h e f o o d s m a r k e t . 

Q u e s t i o n ; Dr. P o l l e r , a r e t h e r e any p l a n s t o go 
f o r w a r d w i t h f i e l d t e s t i n g o f any o f t h e p e s t i c i d e s 
you m e n t i o n e d ? 

Dr. P o l l e r ; As I i n d i c a t e d i n my t a l k , t h i s has 
been done f o r a p p l i c a t i o n s i n p a i n t s . L a r g e - s c a l e 
t e s t s have been c a r r i e d o u t . F o r more g e n e r a l u s e s — 
f o r i n s t a n c e , i n a g r i c u l t u r e — we a r e a t p r e s e n t j u s t 
coming t o t h e end o f s y n t h e s i z i n g l a r g e - s c a l e b a t c h e s 
f o r e x a c t l y t h i s p u r p o s e . 

P r o f e s s o r V l i t o s ; The s c r e e n i n g o f compounds o f 
t h i s t y p e i s r a t h e r d i f f i c u l t . The s y n t h e s e s u s u a l l y 
a r e done i n a u n i v e r s i t y l a b o r a t o r y , u s u a l l y i n t h e 
c h e m i s t r y d e p a r t m e n t , and t h e s c r e e n i n g has t o be done 
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by b i o l o g i c a l g r o u p s . V e r y o f t e n t h e y a r e busy d o i n g 
t h e i r own t y p e s o f r e s e a r c h . I f t h e r e i s any weakness 
i n t h e a p p r o a c h o f t h e I n t e r n a t i o n a l S u gar R e s e a r c h 
F o u n d a t i o n i t i s t h a t i t has been f o u n d t o be v e r y 
d i f f i c u l t t o s c r e e n t h e u s e f u l n e s s o f t h e compounds 
t h a t have been s y n t h e s i z e d i n t h e r e s e a r c h p rograms. 
There a r e many, many compounds, w h i c h may have, who 
knows how many a p p l i c a t i o n s . We j u s t have n o t had a 
chance t o r e a l l y l o o k a t them a l l i n t h e r i g h t t e s t 
s y s t e m s . I t h i n k Dr. P o l l e r ' s work i n d i c a t e s : f i r s t , 
h e r e i s some i n t e r e s t i n g c h e m i s t r y ; and s e c o n d , h i s 
compounds have a use w h i c h a l r e a d y has been d e m o n s t r a t 
ed. Now, i t i s up t o somebody t o s y n t h e s i z e them and 
s e l l them. T h a t i s a n o t h e r p r o b l e m . 

Q u e s t i o n : Dr
enough i n w a t e r t o
s o l v e n t - s o l u b l e ? 

Dr. P o l l e r : The s o l u b i l i t i e s o f t h e s t a n d a r d , 
o r g a n o t i n p e s t i c i d e s c u r r e n t l y i n use a r e low — some 
o f them v e r y l o w , i n d e e d — i n p a r t s p e r m i l l i o n . By 
p u t t i n g on t h e s u c r o s e g r o u p , t h e s o l u b i l i t y goes up 
a r o u n d a t h o u s a n d f o l d , as a r o u g h e s t i m a t e , b u t we 
have no p r e c i s e f i g u r e s . 

T h i s i s an i n t e r e s t i n g q u e s t i o n . I s t h i s s i m p l y 
a s o l u b i l i t y e f f e c t , o r i s i t s o m e t h i n g e l s e ? I c o n 
c l u d e i t i s n o t s i m p l y a s o l u b i l i t y e f f e c t b e c a u s e , a t 
l e v e l s where t h e t r i b u t y l t i n o x i d e i s s o l u b l e , t h e 
a c t i v i t i e s o f t h e s u c r o s e compounds a r e h i g h e r . I n 
t h e b e s t t e s t s , t h e s u c r o s e compound i s t h r e e t i m e s 
more e f f e c t i v e w i t h a r o u n d a t h i r d t h e amount o f t i n i n 
i t . Most o f t h e t e s t s were c a r r i e d o u t a t c o n c e n t r a 
t i o n s where b o t h t h e s u c r o s e compounds and t h e r e f e r 
ence o r g a n o t i n p e s t i c i d e s were c o m p l e t e l y d i s s o l v e d 
and so t h e i n c r e a s e d a c t i v i t i e s c a n n o t s i m p l y be a t t r i 
b u t e d t o s o l u b i l i t y e f f e c t s . 

Q u e s t i o n : Would t h e h i g h s o l u b i l i t y c a u s e d i f f i -
c u l t i e s i n f o r m u l a t i o n ? 

Dr. P o l l e r : Not n e c e s s a r i l y . The o r g a n o t i n e s 
t e r s c a n be h y d r o l y s e d and i t i s p o s s i b l e t h a t , a f t e r 
t r a n s p o r t i n l i v i n g t i s s u e as t h e o r g a n o t i n s u c r o s e 
e s t e r , h y d r o l y s i s o c c u r s and t h e i n s o l u b l e o r g a n o t i n 
o x i d e i s t h e n d e p o s i t e d . 

Q u e s t i o n : What k i n d o f breakdown p r o d u c t s do 
t h e s e s u c r o s e t i n compounds have on biodégradation? 
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Dr. P o l l e r : We do n o t know. The s u c r o s e t i n 
d e r i v a t i v e s a r e v e r y new,and t h e y s t i l l a r e b e i n g t e s t 
ed. However, we have done some work on biodégrada
t i o n o f t r i p h e n y l t i n p e s t i c i d e s . T h i s was done by 
s y n t h e s i z i n g l 4 C - l a b e l l e d p e s t i c i d e s , p u t t i n g them i n t o 
s o i l u n der v a r i o u s c o n d i t i o n s , and t h e n c o l l e c t i n g t h e 
r a d i o a c t i v e l y l a b e l l e d c a r b o n d i o x i d e . The o r g a n i c 
g r o u p s come o f f i n a s t e p w i s e f a s h i o n and b r e a k down 
c o m p l e t e l y , t o c a r b o n d i o x i d e . O n l y i n o r g a n i c t i n r e 
m ains . 

Q u e s t i o n : I s i t d e f i n i t e l y i n o r g a n i c t i n , and n o t 
some t i n - a l k y 1 d e r i v a t i v e s u c h as a m e t h y l t i n com
pound? 

Dr. P o l l e r : Y e s
l y and c h e m i c a l l y p u r  compoun ,
t h e r a d i o a c t i v i t y o f t h e 14co? e v o l v e d i s measured 
c a r e f u l l y . When a l l o f t h e 14c l a b e l a p p e a r s as c a r 
bon d i o x i d e t h e r e i s no d o u b t t h a t t h e compound i s b r o 
ken down c o m p l e t e l y . T h i s i s t h e s o r t o f e v i d e n c e we 
have t h a t t h e t r i p h e n y l t i n compounds a r e c o n v e r t e d t o 
i n o r g a n i c t i n . 

Q u e s t i o n : A r e y o u c e r t a i n t h a t an o r g a n o t i n com
pound c o u l d n o t f i n d i t s way i n t o t h e f o o d c h a i n some 
o t h e r way, p o s s i b l y t h r o u g h s o l u b i l i z a t i o n p r o c e s s e s , 
t r a n s p o r t p r o c e s s e s , and so f o r t h ? 

Dr. P o l l e r : I t i s i m p o s s i b l e t o be c e r t a i n , b u t 
t h e e v i d e n c e we have s u g g e s t s t h a t o r g a n o t i n p e s t i c i d e s 
a r e c o n v e r t e d t o i n o r g a n i c t i n on e x p o s u r e t o l i g h t and 
m i c r o o r g a n i s m s . The w i d e use o f t i n - p l a t e d c a n s as 
f o o d c o n t a i n e r s and much o t h e r e v i d e n c e i n d i c a t e s t h a t 
i n o r g a n i c t i n compounds a r e n o t t o x i c . 

Dr. H a s s : I t was t h e i d e a o f one o f o u r l i b r a r i 
ans a t Sugar R e s e a r c h F o u n d a t i o n t h a t t h e g e n e r a l ap
p r o a c h o f c o m b i n i n g s u c r o s e w i t h p e s t i c i d e s m i g h t be 
e f f e c t i v e . We f i r s t t r i e d i t i n a p r o j e c t a t B a t t e l l e 
f r o m w h i c h we n e v e r g o t a n y t h i n g t h a t was as good as 
e x i s t i n g p e s t i c i d e s . I am d e l i g h t e d t h a t you a r e do
i n g i t , and t h a t we s i m p l y t r i e d t h e wrong compounds. 
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The s t a g e was
i t has v e r y c l o s e r e l a t i o n
d u s t r y ; t h e t i m e f t h e m i d d l e 1950's ; t h e a u t h o r , Dr. 
Henry B. H a s s , a g r a n d p r o v o c a t e u r , and Dr. J o h n L. 
H i c k s o n , p r o m p t e r and i n t e r p r e t o r , b o t h o f t h e Suga r 
R e s e a r c h F o u n a t i o n ; t h e p l o t "what c a n be done w i t h 
s u g a r e s t e r s , e s p e c i a l l y o i l - f a t t y a c i d e s t e r s , u s i n g 
t h e o i l a c i d s t h a t commonly o c c u r i n s o f t , s e m i - o r 
h a r d d r y i n g o i l s ? " . 

The p l a y e r s i n t h e c a s t i n c l u d e d m y s e l f , Dr. Thomas 
J . Walsh i n C h e m i c a l E n g i n e e r i n g , and s e v e r a l g r a d u a t e 
s t u d e n t s who b r o k e t h e i r t e e t h on t h e b i t o f s u g a r 
c h e m i s t r y , p a r t i c u l a r l y D r s . M.T. C h i a n g and C.C. L e e , 
W.J. C o l l i n g s , A l f r e d o C a u s a , A l f r e d o deMendoza and 
George Kapo. Much o f t h e c o n t r i b u t i o n o f t h e work 
w h i c h ensued r e a l l y comes f r o m t h e i r e f f o r t s and t h e i r 
a p t i t u d e s as t h e y grew i n t h i s s c i e n c e . 

A t t h a t p e c u l i a r t i m e , t h e c o a t i n g s i n d u s t r y , 
p a r t i c u l a r l y i n i t s v e h i c l e a s p e c t s , was l e s s t h a n 10 
y e a r s away f r o m t h e o p e n - f i r e d , v a r n i s h k e t t l e s . I t 
was s u b s t a n t i a l l y b a s e d on n a t u r a l d r y i n g o i l s . I t 
was i n a f e r m e n t o f r e v o l u t i o n t r y i n g t o cope w i t h t h e 
pr o b l e m s o f m a t e r i a l s h o r t a g e s . As i n a l l c o n s e r 
v a t i v e i n d u s t r i e s , t h e a p p r o a c h t o c o p i n g i s t h e same. 
T h a t i s , a r e q u e s t t o s u p p l y s o m e t h i n g t h a t i s remark
a b l e , b u t t h a t does n o t f o r c e changes w h i c h a r e n o t 
a b s o l u t e l y n e c e s s a r y . 

The g o a l s were s i m p l e . T h a t i s , n o t t o b e g i n a t 
t h e b e g i n n i n g , b u t t o s t u d y what m i g h t be f o u n d i n e s 
t a b l i s h e d m a r k e t s . T a b l e I i n d i c a t e s some o f t h e p r i m 
i t i v e t a r g e t s . 
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T a b l e I , P o s s i b l e S u c r o s e E s t e r A p p l i c a t i o n s 

1. P r i n t i n g i n k s . 
2. Wood S e a l e r s 
3. V a r n i s h e s and P a i n t V e h i c l e s 

O l e o r e s i n o u s B l e n d s 
D i i s o c y a n a t e M o d i f i c a t i o n s 

4. E m u l s i o n V e h i c l e s 

D r y i n g o i l s and d r y i n g o i l p r o d u c t s a l r e a d y were c r i t i 
c a l i n t h e s e p a r t i c u l a r u t i l i z a t i o n s . They r e p r e s e n t 
e d , a t t h a t t i m e , a l a r g e segment o f t h e consumer p r o 
d u c t s m a r k e t . T h i s r e g i o n a l s o was i n a f e r m e n t o f 
dev e l o p m e n t . The c h e m i c a l p r o c e s s i n d u s t r y had come 
o u t o f W o r l d War I I w i t h  c a p a b i l i t  f o  m u l t i t u d
o f b y - p r o d u c t s f o r
r e c e p t i v e domain wher y  g e y
i n g and be a c c e p t e d , i f p o s s i b l e , was t h o u g h t t o be i n 
th e p a i n t , v a r n i s h , p r i n t i n g i n k s and r e l a t e d i n d u s 
t r i e s . F i g u r e 1 g i v e s s o m e t h i n g o f t h e s c e n a r i o . 

Figure 1 
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A t t h a t t i m e t h e D i v i s i o n o f P a i n t , V a r n i s h , P r i n t 
i n g i n k s and P l a s t i c s p r o b a b l y e n r o l l e d a b out 15-20 
p e r c e n t o f t h e A m e r i c a n C h e m i c a l S o c i e t y d i r e c t l y o r 
i n d i r e c t l y a f f i l i a t e d as p r o v i d e r s o f t h e f i n a l p r o 
d u c t s , o r v e n d o r s o f i n t e r m e d i a t e s . I n a d d i t i o n , 
a b o ut 80 p e r c e n t o f them were showing up a t t h e n a t i o n 
a l m e e t i n g s . 

The p o i n t t o be made i s t h a t t h e Sugar R e s e a r c h 
F o u n d a t i o n had housed i t s e l f m a i n l y i n t h e base o f t h e 
p y r a m i d , i n b a s i c o r g a n i c c h e m i s t r y . Much o f t h e work 
i t had been s u p p o r t i n g had been down i n t h i s domain. 
Where t h e y wanted t o g e t was up i n t h e m a r k e t s a t t h e 
peak o f t h e p y r a m i d . 

A t t h a t t i m e i n p a r t i c u l a r , and s t i l l t o d a y , t h e r e 
was a l o t o f b r i l l i a n t r e s e a r c h i n t h e t e c h n o l o g y o f 
t h e p r o d u c t s m e n t i o n e d
" f o r m u l a t o r " , who c o n s t i t u t e
m aking t h e p l a s t i c s , p r i n t i n g i n k s , p a i n t s , e t c . The 
f o r m u l a t o r o c c a s i o n a l l y c o u l d t r a n s c e n d t h e r e s e a r c h t o 
s o l i d i f y an i n v e n t i o n . N e e d l e s s t o m e n t i o n v e r y l i t 
t l e r e s e a r c h f r o m s a t e l l i t e s u p p l i e r s o r t h e u s e r s 
c o u l d e n t e r t h e s y s t e m e x c e p t t h r o u g h h i s c o o r d i n a t i n g 
p o s i t i o n . I f s o m e t h i n g was g o i n g t o be p r o o f - t e s t e d 
and b r o u g h t f r o m t h e r e s e a r c h b a s e up t o t h e p r o d u c 
t i o n peak, i t w o u l d have t o go t h r o u g h t h e f o r m u l a t o r 
i n s u c h a c o n d i t i o n t h a t he c o u l d a d a p t i t q u i c k l y 
w i t h a minimum o f p a i n , make h i s e v a l u a t i o n and, hope
f u l l y , push i t f u r t h e r up t h e p y r a m i d . 

The domain t h a t Case was supposed t o t a k e c a r e o f 
was t o e s c o r t some e s t e r s f r o m b a s i c r e s e a r c h t o t h e 
s e c o n d s t a g e , by a p p l y i n g i n d u s t r i a l p r o c e s s c h e m i s t r y . 
F i g u r e 2, p r e s e n t s o u r t a r g e t . 

Structure of Hexalinoleate Ester of Sucrose. 

H2C-0-C-(CH2)7-CH=CH-CH2-CH=CH-(CH2)^-CH3 

0 
-C-R 

H OH R-C -0 ii H 

0 

Reaction S to ich iometry is 

C | 2 0 „ H 2 2 + 6 C H 3 O O R - C | 2 O n H | 6 ( O O C R ) 6 + 6 C H 3 O H 

Figure 2 
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There was r e l a t i v e l y l i t t l e u s e f u l s u c r o c h e m i c a l 
l i t e r a t u r e t o go on a t t h a t t i m e . The c h e m i c a l l i t e r 
a t u r e i t s e l f was e x t e n s i v e , b u t n o t t o o a d a p t a b l e t o 
th e l i m i t e d s k i l l s o f c h e m i c a l e n g i n e e r s . The o n l y 
s u g a r e s t e r p r o c e s s t h a t we r e a l l y c o u l d g e t o f f t h e 
bench was t h e t r a n s e s t e r i f i c a t i o n p r o c e s s i n a homogen
eous s o l v e n t medium, w h i c h t h e n was i n a p e n d i n g p a t e n t 
by Dr. Hass and Dr. L l o y d Osipow. We came c l o s e s t , 
a c t u a l l y , t o a c c o m p l i s h i n g t h e g o a l w i t h t h i s p a r t i c u 
l a r r e a c t i o n . We do n o t c l a i m t h a t t h i s r e a c t i o n , as 
f i r s t s t u d i e d , w i l l t u r n o u t t o be t h e u l t i m a t e , t h e 
b e s t , and t h e f i n a l one. S i n c e t h a t t i m e , an e x t e n 
s i v e monograph has been p u t t o g e t h e r on t h e p a t e n t l i t 
e r a t u r e e m e r g i n g s i n c e t h e mid-'50s w h i c h g i v e s many 
a l t e r n a t i v e s . We have l e a r n e d , one can g e t away f r o m 
s o l v e n t s by g o i n g t h r o u g
mass t r a n s f e r e xchange
e n t k i n d s o f s o l v e n t s , s o l i d s u s p e n s i o n s , l i q u i d m e d i a , 
e t c . Y e t t h o s e i n v o l v e d p r o c e d u r e s , i n s o f a r as I have 
been a b l e t o d e t e r m i n e , and t h e r e has been no new d i s 
c l o s u r e i n t h i s Symposium, have n e v e r been p u t t o t h e 
c r i t i c a l t e s t by t h e c h e m i c a l e n g i n e e r s , even on a 
bench s c a l e . 

F i g u r e 2 i l l u s t r a t e s t h e p o i n t . B e f o r e t h e r e a c 
t i o n s e l e c t e d c o u l d g e t o f f t h e b e n c h , i t was n e c e s s a r y 
t o c l o s e t h e m a t e r i a l b a l a n c e . T h i s means t h a t r e p e 
t i t i v e l y , i n a t l e a s t a do z e n t r i e s , one measures t h e 
p e r c e n t a g e s coming o u t i n t h e p r o d u c t s , what i s g o i n g 
up t h e s t a c k , and what i s b e i n g d i s c a r d e d i n t a r s , and 
wh e t h e r t h i s d i s t r i b u t i o n i s c o n s i s t e n t . 

The f i r s t r e p o r t e d o b j e c t i v e t h e n was t h a t we 
s h o u l d come c l o s e t o making a c o n s i s t e n t m a t e r i a l b a l 
ance a t a l a b o r a t o r y b e n c h . T h i s i s a p r e c u r s o r s t e p 
on t h e way t o a p i l o t p l a n t . I w i l l summarize h a s t i l y 
some o f t h e n e c e s s a r y , even i f n o t e n t i r e l y s u f f i c i e n t , 
c o n d i t i o n s . 

F i r s t , t h e s y s t e m has t o be v e r y a n h y d r o u s , t h u s a 
f e e d s t o c k p r e p a r a t i o n i s e s s e n t i a l . S e c o n d l y , one 
must a c h i e v e a t o t a l l y homogeneous r e a c t i o n . The c a t a 
l y s t must be i n s o l u t i o n o r seeming s o . The s u g a r must 
be t o t a l l y i n s o l u t i o n . A l l o f t h e i n t e r m e d i a t e p r o 
d u c t s and f i n a l p r o d u c t s must r e m a i n i n s o l u t i o n . I f 
t h e y do n o t , one r u n s i n t o t r o u b l e s w i t h r e a c t o r p r o 
b l e m s . A l l r e a c t o r s foam, s p a t t e r , m i s t and so f o r t h . 
They have h o t zones and c o l d z o n e s , c r y s t a l l i z a t i o n 
a r e a s and c h a r i n g a r e a s . M a i n t a i n i n g b e n e f i c i a l c o l o r 
and a v o i d i n g b y - p r o d u c t s u s u a l l y i s v e r y d i f f i c u l t i f 
one must t r y t o m a n i p u l a t e h e t e r o p h a s e , s u s p e n s i o n r e 
a c t i o n s . One demand i s t h a t t h e r e be no p r e p e r o x i d a -
t i o n o r o x i d a t i o n o f t h e m e t h y l e s t e r s . However, 
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t h e r e were t e c h n i q u e s o f s t o c k p r e p a r a t i o n w h i c h 
n e g a t e d any o x i d a t i o n t h a t had o c c u r r e d . One wants 
a l s o a s o l v e n t w h i c h , i n a d d i t i o n t o b e i n g a good s o l 
v e n t f o r t h e w h o le r e a c t i o n s y s t e m , has a n i c e c l e a v a g e 
p o s s i b i l i t y u n d e r d i s t i l l a t i o n c o n d i t i o n s f o r m e t h a n o l . 
T h e r e was some t i m e b e f o r e t h e s o p h i s t i c a t e d s o l u b i l i t y 
p a r a m e t e r c o n c e p t s emerged, so t h a t t h e r e was much t r i 
a l and e r r o r . A good d e a l more can be done now on a 
s c i e n t i f i c b a s i s . 

The r e a c t i o n r a t e has t o be b r o u g h t t o r e a s o n a b l e 
l e v e l s , h o p e f u l l y t o be a c h i e v e d i n 3-4 h. O b v i o u s l y , 
t h i s meant t h a t t h e m e t h y l e s t e r s had t o be i n s u r p l u s . 
Sometimes a t a r a t i o as h i g h as 4, 6, o r even 8 t o 1 
d e p e n d i n g on what speed i s wanted i n o r d e r t o p r o d u c e 
t h e d e s i r e d h i g h e r e s t e r s  T h a t p u t demands on an 
e x t r a c t i o n , s e p a r a t i o
i n h e r i t e d f r o m t h e Hass-Osipo
a b s o r p t i o n t e c h n i c , was n o t s u i t a b l e b e c a u s e o f i t s i n 
c o n v e n i e n c e and t h e r e s u l t i n g s i d e r e a c t i o n s w h i c h n u l 
l i f i e d some o f t h e b e n e f i t s a t t a i n a b l e by c a r e i n man
a g i n g t h e r e a c t i o n . 

F o r t u n a t e l y , i t was f o u n d t h a t t h e s p e c t r u m o f 
s u c r o s e e s t e r s d i f f e r e d q u i t e s h a r p l y i n t h e i r t e m p e r a 
t u r e c o e f f i c i e n t s o f s o l u b i l i t y i n m e t h a n o l . A s i m p l e 
m e t h a n o l e x t r a c t i o n a t v a r i e d t e m p e r a t u r e s c o u l d e f f e c t 
r e a s o n a b l y good f r a c t i o n a t i o n s w i t h o u t d e g r a d i n g t h e 
p r o d u c t . 

L a s t , b u t n o t l e a s t , t h e r e c o u l d be t r a n s l a t e d a 
c l o s e d m a t e r i a l b a l a n c e f r o m t h e bench t o t h e p i l o t 
p l a n t where c h e m i c a l a n a l y s e s o f t h e p r o g r e s s o f t h e 
r e a c t i o n seemed t o c o i n c i d e w i t h t h e y i e l d s o f t h e 
m e t h a n o l s t r i p p e d o f f . I f one p r o c e e d e d a t low enough 
t e m p e r a t u r e s , a t h i g h enough r a t e s , one c o u l d m i n i m i z e 
d e c o m p o s i t i o n o f t h e s o l v e n t . T h i s was a b e t t e d p a r t i 
c u l a r l y by s p a r g i n g an i n e r t atmosphere under r e d u c e d 
p r e s s u r e s . 

The r e a c t o r s y s t e m i s shown i n F i g u r e 3. The 
p r o c e s s s t a r t s w i t h a s t i r r e d t a n k r e a c t o r w i t h a good 
r e f l e x c o n d e n s e r and a good s t r i p p i n g s t i l l f o r t h e 
m e t h a n o l . The d i s c h a r g e w o u l d go i n t o a s t i l l f o r 
s t r i p p i n g o f f t h e DMF. The DMF-free r e a c t i o n m i x , 
h i g h i n m e t h y l e s t e r s w o u l d go o v e r t o a s o l v e n t e x t r a c 
t i o n column. E a c h e x t r a c t , t h e n w o u l d be p u r g e d a g a i n 
o f m e t h a n o l , and s e n t back f o r r e c y c l e t h r o u g h t h e 
s y s t e m . 

F i g u r e 4 i n d i c a t e s s o m e t h i n g o f t h e c o m p l e x i t y o f 
t h e e x t r a c t i o n s y s t e m , w h i c h t h e n was t h o u g h t t o be a 
complex t h i n g . B u t , i t was v e r y p r i m i t i v e compared t o 
modern t e c h n o l o g y as i t has emerged i n t h e p e t r o l e u m 
i n d u s t r y . 
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Now i t becomes n e c e s s a r y t o d e v e l o p t h e ammunition 
t o c o r n e r t h e f o r m u l a t o r and show him t h a t use o f t h e 
new v e h i c l e w o u l d l e a d t o r e l a t i v e l y few h a z a r d s when 
a p p l i e d i n t h e p r a c t i c e s , as he c o u l d u n d e r s t a n d them, 
t o c o n v e r t t h i s i n t e r m e d i a t e i n t o some o f h i s r e g u l a r 
c o a t i n g s p r o d u c t s . Some o f t h e s e d a t a a r e t a b u l a t e d 
i n T a b l e I I , w h i c h a l s o i l l u s t r a t e s a f a i l u r e . The 
t a r g e t , had been a d e g r e e o f e s t e r i f i c a t i o n (D.E.) o f 8 
o r c l o s e t o i t . I t n e v e r was a c h i e v e d ; t h e h i g h e s t 
l e v e l a c h i e v e d u n d e r t h e b e s t c o n d i t i o n s , k e e p i n g 
w i t h i n t h e r e s t r i c t i o n s o f p l a n n e d p r a c t i c a l i t y , was 
abou t 7.5 D.E. F o r t u n a t e l y , i t was d i s c o v e r e d t h a t , 
t o g e t adequ a t e d r y i n g o i l p r o d u c t s , s u c h a h i g h DE 
i s u n n e c e s s a r y . An a p p r o x i m a t e 5.5 D.E. was a d e q u a t e . 
Any f u r t h e r g a i n i n D.E  i n terms o f c o a t i n g s b e n e f i t s 
a t t a i n e d , was n o t t h a
c a u s e t h e D.E. bega
v a l u e ( t h e d e g r e e o f u n s a t u r a t i o n ) o f t h e f a t t y a c i d s 
c h o s e n . 

T a b l e I I . 
E F F E C T OF DEGREE OF E S T E R IFI CAT ION ANO IOD INE V A L U E 

ON D R Y I N G R A T E 

DEGREE OF IODINE DRY TO DRIED TACK 
ESTERIF ICATION V A L U E TOUCH(HR) HARD(HR ) FREE(HR) 

6 . 1 19 I 2 S 10 

6 .1 175 2 10 1 4 

6 . 1 1 4 8 3 16 2 0 

6 . 3 1 5 2 3 1 4 2 0 

6 .1 I 4 8 3 16 2 0 

5 . 6 » 5 3 3 16 2 2 

F I L M TH ICKNESS - I MIL - CAST ON T IN AT 100 % S O L I D S 

I n t h i s l i g h t , t h e g o a l o f a D.E. o f 8, w h i c h may 
be i m p o r t a n t f o r some e s t e r s , was abandoned f o r t h e 
d r y i n g o i l s . As a m a t t e r o f f a c t , t h e r e e v o l v e d l a t e r 
r e a s o n s t o b e l i e v e t h a t some r e s i d u a l h y d r o x y l f u n c t i o n 
a l i t y i s an i m p o r t a n t a d v a n t a g e t o t h e s e p r o d u c t s , when 
u s e d i n c o n v e n t i o n a l d r y i n g o i l t y p e a p p l i c a t i o n s . 
T a b l e I I I b r i e f l y p l a c e s t h e s i t u a t i o n i n t o a c o n t e x t 
o f where t h e s u c r o s e e s t e r s s t a n d compared t o t h e c o n 
v e n t i o n a l p r o d u c t s . These a r e t h e p h y s i c a l p r o p e r t i e s 
o f t h e f i l m s . G e n e r a l l y , t h e h i g h e r t h e number, t h e 
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b e t t e r i s t h e p r o p e r t y , e x c e p t f o r d r y i n g r a t e s . The 
d a t a compared h e r e a r e f o r a s u c r o s e h e x a l i n o l e a t e ; a 
s u c r o s e e s t e r made by t h e most advanced t e c h n i q u e s o f 
t h e t i m e , u s i n g e n t i r e l y t h e m e t h y l e s t e r f r a c t i o n f r o m 
t a l l o i l t h a t c o r r e s p o n d e d i n i o d i n e number t o p u r e l i n -
o l e i c a c i d , b u t i t was n o t p u r e l i n o l e i c a c i d . 

T a b l e I I I . 

C O M P A R I S O N OF F I L M P R O P E R T I E S 

PROPERTY LONG OIL 
ALKYD RESIN 

SUCROSE HEXA
LINOLEATE 

LINSEED 
OIL 

TENSILE STRENGTH (PSI) 1450 730 180 

ELONGATION (%) 

MICROKNIFE HARDNESS 3 50 325 27 5 

MICROKNIFE ADHESION J 76 1 64 1 6 6 

DRY 1 NG ( HR S) - 40 V. SOLIDS 
DRY TO TOUCH 
DRIED HARO 
TACK FREE 

0 .8 
1 .0 
3.0 

1 .0 
1 .5 
2 .0 

1 . 5 
2 . 5 
4. 0 

IV . ALKALI RESISTANCE BLISTER - 3 HR BLI S TER - 2 HR FAIL-IOMIN 

One c an n o t i c e t h a t t h e s u g a r e s t e r i s c l o s e r i n 
p r o p e r t i e s t o t h e a r c h i t e c t u r a l , l o n g o i l a l k y d s , a t t h a t 
t i m e , t h e most commonly u s e d e x t e r i o r p a i n t s i n h a r d 
f i n i s h e s , t h a n t o l i n s e e d o i l i t s e l f , w h i c h was t h e com
mon house p a i n t b a s e . However, i n most f l u i d i t y p r o 
p e r t i e s and o t h e r w i s e , i t r e s e m b l e d a l i n s e e d o i l . So 
one c o n c l u d e s t h e h e x a l i n o l e a t e l o o k s e s s e n t i a l l y a t 
t r a c t i v e . 

T a b l e I V . 
O I L ABSORPTION R A T I O FOR V A R I O U S P I G M E N T S 

PIGMENT OIL ABSORPTION RATIO 
SUCROSE HEXAL INOLEATE / LINSEED OIL 

TITANIUM DIOXIDE 

PHTHALOCYANINE GREEN 

MILORI BLUE 

TOLUIOINE RED 

LAMPBLACK 

0.37 

0.8 I 

I .0 8 

0.80 

0.9 3 
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T a b l e IV i l l u s t r a t e s a f e a t u r e t h a t p e r h a p s i s t h e 
most i m p o r t a n t p r o p e r t y o f a l l . I t t e n d s t o be i g n o r 
ed most o f t e n by p e o p l e who have n o t had t o l i v e w i t h 
f o r m u l a t o r s o f compounded p r o d u c t s . These m a t e r i a l s 
have t o be b l e n d e d w i t h a v a r i e t y o f m i n e r a l s , p i g m e n t s , 
f i l l e r s , and a d d i t i v e s o f a l l s o r t s . U s u a l l y t h e i n 
dex o f q u a l i t y i s t h e minimum amount o f o i l t h a t c a n 
d i s p e r s e , o r t u r n i n t o p u t t y , a s t a n d a r d i z e d q u a n t i t y 
o f p i g m e n t . T h i s i s t r u e a c r o s s t h e w h ole s p e c t r u m 
o f s u c h f o r m u l a t e d p r o d u c t s f r o m p r i n t i n g i n k s t o 
m a s t i c s . 

I n o n l y one i n s t a n c e , w i t h one p i g m e n t , M i l o r i 
b l u e , w h i c h p e o p l e who know t h e a r t r e c o g n i z e as a v e r y 
m i s e r a b l e c u s t o m e r , d i d t h e s u c r o s e e s t e r a p p ear a l i t 
t l e worse t h a n l i n s e e d o i l  I n most c a s e s  i t t o o k 
l e s s o f t h e s u c r o s e
t h a n o f t h e l i n s e e
t h e s e d i s p e r s i o n s . 

These t a b l e s summarize o n l y t h e main p o i n t s . 
T here a r e w e a t h e r i n g and many o t h e r t e s t s t h a t show t h e 
s u c r o s e e s t e r s i n g e n e r a l a r e e q u a l o r s u p e r i o r t o 
t r a d i t i o n a l o l e o r e s i n o u s v e h i c l e s w i t h w h i c h s u c r o s e 
e s t e r s hoped most t o compete. 

A m i d s t t h e c o u r s e o f t h i s work an u n u s u a l o b s e r v a 
t i o n was made d u r i n g some p r e c i s i o n s t u d i e s on oxygen 
a b s o r p t i o n ( F i g u r e 5 ) . Those f a m i l i a r w i t h d r y i n g o i l 
s c i e n c e know t h a t many s i d e r e a c t i o n s o c c u r i n t h e 
h a r d e n i n g o f an o i l i n an o x i d i z i n g e n v i r o n m e n t . Some 
o f t h e r e a c t i o n s add o x y g e n , u t i l i z i n g i t i n e f f e c t t o 
p o l y m e r i z e t h e o i l , o t h e r s decompose t h e o i l . T h e r e 
a l w a y s a r e w e i g h t l o s s e s b e i n g o f f s e t by w e i g h t g a i n s 
and t h e r e a l i n d e x o f q u a l i t y i s t h e n e t change. 

-I o 2 3 4 5 6 7 
TIME (HOURS) 

Figure 5. Oxidation rate of sucrose heptalinoleate vs. bodied 
linseed oil 
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N e a r l y a l w a y s t h e s u c r o s e e s t e r s , a t D.E.'s o f 5 
o r b e t t e r seem t o have a u n i q u e b e h a v i o r , even a t com
p a r a b l e i o d i n e v a l u e s . I t seemed t h a t t h e y p e r o x i d i z -
ed and g a i n e d w e i g h t w i t h m i n i m a l d e c o m p o s i t i o n , com
p a r e d t o most n a t u r a l o i l s . Whether t h i s was a c o n 
d i t i o n e n t i r e l y due t o t h e g r e a t e r p u r i t y o f t h i s e s t e r 
compared t o n a t u r a l o i l s , o r w h e t h e r some f e a t u r e s o f 
s t r u c t u r a l c h e m i s t r y were i n v o l v e d i n i t , must be l e f t 
t o f u t u r e i n v e s t i g a t o r s . 

T h i s o b s e r v a t i o n d i d promote g r e a t i n t e r e s t . Two 
b i g c o m p e t i t i v e s y s t e m s a t t h a t t i m e were e s s e n t i a l l y , 
v i n y l a t e d o l e o r e s i n o u s m a t e r i a l s , l i k e s t y r e n a t e d a l -
kyds and o i l s , and t h e e m e r g i n g , e m u l s i o n v e h i c l e s l i k e 
SBR l a t i c e s . 

The s u c r o s e e s t e r
o x y g e n a t e d p r o d u c t s wer
The p e r o x i d e s were s t a b l e even i f d i s p e r s e d i n w a t e r 
and c o u l d be d i s p e r s e d w i t h t h e h e l p o f t h e i r own, l o w 
e r e s t e r s . One c o u l d p o l y m e r i z e them w i t h s t y r e n e , 
s t y r e n e - b u t a d i e n e , o r v i n y l a c e t a t e . We d i d n o t t r y 
h a r d t o a c h i e v e a l l t h e p o s s i b i l i t i e s , b u t t h e r e were 
some i n d i c a t i o n s t h a t t h r o u g h t h i s p o s t - o x i d a t i o n r o u t e , 

Figure 6. Flow sheet from process to products 

In Sucrochemistry; Hickson, J.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1977. 



172 SUCROCHEMISTRY 

t h e s u c r o s e e s t e r s c o u l d be e n t e r e d d i r e c t l y e i t h e r i n 
t o s t y r e n a t e d f s o l v e n t r e s i n s ( w h i c h d r y i n s e c o n d s , o r i n 
m i n u t e s , compared t o h o u r s — r e a l l y s p e c i a l k i n d s o f l a 
t e x ) o r even i n t o e m u l s i o n t e c h n o l o g i e s . 

F i g u r e 6 i s a summary o f where t h e s t u d y seems t o 
have l e f t t h e p r o s p e c t s i n a b o u t 1960. A p r o c e s s was 
d e s i r e d t h a t was c l e a n , e n v i r o n m e n t a l l y c l o s e d , and 
w h i c h c o u l d be o p e r a t e d i n commodity q u a n t i t i e s , t o 
p r o v i d e v a r i o u s d e g r e e s o f e s t e r i f i c a t i o n o f t h e s u 
c r o s e e s t e r s . These were t h e o u t l e t s t h a t were t e s t e d 
and p r o v e n f e a s i b l e t o some d e g r e e , b u t f o r w h i c h t h e r e 
was no e x t e n s i v e d e velopment t o p l a n t p r o c e s s e s . 

I t was b e l i e v e d t h a t t h e p r o c e s s w o u l d r e q u i r e 
s u c h heavy c a p i t a l i n v e s t m e n t i n w h a t e v e r p l a n t was 
n e c e s s a r y , t h a t i t w o u l d hav  t  mak  l a r g  volume f 
p r o d u c t s , and s h o u l
v a r i e t y o f p r o d u c t l i n e , ,
g i n g i n c o m p e t i t i o n w i t h t h e n a t u r a l p r o d u c t s . 

T a b l e V l i s t s t h e o b v i o u s p o t e n t i a l s as o f 1960 
when e v e r y t h i n g l o o k e d v e r y good. Here i t i s 1976, 
and n o t h i n g has happened. P e r h a p s a word i s i n o r d e r 
on what, i n r e t r o s p e c t , I t h i n k were some o f t h e p r o 
b l e m s . 

T a b l e V. 1960 P o t e n t i a l s f o r C o m m e r c i a l i z a t i o n 

1. C h e m i c a l r e s e a r c h d a t a e x i s t 
2. P i l o t p r o c e s s d e s i g n v a l i d a t e d 
3. P r o d u c t q u a l i t y i s e x c e l l e n t 
4. Raw m a t e r i a l c o s t s f a v o r a b l e 
5. M a r k e t i n g t a r g e t s i d e n t i f i e d 

I n 1966, t h e p r o c e s s we p r o p o s e d ( T a b l e VI) was 
t o o complex t o f i t t h e t e c h n o l o g y o f t h e v a r n i s h p l a n t s 
o f t h a t e r a ; r e c y c l e , r e f l u x , e x t r a c t i o n , f r a c t i o n a t i o n , 
e t c . The p r o c e s s c o s t s were u n c e r t a i n . The m a r k e t 
i n g f u t u r e s were u n c e r t a i n . The o n l y t h i n g t h a t was 
c e r t a i n was t h a t t h e use o f t h e t r a d i t i o n a l n a t u r a l and 
r e f i n e d d r y i n g o i l s was w a n i n g . New m a t e r i a l s were 
coming up. The new m a t e r i a l s were coming l e s s and l e s s 
o u t o f t h e v a r n i s h p l a n t s o f t h e f o r m u l a t o r i n d u s t r y , 
and more and more o u t o f t h e c h e m i c a l p r o c e s s i n d u s t r y . 
I t was n o t a t a l l c e r t a i n w h e t h e r , i f t h e c h e m i c a l p r o 
c e s s i n d u s t r i e s , who were now v e n d o r s , s h o u l d c a p t u r e 
a l l t h e v e h i c l e m a n u f a c t u r e s , w o u l d expand a l s o i n t o 
t h e f i n a l p r o d u c t s . 
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T a b l e V I . 1966 R e s i s t a n c e s t o C o m m e r c i a l i z a t i o n 

1. P r o c e s s c o m p l e x i t y u n a c c e p t a b l e 
2. P r o c e s s c o s t s u n c e r t a i n 
3. M a r k e t i n g f u t u r e s u n c e r t a i n 
4. B i o d e g r a d a t i o n p o t e n t i a l unwanted 
5. R & D s h i f t s t o d e f e n s i v e p o s t u r e 

B i o d e g r a d a t i o n was a c u r s e a t t h a t t i m e . Any
t h i n g t h a t b i o d e g r a d e d was r e g a r d e d as n o t d u r a b l e . 
M e r c u r y and o t h e r f u n g i s t a t s were b e i n g f o r b i d d e n , 
a n o t h e r d i r e c t i o n t h a t seemed l i k e l y t o l e a d t o aban
donment o f a l l o l e o r e s i n o u s p r o d u c t s . 

On t o p o f t h a t , R & D s h i f t e d t o a d e f e n s i v e p o s 
t u r e . A l l t h e Cha i r m e
D i r e c t o r s o f v e n d o r
a l i k e , c o n c l u d e d t h e r e was t o o much s p e n d i n g on r e s e a r c h . 
The r e s u l t s were n o t b e i n g u s e d . The emphasis was on 
q u i c k s o l u t i o n s t o p r o d u c t i o n p r o b l e m s . I n a p e r i o d 
o f l e s s t h a n t h r e e o r f o u r y e a r s , a combined r e s e a r c h 
s t a f f o f 4,000 o r s o , p r o d u c t i v e s c i e n t i s t s d w i n d l e d 
t o 600 o r 700, o r l e s s o v e r t h i s w h o l e i n d u s t r y . 

P e r h a p s I am i n c l i n e d t o p u t r e a s o n number f i v e 
as t h e main f a c t o r why t h e r e m a i n i n g p r o b l e m s were n o t 
s o l v e d , and s u g a r e s t e r s were u n a b l e t o be moved f r o m 
t h e f o r m u l a t o r s 1 c o r n e r up i n t o c o m m e r c i a l i z a t i o n . 

T a b l e V I I . 1976 P o t e n t i a l s f o r C o m m e r c i a l i z a t i o n 

1. B e t t e r c h e m i c a l r e s e a r c h d a t a added 
2. E n g i n e e r i n g a dvances f a c i l i t a t e p r o c e s s 

d e s i g n 
3. EPA/OSHA e t c . make c l o s e d p r o c e s s s ystems 

n e c e s s a r y 
4. M a t e r i a l / e n e r g y needs f a v o r r e n e w a b l e 

r e s o u r c e s 
5. New i n d u s t r i a l s t r u c t u r e s open new m a r k e t s 
6. R e n a i s s a n c e o f R & D 

I n 1976, one c a n see c e r t a i n t h i n g s t h a t d i d n o t 
e x i s t , as shown i n T a b l e V I I . G e n e r a l l y s p e a k i n g , 
some e x c e l l e n t c h e m i c a l r e s e a r c h has c o n t i n u e d and 
b e t t e r c h e m i c a l r e s e a r c h d a t a on t h e s y n t h e s i s o f t h e 
e s t e r s has been a c q u i r e d . I n f a c t , i t i s p o s s i b l e 
t h a t t h e c h e m i s t o f 1976 i s becoming even s l i g h t l y 
aware o f m a t e r i a l and e n e r g y b a l a n c e s . Thus, t h e r e i s 
l e s s chance he w i l l be d e l i v e r i n g h a l f - f r i e d r e a c t i o n s 
t o t h e c h e m i c a l e n g i n e e r . One c a n hope t h i s now w i l l 
become h a b i t u a l . 
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S e c o n d l y , e n g i n e e r i n g d e s i g n has jumped eons i n 
t e rms o f new p r o c e s s e s , p a r t i c u l a r l y e x t r a c t i o n , 
d i s t i l l a t i o n , f r a c t i o n a t i o n , s t o c k p r e p a r a t i o n , e t c . 
T h a t i s , p r o c e s s e s t h a t u s e d t o be cumbersome s t i l l 
may be c a p i t a l i n t e n s i v e , b u t t h e y c a n be f a s t . 

On t o p o f t h a t , EPA, OSHA, e t c . , p r o b a b l y w i l l 
n e v e r t o l e r a t e a g a i n t h e a p p e a r a n c e o f t h e k i n d o f 
v a r n i s h p l a n t s t h a t p r o v i d e d t h e low c o s t c o m p e t i t i o n 
w h i c h c o n s t i t u t e d t h e b a r r i e r t o s e t t i n g up t h i s new 
k i n d o f s y s t e m i n 1960. The i n d u s t r y w i l l be f o r c e d 
t o go t o c l o s e d s y s t e m s . T h i s s u g a r e s t e r p r o c e s s i s , 
s h o u l d be, and can be an e f f l u e n t c l o s e d s y s t e m , p a r t i 
c u l a r l y i f one employs modern c h e m i c a l e n g i n e e r i n g 
e q u i p m e n t , s u c h as c o n t i n u o u s r e a c t o r s , f i l m r e a c t o r s , 
e t c . , f o r w h i c h t h i s b a t c h d a t a i s a d e q u a t e t o j u s t i f y 
t h e f i r s t l e v e l s o f

The raw m a t e r i a l p i c t u r e i s i m p r o v i n g . F o r exam
p l e , i n t h e p a p e r i n d u s t r y k r a f t p u l p i n g now has d i s 
p l a c e d v i r t u a l l y a l l e x c e p t m e c h a n i c a l p u l p i n g . The 
p r o d u c t s t r e a m o f f a t t y a c i d b y - p r o d u c t s o f k r a f t p u l p 
i n g t o d a y i s a b out 6 o r 7 t i m e s what i t was i n 1960. 
A s t o u n d i n g l y , t h e f r a c t i o n t h a t w o u l d b e s t f i t o l e o r e s -
i n o u s v e h i c l e s and s u c r o s e e s t e r s i s t h e one i n l e a s t 
demand f o r c o m p e t i t i v e p u r p o s e s . B e s t o f a l l , t h e s e 
k i n d s o f f a t t y a c i d w a s t e s a r e b e i n g g e n e r a t e d e i t h e r 
f r o m wood p r o c e s s i n g o r f o o d p r o c e s s i n g . One a l s o 
g e t s c l o s e t o many c o m p o s i t e m a t e r i a l s t e c h n o l o g i e s 
l i k e p r e s s e d - w o o d , f i b e r b o a r d , and p l y w o o d , where a l l 
o f t h e s e c o u l d f e e d back t h e i r own s u g a r e s t e r s as 
n e c e s s a r y i n t e r m e d i a t e s . 

I n a d d i t i o n , t h e s e n a t u r a l p r o d u c t s i n d u s t r i e s ; 
p u l p , f o o d p r o c e s s i n g and t h e l i k e , come t h e c l o s e s t 
t h a t e x i s t t o d a y t o b e i n g s e l f - s u f f i c i e n t i n e n e r g y , on 
t h e b a s i s o f t h e i r own w a s t e s . 

One a n t i c i p a t e s t h e o v e r a l l g e n e r a t i o n o f new 
p r o d u c t l i n e s f r o m n a t u r a l p r o d u c t s i n d u s t r i e s as 
c l o s e d s i t u a t i o n s . H e r e , many o f t h e d i s a d v a n t a g e s 
now e n c o u n t e r e d w i t h p e t r o c h e m i c a l s , and a n t i c i p a t e d 
d e l a y s i n t h e e v o l u t i o n o f c o a l c h e m i c a l s , may p r o v i d e 
a f a v o r a b l e new o p p o r t u n i t y f o r s u c r o c h e m i c a l s t h a t d i d 
n o t e x i s t b e f o r e 1970. 

F i n a l l y , i t seems i m p o r t a n t t o p o i n t t o t h e r e n a i s 
sance o f R & D . T h i s S u c r o c h e m i c a l Symposium i s n o t 
o n l y a symptom, b u t a symbol t h a t f i n a l l y t h e R & D 
s i t u a t i o n has been t u r n e d a r o u n d . Once a g a i n we may 
have t o do some h a r d t e c h n o l o g i c a l d e velopment f o r 
t h e f u n d i n g i s b e g i n n i n g a g a i n t o emerge. We may 
a g a i n see an e r a when t h e r e s e a r c h l a b o r a t o r i e s o f t h e 
*60s w i l l r e a p p e a r i n t h e c o a t i n g s p r o d u c t s i n d u s t r y . 
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Abstract 
Laboratory and pilot plant data are reviewed cr i t i 

cally to establish design guidelines for production of 
sucrose ester drying oils using process systems which 
are environmentally acceptable and can be economically 
feasible, providing that a limited number of standard 
products can be marketed in sufficient volume to offset 
high capital equipment costs needed to assure reliable 
product quality and efficient energy utilizaiton. 
Raw material supply and costs are very favorable. Su
crose esters of unsaturated fatty acids can be used di
rectly to replace natural drying oils in traditional 
paints and varnishes, and also as major intermediates 
for a variety of copolymers or of heterophase emulsoid 
or organosol composition
in design of coatings, plastics,
Increasing costs of competitive materials of petrochem
ical origin, and intensification of environmental and 
toxicity standards for consumer products, can make 
both direct and intermediate usages of selected sucrose 
esters more attractive today than seemed probable about 
20 years ago. Some possible directions where product 
design research should be renewed are discussed. 

Professor Edward G. Bobalek, Ph.D., Chairman, Chem. 
Eng. Dept. Educated at St. Mary's Coll . (Minnesota), 
the Creighton Univ. and Indiana Univ. Industrial 
chem. eng. at Dow Chemical Co., and Dir. Polymer Res. 
& Production, the Arco Co.; Case Institute of Tech
nology 1948-1963, leaving as Prof, of Chem. Eng. to 
become Gottesman Research Prof, and Chairman of the 
Chem. Eng. Dept. Univ. of Maine at Orono. About 120 
research papers. Dept. of Chem. Eng., Univ. of Maine, 
Jenness Hall, Orono, Maine 04472 U.S.A. 
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Surface Coating Sucrose Resin Developments 

R. N. FAULKNER 
Paint Research Assoc., Waidegrave Rd., Teddington, Middlesex, TW11 8LD, England 

The p o t e n t i a l s
i n g o i l e s t e r s were
( 1 ) • S i n c e t h e n c o n s i d e r a b l e e f f o r t has been expended 
t o w a r d s t h e i r c o m m e r c i a l i z a t i o n . S u c r o s e l i n o l e a t e s , 
w i t h an a v e r a g e d e g r e e o f s u b s t i t u t i o n o f 6 o r 7, were 
most p r o m i s i n g , b e i n g s u p e r i o r t o l i n s e e d o i l and s i m i 
l a r t o a l k y d s w i t h r e s p e c t t o d r y i n g and f i l m f o r m i n g 
p r o p e r t i e s and a l k a l i r e s i s t a n c e . E s t e r s w i t h l o w e r 
d e g r e e s o f s u b s t i t u t i o n showed r e d u c e d p e r f o r m a n c e , a l 
th o u g h t h e t e t r a e s t e r s s t i l l were c l a i m e d t o be b e t t e r 
t h a n l i n s e e d o i l . 

S u b s t i t u t i o n o f up t o s u b s t a n t i a l l y 5 s u c r o s e 
h y d r o x y l g r o u p s ( p r e s u m a b l y t h e 3 p r i m a r y and 2 r e a c 
t i v e s e c o n d a r y g roups) i s a c h i e v e d f a i r l y r e a d i l y by r e 
a c t i o n o f a 1:5 mole r a t i o o f s u c r o s e and m e t h y l e s t e r 
u s i n g t h e s t a n d a r d t r a n s e s t e r i f i c a t i o n method. T h i s 
i n v o l v e s t h e use o f an a p r o t i c s o l v e n t , and "bone-dry" 
p o t a s s i u m c a r b o n a t e as c a t a l y s t a t abo u t 100°C. Syn
t h e s i s o f h e x a / h e p t a e s t e r s i s more d i f f i c u l t and i t be
comes n e c e s s a r y t o use a 100% e x c e s s o f m e t h y l e s t e r s 
t o a c h i e v e a 90% c o n v e r s i o n o f s u c r o s e . The u n r e a c t e d 
e s t e r s a r e r e c o v e r e d by c h r o m a t o g r a p h y o r m e t h a n o l e x 
t r a c t i o n . 

The work d e s c r i b e d i n t h i s p a p e r aimed t o s y n t h e -
s i s e h i g h p e r f o r m a n c e r e s i n s f r o m t h e more r e a d i l y p r e 
p a r e d , l o w e r s u c r o s e e s t e r s w i t h up t o 5 d r y i n g o i l sub-
s t i t u e n t s , t h r o u g h r e a c t i o n o f r e s i d u a l h y d r o x y l g r o u p s 
w i t h s u i t a b l e c r o s s - l i n k i n g s y s t e m s . D i r e c t e s t e r i f i -
c a t i o n w i t h a c i d c a t a l y s t s o r h i g h t e m p e r a t u r e s as a r e 
use d i n a l k y d r e s i n m a n u f a c t u r e c l e a r l y a r e u n s u i t a b l e . 
R e a c t i o n s , t h e r e f o r e , were c h o s e n t h a t a r e e f f e c t i v e a t 
t e m p e r a t u r e s w h i c h a v o i d d e c o m p o s i t i o n o f t h e r e a c t a n t s 
and c a n be c a r r i e d o u t u s i n g c o n v e n t i o n a l , r e s i n - m a k i n g 
t e c h n i q u e s . 

176 
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E x p e r i m e n t a l 

S y n t h e s i s and C h a r a c t e r i s a t i o n o f S u c r o s e E s t e r s . 
P a r t i a l s u c r o s e e s t e r s were used as s t a r t i n g m a t e r i a l s 
h a v i n g t h e g e n e r a l f o r m u l a S u e ( O R ) n ( O H ) g _ n where; n = 
3 t o 5, Sue r e p r e s e n t s t h e s u c r o s e s k e l e t o n , and R an 
a c y l r a d i c a l . The R g r o u p s were d e r i v e d f r o m u n s a t u 
r a t e d f a t t y a c i d s s u c h as l i n s e e d and t u n g ( d r y i n g o i l 
t y p e ) s o y a and d e h y d r a t e d c a s t o r o i l ( s e m i - d r y i n g o i l 
t y p e ) and o l i v e ( n o n - d r y i n g o i l t y p e ) o r s a t u r a t e d 
f a t t y a c i d s s u c h a s l a u r i c . 

S y n t h e s i s was c a r r i e d o u t on a l a b o r a t o r y (up t o 
500g) s c a l e by t r a n s e s t e r i f y i n g s u c r o s e a t 90° - 100°C 
and 30 mm under n i t r o g e n w i t h t h r e e t o f i v e m o l a r 
p r o p o r t i o n s o f m e t h y l f a t t  e s t e r  ( a c i d v a l u  p r e f e r
a b l y l e s s t h a n 1 m
(about 30 - 35% o f
t o p r e f e r a b l y n o t g r e a t e r t h a n 2% d r y w e i g h t o f anhy
d r o u s p o t a s s i u m c a r b o n a t e on t h e w e i g h t o f m e t h y l e s 
t e r s . Low amounts o f c a t a l y s t and low a c i d v a l u e s r e 
duce c o n t a m i n a t i o n o f t h e p r o d u c t w i t h p o t a s s i u m soap. 

The r e a c t i o n was f o l l o w e d by d e t e r m i n i n g , by gas 
l i q u i d c h r o m a t o g r a p h y , t h e amount o f m e t h a n o l p r o d u c e d 
by t r a n s e s t e r i f i c a t i o n . I n a l l c a s e s 85 t o ( u s u a l l y ) 
90% e x t e n t o f r e a c t i o n was n o t e d . The r e a c t i o n m i x 
t u r e was c o o l e d , f i l t e r e d t h r o u g h m u s l i n , and c r u d e 
s u c r o s e e s t e r , c o n t a i n i n g u n r e a c t e d m e t h y l e s t e r s and 
p o t a s s i u m s o a p s , was r e c o v e r e d i n a b o u t 95% y i e l d by 
vacuum d i s t i l l a t i o n o f DMSO a t 1 mm p r e s s u r e . I n c e r 
t a i n c a s e s , t h e amount o f u n r e a c t e d m e t h y l e s t e r s was 
d e t e r m i n e d by m o l e c u l a r , p o t d i s t i l l a t i o n . 

P u r i f i c a t i o n t o remove p o t a s s i u m soaps was e f f e c t 
ed by d i s s o l v i n g t h e c r u d e p r o d u c t i n about t w i c e t h e 
w e i g h t o f m e t h y l e t h y l k e t o n e and w a s h i n g w i t h 0.1 N 
h y d r o c h l o r i c a c i d ( i n an amount c o r r e s p o n d i n g t o 100% 
e x c e s s o f t h e q u a n t i t y r e q u i r e d f o r n e u t r a l i s a t i o n ) , 
f o l l o w e d by d i l u t e b r i n e and f i n a l l y w a t e r . The r e 
c o v e r e d p r o d u c t was p a l e i n c o l o r a f t e r d i s t i l l a t i o n 
o f s o l v e n t . A low p e r c e n t a g e l o s s was n o t e d a t t h i s 
s t a g e . T h i s p r o d u c t was f u r t h e r u p g r a d e d , i n t h e c a s e 
o f t h e " t e t r a " and " p e n t a " e s t e r s , by w a s h i n g w i t h 
a b o u t 2 t o 3 t i m e s i t s w e i g h t o f m e t h a n o l t o remove 
s o l u b l e mono- and d i s u b s t i t u t e d s u c r o s e e s t e r s and 
f a t t y a c i d s . ( E x t r a c t i o n o f t h e c r u d e p r o d u c t d i r e c t 
l y w i t h m e t h a n o l p r o d u c e d s u c r o s e due t o a d e e s t e r i f i -
c a t i o n c a t a l y s e d by t h e p o t a s s i u m s o a p s ) . The w a s h i n g 
and e x t r a c t i o n s t a g e s r e s u l t e d i n abo u t 12 t o 20% l o s s 
o f p r o d u c t , w i t h t h e " t e t r a " and " p e n t a " e s t e r s , r e 
s p e c t i v e l y , whereas t h e " t r i " e s t e r p r o d u c t s were 
h i g h l y m i s c i b l e w i t h m e t h a n o l . The c h a r a c t e r i s t i c s 
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o f t y p i c a l p r o d u c t s a r e summarized i n T a b l e I . 
Two r e s i n t y p e s were i n v e s t i g a t e d , i n c l u d i n g epoxy 

e s t e r s f r o m s t e p w i s e r e a c t i o n o f s u c r o s e - p a r t i a l d r y i n g 
o i l e s t e r w i t h c y c l i c a n h y d r i d e and d i e p o x i d e , and 
p o l y u r e t h a n e s f r o m s u c r o s e - p a r t i a l d r y i n g o i l e s t e r 
and d i i s o c y a n a t e . D e t a i l s o f s y n t h e s i s o f t h e r e s i n s 
and t h e i r e v a l u a t i o n as c o a t i n g s a r e d i s c u s s e d b e l o w . 

Epoxy e s t e r - t y p e r e s i n s f r o m d i e p o x i d e 

S y n t h e s i s . The s y n t h e s i s o f epoxy e s t e r t y p e r e 
s i n s f r o m d i e p o x i d e (2^) i s i l l u s t r a t e d i n F i g u r e 1. 
I n t h e f i r s t s t a g e , a s u c r o s e - p a r t i a l d r y i n g o i l e s t e r 
o f a c e r t a i n g r a d e o f p u r i t y (see T a b l e I) was r e a c t e d 
a t 100°C f o r 2 h o u r s u n d e r n i t r o g e n i n a s u i t a b l e s o l 
v e n t w i t h 2 mole p r o p o r t i o
p h t h a l i c , t e t r a h y d r o p h t h a l i
h y d r i d e s , t o g i v e a d i h a l f e s t e r i n t e r m e d i a t e , on a v e r 
age as i n d i c a t e d by a c i d v a l u e d e t e r m i n a t i o n . The r e s 
i n - f o r m i n g s t a g e i n v o l v e d r e a c t i o n o f a d i h a l f e s t e r 
i n t e r m e d i a t e w i t h up t o 1 mole p r o p o r t i o n o f a d i e p o x 
i d e , e.g. b i s p h e n o l A d i g l y c i d y l e t h e r , i t s o l i g o m e r s 
o r v i n y l c y c l o h e x e n e d i o x i d e . The r e a c t i o n t e m p e r a 
t u r e was u s u a l l y b e l o w 120°C a l t h o u g h w i t h p e n t a s u b s t i -
t u t e d e s t e r , up t o 140°C c o u l d be u s e d t o a c h i e v e a f a s 
t e r r a t e o f r e a c t i o n . The p r o g r e s s o f r e s i n f o r m a t i o n 
was f o l l o w e d by l o s s o f c a r b o x y l g r o u p s . G e l permea
t i o n c h r o m a t o g r a p h i c (G.P.C.) a n a l y s i s showed t h a t r e s 
i n s w i t h a r a n g e o f m o l e c u l a r s i z e s i n c l u d i n g h i g h 
m o l e c u l a r w e i g h t f r a c t i o n s were p r e s e n t . 

R e s i n s were p r e p a r e d f r o m c r u d e s u c r o s e e s t e r s , 
s o a p - f r e e s u c r o s e e s t e r s and t h e i n s o l u b l e f r a c t i o n s 
o b t a i n e d a f t e r m e t h a n o l e x t r a c t i o n o f s o a p - f r e e s u c r o s e 
e s t e r s . D e t a i l s o f r e s i n s f r o m " t e t r a " / " p e n t a " e s t e r s 
a r e g i v e n i n T a b l e s I I and I I I . S t a r t i n g f r o m c r u d e 
e s t e r s , t h e p o t a s s i u m soaps p r e s e n t c a t a l y s e d t h e r e 
a c t i o n s w i t h c a r b o x y l and e p o x i d e g r o u p s . However, 
w i t h s o a p - f r e e e s t e r s o r m e t h a n o l i n s o l u b l e f r a c t i o n s , 
a t e r t i a r y amine c a t a l y s t , e.g. a b o u t 0.25% t r i e t h y l a -
mine o r b e n z y l d i m e t h y l a m i n e , was r e q u i r e d t o o b t a i n a 
s a t i s f a c t o r y r a t e o f r e a c t i o n . R e a c t i o n t i m e s were 
u s u a l l y a b o u t 6 t o 8 h o u r s . 

I n many c a s e s , t h e e x t e n t o f r e a c t i o n ( f r o m a c i d 
v a l u e d e t e r m i n a t i o n ) was 85-90%. However, i n some 
c a s e s as l o w as 70% c o n v e r s i o n o f c a r b o x y l g r o u p s was 
n o t e d , e.g. i n t h e r e a c t i o n u s i n g a s u c r o s e p e n t a d e h y -
d r a t e d c a s t o r e s t e r c o n t a i n i n g p o t a s s i u m soaps ( b u t no 
t e r t i a r y a m i n e ) , t e t r a h y d r o p h t h a l i c a n h y d r i d e and b i s 
p h e n o l A d i g l y c i d y l e t h e r w i t h no s u b s t a n t i a l r e d u c 
t i o n i n a c i d v a l u e a f t e r a few h o u r s f u r t h e r h e a t i n g . 

In Sucrochemistry; Hickson, J.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1977. 
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n 
Figure 1. Sucrose diacid/diepoxide route to sucorse resins (Sue = sucrose) 

In Sucrochemistry; Hickson, J.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1977. 
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13. F A U L K N E R Surface Coating Sucrose Resins 183 

E p o x i d e v a l u e d e t e r m i n a t i o n s on t h i s and a " t e t r a " e s t e r -
b a s e d s y s t e m showed t h a t e p o x i d e g r o u p s were i n v o l v e d 
i n r e a c t i o n s o t h e r t h a n w i t h c a r b o x y l g r o u p s (see 
T a b l e s I I and I I I ) . 

The r e a c t i o n s o l v e n t was cho s e n so t h a t a homoge
nous r e a c t i o n m i x t u r e was o b t a i n e d . T h i s depended on 
th e t y p e o f d i e p o x i d e and c y c l i c a n h y d r i d e u s e d . 
W h i t e s p i r i t o r x y l e n e were s u i t a b l e s o l v e n t s w i t h b i s -
p h e n o l A d i g l y c i d y l e t h e r ( E p i k o t e 8 2 8 ) , x y l e n e w i t h a 
low m o l e c u l a r w e i g h t o l i g o m e r , E p i k o t e 834,and a s t r o n g 
e r s o l v e n t s u c h as C e l l o s o l v e a c e t a t e ( o p t i o n a l l y w i t h 
x y l e n e ) w i t h a h i g h e r m o l e c u l a r w e i g h t o l i g o m e r , E p i 
k o t e 1001. X y l e n e was r e q u i r e d i n r e a c t i o n s w i t h 
p h t h a l i c a n h y d r i d e b u t w h i t e s p i r i t c o u l d be u s e d w i t h 
t e t r a h y d r o p h t h a l i c a n h y d r i d e and d o d e c e n y l s u c c i n i c 
a n h y d r i d e . 

R e a c t i o n o f a s u c r o s  d r y i n g
t e r d e r i v a t i v e c o n t a i n i n g s t r o n g a c i d g r o u p s e.g., 
p h t h a l i c o r m a l e i c , w i t h a d i e p o x i d e l e d t o s u b s t a n t i a l 
d e c o m p o s i t i o n and c h a r r i n g o f t h e s u c r o s e m o i e t y . 
T h i s was a v o i d e d by h e a t i n g a l l t h r e e r e a c t a n t s t o 
g e t h e r i n a o n e - s t a g e r e a c t i o n . 

I n r e a c t i o n s o f s t r o n g a c i d g r o u p s w i t h t h e s i m p l e 
d i e p o x i d e , b i s p h e n o l A d i g l y c i d y l e t h e r , e v i d e n c e was 
o b t a i n e d o f s i d e r e a c t i o n s between c a r b o x y l g r o u p s and 
h y d r o x y l g r o u p s formed by r i n g - o p e n i n g o f t h e e p o x i d e . 
T h i s p r o d u c e d i n t e r m e d i a t e s o f i n c r e a s e d f u n c t i o n a l i t y 
and i t was f o u n d t h a t i n c r e a s i n g amounts o f g e l were 
formed w i t h p r o p o r t i o n s o f d i e p o x i d e above 0.75 mole 
up t o about 1 mole p a r t i a l s u c r o s e e s t e r / d i a c i d d e r i v a 
t i v e . G e l a t i o n was more p r o n o u n c e d u s i n g d i e p o x i d e 
o l i g o m e r s w h i c h i n i t i a l l y have a t l e a s t one f r e e hy
d r o x y l g r o u p p e r mole i n a d d i t i o n t o t h o s e formed by 
r e a c t i o n o f t h e epoxy g r o u p . G e l a t i o n was a v o i d e d by 
u s i n g a m i x t u r e o f a d i e p o x i d e and a monoepoxide s u c h 
as b u t y l g l y c i d y l e t h e r . 

R e s i n s b a s e d on t e t r a h y d r o p h t h a l i c and d o d e c e n y l 
s u c c i n i c a n h y d r i d e ( b u t n o t p h t h a l i c a n h y d r i d e ) were 
w h i t e s p i r i t t o l e r a n t . The s o l u t i o n s , however, were 
r a t h e r v i s c o u s a t a b o u t 50-6 0% c o n c e n t r a t i o n and, t o 
o b t a i n c o m p o s i t i o n s w i t h s u i t a b l e b r u s h i n g p r o p e r t i e s , 
i t was n e c e s s a r y t o add d i a c e t o n e a l c o h o l ( o r b u t a n o l ) 
t o g i v e a 3:1 r a t i o o f w h i t e s p i r i t t o d i a c e t o n e a l c o 
h o l i n t h e f i n a l s o l u t i o n . 

E v a l u a t i o n o f t h e s u r f a c e c o a t i n g p r o p e r t i e s o f 
r e s i n s d e r i v e d by d i e p o x i d e r o u t e . Unpigmented c o a t i n g s 
c o n t a i n i n g c o b a l t n a p h t h e n a t e d r i e r (0.05% c o b a l t as 
na p h t h e n a t e on t h e d r y i n g o i l c o n t e n t o f t h e r e s i n ) 
were a p p l i e d by b r u s h o r d o c t o r b l a d e t o v a r i o u s sub
s t a n c e s i n c l u d i n g a l u m i n i u m , g l a s s and p o l y e t h y l e n e 
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terephthalate f i l m (Melinex) f o r t e s t purposes. The 
dr i e d coating thickness was about 25y. Scratch hard
ness was measured by the maximum res i s t a n c e to scratch
ing of coatings on aluminium with a 1 mm diameter b a l l 
under varying loads according to B r i t i s h Standard 3900 
Part E2. F l e x i b i l i t y was assessed q u a l i t a t i v e l y by 
creasing coatings on Melinex. Resistance a l s o was 
evaluated to immersion i n water and aqueous a l k a l i at 
20°C and, i n c e r t a i n cases, 10% a c e t i c a c i d , 0.5% aque
ous sulphur dioxide and 10% aqueous phosphoric a c i d . 
Gloss was measured as specular r e f l e c t a n c e at 45° 
according to B.S. 3900: Part D2. Resistance to crack
ing and detachment from aluminium substrate was measur
ed by the cupping test,when subjected to gradual de
formation by indentation  Gloss changes were measured 
during a r t i f i c i a l weatherin
according to BS 3900
1,000 hours' exposure corresponds to about 1 1/2 years' 
exposure i n a temperate climate. 

Various r e s i n s prepared from sucrose t r i s o y a t e or 
sucrose t r i l i n s e e d a t e , 2 mole proportions of dodecenyl 
s u c c i n i c anhydride, tetrahydrophthalic anhydride or 
ph t h a l i c anhydride and 1 mole bisphenol A d i g l y c i d y l 
ether or oligomer were evaluated. In general, i n terms 
of f l e x i b i l i t y a f t e r ageing, a i r - d r i e d coatings from 
these materials were of i n f e r i o r q u a l i t y . Resins 
from " t e t r a " or "penta"esters showed better performance 
and the r e s u l t s are summarised i n Tables IV and V. 
Resins containing wholly drying o i l substituents, e.g. 
li n s e e d and tung, became b r i t t l e and yellow on ageing, 
unlike semi-drying o i l types, e.g. soya and dehydrated 
castor o i l . 

The presence of potassium soaps i n r e s i n s synthe-
s i s e d from crude sucrose esters had an adverse e f f e c t 
on the water r e s i s t a n c e of a i r - d r i e d f i l m s . The gloss 
of paints a l s o was reduced.. Improved performance was 
noted using soap-free sucrose esters or, p a r t i c u l a r l y , 
the products obtained by e x t r a c t i o n of these materials 
with methanol to remove the more h y d r o p h i l i c mono- and 
d i s u b s t i t u t e d sucrose e s t e r s , free f a t t y acids and un-
reacted methyl e s t e r s . 

Resins from "penta"-substituted e s t e r s were super
i o r to corresponding materials from lower sub s t i t u t e d 
e s t e r s . The best coatings were obtained from r e s i n s 
based on sucrose "penta"-dehydrated castor e s t e r s . A 
titanium dioxide paint of a system of t h i s type, there
f o r e , was evaluated i n more d e t a i l . For comparison pur
p o s e s ^ t y p i c a l drying o i l alkyd p a i n t also was tested. 
The r e s u l t s (Table VI) show that the performance of 
both r e s i n s i s s i m i l a r . 
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TABLE VI. Evaluation of Titanium Dioxide Paints based on Resin from 
Sucrose*Penta'' - D.C.O. Esters (3% K Soaps), Tetrahydrophthalic 
Anhydride and Bisphenol A Di g l y c i d y l Ether and/for Comparison 

Corresponding Paint from Commercial D.C.O. Alkyd Resin 
0.55:1 Pigment/binder:.Air-dried 1 week at 20°C 
0.05% Co as naphthenate : 25 microns f i l m thickness 

T e s t Paint from Sucrose Resin Paint from Commercial Alkyd 

Drying time 
(finger touch) 1| to 2 hours 2 to 3 hours 

Scratch hardness 
(on aluminium) 

F l e x i b i l i t y (on Melinex) 
after 1 week 
afcer 1 year 

very good very good 

Water : immersion on Melinex 
at 20°C/10 days 

only s l i g h t softening 
and d u l l i n g as opposite 

1% aq NaOH:immersion 
on Melinex at 20°C 

inci p i e n t breakdown 
after 3 hours 

i n c i p i e n t breakdown 
aft e r l j hours 

0.5% aq S0^: immersion on 
Melinex at 20°C/4 days 

Mi c r o b l i s t e r i n g and 
softening but no d u l l i n g 

dulled and softened 
with loss of adhesion 

10% H^PO^: immersion on 
Melinex at 20°C/4 days 

Slight softening and 
du l l i n g as opposite 

10% Acetic acid : immersion 
on Melinex at 20 C/l week No apparent effect as opposite 

Cupping test 
(on aluminium) 

Paint f a i l e d at 5rara 
depth of indentation 

Paint f a i l e d at 7mm 
depth of indentation 

Gloss retention (45° 
specular reflectance) 

I n i t i a l l y 90 95 

After 1000 hours 
a r t i f i c i a l weathering 40 55 

After 1 year natural 
weathering (Teddington) 50 60 

In Sucrochemistry; Hickson, J.; 
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P o l y u r e t h a n e R e s i n s 

S u c r o s e p o l y u r e t h a n e o i l s p r o d u c e d by d i r e c t r e a c 
t i o n o f a d i i s o c y a n a t e w i t h a s u c r o s e p a r t i a l e s t e r , 
h a v i n g an a v e r a g e d e g r e e o f s u b s t i t u t i o n o f 4.5 t o 6, 
were s t u d i e d b r i e f l y by B o b a l e k , e t a l (3) s e v e r a l 
y e a r s ago. The r e s u l t s were r a t h e r ~ T n c o n c l u s i v e . F o r 
example, a i r - d r y i n g p o l y u r e t h a n e s were o b t a i n e d w i t h 
r e l a t i v e l y p o o r d r y i n g p r o p e r t i e s , t h e c o a t i n g s were 
b r i t t l e and y e l l o w e d e x c e s s i v e l y . D i f f i c u l t y was e x 
p e r i e n c e d i n r e a c t i o n o f t h e s t o i c h i o m e t r i c amounts o f 
d i i s o c y a n a t e r e q u i r e d f o r optimum f i l m p e r f o r m a n c e , 
w i t h o u t g e l a t i o n . 

I n t h e p r e s e n t work, i t was f o u n d t h a t about 0.85 
mole t o l u e n e d i i s o c y a n a t e was t h e maximum w h i c h c o u l d 
be r e a c t e d w i t h a s u c r o s
A t t h i s l e v e l o f a d d i t i o n
a b l e r e s i s t a n c e t o aqueous a l k a l i , a p p a r e n t l y b e t t e r 
t h a n t h e m a t e r i a l s r e p o r t e d above b u t i n f e r i o r t o 
c o m m e r c i a l p r o d u c t s . F o r example, a i r - d r i e d P o l y 
u r e t h a n e o i l c o a t i n g s d e r i v e d f r o m t h e m e t h a n o l - i n s o l -
u b l e f r a c t i o n o f s o a p - f r e e s u c r o s e p e n t a s o y a t e o r pen-
t a d e h y d r a t e d c a s t o r e s t e r s l o s t 15% and 5% by w e i g h t 
r e s p e c t i v e l y on i m m e r s i o n f o r 2 h o u r s i n 5% NaOH. Res
i n s w i t h c o n s i d e r a b l y b e t t e r p e r f o r m a n c e were a c h i e v e d 
by b l o c k i n g , on a v e r a g e , one h y d r o x y l g r o u p o f t h e 
s u c r o s e p e n t a e s t e r p r i o r t o r e a c t i o n w i t h d i i s o c y a n a t e . 
V a r i o u s a p p r o a c h e s were i n v e s t i g a t e d i n c l u d i n g r e a c t i o n 
w i t h : (1) p h e n y l i s o c y a n a t e ; (2) c y c l i c a n y d r i d e and 
t h e n monoepoxide w i t h t h e h a l f e s t e r formed; (3) 1:1 
c h e l a t e complex d e r i v e d f r o m a l u m i n i u m i s o p r o p o x i d e and 
a c e t y l a c e t o n e ; and (4) c y c l i c a n h y d r i d e and t h e n b en-
z y l a t i o n o f t h e h a l f e s t e r . 

Methods 1, 2 and 3 a r e s i m p l e , e s s e n t i a l l y o n e - p o t 
r e a c t i o n s and no work-up o f t h e p r o d u c t i s r e q u i r e d . 
Method 4 however, i s u n a t t r a c t i v e s i n c e a w a s h i n g 
s t a g e i s n e c e s s a r y t o remove p o t a s s i u m c h l o r i d e formed 
by r e a c t i o n o f b e n z y l c h l o r i d e and t h e p o t a s s i u m s a l t 
o f a s u c r o s e e s t e r / h a l f e s t e r d e r i v a t i v e o f , e . g . t e t r a 
h y d r o p h t h a l i c o r m a l e i c a n h y d r i d e . 

The maximum amount o f t o l u e n e d i i s o c y a n a t e w h i c h 
c o u l d r e a c t w i t h o u t g e l a t i o n v a r i e d a c c o r d i n g t o 
t h e t y p e o f m o d i f i c a t i o n u s e d e.g., up t o 1.35 mole 
p r o p o r t i o n s w i t h t h e m o n o - / d i i s o c y a n a t e r o u t e and some
what l o w e r (1.1 t o 1.2 mole) p r o p o r t i o n s i n t h e o t h e r 
c a s e s . The m o n o - / d i i s o c y a n a t e a p p r o a c h , as e x p e c t e d , 
p r o d u c e d r e s i n s w i t h t h e b e s t a l k a l i r e s i s t a n c e , i n 
some c a s e s a t l e a s t c o m p a r a b l e t o h i g h q u a l i t y , com
m e r c i a l , a i r - d r y i n g p o l y u r e t h a n e r e s i n s and, t h e r e f o r e , 
was s t u d i e d i n more d e t a i l . 

In Sucrochemistry; Hickson, J.; 
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S y n t h e s i s by t h e m o n o d i i s o c y a n a t e r o u t e . The r e 
a c t i o n was c a r r i e d o u t i n two s t a g e s i n t h e same v e s 
s e l u s i n g s o a p - f r e e " p e n t a " - s u b s t i t u t e d s o y a , d e h y d r a 
t e d c a s t o r and 3:1 s o y a / l i n s e e d e s t e r s , and " t e t r a " -
s u b s t i t u t e d s o y a e s t e r o r , i n c e r t a i n c a s e s , t h e i n s o l 
u b l e f r a c t i o n s f r o m m e t h a n o l e x t r a c t i o n . The s u c r o s e 
e s t e r was d i s s o l v e d i n x y l e n e and h e a t e d w i t h 1 m o l a r 
e q u i v a l e n t ( o r 2 e q u i v a l e n t s w i t h t h e " t e t r a " e s t e r ) o f 
p h e n y l i s o c y a n a t e a t 90-100°C and d i b u t y l t i n d i l a u r a t e 
as c a t a l y s t . On a few gram s c a l e , t h e r e a c t i o n was 
co m p l e t e i n 2-3 h o u r s as i n d i c a t e d by t h e absence o f 
NCO peak a t ab o u t 2 2 6 0 c m ~ ! i n t h e i n f r a r e d s p e c t r u m . 
W i t h l a r g e r ( g r e a t e r t h a n 25g) s c a l e p r e p a r a t i o n , a d d i 
t i o n o f a l a r g e r amount o f c a t a l y s t , up t o 1% by w e i g h t 
o f r e a c t a n t s , was r e q u i r e d t o a c h i e v e a s a t i s f a c t o r y 
r e a c t i o n t i m e o f ab o u
a r a t i o n o f i n t r a c t a b l
added i n p o r t i o n s . I n t h e f i n a l s t a g e o f a d d i n g d i 
i s o c y a n a t e , p r e l i m i n a r y s m a l l s c a l e t e s t s were c a r r i e d 
o u t t o d e t e r m i n e t h e maximum q u a n t i t y t h a t c o u l d r e a c t 
a t 95-100°C w i t h o u t g e l a t i o n . 

S o a k i n g t e s t s were c a r r i e d o u t on unpigmented f i l m 
c o n t a i n i n g 0.05% c o b a l t as c o b a l t n a p h t h e n a t e t o d e t e r 
mine t h e r e s i s t a n c e o f r e s i n s f r o m v a r i o u s s u c r o s e e s 
t e r s t o i m m e r s i o n i n 5% aqueous a l k a l i . A i r - d r i e d 
(aged f o r 2 weeks a t 20°C) and stoved(120°C/30 m i n u t e s ) 
f i l m s on M e l i n e x were examined. The f o r m e r d r i e d t o a 
t o u c h - d r y s t a t e i n a b o u t 2 h o u r s and a f t e r 2 weeks were 
h a r d ( s c r a t c h h a r d n e s s 1 4 0 0 g ) , f l e x i b l e and showed good 
w a t e r r e s i s t a n c e . D e g r a d a t i o n was d e t e r m i n e d q u a n t i 
t a t i v e l y f r o m t h e p r o g r e s s i v e p e r c e n t a g e l o s s i n w e i g h t 
o f t h e s o l v e n t - f r e e f i l m . The r e s u l t s o f a l k a l i r e s i s 
t a n c e t e s t s a r e g i v e n i n T a b l e V I I and f o r c o m p a r i s o n , 
d a t a f o r c o m m e r c i a l , d r y i n g o i l m o d i f i e d , P o l y 
u r e t h a n e r e s i n s . These show c l e a r l y t h a t r e s i n s f r o m 
a s u c r o s e " p e n t a " e s t e r had b e t t e r a l k a l i r e s i s t a n c e 
t h a n t h o s e f r o m t h e c o r r e s p o n d i n g " t e t r a " - d e r i v a t i v e s . 
Those from t h e i n s o l u b l e f r a c t i o n s f r o m m e t h a n o l 
e x t r a c t i o n were b e t t e r t h a n t h o s e f r o m t h e c o r r e s p o n d 
i n g s o a p - f r e e e s t e r s . R e s i n s f r o m s u c r o s e " p e n t a " -
d e h y d r a t e d c a s t o r e s t e r s were t h e b e s t i n t h i s r e s p e c t 
and a t l e a s t as good as c o m m e r c i a l r e s i n s . T i t a n i u m 
d i o x i d e p a i n t s o f t h i s s y s t e m were e v a l u a t e d i n more 
d e t a i l a g a i n s t p a i n t s p r e p a r e d f r o m 4 c o m m e r c i a l r e s 
i n s . A p i g m e n t / b i n d e r r a t i o o f 0.55:1 was used w i t h 
0.05% c o b a l t as n a p h t h e n a t e and m e t h y l e t h y l k e t o x i m e 
as a n t i - s k i n n i n g a g e n t . F o r t e s t p u r p o s e s , p a i n t s 
were a p p l i e d t o M e l i n e x , c h r o m a t e d a l u m i n i u m and pho s -
p h a t e d s t e e l . The r e s u l t s (see T a b l e s V I I I , IX and 
X) showed t h a t t h e s u c r o s e - b a s e d p a i n t s e l e c t e d f o r 
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194 SUCROCHEMISTRY 

t e s t , had s i m i l a r o r b e t t e r c h e m i c a l r e s i s t a n c e p r o p e r 
t i e s and w e a t h e r i n g p e r f o r m a n c e , b u t l o w e r a d h e s i o n and 
f l e x i b i l i t y t h a n t h e c o m m e r c i a l p o l y u r e t h a n e o i l s and 
l i n s e e d e p o x y e s t e r p a i n t s . 

S y n t h e s i s f r o m s u c r o s e e s t e r / h a l f - e s t e r d e r i v a 
t i v e s , monoepoxide and d i i s o c y a n a t e . S u c r o s e " p e n t a " -
s o y a t e ( t h e m e t h a n o l i n s o l u b l e f r a c t i o n o f t h e soap -
f r e e p r o d u c t ) was r e a c t e d a t 100°C f o r 4 h o u r s w i t h a 
m i x t u r e i n x y l e n e o f 1 mole e q u i v a l e n t c y c l i c a n h y d r i d e 
e.g., p h t h a l i c o r t e t r a h y d r o p h t h a l i c a n h y d r i d e 
and monoepoxide e.g., s t y r e n e o x i d e o r C a r d u r a E ( t h e 
g l y c i d y l e s t e r o f v e r s a t i c a c i d ) , b r a n c h e d C 9 - C f a t t y 
a c i d s , i n t h e p r e s e n c e o f N - b e n z y l d i m e t h y l a m i n e as 
c a t a l y s t . A f a s t e r r a t e was a c h i e v e d w i t h t h e p h t h a l 
i c s y s t e m . The c o u r s e o f r e a c t i o n between h a l f e s t e r 
c a r b o x y l g r o u p s an
v a l u e . About 90
and t o t h e p r o d u c t was added 1.0 mole t o l u e n e d i i 
s o c y a n a t e ( t h e maximum amount w i t h o u t g e l a t i o n ) and d i -
b u t y l t i n d i l a u r a t e as c a t a l y s t . 

A i r - d r i e d o r s t o v e d (120°C/30 min) c o a t i n g s c o n 
t a i n i n g c o b a l t as n a p h t h e n a t e showed a l k a l i r e s i s t a n c e 
c o m p a r a b l e t o t h a t o f r e s i n s f r o m s o a p - f r e e s o y a e s t e r s 
d e r i v e d by t h e m o n o - / d i i s o c y a n a t e r o u t e ( s e e T a b l e V I I ) . 

S y n t h e s i s f r o m s u c r o s e e s t e r , a l u m i n i u m d i i s o -
p r o p o x i d e m o n o a c e t y l a c e t o n a t e and d i i s o c y a n a t e . I n p r e 
l i m i n a r y e x p e r i m e n t s , s u c r o s e " p e n t a " s o y a t e o r s u c r o s e 
" p e n t a " d e h y d r a t e d c a s t o r e s t e r r e a c t e d i n t o l u e n e a t 
110°C w i t h an e q u i m o l a r p r o p o r t i o n o f a l u m i n i u m d i i s o -
p r o p o x i d e m o n o a c e t y l a c e t o n a t e . (The l a t t e r was p r e p a r 
ed s e p a r a t e l y by r e a c t i o n o f e q u i m o l a r p r o p o r t i o n s o f 
a l u m i n i u m i s o p r o p o x i d e and a c e t y l a c e t o n e i n r e f l u x i n g 
t o l u e n e w i t h e l i m i n a t i o n o f 1 mole 2 - p r o p a n o l ) . The 
m o d i f i e d s u c r o s e e s t e r r e a c t e d w i t h 1.1 mole t o l u e n e 
d i i s o c y a n a t e ( t h e maximum w i t h o u t g e l a t i o n ) and d i -
b u t y l t i n d i l a u r a t e as c a t a l y s t . The p e r f o r m a n c e o f 
a i r - d r i e d o r s t o v e d c o a t i n g s was s i m i l a r t o m a t e r i a l 
d e r i v e d by t h e m o n o - / d i i s o c y a n a t e r o u t e i n terms o f 
a l k a l i r e s i s t a n c e , b u t t h e y were more b r i t t l e . 

I n a m o d i f i c a t i o n o f t h i s a p p r o a c h , t r a c t a b l e r e s 
i n s a l s o were p r o d u c e d u s i n g a l u m i n i u m i s o p r o p o x i d e 
f o r b l o c k i n g s u c r o s e h y d r o x y l g r o u p s , p r i o r t o r e a c t i o n 
w i t h t o l u e n e d i i s o c y a n a t e . C o a t i n g s f r o m t h i s r e s i n 
a l s o t e n d e d t o be b r i t t l e . 

The d i a c e t y l a c e t o n e d e r i v a t i v e o f a l u m i n i u m i s o 
p r o p o x i d e f a i l e d t o r e a c t w i t h t h e s u c r o s e d r y i n g o i l 
e s t e r , p r e s u m a b l y due t o s t e r i c f a c t o r s . 

D i s c u s s i o n 
The p r e s e n t work has d e m o n s t r a t e d t h e f e a s i b i l i t y 
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o f m a k i n g good r e s i n s f r o m s u c r o s e h i g h e r d r y i n g o i l 
e s t e r s by r e l a t i v e l y s i m p l e r e a c t i o n s w h i c h c a n be c a r 
r i e d o u t i n c o n v e n t i o n a l r e s i n - m a k i n g e quipment. W i t h 
t h e s u c r o s e e p o x y e s t e r s y s t e m , one o f t h e b e s t r e s i n s 
was sampled t o s e v e r a l members o f P a i n t R e s e a r c h A s s o 
c i a t i o n f o r e v a l u a t i o n . T h e i r a s s e s s m e n t c o n f i r m e d 
t h a t p e r f o r m a n c e was e q u i v a l e n t t o h i g h q u a l i t y a l k y d s 
b u t t h e p r i c e was t o o h i g h . Improved p e r f o r m a n c e , e.g. 
a l k a l i r e s i s t a n c e , was o b t a i n e d u s i n g d i e p o x i d e o l i g o 
mer b u t , b e c a u s e o f i t s h i g h e r e q u i v a l e n t w e i g h t , l e d 
t o more e x p e n s i v e r e s i n s . I n a d d i t i o n , t h e y were 
b r i t t l e and " s t r o n g " s o l v e n t s were r e q u i r e d . 

The s e c o n d c l a s s o f r e s i n i n v e s t i g a t e d , s u c r o s e 
d r y i n g o i l e s t e r - p o l y u r e t h a n e s i n w h i c h t h e e x p e n s i v e 
b i s p h e n o l A d i e p o x i d e i s r e p l a c e d b y  f o r example
t o l u e n e d i i s o c y a n a t
a r e c o m m e r c i a l l y mor
have b e t t e r p e r f o r m a n c e , a r e more c o m p a t i b l e w i t h 
w h i t e s p i r i t and w i t h a i r - d r y i n g s y s t e m s and a v o i d t h e 
need f o r " s t r o n g " s o l v e n t s w h i c h c o u l d l e a d t o d i f f i 
c u l t i e s i n a p p l y i n g t o p c o a t s . The b e s t r e s i n , b a s e d 
on s u c r o s e " p e n t a " - d e h y d r a t e d c a s t o r o i l e s t e r s w i t h 
17% combined s u c r o s e and 14% combined t o l u e n e d i i s o c y -
a n a t e / p h e n y l i s o c y a n a t e , was a t l e a s t c o m p a r a b l e t o a 
c o n v e n t i o n a l , a i r - d r y i n g p o l y u r e t h a n e a l k y d . A l o t o f 
development work, however, i s s t i l l r e q u i r e d t o p r o v i d e 
p a i n t s w i t h optimum p r o p e r t i e s i n terms o f g l o s s , g l o s s 
r e t e n t i o n and d u r a b i l i t y , d r y i n g t i m e , c o l o r , f l o w , 
b r u s h a b i l i t y , p i g m e n t d i s p e r s i o n p r o p e r t i e s , e t c . 

R e s i n s o b t a i n e d u s i n g a l t e r n a t i v e means t o p h e n y l 
i s o c y a n a t e f o r b l o c k i n g t h e h y d r o x y l f u n c t i o n a l i t y o f 
a s u c r o s e " p e n t a " e s t e r , e.g. r e a c t i o n w i t h a l u m i n i u m 
d i i s o p r o p o x i d e m o n o a c e t y l a c e t o n a t e o r c y c l i c a n h y d r i d e / 
e p o x i d e a l s o show p r o m i s e . 

There i s c o n s i d e r a b l e s u p p o r t f o r t h e v i e w t h a t 
o r g a n i c s o l v e n t s o l u b l e , d r y i n g o i l m o d i f i e d r e s i n s r e 
p r e s e n t a good m a r k e t , c e r t a i n l y d u r i n g t h e n e x t d e c a d e , 
and a r e more l i k e l y t o a c h i e v e e x p l o i t a t i o n u nder p r e s 
e n t economic c o n d i t i o n s . 

A n o t h e r a r e a f o r i n v e s t i g a t i o n , w h i c h has n o t y e t 
been e x p l o r e d i n d e t a i l , i s t h e use o f s u c r o s e d r y i n g 
o i l e s t e r s i n two-pack o r m o i s t u r e - c u r i n g p o l y u r e t h a n e s . 
These t y p e s s h o u l d p r o v i d e t h e s u p e r i o r a b r a s i o n and 
c h e m i c a l r e s i s t a n c e r e q u i r e d f o r h i g h p e r f o r m a n c e ap
p l i c a t i o n , e . g . c o a t i n g s f o r c h e m i c a l p l a n t s , f l o o r s , e t c . 

To e n c o u r a g e t h e p a i n t and r e s i n m a n u f a c t u r e r s t o 
t a k e a s e r i o u s i n t e r e s t i n s u c r o s e d r y i n g o i l e s t e r s , 
t h e i m m e d i a t e p r i o r i t y i s t o p r o d u c e them by a p r a c t i 
c a l p r o c e s s w h i c h does n o t use e x p e n s i v e s o l v e n t s . 
P r e l i m i n a r y s t u d i e s t o w a r d s t h i s o b j e c t i v e have demon-
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s t r a t e d t h e f e a s i b i l i t y o f maki n g s u c r o s e h i g h e r d r y 
i n g o i l e s t e r s d i r e c t l y f r o m s u c r o s e and m e t h y l e s t e r s 
i n absence o f s o l v e n t . P r o d u c t s , as m e t h a n o l i n s o l 
u b l e f r a c t i o n s , have been o b t a i n e d i n 75-80% y i e l d and 
e f f o r t s a r e now b e i n g made t o overcome t h e p r o b l e m s 
o f d a r k c o l o r and l o n g r e a c t i o n t i m e s . We hope t h a t 
s u c c e s s i n t h i s p r o j e c t w i l l p e r s u a d e t h e p a i n t and 
r e s i n i n d u s t r y t h a t s u c r o s e d r y i n g o i l e s t e r s have a 
b r i g h t f u t u r e . 
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Abstract 
In seeking new opportunities for sucrose in the 

paint industry, the feasibility of making practical su
crose resins has been demonstrated. Studies have been 
concerned mainly with air-drying systems derived from 
sucrose partial drying oil esters containing linseed, 
soya or dehydrated castor oil unsaturation. In one 
approach, resins were obtained by step-wise reaction of 
these materials with a cyclic anhydride e.g. tetrahy
drophthalic or phthalic anhydride, to give a di-half 
ester intermediate, and a diepoxide, e.g. bisphenol A 
diglycidyl ether. Titanium dioxide paints from the 
best resins give performance comparable to conventional 
drying oil alkyd paints with respect to gloss retention 
during ar t i f ic ia l and outdoor weathering tests, water 
and alkali resistance during immersion, scratch re
sistance and f lexibi l i ty . In more recent work, an
other class of air-drying resin has been made which is 
cheaper and has better chemical resistance. For ex
ample, the weight loss of films immersed for 120 hours 
in 5% aqueous potassium hydroxide was under 8%. In 
general, the best resins were obtained from tetra/ 
penta esters with conjugated unsaturation which were 
upgraded by washing with dilute acid to remove soaps 
and extraction with methanol to remove lower esters. 
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U s i n g s u g a r i
i f n o t d o w n r i g h t f o o l i s
1737 he b r o u g h t t h e " B o s t o n S t o n e s " o v e r f r o m E n g l a n d 
t o b e g i n p a i n t m a n u f a c t u r e i n A m e r i c a . He o r h i s 
a p p r e n t i c e r o l l e d a two f o o t s t o n e b a l l back and f o r t h 
t o d i s p e r s e p i g m e n t i n o i l i n a s t o n e t r o u g h . These 
s t o n e s , o f f U n i o n S t r e e t , now mark t h e hub o f B o s t o n 
and a r e symbols o f t h e modern F e d e r a t i o n o f S o c i e t i e s 
f o r C o a t i n g s T e c h n o l o g y . B u t , p a i n t s c i e n c e and t e c h 
n o l o g y have changed immensely, and i t i s t i m e f o r new 
p e r s p e c t i v e s t o w a r d o p p o r t u n i t i e s f o r s u c r o s e i n p a i n t s . 

The h i s t o r i c r e c i p e f o r d u r a b i l i t y i n p a i n t s r e 
q u i r e d o n l y w a t e r r e p e l l a n t media s u c h as t h e p i t c h on 
Noah's A r k and n a v a l s t o r e s t r e a t m e n t o f wooden s h i p s 
t h r o u g h t h e s u c c e s s i v e m i l l e n i a t h e r e a f t e r . L i n s e e d 
o i l had a l o n g and h o n o r a b l e r e c o r d i n b o t h a r t i s t i c 
and p r o t e c t i v e p a i n t s , as w e l l as i n l i n o l e u m and i n 
t h o s e y e l l o w s l i c k e r s w h i c h p r o t e c t e d New E n g l a n d f i s h 
ermen a g a i n s t n o r t h e a s t e r s . The C h i n e s e have a v e n e r 
a b l e h i s t o r y o f u s i n g o i l f r o m t u n g n u t s i n w a t e r p r o o f 
i n g t h e i r b o a t s . Of t h e t h r e e m a j o r v e g e t a b l e p r o 
d u c t s , f a t s , c a r b o h y d r a t e s and p r o t e i n s , o n l y t h i s 
c l a s s o f f a t t y o i l s had m a j o r use i n p a i n t s , w h i l e c a r 
b o h y d r a t e s were t o o i n t r a c t a b l e and p r o t e i n s were t o o 
v u l n e r a b l e f o r a l l b u t m i n o r use i n w h i t e w a s h o r d e c o r -
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a t i v e d i s t e m p e r p a i n t s . I n t r a c t a b i l i t y i m p l i e s a du
r a b i l i t y o f s o r t s i n t h e e t h e r l i n k a g e s o f c e l l u l o s e 
w h i c h s u r v i v e c e n t u r i e s o f e x p o s u r e i n s u p e r i o r wood 
s u r f a c e s a t v e r y low e r o s i o n r a t e s , a l b e i t o f d r a b ap
p e a r a n c e . 

One m a j o r e x c e p t i o n , w h i l e m i n o r t o t h e immense 
b u l k o f t h e b i g t h r e e , i s t h e b r o a d c l a s s o f n a t u r a l 
r e s i n s and gums. The w i d e range f r o m f o s s i l amber t o 
co n t e m p o r a r y r o s i n c o v e r s a c o m p l e x i t y o f t e r p e n e chem
i s t r y b e g i n n i n g w i t h s i m p l e i s o p r e n e and e x t e n d i n g 
t h r o u g h t e r p e n e s s u c h as t h e p i n e n e s and d i p e n t e n e t o 
m u l t i - r i n g , o x i d i z e d s t r u c t u r e s r i g i d enough t o enhance 
t h e weak f l e x i b i l i t y o f a p a i n t b a s e d o n l y on an o i l . 
K a u r i gum fr o m New Z e a l a n d was a s t a n d a r d o f e x c e l l e n c e 
among t h e s e n a t u r a l r e s i n s f o r many d e c a d e s  u n t i l t h e 
b e g i n n i n g s o f moder
chance m i x t u r e s o f
fo r m a l d e h y d e r e s i n s were t h e f i r s t m a j o r e f f o r t t o w a r d 
d e s i g n e d p o l y m e r s t o s t a r t t h e s y n t h e t i c p l a s t i c s i n 
d u s t r y . S i d e c h a i n s u b s t i t u t i o n s o f t h e s e p h e n o l i c s 
made them s o l u b l e i n d r y i n g o i l s , and t h e s e combina
t i o n s , a l o n g w i t h p l a s t i c i z e d n i t r o c e l l u l o s e , s t a r t e d 
t h e p a i n t i n d u s t r y a l o n g s y n t h e t i c r o u t e s . O n l y a few 
y e a r s l a t e r t h e f i r s t a l k y d s a p p e a r e d c o m m e r c i a l l y , and 
o v e r t h e l a s t f i f t y y e a r s t h e s e a l k y d s l a r g e l y have 
d i s p l a c e d t h e o l d o i l and r e s i n c o m b i n a t i o n s . 

L a t e x , s y n t h e s i z e d i n Germany i n W o r l d War I I i n 
s e v e r a l f o r m u l a v a r i a t i o n s , w a s s u b s t i t u t e d f o r u n a v a i l 
a b l e n a t u r a l l a t e x i n r u b b e r s and a l s o f o r d r y i n g o i l s 
and r e s i n s i n p a i n t s . T h e s e , p l u s d e s i g n e d p o l y m e r 
e v o l u t i o n s f r o m t h e A m e r i c a n Rubber R e s e r v e program o f 
s e v e r a l c h e m i c a l s p e c i e s o f l a t e x e s , e d u c a t e d t h e 
h o u s e h o l d e r t o t h e c o n v e n i e n c e o f w a t e r s y s t e m p a i n t s 
w h i c h were f a r b e t t e r t h a n e a r l i e r , l i m e - b a s e d , w a t e r 
d i s p e r s e d p a i n t s . 

A i r p o l l u t i o n and p o l i t i c a l r e a c t i o n , f i r s t i n t h e 
Los A n g e l e s b a s i n t h e n i n t h e San F r a n c i s c o Bay a r e a , 
s t a r t e d a s e r i e s o f r e g u l a t i o n s n o t o n l y on a u t o m o b i l e 
and f a c t o r y e x h a u s t s , b u t a l s o on most k i n d s o f s o l 
v e n t - b a s e d p a i n t s . Q u i c k l y t h e t e c h n o l o g i e s o f l a t e x 
p a i n t and o c c a s i o n a l , w a t e r r e d u c i b l e a l k y d s f r o m t h e 
1940*s were t r i e d f o r a l l manner o f p a i n t a p p l i c a t i o n s , 
b o t h t r a d e s a l e s and i n d u s t r i a l . W h i l e b o t h k i n d s 
were s u c c e s s f u l t h e n , f o r i n t e r i o r f l a t w a l l p a i n t s , 
n e i t h e r s e r v e d w e l l i n e x t e r i o r , h i g h g l o s s p a i n t s and 
t h e i r s u c c e s s i n t h e s e , more d i f f i c u l t u s e s o n l y now i s 
e m e r g i n g i n t h e 1970's. 

S u c r o s e u t i l i z a t i o n r e s e a r c h has been d i r e c t e d 
m a i n l y t o w a r d use i n p l a c e o f g l y c e r o l and o t h e r p o l y -
o l s i n a l k y d s f o r s o l v e n t s y s t e m s . T h i s was i n k e e p -
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i n g w i t h t h e t i m e s i n p a i n t t e c h n o l o g y and c a n c o n t i n u e 
t o be a v i a b l e o p p o r t u n i t y . I t i s hoped t h a t t h e on
g o i n g r e s e a r c h stemming f r o m t h e works o f H a s s , S t e w a r t , 
H e r s t e i n , B o b a l e k and F a u l k n e r , among o t h e r s , soon w i l l 
r e a c h c o m m e r c i a l f r u i t i o n . The A r a b i a n o i l c r i s i s i n 
1973 seems t o have made l a s t i n g t h e much h i g h e r p r i c e s 
o f g l y c e r o l , p e n t a e r y t h r i t o l and o t h e r p o l y o l s , and 
im p r o v e d t h e c o m p e t i t i v e c h a n c e s o f t h a t p u r e s t , d r i e s t 
p o l y o l , c a l l e d s u c r o s e . 

The new w o r l d o f p a i n t t e c h n o l o g y r e q u i r e s , how
e v e r , a r e a s s e s s m e n t o f t h e o p p o r t u n i t i e s o f s u c r o s e , 
i n r e s p e c t t o s e v e r a l m a j o r t r e n d s i n p o l l u t i o n and 
e n e r g y c o n t r o l , consumer p r e f e r e n c e f o r w a t e r - b a s e d 
p a i n t s and advances i n p o l y m e r s c i e n c e and t e c h n o l o g y , 
These t r e n d s i n c l u d e ; 

Water d i s p e r s i b l
Water d i s p e r s i b l e u r e t h a n e s and o t h e r p r e p o l y m e r s 
H i g h " s o l i d s " c o a t i n g s , 80% minimum 
R e a c t i v e o l i g o m e r s 
S o p h i s t i c a t i o n o f p o l y m e r a r c h i t e c t u r e 
S p e c i a l i z a t i o n i n i n d u s t r i a l end u s e s 

We can a s s e s s t h e s e b e t t e r a f t e r a b r i e f r e v i e w o f 
g e n e r a l t r e n d s i n t h e i n d u s t r y , and how s u p p o r t i v e , i n 
d u s t r i a l r e s e a r c h i s p u r s u e d . 

The C o a t i n g s I n d u s t r y i n T r a n s i t i o n 

The s u g a r i n d u s t r y ' s b u s i n e s s and c h e m i c a l p e r s o n 
n e l need p e r s p e c t i v e s f r o m v a r i o u s h e i g h t s t o p l a n b e t 
t e r t h e i r g e n e r a l s t r a t e g y and s p e c i f i c R & D programs 
t o w a r d u s i n g s u c r o s e i n c o a t i n g s , among o t h e r n o n - e d i 
b l e p r o d u c t s . The w o r l d s o f s u g a r and p a i n t a r e d i f 
f e r e n t , o f c o u r s e , b u t some g e n e r a l c o m p a r i s o n o f t h e i r 
m a g n i t u d e s i s u s e f u l , as i n T a b l e I . 

T a b l e I . C o m p a r i s o n o f Sugar v s . P a i n t P r o d u c t i o n 
C M i l l i o n s o f M e t r i c t o n s / y e a r ) 

Sugar P a i n t P a i n t P o l y m e r s 
N o r t h A m e r i c a 16.8 5 2.5 
E u r o p e , W e s t e r n 12.2 4 2 
E u r o p e , E a s t e r n 12.1 3 1.5 
A s i a , E x c e p t 12.7 2 1 

C h i n a 
O t h e r 25.3 1 .5 

T o t a l 79.1 15 7.5 
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A t o n n a g e - m i n d e d , s u g a r e n t r e p r e n e u r c o u l d s c o r n 
p a i n t j u s t as t h e p e t r o l e u m p e o p l e d i d i n t h e i r f i r s t 
h a l f c e n t u r y . B u t , by 1930, most p e t r o l e u m r e f i n e r s 
had e x c e s s f r a c t i o n s o f g a s e s , l i g h t d i s t i l l a t e s and 
s t i l l b o t t oms w h i c h r e d u c e d t h e i r p r o f i t s and n e c e s s i 
t a t e d t h e i r i n v e n t i o n o r i n n o v a t i o n o f new p r o d u c t s . T h e 
l i g h t e r f r a c t i o n s were worked o v e r t o make a d i v e r s e 
r a nge o f o x y g e n a t e d s o l v e n t s w h i c h made p o s s i b l e t h e 
f o r m u l a t i o n o f much b e t t e r l a c q u e r s f o r a u t o m o b i l e s and 
f u r n i t u r e . The s t i l l b o t t o m s , u n d e r s u c h i n t r i g u i n g 
names as CTLA p o l y m e r ( F o r c l a y t o w e r , L o u i s i a n a ) , were 
o f f e r e d w i s t f u l l y t o t h e p a i n t t r a d e as e q u a l t o l i n 
s e ed o i l f o r d r y i n g . They most e m p h a t i c a l l y were n o t , 
t h o u g h c e r t a i n much r e f i n e d v e r s i o n s o f them s t i l l 
f i n d m i n o r u s e s i n a l u m i n i u m p a i n t s , e t c . 

I n 1943, w h i l e
t h e Rubber R e s e r v e o r g a n i z a t i o
t h e t i c r u b b e r f a s t and w e l l , an Exxon c h e m i s t , t h e l a t e 
Dr. W i l l i a m S p a r k s , t h r e a t e n e d t o t a k e an a f t e r n o o n o f f 
and d e s i g n p o l y m e r s s p e c i f i c a l l y f o r p a i n t s f r o m s i m 
p l e , p u r e b u t a d i e n e and r e l a t e d comonomers. Many 
y e a r s and m i l l i o n s o f d o l l a r s l a t e r he s u c c e e d e d , b u t 
o n l y i n n a r r o w , s p e c i a l i z e d c o a t i n g s s u c h as f l a m e c u r 
ed c a n l i n e r s . The f i n a n c i a l r e t u r n o f t h i s one v e n 
t u r e was n o t huge, b u t i t s p a r k e d o t h e r v e n t u r e s a l o n g 
s i m i l a r l i n e s , i . e . , t o s t a r t w i t h p u r e monomers t o de
s i g n p o l y m e r s f o r v e r y s p e c i f i c end u s e s , h o p e f u l l y 
l a r g e and p r o f i t a b l e . T h a t i s my main theme h e r e . 
The A c h i l l e s H e e l o f t h a t v e n t u r e was m a i n l y r e s i d u a l 
o l e f i n i c u n s a t u r a t i o n , i . e . , c o n t i n u i n g c h e m i c a l r e a c 
t i o n and f i l m d e g r a d a t i o n . I t c o u l d n o t compete w i t h 
t h e c l a s s i c a l a l k y d s , w i t h a l l t h e i r v e r s a t i l i t y a c r o s s 
a w i d e r a n g e o f p a i n t u s e s . 

P a i n t s c i e n c e and t e c h n o l o g y have become v e r y s o 
p h i s t i c a t e d and s p e c i a l i z e d , as w e l l as c o m p e t i t i v e , 
and r e l y more on p r o p r i e t a r y t e c h n i c a l s u p e r i o r i t y t h a n 
on p a t e n t p r o t e c t i o n , even t h o u g h e a c h i s i m p o r t a n t . 

M a r k e t i n g p a i n t i s f a r d i f f e r e n t f r o m m a r k e t i n g 
s u g a r and some i n s i g h t on p a i n t R & D 'methods i s i m 
p o r t a n t t o use o f s u c r o s e t h e r e i n . A p a i n t company 
does n o t have t o be huge t o be s u c c e s s f u l . One f i n e 
example i s M i d l a n d I n d u s t r i a l F i n i s h e s , a d i v i s i o n o f 
D e x t e r C o r p o r a t i o n , w i t h a w o r l d - w i d e r e p u t a t i o n f o r 
e x c e l l e n c e i n s i l i c o n e - c o n t a i n i n g p o l y m e r s i n i n d u s t r i 
a l b a k i n g f i n i s h e s . I t s t e c h n i c a l v i c e - p r e s i d e n t , 
Dr. M i l t o n G l a s e r , i s a p i o n e e r i n t h i s f i e l d and has 
e a r n e d a w i d e r e p u t a t i o n f o r h i s s k i l l s i n t e c h n o l o g y 
and management. 
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Champions A r e Needed 

I n n o v a t i o n t h r o u g h t h e use o f champions and good 
communications~"is t h e s u b j e c t o f G l a s e r ' s t u t o r i a l mes
sage TT5 t o h i s i n d u s t r y , even t o h i s c o m p e t i t o r s . H i s 
c o n c e p t s , w i t h t h e i r l i s t i n g s and n u m e r i c a l r a t i n g s , 
a r e w o r t h y o f s t u d y by any R & D manager, e s p e c i a l l y 
t h o s e r i s i n g t o t h e c h a l l e n g e o f g e t t i n g s u c r o s e i n t o 
p a i n t s . W h i l e i n n o v a t i o n o f t e n stems f r o m t h e mind o f 
j u s t one i n d i v i d u a l , i t has l i t t l e c h a n c e o f r e l e v a n c e 
and s u c c e s s u n l e s s i t f i t s w e l l i n t o a complex e n v i r o n 
ment o f many p a r t s . G l a s e r l i s t e d i n t h i s e n v i r o n m e n t 
s e v e n t e e n m a j o r f a c t o r s ( T a b l e I I ) , o f w h i c h "New T e c h 
n o l o g y " i s o n l y one. 

T a b l e I I . E n v i r o n m e n t a
P r o c e s s 

Macro F a c t o r s T e c h n i c a l F a c t o r s 

C o m p e t i t i o n 
E c o nomics 
S u r v i v a l 

C u r r e n t T e c h n o l o g y 
New t e c h n o l o g y 
P a t e n t s i t u a t i o n 
S t a t e o f t h e a r t 

O r g a n i z a t i o n a l F a c t o r s 

" C l i m a t e " f o r R & D 
Communication P r o c e s s e s 
D e c i s i o n p r o c e s s e s 
S i z e 
S o p h i s t i c a t i o n o f R & D 

I n d i v i d u a l F a c t o r s 

E x p e r i e n c e 
I n t u i t i o n 
P e r s o n a l i t y t r a i t s 
R i s k P r o p e n s i t y 
S t a t u s 
T e c h n i c a l competence 

A good r e s e a r c h s u c c e s s and i t s r e p o r t i s n o t 
enough. L i k e t h e "commencement" ceremony upon e a r n i n g 
a b a c c a l a u r e a t e , i t i s o n l y a s t a r t . The i n n o v a t i v e 
r e s e a r c h e r i s p a r t o f a management team and c a n n o t do 
t h e w h ole j o b o f i n n o v a t i o n a l o n e . G l a s e r s e t up some 
n u m e r i c a l w e i g h t i n g f a c t o r s f o r some o f t h e s e s a l i e n t 
f a c t o r s , and t e s t e d them a g a i n s t p r a c t i c a l e x p e r i e n c e 
i n c o a t i n g s p r o j e c t s ( T a b l e I I I ) . 
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Table I I I , Most S i g n i f i c a n t Factors f o r Innovation 

Weighting 
E f f e c t i v e n e s s of communications(TM,TC,TT) 20 

10 5 5 
S c i e n t i f i c and t e c h n o l o g i c a l competence 20 
Presence of a "Champion" 15 
Recognition of market opportunities 15 
Recognition of t e c h n i c a l opportunities 10 
Degree of top management i n t e r e s t 10 
Competitive f a c t o r s 5 
Timing 5 

TÏÏÔ 

Of p a r t i c u l a r note ar

1) E f f e c t i v e n e s s of communications 

Technical - to - Marketing (TM) 
Technical - to - Customer (TC) 
Technical - to - Technical (TT) 

2) Champion, defined not as a sta r l i k e Babe Ruth 
or Olga Korbut, but rather as a person outside the 
research group, but very much i n s i d e the organiza
t i o n , with enough stature to guide, defend and 
promote a p r o j e c t a t a l l l e v e l s . 

70 Is a passing grade and Glaser i l l u s t r a t e s h i s r a t 
ings i n Table IV. 

Table IV. Heat-Resistant S i l i c o n e Coating. Assess
ment of S i g n i f i c a n t Factors Influencing 
Successful Innovation 

Weighting 
Communications (TM, TC, TT) Ï 6 

9 2 5 
S/T competence (80 x 0.20 = 16) 16 
Champion 11 
Market opportunities 11 
Technical o p p o r t u n i t i e s 11 
Top management i n t e r e s t 8 
Competitive f a c t o r s 2 
Timing 4 

Innovation P o t e n t i a l (IP) 79 

In Sucrochemistry; Hickson, J.; 
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G l a s e r ' s v i e w s on i n n o v a t i o n a r e o f f e r e d h e r e , 
t h o u g h b r i e f l y , t o show t h a t , w h i l e c o a t i n g s a r e com
p l i c a t e d , i n n o v a t i o n s i n them o c c u r o f t e n and a team 
s y s t e m i s n e c e s s a r y t o t h e i r s u c c e s s . H i s scheme 
c o u l d be e x t e n d e d backward a l o t more. He assumed 
a v a i l a b i l i t y o f e x i s t i n g p o l y m e r s f o r h i s c o a t i n g s , 
whereas I see e x t r a , m a j o r f a c t o r s o f s c a l e up and p r o 
c e s s i n g c o s t s f o r l a r g e p e n e t r a t i o n o f t h e c o a t i n g s i n 
d u s t r y by any s u c r o s e o l i g o m e r o r p o l y m e r w h i c h may be 
c h o s e n f o r e x p l o i t a t i o n . 

I n n o v a t i o n s i n c o a t i n g s a r e h a p p e n i n g even f a s t e r 
i n t h e 7 0 ' s , as t h i s i n d u s t r y and i t s many d i v e r s e c u s 
tomers f a c e up t o h i g h e r p e t r o c h e m i c a l c o s t s and t o 
s t i f f e r e n v i r o n m e n t a l c o n t r o l s . A l l t h e w h i l e , c o a t 
i n g s c o n t i n u e t o compet  w i t h o t h e  s u r f a c e s  m e t a l l i c
p l a s t i c and e l a s t o m e r i c

S u c r o s e d e r i v a t i v  c o a t i n g
s t r o n g r a t i o n a l e f o r c o n s i d e r a t i o n by a c o a t i n g s f o r m u -
l a t o r . He a l w a y s i s swamped w i t h work and overwhelmed 
by v e n d o r s ' o f f e r i n g s o f t h i s o r t h a t p o l y m e r o r a d d i 
t i v e as an i m p r o v e d v a r i a n t o f s o m e t h i n g o l d and f a m i 
l i a r . He i s more l i k e l y t o t r y one o f t h e s e t h a n some
t h i n g i n n o v a t i v e l y new t o s o l v e h i s p r o b l e m , and w i t h 
o u t undue l i a b i l i t y t o h i s c u s t o m e r . I t i s no d i s c r e d 
i t t o monomeric s u c r o s e e s t e r p l a s t i c i z e r s , as e s t a 
b l i s h e d components o f c o a t i n g s , t o n o t e t h a t t h e y were 
c l o s e enough t o e a r l i e r p l a s t i c i z e r s t o a v o i d undue 
a l a r m i n a c o a t i n g s f o r m u l a t o r o v e r g r o s s l i a b i l i t y 
f r o m h i s c u s t o m e r , and t h e r e b y w i n h i s i n t e r e s t . 

S u c r o s e d e r i v a t i v e s w h i c h a r e more r a d i c a l , i n n o 
v a t i v e c a n d i d a t e s i n c o a t i n g s w i l l need c a r e f u l s e l e c 
t i o n o f c o a t i n g s end-use t a r g e t s i n o r d e r t o be f e a s i 
b l e , e.g., t o g e t a p a s s i n g g r a d e i n I n n o v a t i o n P o t e n 
t i a l by G l a s e r ' s r a t i n g s y s t e m . To s e l e c t s u c h t a r 
g e t s r e q u i r e s b o t h b r o a d o v e r v i e w and some s p e c i f i c i n 
s i g h t s i n t o c o a t i n g s m a r k e t s . 

C o a t i n g s d o l l a r s and g a l l o n s a r e r e p o r t e d i n s e m i -
d e t a i l e d c l a s s i f i c a t i o n s by government and p r i v a t e o r 
g a n i z a t i o n s . A few s e l e c t i o n s f r o m t h e s e d a t a a r e 
u s e f u l t o i n d i c a t e t r e n d s and where i n n o v a t i v e s u c r o s e 
d e r i v a t i v e s m i g h t be w o r t h t r i a l s . U n i t e d S t a t e s d a t a 
a r e more a v a i l a b l e and r e p r e s e n t s u f f i c i e n t l y w e l l i t s 
one t h i r d o r more o f t h e w o r l d c o a t i n g s m a r k e t . These 
q u o t a t i o n s a r e f r o m a 1976 S t a n f o r d R e s e a r c h I n s t i t u t e 
R e p o r t t o t h e N a t i o n a l P a i n t and C o a t i n g s A s s o c i a t i o n 
(2). Pounds r a t h e r t h a n m e t r i c u n i t s a r e s t i l l common 
i n t h e l a n g u a g e . The o v e r a l l c o n s u m p t i o n o f raw ma
t e r i a l s i n r e c e n t y e a r s i s shown i n T a b l e V, f r o m t h e 
"NPCA D a t a Bank Program - 1976". 
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T a b l e V. The Raw M a t e r i a l s o f U.S. P a i n t 
i n B i l l i o n s o f l b . 

1973 1974 1975 

R e s i n s 2.27 2.24 2.06 
P i g m e n t s 2.64 2.49 2.31 
S o l v e n t s 4.75 4.32 3.92 
A d d i t i v e s * 0.05 0.06 0.05 

T o t a l 9.71 9.11 8.34 
(*) I n c l u d e s o n l y s e l e c t e d a d d i t i v e s 

The N a t i o n a l P a i n t and C o a t i n g s A s s o c i a t i o n , 1500 
Rhode I s l a n d Avenue, W a s h i n g t o n , D.C. 20005, c o n t r a c t e d 
f o r i t s own members t h e p r e p a r a t i o n o f t h i s 220 page, 
1976, r e p o r t , r e c o g n i z i n g t h a t t h e n o r m a l l y  v e r y com
p l e x c o a t i n g s i n d u s t r
P r i c e e s c a l a t i o n s o
abnormal a c c u m u l a t i o n s o f i n v e n t o r i e s o f m a t e r i a l s f o r 
p a i n t , d i s t o r t i n g t h e y e a r t o y e a r t r e n d s . G r e a t 
p r i c e i n c r e a s e s i n p e t r o c h e m i c a l s , e.g. e t h y l e n e a t 
3 C / l b i n t h e 1960's, 12C i n 1976 and p r o j e c t e d t o 20C 
i n 1980, a r e c a u s i n g p r o d u c e r s o f p a i n t p o l y m e r s and 
a d d i t i v e s t o r e a s s e s s t h e i r s t r a t e g i e s . T r e n d s s u c h as 
t h i s , c o u p l e d w i t h m o u n t i n g e n v i r o n m e n t a l r e s t r i c t i o n s 
on s o l v e n t s r e q u i r e a r e a s s e s s m e n t o f p a i n t u s e s o f 
n a t u r a l p r o d u c t s , and n o t a b l y s u c r o s e . 

P a i n t components a r e needed i n hundreds o f s p e c i e s 
and s u b s p e c i e s t o make t h o u s a n d s o f p a i n t f o r m u l a t i o n s 
i n f u l l r a n g e s o f c o l o r s t o c o v e r a g r e a t d i v e r s i t y o f 
s u r f a c e s from s h i p b o ttoms t o space v e h i c l e s and a 
m y r i a d o f homes, a u t o m o b i l e s and most e v e r y t h i n g i n 
between. A l t h o u g h a bout a dozen companies make a b o u t 
h a l f o f a l l U.S. p a i n t , t h e r e a r e about 1500 p a i n t mak
e r s t o be a c c o u n t e d f o r i n a s y s t e m a t i c s u r v e y , annu
a l l y by t h e U.S. Department o f Commerce,Bureau o f Cen
sus ( C I R ) , ( S . I . C . 2 8 5 1 ) , and i n more a c c u r a t e d e t a i l 
by t h e S t a n f o r d R e s e a r c h R e p o r t (SRI) as q u o t e d h e r e 
a f t e r . 

Table VI. Production of Paints and Coatings 
(Millions of U.S. Gallons) 

1973 1974 1975 
Trade Sales 

SRI 472 471 435 
CIR 424 475 451 

Industrial 
SRI 470 460 418 
CIR 473 457 438 

Totals 
SRI 942 931 853 
CIR 897 932 889 

Note: CIR = Current Industrial Reports, 
M28F, U.S. Department of Commerce, 
Bureau of the Census 
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The t r a d e s a l e s h a l f o f p a i n t p r o d u c t i o n has been 
f u r t h e r c l a s s i f i e d by S t a n f o r d R e s e a r c h I n s t i t u t e , as 
i n T a b l e V I I . 

Table VII. Estimated Production of Trade Sales Paints 
and Coatings (Millions of US Gallons) 

Market Segment 1973 1974 1975 

In t e r i o r , water-based 150 157 150 
F l a t 122 121 117 
Semi-gloss & gloss 23 30 28 
Other 5 6 5 

Interio r , solvent-based 65 60 56 
F l a t 14 13 12 
Semi-gloss & gloss 26 24 22 
Varnish 7
Other 1

Exterior, water-based 98 100 87 
F l a t * 89 90 79 
Trim 5 6 5 
Other 4 4 3 

Exterior, solvent-based 79 71 62 
F l a t * 35 30 24 
Enamel 20 18 16 
Primer 9 8 7 
Varnish 5 5 5 
Other 10 10 10 

Miscellaneous 80 83 80 
Auto & machinery r e f i n i s h i n g 

Enamel 13 14 15 
Lacquer 8 9 10 
Primer 11 10 10 

T r a f f i c Paints 48 50 45 

Totals 472 471 435 

* Includes house paints, combination house trim paints, masonry 
fi n i s h e s , and pigmented stains. 

Source: SRI estimates. 

Note w e l l t h a t t h e l o n g , s t e a d y t r e n d t o w a r d wa
t e r - b a s e d p a i n t s c o n t i n u e s u n a b a t e d . I n t h e f o u r 
p r i n c i p l e c l a s s e s , s i x t y p e r c e n t o f w a t e r - b a s e d p a i n t s 
have v e h i c l e s w h i c h m a i n l y a r e l a t e x e s s y n t h e s i z e d 
f r o m v i n y l a c e t a t e and s e v e r a l a c r y l a t e e s t e r s , a l l 
d e r i v e d from p e t r o c h e m i c a l s s u c h as e t h y l e n e . The 
o t h e r 40% a r e s t i l l made m a i n l y f r o m c o n v e n t i o n a l s o l 
v e n t - b a s e d a l k y d s , b u t t h e r e i s new i n t e r e s t i n t r a n s 
f o r m i n g t h e s e a l k y d s i n t o w a t e r - b a s e d a l k y d s , where 
s u c r o s e may f i n d new o p p o r t u n i t i e s . 
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Water d i s p e r s i b l e a l k y d s , as c o n t r a s t e d t o s o l v e n t 
s o l u b l e a l k y d s , a r e l i k e l y t o have h i g h e r f r e e c a r b o x y l 
and h y d r o x y l g r o u p s . O f t e n t h e y have e t h e r g r o u p s 
f r o m p o l y g l y c o l s . The c a r b o x y l g r o u p s a r e p a r t l y neu
t r a l i z e d , n o m i n a l l y by ammonia b u t , w i t h more s o p h i s t i 
c a t i o n , by v a r i o u s amine a l c o h o l s w h i c h a i d i n d i s p e r 
s i o n and l a t e r i n c o a l e s c e n c e t o h i g h e r g l o s s f i l m s . 
T h e r e i s much a c t i v i t y i n t h i s f i e l d b o t h w i t h i n p a i n t 
c o m p a n i e s , and among i n d e p e n d e n t r e s i n v e n d o r s . I t i s 
t i m e l y f o r s u g a r i n t e r e s t s t o e v o l v e a s t r a t e g y t o f i n d 
how s u c r o s e b e s t c a n be b u i l t i n t o t h e s e w a t e r d i s p e r 
s i b l e a l k y d s i n c o m p e t i t i o n w i t h commonly u s e d p o l y o l s 
and e t h e r g l y c o l s . Such s t r a t e g y needs t h e f u l l man
agement c o n c e p t o f , (a) s p e c i f i c , p a i n t - e n d use g o a l s , 
(b) a s y s t e m a t i c a l k y d R & D  (c) b a s i  u n d e r
s t a n d i n g o f t h e two-phas
by s u c h t e c h n o l o g i  h y d r o p h i l i c
l y o p h i l i c b a l a n c e and t h e " s o l u b i l i t y p a r a m e t e r c o n 
c e p t " w h i c h i s one o f t h e newer t o o l s o f p a i n t p o l y m e r 
c h e m i s t s ) , and (d) t h e "champion" c o n c e p t , as a d v o c a t e d 
by G l a s e r t o c a r r y t h e w h o l e p r o j e c t f o r w a r d . 

S u r f a c t a n t s , t h i c k e n e r s and o t h e r " a d d i t i v e s " a r e 
i m p o r t a n t m i n o r components i n a l l manner o f p a i n t s and, 
i n j u s t t h e t r a d e s a l e s h a l f o f t h e b u s i n e s s , a r e a 
r a t h e r l a r g e m a r k e t . Those s u g a r i n t e r e s t s w i t h a 
s t a k e i n s u c r o s e - b a s e d s u r f a c t a n t s c o u l d l o o k a t o p p o r 
t u n i t i e s i n p a i n t s , p a r t i c u l a r l y w a t e r - b a s e d p a i n t s , 
b u t w i t h some c a u t i o n a b o u t p l u n g i n g p r e m a t u r e l y i n t o 
t h i s h i g h l y s o p h i s t i c a t e d and c o m p e t i t i v e m a r k e t . The 
s u r f a c e c h e m i s t r y and r h e o l o g y r e l a t i o n s h i p s i n pigmen
t e d c o a t i n g s a r e t o o complex f o r any b u t h i g h l y e x p e r 
i e n c e d p a i n t t e c h n o l o g i s t s . 

I n d u s t r i a l C o a t i n g s 

" C h e m i c a l C o a t i n g s " i s t h e s e l f a g g r a n d i z i n g t e r m 
now u s e d commonly f o r i n d u s t r i a l p a i n t s and c o a t i n g s , 
and i m p l i e s new o p p o r t u n i t i e s f o r s u c r o s e i n f o r m i n g 
new r e a c t i v e o l i g o m e r s i n one o r a n o t h e r o f t h e b r o a d 
c l a s s e s o f t h e s e c o a t i n g s . The SRI d a t a base ( T a b l e 
V I I I ) l i s t s 22 g e n e r a l c l a s s e s w i t h i n t h i s h a l f o f t h e 
c o a t i n g s m a r k e t , and s i g n i f i c a n t t r e n d s among them. 

I n d u s t r i a l c o a t i n g s a r e b a s e d on p o l y m e r s much 
more d i v e r s e t h a n t h o s e u s e d i n t r a d e p a i n t s . T h e i r 
t r e n d t o w a r d w a t e r - b a s e d p o l y m e r s i s much s l o w e r be
ca u s e o f a l o w e r e m o t i o n a l f a c t o r and a h i g h e r p r o d u c t 
l i a b i l i t y f r o m h a s t y change. N e v e r t h e l e s s , t h e 
mo u n t i n g p r i c e s o f p e t r o c h e m i c a l s and o f methane and 
a l t e r n a t e e n e r g y c o s t s o f c u r i n g f i l m s r a p i d l y i n a 
f i n i s h i n g l i n e do i m p l y s e l e c t i v e t r e n d s t o w a r d w a t e r -
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Table V I I I . Estimated Production of I n d u s t r i a l Paints and 
Coatings ( M i l l i o n s of US Gallons) 

Market Segment 

Wood f u r n i t u r e and f i x t u r e s 
Wood and composition f l a t stock 
Metal f u r n i t u r e and f i x t u r e s 
Containers and closures 
Sheet, s t r i p , and c o i l 
Major appliances 
Other appliances 
Automotive, OEM - topcoat 

- primer 
- a f t e r market + 

miscellaneous 
Trucks and buses, OEM 
Rai l r o a d , OEM 
Other t r a n s p o r t a t i o n , OE
Machinery and equipment 
E l e c t r i c a l i n s u l a t i o n 
Paper, f i l m , and f o i l 
Marine pleasure, OEM 

- new and commercial 
- maintenance and r e p a i r 

E x t e r i o r maintenance 
I n t e r i o r maintenance 
Other product f i n i s h e s 

T o t a l s 

1973 1974 1975 

60 51 46 
27 35 28 
30 29 24 
48 48 44 
22 23 15 
12 11 9 
6 6 5 

23 17 16 
12 9 8 

10 9 8 
12 10 10 

30 26 24 
13 13 10 
7 7 7 
1 1 1 
5 5 5 
7 7 7 

34 37 38 
21 24 26 
82 84 80 

470 460 418 

Source: SRI estimates 

b a s e d , i n d u s t r i a l c o a t i n g s . P o l y m e r p r o d u c e r s a r e 
a d v e r t i s i n g a c r y l i c l a t e x e s f o r c o i l c o a t i n g s and w a t e r -
b a s e d u r e t h a n e s f o r a u t o m o b i l e s and ma j o r a p p l i a n c e s , 
as w e l l as w a t e r - b a s e d a l k y d s f o r m e t a l c a s t i n g s . The 
c a n d i d a t e p o l y m e r s w h i c h m i g h t be r e p l a c e d by a s u c r o s e -
c o n t a i n i n g p o l y m e r a r e l i s t e d ( T a b l e IX) by SRI i n 
more t h a n a dozen c a t e g o r i e s f o r a l l c l a s s e s o f p a i n t s . 

A l k y d s 1 " d e a t h " has been p r e d i c t e d p r e m a t u r e l y f o r 
y e a r s by t h e a d v o c a t e s o f c o m p e t i t i v e p o l y m e r s . T h e i r 
v i t a l t e n a c i t y i n t h e c o a t i n g s m a r k e t c a n be a t t r i b u t e d 
t o , (a) t h e l a r g e numbers o f c o a t i n g s f o r m u l a t o r s and 
po l y m e r s y n t h e s i z e r s who u n d e r s t a n d them w e l l , (b) t h e 
many a l t e r n a t i v e components f o r t h e i r s y n t h e s e s , and 
(c) t h e n e a r l y i n f i n i t e p o t e n t i a l f o r h y b r i d i z a t i o n 
w i t h o t h e r p o l y m e r t y p e s s u c h as p o l y s t y r e n e and t h e 
a c r y l i c p o l y m e r f a m i l i e s . These p o i n t s a r e i l l u s t r a 
t e d and i m p l i e d i n S R I 1 s t a b u l a t i o n ( T a b l e X) o f a l k y d 
p r e c u r s o r s . 
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Table IX. Estimated Consumption of Resins i n Paints 
and Coating s 

M i l l i o n s of Pounds 

Resins 1973 1974 1975 

Alkyd 760 750 695 
A c r y l i c 363 384 350 
V i n y l 413 395 367 
Epoxy 94 112 102 
Urethane 69 67 60 
Amino 74 74 63 
C e l l u l o s i c 63 56 50 
Phenolic 29 27 24 
Chlo r i n a t e d rubber 13 13 14 
Styrene-butadiene 
Polyester 
Natural 
Linseed o i l 84 58 45 
Other 183 194 184 
P l a s t i c i z e r s * 49 45 43 

T o t a l s 2,266 2,244 2,058 

* P l a s t i c i z e r s are sometimes categorized as a d d i t i v e s ; 
however, they have been included with r e s i n s i n t h i s 
report. 

Source: SRI estimates. 

Beyond a l k y d s and c l o s e l y a s s o c i a t e d p o l y e s t e r s 
( o i l - f r e e ) , o t h e r p o l y m e r c l a s s e s s u c h as a c r y l a t e e s 
t e r s , a m i n e - a l d e h y d e s and u r e t h a n e s a r e e n j o y i n g much 
a t t e n t i o n i n p i o n e e r i n g new p o l y m e r s f o r p a i n t s . Some 
o f t h i s i s i m p l i e d i n t h e o t h e r p a p e r s w h i c h a r e com
p a n i o n s t o t h i s one and a d v o c a t e t h e use o f s u c r o s e i n 
u r e t h a n e foams where a l l e i g h t h y d r o x y l s i n s u c r o s e 
a r e c h e m i c a l l y f u n c t i o n a l t o a c h i e v e h i g h m o l e c u l a r 
w e i g h t and r i g i d i t y . C o a t i n g s r e q u i r e more f l e x i b i l i 
t y and s u c r o s e ' s f u n c t i o n a l i t y needs t o be m o d u l a t e d 
down t o a ra n g e o f two t o t h r e e f o r p o l y m e r c h a i n f o r 
m a t i o n . I n a l k y d s , t h e p i o n e e r r e s e a r c h e r s i n use o f 
s u c r o s e , as r e p o r t e d i n p a p e r s by B o b a l e k and F a u l k n e r , 
have f o u n d n e c e s s a r y t h e f a t t y a c i d e s t e r i f i c a t i o n o f 
a t l e a s t f o u r o f t h e e i g h t h y d r o x y l s o f s u c r o s e i n o r 
d e r t o make t h e s u c r o s e segment o f t h e p o l y m e r s u f f i e n t -
l y h y d r o p h o b i c and i n o r d e r t o g e t enough d i e n e g r o u p s 
i n one a l k y d m o l e c u l e f o r f a s t enough f i l m d r y i n g by 

In Sucrochemistry; Hickson, J.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1977. 



210 SUCROCHEMISTRY 

T a b l e X. C o n s u m p t i o n o f S p e c i f i c A l k y d R e s i n P r e c u r s o r s , 1975 

M i l l i o n s o f Pounds 

Po l y b a s i c a c i d s and anhydrides: 265 
P h t h a l i c anhydride 225 
I s o p h t h a l i c a c i d 2 3 
Maleic anhydride 6 
Fumaric a c i d 4 
Other p o l y b a s i c a c i d s and 
a n h y d r i d e s 3 7 

P o l y h y d r i c a l c o h o l s : 160 
G l y c e r i n 70 
P e n t a e r y t h r i t o l 70 
Other p o l y h y d r i c a l c o h o l s 20 

F a t t y o i l s and f a t t y a c i d s : 275 
Vegetable o i l s and f a t t

Soybean o i l 14
Linseed o i l 40 
Castor o i l 20 
Other vegetable o i l s 25 

T a l l o i l f a t t y a c i d s 40 
Marine o i l s 5 
S y n t h e t i c f a t t y a c i d s 5 

M o d i f i e r s : 65 
Resins 15 

Phenolic d 13 
Other r e s i n m o d i f i e r s 2 

Monomers 30 
Styrene and v i n y l toluene 25 
A c r y l i c (methyl methacrylate) 5 

Monobasic organic a c i d s and e s t e r s 20 
Rosin and r o s i n e s t e r s 15 
Benzoic a c i d and other organic 
a c i d s and e s t e r s 5 

T o t a l 765 

a. Includes t r i m e l l i t i c anhydride, c h l o r e n d i c anhydride, s h o r t -
chain a l i p h a t i c d i b a s i c a c i d s , and dimerized f a t t y a c i d s . T y p i c a l 
s h o r t - c h a i n a l i p h a t i c d i b a s i c a c i d s i n c l u d e a d i p i c a c i d , a z e l a i c 
a c i d , sebacic a c i d , and s u c c i n i c a c i d . 

b. Includes ethylene g l y c o l , d i e t h y l e n e g l y c o l , propylene g l y c o l , 
dipropylene g l y c o l , butylène g l y c o l , neopentyl g l y c o l , t r i m e t h y l -
olethane, t r i m e t h y l o l p r o p a n e , and other miscellaneous g l y c o l s 
and p o l y o l s . 

c. Includes coconut, o i t i c i c a , s a f f l o w e r , sunflower, and tung o i l s . 

d. Includes s i l i c o n e and polyamide r e s i n s . 

e. Other organic a c i d s and e s t e r s i n c l u d e d i m e t h y l o l p r o p i o n i c 
a c i d and the g l y c i d y l e s t e r o f a s y n t h e t i c s a t u r a t e d t e r t i a r y 
c a r b o x y l i c a c i d . 

Source: SRI estimates. 
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o x i d a t i o n o r h e a t . W h i l e t h e s e s u c r o s e - c o n t a i n i n g 
a l k y d s a r e d e v e l o p e d f u r t h e r and e x p l o i t e d , t h e r e i s 
more need now f o r o t h e r r o u t e s t o t h e use o f s u c r o s e i n 
p a i n t s . 

I n n o v a t i o n i n n o n f o o d , c h e m i c a l u s e s o f s u c r o s e 
r e q u i r e s u n d e r s t a n d i n g o f t h e f u n d a m e n t a l c h e m i s t r y o f 
s u c r o s e , b e g i n n i n g w i t h more r e s e a r c h on t h e k i n e t i c s 
o f r e a c t i o n r a t e s o f t h e t h r e e p r i m a r y h y d r o x y l s v e r s u s 
t h e f i v e s e c o n d a r y o n e s . U s i n g t h e r e l a t i v e s t a b i l i t y 
o f c e l l u l o s e as a m o d e l , w i t h i t s one p r i m a r y and two 
s e c o n d a r y h y d r o x y l s p e r g l u c o s e u n i t , a n i n g e n i o u s chem
i s t c a n s t r i v e t o w a r d a g o a l o f s y n t h e s i z i n g an o l i g 
omer f o r s u p e r i o r p a i n t s by r e a c t i n g j u s t two o f t h e 
p r i m a r y h y d r o x y l s o f s u c r o s e t o fo r m a p o l y m e r c h a i n o f 
low t o i n t e r m e d i a t e m o l e c u l a r w e i g h t  w h i l e r e s e r v i n g 
t h e t h i r d p r i m a r y h y d r o x y
d u r i n g f i l m f o r m a t i o n
need t o be w e l l b e l o w t h e c a r a m e l i z a t i o n t e m p e r a t u r e 
r a n g e o f s u c r o s e . 

Summary 

P r o s p e c t s f o r s u g a r i n s u r f a c e c o a t i n g s c a n be 
b r i g h t f o r an i n g e n i o u s c h e m i s t who c a n b r i n g t o g e t h e r 
t h e two l a r g e s t o r e s o f c a r b o h y d r a t e and p o l y m e r s c i 
ence t o w a r d new o l i g o m e r s f o r c o a t i n g s . H i s s u c c e s s 
w i l l depend c r i t i c a l l y upon s u p p o r t by a team e f f o r t 
e n c o m p a s s i n g p r o c e s s e n g i n e e r i n g and m a r k e t i n g s k i l l s , 
among o t h e r s , and most o f a l l upon t h e s u p p o r t o f a 
"champion". 

Abstract 
Prospects for sucrose in surface coatings wi l l 

widen as coatings become even more specialized and as 
natural products, including sucrose, regain economic 
opportunity to compete against higher priced petrochem
icals in coatings. Finishing in factories rather than 
on site has an increasing share of the coatings market 
and enables more sophisticated curing mechanisms to 
yield more durable coatings. These advances thus far 
have depended mainly on great and complex achievements 
in fifty years of petrochemistry toward carefully de
signed and durable polymer structures. Maximum use of 
chemical reactivity before and during polymer and film 
formation leave less vulnerability to degradation of 
the film, e.g., 25 to 100 micrometers thick for up to 
twenty years. 

Sucrose ester developments over 30 years have sev
eral established uses in solution type coatings, but 
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need extension into specialized factory applied coat
ings of both conventional and newer water dispersible 
types. Urethanes based on alkoxy modifications of 
sucrose need extension beyond their use in rigid foams 
to surface coatings where some types of urethane coat
ings have superior toughness. Sucrose as a pure, low 
cost chemical is promising for much exploratory re
search beyond present esters and ethers to utilize its 
unique, complex reactivity towards new kinds of polymer 
formation. This exploration must be guided by chang
ing balances in costs of materials, energy and environ
mental controls. 
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SAIB in Coatings 

CHARLES H. CONEY 
Eastman Chemical Products Inc., Kingsport, Tenn. 37662 

A systematic synthesi
the Research Laboratorie
Simultaneously, evaluat ion of these preparations as 
po ten t i a l commercial products wi th spec ia l emphasis as 
components of surface coatings was conducted by the 
Technical Service and Development Laboratories of East
man Chemical Products. From t h i s cooperative e f fo r t , 
success came i n the form of a very unusual and unique 
compound, the mixed acetate-isobutyrate ester of su
crose - SAIB. 

The preparation of these esters i s f a i r l y s t r a igh t 
forward (1̂ ) . Sucrose and an excess of the anhydride 
are heated i n the presence of the corresponding sodium 
or potassium s a l t . The crude ester then i s d issolved 
i n hexane and washed with d i l u t e aqueous sodium hydrox
ide to remove the res idua l a c i d , ca t a lys t and c o l o r . 
The hexane i s then s t r ipped under reduced pressure. 

At the beginning of t h i s study, the octaacetate 
ester was a commercial product, but the other sugar 
esters were not commercially a v a i l a b l e . Thus, the 
octasubst i tuted esters of p rop ion ic , b u t y r i c , i sobutyr -
i c , v a l e r i c , 2-methyl b u t y r i c , and 2-ethyl hexanoic 
acids were prepared (Table I ) . I t was found that , 
although the octapropionate ester i s a glassy s o l i d i n 
a super-cooled s ta te , i t soon c r y s t a l l i z e s . Sucrose 
octaisobutyrate i s a very viscous l i q u i d after melt ing 
but, wi th in a few hours, begins to c r y s t a l l i z e . The 
butyrate, the va le ra te , the 2-methyl butyrate, and the 
2-ethyl hexanoate octa es ters , each exis ted as l i q u i d s 
which d id not c r y s t a l l i z e . I t i s i n t e re s t ing to note 
that the octaisobutyrate ester on c r y s t a l l i z a t i o n forms 
a very symmetrical, spher ica l mass as i n d i v i d u a l c rys 
t a l s radiate from the nucleus. 
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T a b l e I . 
Sucrose Ester Modified Cellulose Acetate Butyrate Films 

(50/50 Ratio) 

Type of Octa-Ester Appearance 

Acetate Very brittle 

Propionate Hazy, brittle 

Isobutyrate Opaque, brittle 

Butyrate Soft, tacky 

Valerate Soft, tacky 

2-Ethyl hexanoate Very soft film 

When t h e s u c r o s e e s t e r s were e v a l u a t e d as m o d i 
f i e r s f o r c e l l u l o s e a c e t a t e b u t y r a t e  t h e c r y s t a l - p r o 
d u c i n g compounds gav
opaque f i l m s as t h e
t h e p r e s e n c e o f t h e c e l l u l o s e p o l y m e r ( T a b l e I I ) . On 
t h e o t h e r hand, t h e l i q u i d e s t e r s p e r f o r m e d as p l a s t i 
c i z e r s f o r c e l l u l o s e a c e t a t e b u t y r a t e , p r o d u c i n g s o f t 
and t a c k y f i l m s a t 50% m o d i f i c a t i o n . Because o f t h i s 
s o f t e n i n g a c t i o n , s u c r o s e e s t e r s , f o r m i n g l o w - v i s c o s i t y 
l i q u i d s , were e l i m i n a t e d f r o m c o m m e r c i a l c o n s i d e r a t i o n . 
I t a l s o was e s t i m a t e d t h a t t h e s e e s t e r s c o u l d n o t com
p e t e c o s t w i s e w i t h t h e commonly u s e d , c o a t i n g s p l a s t i 
c i z e r s . 

T a b l e I I . 
Sucrose Esters 

Type of Octa-Ester Physical Nature Melting Point, °C 

Acetate 

Propionate 

Isobutyrate 

n-Butyrate 

Valerate 

2-Methyl butyrate 

2-Ethyl hexanoate 

Crystalline 

Crystalline 

Crystalline 

Liquid 

Liquid 

Liquid 

Liquid 

45 
64 

To overcome t h e dilemma e i t h e r o f c r y s t a l l i n e o r 
l o w - v i s c o s i t y compounds, t h e m i x e d e s t e r s were p r o 
d uced and i n v e s t i g a t e d . S e v e r a l o f t h o s e were f o u n d 
t o p r o d u c e v i s c o u s l i q u i d s w h i c h w o u l d n o t c r y s t a l l i z e . 
From e v a l u a t i o n s i n c o m b i n a t i o n w i t h v a r i o u s f i l m - f o r m 
i n g p o l y m e r s , s u c r o s e a c e t a t e i s o b u t y r a t e was s e l e c t e d 
as p r o d u c i n g p r o p e r t i e s most d e s i r a b l e as a c o a t i n g s 
m o d i f i e r ( F i g u r e 1 ) . Of c o u r s e , t h e r e a r e many p o s s i 
b l e c o m b i n a t i o n s f r o m t h e v a r i o u s r a t i o s o f a c e t y l t o 
i s o b u t y r y l g r o u p s . From a s t u d y o f t h i s f a c t o r , i t 
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Figure 1 

was d e t e r m i n e d t h a t  a c e t y l
i s o b u t y r y l g r o u p s gave most d e s i r a b l e p r o p e r t i e s . I n 
a d d i t i o n , t h e random v a r i a t i o n o f t h e a r r a n g e m e n t o f 
t h e two s u b s t i t u e n t g r o u p s i n c r e a s e s m o l e c u l a r inhomo-
g e n e i t y and r e d u c e s t h e t e n d e n c y t o c r y s t a l l i z e . 

T h i s h i g h - v i s c o s i t y , r e s i n o u s , m i x e d a c e t a t e - i s o -
b u t y r a t e e s t e r was f o u n d t o m o d i f y c e l l u l o s i c - b a s e d 
c o a t i n g s i n a way t h a t c o u l d e x t e n d t h e f i l m - f o r m i n g 
p o l y m e r , g i v i n g h i g h e r s o l i d s w i t h o u t a p p r e c i a b l y l o w e r 
i n g c o a t i n g f i l m h a r d n e s s (20 . T h i s a s p e c t and s e v e r 
a l o t h e r d e s i r a b l e p r o p e r t i e s o f t h e e s t e r w i l l be c o v 
e r e d i n t h e r e m a i n i n g d i s c u s s i o n . 

A l t h o u g h t h i s e s t e r p e r f o r m s i n s e v e r a l ways l i k e 

Figure 2 
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Figure 3 

a p o l y m e r i c m a t e r i a l , i t i s a c t u a l l y a l a r g e , b u l k y 
m o l e c u l e o f a b o u t 834 m o l e c u l a r w e i g h t ( F i g u r e 2 ) . 
Of c o u r s e , i t i s e s s e n t i a l t h a t most c o a t i n g s m o d i f i e r s 
have a d e g r e e o f r e s i s t a n c e t o w a t e r . As m e n t i o n e d 
e a r l i e r , t h e e s t e r i f i c a t i o n o f a l l o f t h e h y d r o x y l 
g r o u p s on s u c r o s e changes i t s h y d r o p h i l i c - l i p o p h i l i c 
b a l a n c e (HLB) and s u r f a c e e n e r g y t o a h i g h d e g r e e . 
T h i s r a d i c a l change p r o b a b l y i s due, i n p a r t , t o t h e 
h i g h d e n s i t y o f r e a c t i o n s i t e s a v a i l a b l e on s u c r o s e and 
t o t h e h i g h d e g r e e o f c o n v e r s i o n t o t h e e s t e r . 

The h y d r o p h o b i c i t y o f SAIB ca n be i l l u s t r a t e d by 
i t s h i g h c o n t a c t a n g l e w i t h w a t e r . The i n i t i a l a n g l e 
o f c o n t a c t was f o u n d t o be 110-115°. The p r o d u c t i s 
a l s o v e r y s t a b l e i n t h e p r e s e n c e o f w a t e r . We f o u n d , 
i n t h e e a r l y work, t h a t , as one m i g h t e x p e c t , t h e d e g r e e 
o f h y d r o l y t i c s t a b i l i t y o f t h e m i x e d e s t e r i n c r e a s e s as 
t h e r a t i o o f i s o b u t y r y l t o a c e t y l i n c r e a s e s . When 
immersed i n b o i l i n g w a t e r f o r f o u r d a y s , i t h y d r o l y z e d 
t o t h e e x t e n t o f o n l y 0.3% by w e i g h t . 

The h i g h v i s c o s i t y o f t h e a c e t a t e - i s o b y t y r a t e e s t e r 
( F i g u r e 3) may be r e d u c e d d r a m a t i c a l l y by an i n c r e a s e 
i n t e m p e r a t u r e ( F i g u r e 4 ) . As an e xample, i t s v i s 
c o s i t y o f g r e a t e r t h a n 100,000 c p s a t 25°C can be r e 
duced t o 1,000 c p s a t 68°C, o r t o 100 c p s a t 100°C. 
A t e l e v a t e d t e m p e r a t u r e s , t h e e s t e r l o s e s i t s i n a c t i v e 
r o l e as m o d i f i e r - e x t e n d e r and f u n c t i o n s as p l a s t i c i z e r 
o r even s o l v e n t f o r some p o l y m e r s . T h i s b i f u n c t i o n a l 
p r o p e r t y makes i t a v a l u a b l e component o f h e a t - s e a l 
c o a t i n g s and h o t - m e l t a d h e s i v e s . 

In Sucrochemistry; Hickson, J.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1977. 



15. C O N E Y SAIB in Coatings 217 
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Figure 4. Viscosity of SAIB as influenced by temperature 

I n t o d a y ' s need t o r e d u c e s o l v e n t e m i s s i o n s , h i g h -
s o l i d s c o a t i n g s have h i g h p r i o r i t y . Two p r o p e r t i e s o f 
t h e p r o d u c t s u i t i t p a r t i c u l a r l y w e l l as a m o d i f i e r f o r 
h i g h - s o l i d s c o a t i n g s ; t h e s e a r e : l o w s o l u t i o n v i s c o s 
i t i e s , and minimum e f f e c t upon c o a t i n g s h a r d n e s s . One 
can see t h e v i s c o s i t y o f an a c e t a t e - i s o b u t y r a t e s o l u 
t i o n i s g r e a t l y a f f e c t e d by s l i g h t changes i n c o n c e n 
t r a t i o n a t h i g h l e v e l s o f t h e p r o d u c t , b u t i s r e l a t i v e 
l y u n a f f e c t e d a t low o r medium l e v e l s ( F i g u r e 5 ) . 
A 1 0 0 - f o l d r e d u c t i o n o f v i s c o s i t y i s p r o d u c e d by t h e 
a d d i t i o n o f 10% s o l v e n t . L i k e w i s e , f a i r l y h i g h l e v e l s 
o f t h e e s t e r may be u s e d w i t h some p o l y m e r s w i t h o u t 
a p p r e c i a b l y a f f e c t i n g f i l m h a r d n e s s ( F i g u r e 6 ) . As an 
example, up t o 50% SAIB may be u s e d w i t h c e l l u l o s e 
a c e t a t e w i t h o u t c a u s i n g a g r e a t change i n f i l m h a r d 
n e s s . A l s o , 50% SAIB w i l l m o d i f y c e l l u l o s e n i t r a t e t o 
p r o d u c e a s u r f a c e h a r d n e s s g r e a t e r t h a n t h a t o f t h e un
m o d i f i e d f i l m . T h e r e f o r e , b e c a u s e o f t h i s f i l m h a r d 
n e s s e f f e c t and t h e l o w s o l u t i o n v i s c o s i t y e f f e c t , t h i s 
e s t e r f i n d s one o f i t s p r i n c i p a l a p p l i c a t i o n s as an 
e x t e n d e r t o i n c r e a s e c o a t i n g s s o l i d s . 

SAIB has been u s e d f o r a number o f y e a r s i n c o a t 
i n g s and s a t u r a n t s f o r t h e t r a n s p a r e n t i z i n g o f p a p e r 
( F i g u r e 7 ) . 
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Figure 5. Solution viscosity of SAIB in typical coatings solvents 

Figure 6. Effect of SAIB on cellulose ester film hardness 
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Three p r o p e r t i e s , w h i c h I have n o t y e t d i s c u s s e d , 
make t h i s e s t e r e s p e c i a l l y s u i t e d f o r t h a t p u r p o s e . 

F i r s t , and a s i d e f r o m i t s good c l a r i t y and 
low c o l o r , t h e p r o d u c t has a r e f r a c t i v e i n d e x 
c l o s e t o t h a t o f c e l l u l o s e f i b e r (3) ( T a b l e I I I ) . 
Thus t h e i n d i v i d u a l f i b e r s o f a p a p e r t e n d t o 
" d i s a p p e a r " as t h e e s t e r s u r r o u n d s and r e d u c e s 
t h e l i g h t r e f l e c t e d f r o m t h e f i b e r ' s s u r f a c e . 

T a b l e I I I . 
R e f r a c t i v e I n d e x n 2 0 ° 

SAIB - 1.454 
COTTON - 1.555 
JUTE - 1.536 

S e c o n d l y , SAIB has l o w v o l a t i l i t y e ven a t 
e l e v a t e d t e m p e r a t u r e s ( F i g u r e 8) and t h u s 
p r o v i d e s a v e r y permanent d e g r e e o f t r a n s p a r e n c y 
t o t h e p a p e r . Compared w i t h d i o c t y l p h t h a l a t e 
and p o l y - a - m e t h y l s t y r e n e , s u c r o s e a c e t a t e - i s o -
b u t y r a t e has much l e s s w e i g h t l o s s a t temp
e r a t u r e s as h i g h a s 171°C. 

T h i r d l y , s u c r o s e a c e t a t e - i s o b u t y r a t e i s 
r e s i s t a n t t o d i s c o l o r a t i o n on e x p o s u r e t o 
h e a t and u l t r a v i o l e t l i g h t , a d d i n g t o t h e 
q u a l i t y o f t h e t r a n s p a r e n t i z e d p a p e r . 
D e s p i t e i t s l i q u i d f o r m , when us e d a t t h e 
c o r r e c t l e v e l , t h e e s t e r g i v e s a d r y f e e l 
t o t h e p a p e r . 
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Hours 

Figure 8. Volatility of poly-a-methylstyrene and dioctyl phthalate at 
350°F 

The h i g h v i s c o s i t y and w e t t i n g c h a r a c t e r i s t i c s o f 
t h e p r o d u c t make i t an e f f i c i e n t d i s p e r s a n t f o r c o a t 
i n g s p i g m e n t s (£) • The d i s p e r s i o n , w h i c h may c o n t a i n 
v a r i o u s amounts o f s o l v e n t t o c o n t r o l v i s c o s i t y , forms 
a s t a b l e s u s p e n s i o n w h i c h i s c o m p a t i b l e w i t h many c o a t 
i n g s systems and w h i c h c a n be u s e d t o t i n t t h e s e 
s y s t e m s . The e s t e r c a n be used as t h e medium i n 
p r a c t i c a l l y a l l o f t h e pigment d i s p e r s i o n t e c h n i q u e s . 
These i n c l u d e t h e t h r e e - r o l l m i l l , s a n d m i l l , b a l l m i l l , 
a t t r i t o r , and t h e p r o c e s s o f f l u s h i n g o f wet pig m e n t 
cake (55) . 

I n t h e wet p i g m e n t ca k e f l u s h i n g method, s u c r o s e 
a c e t a t e - i s o b u t y r a t e has been f o u n d t o be much more e f 
f i c i e n t t h a n o t h e r m e d i a s u c h as a l k y d s and o i l s o r d i 
n a r i l y u s e d f o r t h i s p u r p o s e {6)• V e r y l i k e l y , t h e 
p r o p e r t i e s o f v i s c o s i t y , h y d r o p h o b i c i t y and t h e pig m e n t 
w e t t i n g c h a r a c t e r i s t i c s o f t h i s e s t e r , combine t o 
s e p a r a t e t h e p i g m e n t f r o m t h e w a t e r more r a p i d l y and 
t o a h i g h e r e x t e n t . 

S u c r o s e a c e t a t e - i s o b u t y r a t e may be e m u l s i f i e d 
r e a d i l y w i t h a s u r f a c t a n t m i x t u r e h a v i n g an HLB v a l u e 
o f 14, T a b l e I V . The e s t e r i s h e a t e d t o about 70°C and 
an i n v e r s i o n t e c h n i q u e i s u s e d t o p r o d u c e an o i l - i n -
w a t e r - t y p e e m u l s i o n h a v i n g e x c e l l e n t s t a b i l i t y . As 
i n t e r e s t i n c r e a s e s i n w a t e r - b a s e d c o a t i n g s as a means 
o f r e d u c i n g a i r p o l l u t i o n , i t i s s i g n i f i c a n t t h a t SAIB 
e m u l s i o n s may be u s e d i n l a t e x - b a s e d c o a t i n g s (5). 
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T a b l e I V . SAIB E m u l s i o n F o r m a t i o n 

I n g r e d i e n t s 
SAIB 
S u r f a c t a n t 
Water 

W e i g h t % 
40 
5 

55 
100 

The p r o d u c t has t h e d e s i r a b l e p r o p e r t y o f i m p a r t 
i n g a d h e s i o n t o s e v e r a l p l a s t i c s u r f a c e s . I t c a n 
i n c r e a s e a d h e s i o n o f l a c q u e r s (£) t o molded o r e x t r u d e d 
c e l l u l o s e a c e t a t e , c e l l u l o s e a c e t a t e b u t y r a t e , n y l o n 
and a c r y l i c s , and t o c e l l o p h a n e and M y l a r f i l m . 

SAIB i s c o m p a t i b l e w i t h a w i d e v a r i e t y o f p o l y m e r s , 
r e s i n s , p l a s t i c i z e r s
c r o s e e s t e r may be
v a r i o u s a p p l i c a t i o n s b o t h f o r i n d o o r and e x t e r i o r e x 
p o s u r e , i n c l u d i n g wood c o a t i n g s , m e t a l c o a t i n g s , c l o t h 
and p a p e r c o a t i n g s , p l a s t i c l a c q u e r s , p r i n t i n g i n k s , 
and h e a t - s e a l i n g a d h e s i v e s . Many s u i t a b l e f o r m u l a 
t i o n s have been d e v e l o p e d f o r t h e s e a p p l i c a t i o n s ( 7 , 2 ) . 

As one c a n s e e , SAIB i s a v e r y v e r s a t i l e compound 
f o r u se i n c o a t i n g s . I t s v e r s a t i l i t y e x t e n d s i n t o 
s e v e r a l o t h e r f i e l d s . I t i s used as an a d d i t i v e i n 
p l a s t i c s e x t r u s i o n t o o b t a i n i m p r o v e d m i l l i n g p r o p e r 
t i e s and i n c r e a s e d s u r f a c e h a r d n e s s (£) . A s p e c i a l 
g r a d e o f t h i s e s t e r i s u s e d i n many c o u n t r i e s as a s o f t 
d r i n k m o d i f i e r f o r f l a v o r i n g - o i l s u s p e n s i o n and c l o u d 
i n g p u r p o s e s (9)• I t i s a l s o r e p o r t e d t o be used 
as an i n g r e d i e n t i n e x p l o s i v e s , a d h e s i v e s , p o l i s h e s , 
c o s m e t i c s , p h o t o g r a p h i c f i l m ( 1 0 ) , and p e r f u m e s . 

A m a t e r i a l as u n i q u e as t h i s s u g a r e s t e r i s c e r 
t a i n t o f i n d use i n many y e t u n r e a l i z e d a p p l i c a t i o n s . 

Abstract 
The physical nature of the acetic, propionic, 

butyric, isobutyric and valeric esters of sucrose 
ranges from crystalline solids to low-viscosity li
quids. As coatings modifiers, the crystalline com
pounds have a tendency to form crystals within the 
film while the liquid compounds cause the film to soft
en as a plasticizer would do. In the search for a 
coatings modifier which would perform as an extender, 
mixed esters were investigated. It was discovered 
that the completely esterified mixed acetic and iso
butyric ester of sucrose produced some unusual proper
ties alone and also when combined with various film 
formers. A major aspect of sucrose acetate isobuty-
rate (SAIB) is its capability of extending polymers to 
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impart various properties without degrading the physi
cal toughness and hardness of the coating, unlike many 
other modifiers. The low viscosity of SAIB in most 
solvents contributes to the attainment of high-solids 
coatings. These coatings are utilized in interior 
and exterior applications for wood, paper, plastic, and 
metal surfaces. This ester is finding use in a wide 
spectrum of applications other than coatings, including 
adhesives for laminating plastic film, printing inks, 
hot-melt coatings, heat reactivated adhesives, trans-
parentized paper, pigment dispersions and soft drinks. 
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Sucrose Benzoate—The Unique Modifier 

E. P. LIRA and R. F. ANDERSON 
Velsicol Chemical Corp., 341 East Ohio St., Chicago, Ill. 60611 

Sucrose benzoate
cess, has a typica
groups per sucrose molecule. This is about the opti
mum degree of substitution for the conditions imposed 
upon the reactants. It should be noted that, although 
sucrose benzoate is a discrete molecule, i t has a mo
lecular weight approximating that of many oligomeric 
systems. Figure 1 depicts sucrose benzoate. Please 
note that the outer surface, or shell, is composed 
either of aromatic benzene rings or ester groups. 
This then is the type of surface which wi l l interact 
with the conditions imposed upon i t . 

Figure 1. Sucrose benzoate—the unique modifier 
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T h e r e i s one s i g n i f i c a n t a r t i c l e i n t h e r e c e n t 
l i t e r a t u r e on t h e p r e p a r a t i o n o f s u c r o s e b e n z o a t e (1_) . 
Ness and F l e t c h e r d e s c r i b e d t h e p r e p a r a t i o n o f t h e # 

o c t a b e n z o y l a t e d d e r i v a t i v e by use o f b e n z o y l c h l o r i d e 
i n p y r i d i n e , f o l l o w e d by a work-up p r o c e d u r e w h i c h 
i n v o l v e d a c a r b o n t e t r a c h l o r i d e - m e t h a n o l t r e a t m e n t . 
T h i s r e s u l t e d i n a c r y s t a l l i n e a d d u c t c o n t a i n i n g 
s u c r o s e b e n z o a t e and two moles o f c a r b o n t e t r a 
c h l o r i d e . A l l p r e v i o u s and s u b s e q u e n t r e p o r t s o f 
s u c r o s e o c t a b e n z o a t e d e s c r i b e o n l y an amorphous p r o 
d u c t . T h i s N e s s - F l e t c h e r a d d u c t r e t u r n e d t o t h e 
amorphous s t a t e a f t e r r e m o v a l o f t h e c a r b o n t e t r a c h l o r 
i d e u n d e r vacuum. T h i s amorphous s t a t e i s a s e c o n d 
i m p o r t a n t c h a r a c t e r i s t i c o f s u c r o s e b e n z o a t e . 

I n a d d i t i o n t
a t t e m p t s have been
a c i d r e a c t d i r e c t l y w i t h s u c r o s e . The p r o c e s s w h i c h 
t h i s p a p e r o u t l i n e s f o l l o w s t h e c l a s s i c a l S c h o t t e n -
Baumann t e c h n i q u e as i l l u s t r a t e d i n F i g u r e 2. 

M a n u f a c t u r i n g P r o c e s s 
(Schotten-Baumann T e c h n i q u e ) 

S u c r o s e (Aqueous) 
C a u s t i c S o l u t i o n 
B e n z o y l C h l o r i d e 
T o l u e n e 

A m b i ent 
Temperature S u c r o s e B e n z o a t e 

i n T o l u e n e 

T o l u e n e 

S u c r o s e B e n z o a t e 

P r o c e s s A d v a n t a g e s : Lower C o l o r 
H i g h e r Y i e l d s 
L e s s C o n t a m i n a t i o n 

Figure 2. Manufacturing process (Schotten-Baumann technique) 

The raw m a t e r i a l s a r e pumped i n t o a r e a c t o r and s t i r r e d 
v i g o r o u s l y , s i n c e t h e s y s t e m i s h e t e r o g e n e o u s . A f t e r 
a s u i t a b l e r e a c t i o n p e r i o d , t h e phases a r e s e p a r a t e d 
and t h e t o l u e n e removed f r o m t h e s u c r o s e b e n z o a t e . 
The s o l v e n t - f r e e p r o d u c t t h e n i s p r e p a r e d i n a f l a k e d 
f o r m . T h i s p r o c e s s y i e l d s a p r o d u c t w h i c h has l e s s 
c o n t a m i n a t i o n and c o l o r t h a n o t h e r methods and a l s o 
g i v e s c o n s i s t e n t l y good y i e l d s . 

T a b l e s I and I I l i s t some t y p i c a l p h y s i c a l p r o p e r 
t i e s and/or s p e c i f i c a t i o n s f o r t h e p r o d u c t o f t h e above 
p r o c e s s . As i n d i c a t e d b e f o r e , i t i s an amorphous 
m a t e r i a l w h i c h m e l t s o v e r t h e 95-101°C r a n g e . A s h 
and a c i d i t y a r e l o w and i t s f l a s h p o i n t h i g h . I t s 
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A.P.H.A. co l o r i s very loty i n f a c t , the product i s 
water-white. Other data of i n t e r e s t , and which 
strongly i n f l u e n c e the use patterns, are the r e f r a c t i v e 
index, UV absorbancy and v i s c o s i t y . E s p e c i a l l y note 
that the v i s c o s i t y i n a toluene s o l u t i o n does not i n 
crease r a p i d l y u n t i l the concentration i s quite high. 

Table I. 
Ty p i c a l P h y s i c a l Properties 

Non-Crystalline 
95-101° 

Form 
Softening Point (ASTM E28-67) 
Sp. Gr. 25°/25°C 
Ash (ASTM E347-71) 
Fla s h Point, TOC 
Acid Value, Mg. KOH/G
Hydroxy1 Value, Meg./Gm
Sa p o n i f i c a t i o n Equivalent 
APHA Color (ASTM D1209-69) 
N25 
XMax 
100% Transmittance 
V i s c o s i t y (25 C) 

i n Toluene 

S o l i d 

25% 
40% 
60% 
70% 

S o l i d s 
S o l i d s 
S o l i d s 
S o l i d s 

1.25 
0.0J% maximum 
500 

150 
30 
1.577 
230my 
>300my 

1.30 
3.7 

35.1 
530.0 

Centipoises 
Centipoises 
Centipoises 
Centipoises 

The s t a b i l i t y p r o f i l e data i n Table I I , g e n e r a l l y 
are quite favorable. Sucrose benzoate i s r e s i s t a n t to 
prolonged treatment with b o i l i n g water and has s u r p r i s 
i n g l y good s t a b i l i t y against both a c i d and a l k a l i n e 
c o n d i t i o n s . The rate of h y d r o l y s i s appears i n i t i a l l y 
to be f a s t e r i n base, but then may turn out to be 
s l i g h t l y slower than i n an a c i d treatment. 

Table II 

S t a b i l i t y P r o f i l e 

Hydrolysis (100°C) 

24 hours 96 hours 

Water 0 0 
5% Aq. HCl 0 0.6% 
5% Aq. Na 2C0 1.9% 2.3% 
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Thermal s t a b i l i t y was f o l l o w e d by c o l o r change and 
i n c r e a s e i n a c i d i t y as shown i n T a b l e I I I . The r a t e o f 
d e c o m p o s i t i o n i s v e r y s l o w a t 150°C. Even a t 175°C, 
i n an aluminum d i s h , t h e i n c r e a s e i n a c i d i t y was o n l y 
f r o m .001 meg H+/g t o .007 meg H+/g. I t has been 
f o u n d t h a t e p o x y - c o n t a i n i n g a d d i t i v e s c a n i n c r e a s e t h e 
h e a t s t a b i l i t y o f t h e p r o d u c t . 

T a b l e I I I 

Thermal (150 C) 

Hours 

0 
6 

24 

S t a b i l i t y P r o f i l e 

C o l o  (APHA) 

70 
250 

Meq.H +/

.004 

.009 

UV L i g h t ( 1 4 0 U F ) 

( A t l a s Fade-O-Meter) F i l m (4 m i l ) 
- No c o l o r change a f t e r 

3000 h r 
- I n f r a r e d unchanged a f t e r 

3000 h r 

UV s t a b i l i t y s t u d i e s i n d i c a t e v i r t u a l l y no change 
i n t h e c h e m i c a l c o n s t i t u t i o n o f s u c r o s e b e n z o a t e when 
i t i s s u b j e c t e d t o p r o l o n g e d e x p o s u r e t o a f i l t e r e d , 
c a r b o n a r c l i g h t s o u r c e a t 140°F. The p r i n c i p a l m a x i 
ma o f t h i s l i g h t s o u r c e i s between 340 - 440 my. As 
n o t e d p r e v i o u s l y , t h e Xmax. o f s u c r o s e b e n z o a t e i s 
a r o u n d 230 my w h i c h i s w e l l b e l o w t h e w a v e l e n g t h w h i c h 
w i l l p e n e t r a t e a i r . I t i s c o m p l e t e l y t r a n s p a r a n t 
above 300 my. 

As m i g h t be e x p e c t e d o f a s t r u c t u r e w i t h a r o m a t i c 
and e s t e r c h a r a c t e r , t h e s o l u b i l i t y and c o m p a t i b i l i t y 
p r o p e r t i e s have a p p r e c i a b l e l a t i t u d e , as shown i n 
T a b l e I V . S u c r o s e b e n z o a t e i s v i r t u a l l y i n s o l u b l e i n 
h y d r o c a r b o n s and w a t e r . I t has low s o l u b i l i t y i n l o w 
e r m o l e c u l a r w e i g h t a l c o h o l s and g l y c o l s . O n l y t h e 
o l e f i n i c p o l y m e r s a r e n o t c o m p a t i b l e , w h i l e s u b s t a n c e s 
w i t h a l a r g e h y d r o c a r b o n p o r t i o n m i g h t be o n l y c o m p a t i 
b l e a t low l e v e l s ( e . g . 2%) (See T a b l e V ) . Examples 
o f t h i s b e h a v i o r a r e c o t t o n s e e d o i l , c o r n o i l , s t e a r i c 
a c i d and t a l l o i l f a t t y a c i d s . T h i s b r o a d c o m p a t i b i l 
i t y makes s u c r o s e b e n z o a t e a p o t e n t i a l l y u s e f u l m o di-
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f i e r i n many sy s t e m s and c a n be u s e d t o ca u s e " m u t u a l " 
c o m p a t i b i l i t y between " m a r g i n a l l y " c o m p a t i b l e s y s t e m s . 

T a b l e IV. 

S o l u b i l i t y 

Water (20°C) 
(67°C) 

Heptane (67 C) 
E t h y l A l c o h o l 
M ost A c i d s , A m ides, A r o m a t i c s , 
E t h e r s , E t h e r A l c o h o l s , E s t e r s , 
H a l o c a r b o n s , K e t o n e s and N i t r i l e s 

A l c o h o l s , G l y c o l
S o l u b l e 

.001% 
<.01 % 
.02 % 

2.3 % 
C o m p l e t e l y 
M i s c i b l e 

T a b l e V. 
C o m p a t i b i l i t y 

P o l y e t h y l e n e , P o l y p r o p y l e n e and 
P o l y i s o b u t y l e n e I 

PVA, PVC/PVA C 
P o l y s t y r e n e C 
P o l y e s t e r C 
E t h y l C e l l u l o s e , N i t r o c e l l u l o s e 

and C e l l u l o s e A c e t a t e - B u t y r a t e C 
A c r y l i c C 
A l k y d R e s i n s C 
N y l o n C 
Urea-Formaldehyde, M e l a m i n e - F o r m a l d e h y d e C 

A summation o f some o f t h e p r o p e r t i e s w h i c h may 
a l l o w s u c r o s e b e n z o a t e t o be c a l l e d a " u n i q u e m o d i f i e r " 
a r e l i s t e d i n T a b l e V I . A l t h o u g h most have been 
m e n t i o n e d p r e v i o u s l y , t h e g l o s s as w e l l as c l a r i t y and 
l a c k o f c o l o r o b t a i n e d f r o m t h e use o f t h i s m a t e r i a l i s 
o u t s t a n d i n g . I t s amorphous n a t u r e e l i m i n a t e s any c o n 
c e r n a b out c r y s t a l l i z a t i o n i n t h e m o d i f i e d s y s t e m . I t 
has e x c e l l e n t h a r d n e s s , b u t i n many a p p l i c a t i o n s i t 
needs t o be p l a s t i c i z e d b e c a u s e o f i t s b r i t t l e n e s s . 

T a b l e V I I p r e s e n t s t h e m a j o r u s e s f o r t h i s p r o d u c t , 
t h a t i s , b e f o r e an u n r e l a t e d e x p l o s i o n and f i r e i n t h e 
p l a n t c a u s e d V e l s i c o l t o s t o p p r o d u c t i o n . A t t h a t 
t i m e a p r o d u c t i o n o f n e a r l y a m i l l i o n l b / y r was p r e 
p a r e d and s o l d . W i t h i n t h e p a s t few months V e l s i c o l 
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has j u s t r e i n s t i t u t e d p r o d u c t i o n on t h i s p r o d u c t and so 
s u c r o s e b e n z o a t e i s a v a i l a b l e a t t h i s t i m e . 

T a b l e V I . 

Uni q u e C h a r a c t e r i s t i c s 

I . E x c e l l e n t UV S t a b i l i t y 
I I . Low s o l u t i o n v i s c o s i t y o v e r l a r g e r a n g e 

o f c o n c e n t r a t i o n s . 
I I I . I m p a r t s e x c e l l e n t g l o s s 
IV. U n u s u a l c l a r i t y and w a t e r w h i t e c o l o r 
V. N o n - c r y s t a l l i n i t y 

V I . H ardness 
V I I . Improved pigmen

V I I I . E x c e l l e n t
I X . B r o a d r a n g e o f c o m p a t i b i l i t y 

T a b l e V I I . 

M a j o r Uses 

L a c q u e r s 
I * N i t r o c e l l u l o s e 

— B l e n d - 60% s u c r o s e b e n z o a t e / 4 0 % DOP 
1. Lower s o l u t i o n v i s c o s i t y 
2. B e t t e r c l a r i t y 
3. B e t t e r a l c o h o l s p o t r e s i s t a n c e 
4. B e t t e r UV y e l l o w i n g r e s i s t a n c e 
5. Hardness w i t h f l e x i b i l i t y 
6. L i m i t s DOP e x u d a t i o n 

I I . C e l l u l o s e A c e t a t e B u t y r a t e 
— B l e n d - 75% s u c r o s e b e n z o a t e / 2 5 % DOP 

Above d e s c r i b e d c h a r a c t e r i s t i c s 

I I I . A c r y l i c s 
— B l e n d s w i t h p l a s t i c i z e r s 

Above p l u s i m p r o v e d pigment 
w e t t i n g and d i s p e r s i o n r a t e s 

I V . P o l y v i n y l C h l o r i d e - A c e t a t e 
— B l e n d s w i t h p l a s t i c i z e r s 

Above p l u s i m p r o v e d r e s i s t a n c e t o 
a c i d s and a l k a l i n e m a t e r i a l 

The m a j o r m a r k e t i n g a r e a was i n l a c q u e r s and most 
o f t h e p r e v i o u s l y d e s c r i b e d p r o p e r t i e s make i t w e l l 
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s u i t e d f o r t h i s m a r k e t . A g a i n , n o t e t h a t i n t h e s e 
a p p l i c a t i o n s a b l e n d o f s u c r o s e b e n z o a t e w i t h a p l a s t i -
c i z e r i s a must. Our r e s u l t s i n d i c a t e t h a t t h e exuda
t i o n f r o m t h i s s y s t e m was s i g n i f i c a n t l y r e t a r d e d . I n 
t h e c a s e o f n i t r o c e l l u l o s e , t h e b l e n d d e s c r i b e d has t h e 
ad v a n t a g e s l i s t e d i n T a b l e V I I when compared w i t h c o n 
v e n t i o n a l c o c o n u t a l k y d s . S i m i l a r p r o p e r t i e s a l s o a r e 
a v a i l a b l e i n t h e o t h e r t h r e e s y s t e m s . 

F i n a l l y , i n T a b l e V I I I , we have a summary b o t h o f 
m i n o r u s e s and r e p o r t e d p o t e n t i a l u s e s . Most o f t h e s e 
a r e dependent on s u c r o s e b e n z o a t e as a v i s c o s i t y m o d i 
f i e r . However, a s n o t e d i n i t e m s C and D, when 
a p p l i e d i n an a p p r o p r i a t e manner t o c e l l u l o s e , i t 
c a u s e s t h e c e l l u l o s e t o become " t r a n s p a r a n t " . T h i s 
a p p a r e n t l y i s due t
d i c e s . The se c o n d
c a t i o n , i s t h e r e s u l t o f t h e l u b r i c i t y o f t h e m a t e r i a l 
when d e p o s i t e d on t h e f i b e r . I t s use i n t h i s a r e a 
a l s o i s i n f l u e n c e d by l a c k o f o d o r , c o l o r and perma
ne n c e . As an a d h e s i v e component, i t was u s e d t o b i n d 
t h e p a p e r t o t h e f i l t e r o f P a r l i a m e n t c i g a r e t t e s . 

T a b l e V I I I . 

M i n o r a n d / o r P o t e n t i a l u s e s 

A. A d h e s i v e s - V i s c o s i t y M o d i f i e r 
FDA l i s t i n g (CFR pp. 121, 2520) 

B. P l a s t i s o l - V i s c o s i t y S t a b i l i z e r 
PVC, DOP, S u c r o s e B e n z o a t e 

C. P a p e r T r a n s p a r e n t i z i n g 
D. Dry C l e a n i n g S i z e 
E. A m i n o p l a s t M o l d i n g C o m p o s i t i o n - F l o w 

P r o m o t e r 
F. E l e c t r o s c o p i c T o ner Powders -

V i s c o s i t y M o d i f i e r M e l t i n g C h a r a c t e r i s t i c s 

Abstract 
Industrially prepared,sucrose benzoate is a partial

ly esterified sucrose with a degree of substitution 
of approximately 7.4. Preparation is via the classi
cal Schotten-Baumann technique utilizing two immiscible 
solvents which results in better yields with increased 
purity over other techniques. Sucrose benzoate has 
excellent UV stability, unusual clarity and lack of 
color, a low solution viscosity, yields films of excel
lent depth or fullness of gloss and has a broad range 
of compatibility with numerous resin systems. It is 
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thermally stable and resistant to hydrolysis under 
weakly acid or alkaline conditions. It has FDA approv
al as a component in food-packaging adhesives. Based 
on available information, sucrose benzoate would be 
regarded neither as a "highly toxic substance" nor as a 
"toxic substance". Systems which have benefited from 
the use of sucrose benzoate as a modifier are nitro
cellulose lacquers, cellulose acetate butyrate lac
quers, polyvinyl chloride-acetate coatings and acrylic 
lacquers. 
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Discussion 

Q u e s t i o n ; P r o f e s s o
on t h e d r y n e s s o f s u c r o s e
and t h e p r a c t i c a l i t y o f t h e r e a c t i o n ? 

P r o f e s s o r B o b a l e k ; I f e v e r y t h i n g e l s e i s d r y , 
t h e s o l v e n t and t h e m e t h y l f a t t y e s t e r s , t h e r e a c t i o n 
can t o l e r a t e r a t h e r modest a n h y d r o u s c o n d i t i o n s i n t h e 
s u c r o s e . D r y i n g o v e r n i g h t a t a few d e g r e e s above t h e 
b o i l i n g p o i n t o f w a t e r i s enough t o p r e v e n t t r o u b l e . 
We even have u s e d s u g a r r i g h t f r o m t h e b a g , i f e v e r y 
t h i n g e l s e was d r y , w i t h no n o t i c e a b l e d i f f e r e n c e s i n 
r e s u l t s . However, t h e m o i s t u r e p r o b l e m g e t s more and 
more a g g r a v a t e d , o f c o u r s e , as b o t h t h e s c a l e and t h e 
d e gree o f r e a c t i o n advance. One has r e a s o n t o be more 
c o n c e r n e d about p r e v e n t i n g i n v a s i o n o f w a t e r w h i c h 
w o u l d c o m p l i c a t e and s l o w t h e r e a c t i o n a t D.E.s above 
3.5 u n d e r t h e r e a l i t i e s o f t h e r e a c t i o n on a p l a n t 
s c a l e . 

Q u e s t i o n ; P r o f e s s o r B o b a l e k and Mr. F a u l k n e r , 
w o u l d you comment on t h e p r e l i m i n a r y e c o nomics o f t h e 
two a p p r o a c h e s t o s u r f a c e c o a t i n g s you j u s t m e n t i o n e d ? 

P r o f e s s o r B o b a l e k ; I f one wants t o make a d e t a i l 
ed c o s t a n a l y s i s , he r u n s i n t o a r a t h e r s t i c k y p r o b l e m . 
F i r s t , o n e must e s t a b l i s h t h e bench marks. I n t h i s c a s e 
l e t us a g r e e t h a t s u c r o s e e s t e r s a r e g o i n g t o be a 
commodity c h e m i c a l , t o be p r o d u c e d i n an amount o f 10 
m i l l i o n l b / y r minimum. The l i n s e e d o i l m a r k e t i s i n 
t h e o r d e r o f a h a l f a b i l l i o n l b , w o r l d w i d e . The a l -
k y d g r a d e o f t a l l o i l a c i d s i s a r o u n d 81 m i l l i o n l b . 
Thus, we a r e t a l k i n g o f a m a j o r i n v a s i o n o f t h e p a i n t 
b u s i n e s s w i t h t h e s e s u c r o s e e s t e r s as commodity c h e m i 
c a l s . To become a m a j o r commodity, i n f i v e y e a r s , 
s a l e s w o u l d have t o a c h i e v e a l e v e l o f 200 m i l l i o n 
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l b minimum i n o r d e r t o s u s t a i n t h e c a p i t a l i n v e s t m e n t 
i n t h e c o s t s o f t h i s k i n d o f p l a n t w i t h a 6 t o 10 y e a r 
p a y o f f . The p r i c e w i l l demand t h a t t h e c a p i t a l b u r d e n 
r e p r e s e n t no more t h a n 3% o f t h e poundage c o s t s o f t h e 
p r o d u c t . I f t h e y a r e t o s e l l , t h e c o s t o f t h e p r o 
d u c t s p r o b a b l y w i l l have t o a v e r a g e 60C maximum, i n o r 
d e r t o c o v e r a s p e c t r u m o f d i f f e r e n t v e r s i o n s . C o s t 
w i l l r a n g e f r o m 25* t o $1.50, d e p e n d i n g on w h e t h e r 
t h e y a r e aimed a t an e x a l t e d domain s u c h as p r i n t i n g 
i n k s o r sausage c a s i n g s , o r u s e d as c r u d e v a r n i s h t o be 
t h r o w n on t h e b o t t o m o f c a r f e n d e r s . 

Mr. F a u l k n e r ; I e n d o r s e what P r o f e s s o r B o b a l e k 
has s a i d . I have l i t t l e h e l p t o o f f e r on e c o n o m i c s 
b e c a u s e we r e a l l y have n o t gone i n t o t h e economic a s 
p e c t . A l l o u r g u e s t i m a t e
r e s i n s have been b a s e
main o b j e c t i v e was t o d e m o n s t r a t e t h a t we c o u l d f o r m a 
s a t i s f a c t o r y p a i n t r e s i n f r o m s u c r o s e d r y i n g o i l e s t e r s 
and t h i s has been a c h i e v e d u s i n g " p e n t a " e s t e r s . I n 
t h e c a s e o f o u r f i r s t r e s i n s o f t h e epoxy e s t e r t y p e , 
i t was c l e a r t h a t t h e p r i c e , b a s e d on raw m a t e r i a l s ' 
c o s t s , w o u l d be t o o h i g h i n t e r m s o f t h e p e r f o r m a n c e 
o b t a i n e d . However, s u c r o s e p o l y u r e t h a n e r e s i n s c e r 
t a i n l y a r e i n t h e r i g h t b a l l - p a r k and i t a p p e a r s more 
l i k e l y t h a t , w i t h t h i s t y p e , p e r f o r m a n c e s h o u l d match 
t h e i r p r i c e . 

Q u e s t i o n ; D r . L i r a commented on t h e UV s t a b i l i t y 
o f t h e s u c r o s e b e n z o a t e . I wonder i f t h a t i m p a r t s UV 
p r o t e c t i v i t y t o t h e PVC r e s i n s where t h e r e e x i s t s u c h 
p r o b l e m s ? 

Dr. L i r a ; I f you a r e a s k i n g w h e t h e r s u c r o s e ben
z o a t e as a m o d i f i e r i n PVC w o u l d i m p a r t UV s t a b i l i t y , 
t h e answer i s , no. S u c r o s e b e n z o a t e c o n t a i n s no c h r o -
maphor t h r o u g h w h i c h t o d i s t r i b u t e t h e e n e r g y . 

Q u e s t i o n ; D r . L i r a , have you worked w i t h g l u c o s e 
e s t e r s ? 

Dr. L i r a ; G l u c o s e e s t e r s a r e among t h o s e s u g a r 
e s t e r s we have l o o k e d a t w i t h o u t , what I w o u l d c a l l , a 
r e s o u n d i n g s u c c e s s . There a p p e a r t o be some p r o b l e m s 
i n t h e manner i n w h i c h we h a n d l e i t . 

Q u e s t i o n ; T h e r e w o u l d seem t o be a p p r o x i m a t e l y 
one h y d r o x y l g r o u p u n s u b s t i t u t e d i n y o u r s u c r o s e b e n 
z o a t e . Do you know where t h i s h y d r o x y l group r e s i d e s ? 
I n o t h e r w o r d s , w h i c h i s t h e l e a s t r e a d i l y e s t e r i f i e d 
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h y d r o x y l g r o u p , and have y o u c o n s i d e r e d f u r t h e r m o d i 
f y i n g y o u r p r o d u c t s , f o r example, by i n t r o d u c i n g an 
i s o b u t y r a t e g r o u p i n g on t h e u n s u b s t i t u t e d h y d r o x i d e ? 

Dr , L i r a ; I n r e s p o n s e t o t h e f i r s t p a r t o f y o u r 
q u e s t i o n , we do n o t know w h i c h one i s t h e u n s u b s t i t u t e d 
h y d r o x y l . To c o n t i n u e w i t h y o u r q u e s t i o n , we have n o t 
c o n s i d e r e d e x h a u s t i v e s u b s t i t u t i o n on t h a t l a s t 0.6-
h y d r o x y l f u n c t i o n , b u t we have c o n s i d e r e d m o d i f i c a t i o n s , 
and a r e i n t h e p r o c e s s o f w o r k i n g on some o f them, i n 
v o l v i n g l o n g c h a i n s u b s t i t u t i o n s as p a r t i a l r e p l a c e 
ments f o r some o f t h e b e n z o y l f u n c t i o n a l i t y . 
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An Overview of Sugars in Urethanes 
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Polyurethanes
r e f e r r e d t o i n i n d u s t r y
p o l y m e r s i n t h e w o r l d . H i s t o r i c a l l y , u r e t h a n e s were 
f i r s t d e v e l o p e d i n t h e l a b o r a t o r i e s o f t h e I.G. F a r b e n 
i n d u s t r i e i n Germany i n t h e n i n e t e e n t h i r t i e s under t h e 
l e a d e r s h i p o f P r o f e s s o r O t t o B a y e r , and i t was n o t un
t i l t h e l a t e f i f t i e s t h a t u r e t h a n e s g a i n e d s i g n i f i c a n t 
i n d u s t r i a l i m p o r t a n c e i n t h e U n i t e d S t a t e s . I t i s t h e 
more r e m a r k a b l e t h a t u r e t h a n e s grew i n t h i s c o u n t r y 
from 8 m i l l i o n pounds i n 1956 t o about 1.4 - 1.5 b i l 
l i o n pounds i n 1975 ( 1 - 3 ) . I n o r d e r t o u n d e r s t a n d 
t h e c o n t i n u e d r a p i d g r o w t h and c o m m e r c i a l a c c e p t a n c e 
o f u r e t h a n e s i n t h e v a r i o u s m a r k e t s , one has t o r e a l i z e 
t h a t u r e t h a n e s a r e p r o b a b l y t h e most v e r s a t i l e c l a s s o f 
p o l y m e r s . The p r i n c i p a l method o f m a n u f a c t u r e has 
been t h e r e a c t i o n o f h y d r o x y l - t e r m i n a t e d p o l y e t h e r s o r 
p o l y e s t e r s (commonly r e f e r r e d t o as p o l y o l s ) w i t h d i -
o r p o l y i s o c y a n a t e s w h i c h c a n be r e p r e s e n t e d s c h e m a t i 
c a l l y as f o l l o w s : 

HO-R-OH + OCN-R -NCO -~> 4-O-R-0-C-NH-R -NH-Of— 

P o l y u r e t h a n e n p o l y e t h e r d i i s o c y a n a t e 
o r 

p o l y e s t e r 

I f t h e f u n c t i o n a l i t y o f t h e h y d r o x y l o r i s o c y a n a t e 
component i s i n c r e a s e d t o t h r e e o r more, b r a n c h e d o r 
c r o s s l i n k e d p o l y m e r s a r e formed. The p r o p e r t i e s o f 
u r e t h a n e p o l y m e r s a r e dependent p r i m a r i l y upon m o l e c u 
l a r w e i g h t , d e g r e e o f c r o s s l i n k i n g , e f f e c t i v e i n t e r -
m o l e c u l a r f o r c e s , s t i f f n e s s o f c h a i n segments, and 
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c r y s t a l l i n i t y . Due t o t h e many s t r u c t u r a l v a r i a t i o n s 
t h a t a r e p o s s i b l e , u r e t h a n e s c a n be f o r m u l a t e d and 
p r o c e s s e d i n t o many d i v e r s i f i e d f o r m s . They i n c l u d e 
f l e x i b l e , s e m i r i g i d and r i g i d foams; s o f t and h a r d 
e l a s t o m e r s , c o a t i n g s , and a d h e s i v e s ; t h e r m o p l a s t i c and 
t h e r m o s e t t i n g p l a s t i c s , f i b e r s ( S p a n d e x ) , f i l m s ; p o r o -
m e r i c s ; e t c . A breakdown o f t h e p r i n c i p a l a r e a s o f 
u r e t h a n e p o l y m e r s i n m i l l i o n pounds i s shown i n T a b l e I 
( 1 ) . The p r i n c i p a l s u p p l i e r s o f u r e t h a n e raw m a t e r 
i a l s ( i s o c y a n a t e s and p o l y o l s ) and an e s t i m a t e o f 
t h e i r r e s p e c t i v e p r o d u c t i o n c a p a c i t y f o r 1976 a r e 
l i s t e d i n T a b l e I I (3). 

S u g a r s and s u g a r d e r i v a t i v e s p l a y v e r y i m p o r t a n t 
r o l e s i n t h e m a n u f a c t u r e o f u r e t h a n e foams, e s p e c i a l l y 
o f r i g i d u r e t h a n e foams  W h i l e p o l y o l s u s e d f o r t h e 
m a n u f a c t u r e o f f l e x i b l
e l a s t o m e r s g e n e r a l l
3 (2-3 OH g r o u p s ) , p o l y o l s u s e d f o r t h e m a n u f a c t u r e o f 
r i g i d foams have u s u a l l y a f u n c t i o n a l i t y o f 4 o r g r e a t 
e r . The most commonly u s e d p o l y o l s f o r r i g i d foams 
a r e b a s e d on s u c r o s e ( f = 8 ) , s o r b i t o l ( f = 6 ) , p e n t a e r y -
t h r i t o l (f=4) and on a l i p h a t i c o r a r o m a t i c p o l y a m i n e s 
( 4 - 5 ) , s u c h as e t h y l e n e d i a m i n e , d i e t h y l e n e t r i a m i n e , 
t o l y l e n e d i a m i n e and c o n d e n s a t i o n p r o d u c t s o f a n i l i n e 
and f o r m a l d e h y d e . Due t o t h e i r s u p e r i o r h y d r o l y s i s 
r e s i s t a n c e and l o w e r c o s t s , p o l y e t h e r p o l y o l s have been 
employed i n p r e f e r e n c e t o p o l y e s t e r p o l y o l s a l t h o u g h 
many f l a m e r e t a r d a n t p o l y o l s c o n t a i n i n g p h o s p h o r u s and 
h a l o g e n s p o s s e s s e s t e r l i n k a g e s . 

The p o l y e t h e r p o l y o l s a r e p r o d u c e d by t h e a d d i t i o n 
of a l k y l e n e o x i d e s , p r i m a r i l y p r o p y l e n e o x i d e , t o t h e 
above p o l y o l s u s i n g m o s t l y base c a t a l y s i s . The r e a c 
t i o n mechanism o f t h e base c a t a l y z e d a d d i t i o n o f p r o p y 
l e n e o x i d e t o a p o l y o l ( s c h e m a t i c a l l y r e p r e s e n t e d as 
(R - C H 2 O H ) can be r e p r e s e n t e d as shown i n F i g u r e 1 ( 4 - 6 ) . 

The b a s i c c a t a l y s t forms a n i o n s by t h e a c t i o n o f 
t h e c a t a l y s t upon t h e p o l y o l i n i t i a t o r l e a d i n g t o t h e 
o p e n i n g o f o x i r a n e r i n g and t h e f o r m a t i o n o f a new an 
i o n . P r o p a g a t i o n o c c u r s by s u c c e s s i v e a t t a c k s o f 
t h e s e a n i o n s upon p r o p y l e n e o x i d e monomer. C h a i n 
t e r m i n a t i o n r e s u l t s by c o m b i n a t i o n o f t h e p o l y m e r a n i o n 
w i t h a p r o t o n . T h i s r e p r e s e n t a t i o n may be an o v e r 
s i m p l i f i c a t i o n s i n c e Gee, e t a l {1) have shown t h a t i o n 
p a i r s may be i n v o l v e d . W h i l e t h e above mechanism 
shows o n l y t h e f o r m a t i o n o f t e r m i n a l s e c o n d a r y a l c o h o l 
g r o u p s , a c e r t a i n amount (5-10%) o f p r i m a r y a l c o h o l 
g r o u p s i s a l s o formed i n t h e o x i r a n e r i n g o p e n i n g . 

The r i n g o p e n i n g p o l y m e r i z a t i o n o f 1,2 - e p o x i d e s 
has been r e v i e w e d by I s h i i and S a k a i (£) and P r i c e (9) 
and more r e c e n t l y by L u n d s t e d and Schmolka ( 1 0 ) . 
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Table I. Overall Urethane Demand - 1975, and Outlook - 1976 

Demand * 

M i l l i o n s of Pounds 

1975 1976 

Foams 

Rigid 

F l e x i b l e 

SUB-TOTAL 

Elastomers 

Surface Coatings 

Adhesives and Sealant

TOTAL 
* On a urethane r e s i n basis 

293 

915 

1208 

84 

1406 

353 

1043 

1396 

94 

1614 

I L L URETHANE RAW MATERIAL SUPPLIERS AND CAPACITIES 
1976 Estimate 

(Millions of Pounds) 
TD I 

A l l i e d 80 
BASF Wyandotte 90 
Dow 90 
Dupont 105 
Mobay 225 
Olin 130 
Rubicon 40 
Union Carbide 55 

Total 815 

MDI 
Jefferson 35 
Mobay 160 
Rubicon 60 
Upjohn 240 

Total 495 

Polyols 
BASF Wyandotte 330 
E. R. Carpenter 120 
Dow 400 
Jefferson 100 
Mobay 180 
Olin 210 
Union Carbide 400 
Other 250 

Total 1,990 
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R-CH2OH + 1^ ? R-CH 2cß + BH (1) 

241 

CH- CH-

R-CH-CT + CH - C%- -> R-CH20 CH2CHO^- ( 2 ) 

R-CH 

CKU CH, CH 0 CH, 

l  I I I © 
,0 CH 2CH0 w + nC 20(CH2 ) CHjCHn  (3) 

0 

CH 3 CH 3 CH 3 CH 3 

R-CH 20(CH 2CHO) nCH 2 i:H0 9 + BH > R-CH20(CHjCHO)nCH2CHOH (4) 

+ B e 
Figure 1. Mechanism of base-catalyzed addition of propylene oxide to polyols 

When t e r m i n a l p r i m a r y h y d r o x y l g r o u p s a r e d e s i r e d 
e t h y l e n e o x i d e may be us e d e i t h e r as t h e s o l e a l k y l e n e 
o x i d e w i t h t h e p o l y o l i n i t i a t o r , o r i t may be employed 
t o "cap" o r " t i p " t h e o x y p r o p y l a t e d p o l y o l w i t h e t h y 
l e n e o x i d e as shown i n t h e f o l l o w i n g scheme: 

CH. CH. C H — CH 0 CH. 

R-(CH.-CH-O) CH.CHOH > R- (CH.-CH-O) _ CH oCH o0H 
2 n 2 2 n + l 2 2 

However, s i n c e o x y e t h y l e n e g r o u p s a r e h y d r o p h i l i c 
i n n a t u r e and most a p p l i c a t i o n s r e q u i r e good w a t e r r e 
s i s t a n c e , p o l y e t h e r p o l y o l s f o r r i g i d u r e t h a n e foams 
c o n s i s t u s u a l l y o f o x y p r o p y l e n e a d d u c t s o f p o l y o l o r 
p o l y a m i n e i n i t i a t o r s . The o x y p r o p y l e n e a d d u c t s e x 
h i b i t a l s o b e t t e r f l u o r o c a r b o n ( b l o w i n g agent) s o l u 
b i l i t y and i m p r o v e d i s o c y a n a t e c o m p a t i b i l i t y as com
p a r e d t o t h e c o r r e s p o n d i n g p o l y o l s c o n t a i n i n g o x y e t h y 
l e n e a d d u c t s . 
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Base c a t a l y s i s u s u a l l y i s p r e f e r r e d i n t h e e p o x i d e 
c o n d e n s a t i o n o f " n e u t r a l " p o l y o l s w i t h p o t a s s i u m h y d r o x 
i d e b e i n g t h e f a v o r e d c a t a l y s t a l t h o u g h o t h e r a l k a l i 
h y d r o x i d e s , a l k a l i a l k o x i d e s , and v a r i o u s t e r t i a r y 
amines may be u s e d . 

T e r t i a r y amine c a t a l y s t s a r e s u g g e s t e d f o r t h e 
a d d i t i o n o f a l k y l e n e o x i d e s u n d e r a n h y d r o u s c o n d i t i o n s 
t o a l k a l i s e n s i t i v e , s o l i d p o l y o l i n i t i a t o r s s u c h as 
s u c r o s e ( 1 1 , 1 2 ) . I t has been c l a i m e d t h a t t h e use 
o f a t r i a l k y l a m i n e c a t a l y s t c o n t a i n i n g two o r t h r e e 
c a r b o n atoms i n t h e a l k y l g r o u p l i m i t s t h e a d d i t i o n t o 
o n l y one h y d r o x y p r o p y l g r o u p on e a c h o f t h e h y d r o x y l 
g r o u p s o f t h e i n i t i a t o r ( 1 2 ) . 

When h a l o g e n atoms a r e p r e s e n t i n t h e e p o x i d e s u c h 
as i n e p i c h l o r o h y d r i n  3 , 3 , 3 - t r i c h l o r o p r o p y l e n e o x i d e 
(TCPO) o r 4 , 4 , 4 - t r i c h l o r o - l , 2 - b u t y l e n
i n . t h e i n i t i a t o r , a c i
i d e e t h e r a t e , may be u s e d ( 1 3 - 1 8 ) . V o g t and D a v i s 
(16) f o u n d t h a t , i f t h e c o n c e n t r a t i o n o f c a t a l y s t / i n i 
t i a t o r ( p o l y o l ) complex i s d e c r e a s e d w i t h r e s p e c t t o 
TCPO i n o r d e r t o o b t a i n h i g h e r m o l e c u l a r w e i g h t p r o 
d u c t s , s i d e r e a c t i o n s s u c h as c y c l i z a t i o n r e a c t i o n s be
come i n c r e a s i n g l y i m p o r t a n t . B o r o n t r i f l u o r i d e a l s o 
promotes d i m e r i z a t i o n o f a l k y l e n e o x i d e s t o d i o x a n e o r 
a l k y l d e r i v a t i v e s o f d i o x a n e as d e s c r i b e d by F i f e 
and R o b e r t s (19_) . The use o f a c i d c a t a l y s t s , e.g. 
L e w i s a c i d s , promotes f o r m a t i o n o f a g r e a t e r amount o f 
t e r m i n a l p r i m a r y a l c o h o l g r o u p s when compared t o base 
c a t a l y s i s o f e p o x i d e s . 

When u n c a t a l y z e d , p r i m a r y a l c o h o l g r o u p s r e a c t 
w i t h i s o c y a n a t e s two o r t h r e e t i m e s as f a s t as s e c o n d 
a r y a l c o h o l g r o u p s , whereas t h e p r e s e n c e o f c a t a l y s t s , 
p a r t i c u l a r l y m e t a l c a t a l y s t s , c a u s e an even g r e a t e r 
s p r e a d i n r e a c t i v i t y between p r i m a r y and s e c o n d a r y a l 
c o h o l g r o u p s ( 2 0 - 2 2 ) . R e c e n t l y K n o d e l (23) r e p o r t e d 
t h e use o f m i x t u r e s o f e t h y l e n e o x i d e and p r o p y l e n e 
o x i d e i n t h e p r e p a r a t i o n o f p o l y e t h e r p o l y o l s f r o m 
s o l i d p o l y o l i n i t i a t o r s s u c h as s u c r o s e i n t h e p r e s e n c e 
o f t r i m e t h y l - o r t r i e t h y l a m i n e as c a t a l y s t s . T h i s 
p r o c e s s was s a i d t o r e d u c e t h e p r e p a r a t i o n t i m e f o r t h e 
p o l y e t h e r p o l y o l s by as much as 67 p e r c e n t , and t h e 
v i s c o s i t y o f t h e r e s u l t i n g p o l y e t h e r p o l y o l was l o w e r 
t h a n i n c o n v e n t i o n a l p r o c e s s e s u s i n g p r o p y l e n e o x i d e as 
t h e s o l e a l k y l e n e o x i d e . 

The i s o c y a n a t e s u s e d i n r i g i d u r e t h a n e foams c o n 
s i s t p r i m a r i l y o f p o l y m e r i c i s o c y a n a t e s , i . e . i s o c y a 
n a t e s h a v i n g an NCO f u n c t i o n a l i t y o f g r e a t e r t h a n 2 
(most o f them = 2.6-2.8). These a r e p r o d u c e d by phos -
g e n a t i o n o f a n i l i n e - f o r m a l d e h y d e c o n d e n s a t i o n p r o 
d u c t s and a r e a l s o r e f e r r e d t o as " c r u d e " MDI. The 
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c o m m e r c i a l p r o d u c t s f r o m t h e v a r i o u s i s o c y a n a t e sup
p l i e r s d i f f e r somewhat i n t h e i r r e a c t i v i t y w h i c h i s due 
m a i n l y t o t h e r a t i o o f t h e o- and p-NCO s u b s t i t u t i o n 
i n t h e m o l e c u l e , t h e m o l e c u l a r w e i g h t d i s t r i b u t i o n o f 
t h e p o l y m e r i c f r a c t i o n s o f t h e " c r u d e " MDI and a l s o 
p a r t i a l l y due t o t h e d i f f e r e n t a c i d i t y i n t h e i s o c y a -
n a t e s ( 2 4 ) . I n a d d i t i o n t o " c r u d e " MDI, " c r u d e " (un-
d i s t i l l e d g r a d e s ) TDI ( t o l y l e n e d i i s o c y a n a t e ) , a l s o a r e 
employed i n t h e m a n u f a c t u r e o f r i g i d foams, e s p e c i a l l y 
f o r use i n a p p l i a n c e s s u c h as r e f r i g e r a t o r s and f r e e z 
e r s . 

The most i m p o r t a n t s u g a r s o r s u g a r d e r i v a t i v e s 
u s e d i n t h e p r e p a r a t i o n o f p o l y o l s a r e s u c r o s e , s o r b i 
t o l , a - m e t h y l g l u c o s i d e and d e x t r o s e a l t h o u g h o t h e r 
d i - and m o n o s a c c h a r i d e s and d e r i v a t i v e s t h e r e o f have 
been employed i n s m a l l e
r e l a t i v e l y h i g h f u n c t i o n a l i t
f r o m t h e s e i n i t i a t o r s f i n d a p p l i c a t i o n s p r i m a r i l y i n 
t h e m a n u f a c t u r e o f r i g i d foams. P o l y o l s b a s e d on 
a- m e t h y l g l u c o s i d e were p h a s e d o u t o f t h e m a r k e t a l 
most t h r e e y e a r s ago when CPC I n t e r n a t i o n a l , t h e m a j o r 
s u p p l i e r o f t h e s e p o l y o l s , d i s c o n t i n u e d t h e i r manufac
t u r e . I t i s e s t i m a t e d t h a t a b o u t one t h i r d o f t h e 
r i g i d u r e t h a n e foam p o l y o l s a r e b a s e d on s u c r o s e and 
s o r b i t o l {25) . 

Many p r o c e d u r e s have been d e v e l o p e d f o r t h e manu
f a c t u r e o f p o l y e t h e r p o l y o l s b a s e d on t h e above mono-
and d i s a c c h a r i d e s as w e l l as some o f t h e i r d e r i v a t i v e s 
s u c h as t h e c o r r e s p o n d i n g p o l y h y d r i c a l c o h o l s ( 2 6 - 4 4 ) . 
S i n c e t h e o x y p r o p y l a t i o n o f s o l i d i n i t i a t o r s , s u c h as 
s u c r o s e and o t h e r s o l i d p o l y h y d r i c a l c o h o l s p a r t i c u l a r 
l y f o r low a d d u c t s o f p r o p y l e n e o x i d e ( h i g h h y d r o x y 1 
number), l e a d s t o t h e f o r m a t i o n o f p o l y e t h e r p o l y o l s 
h a v i n q v e r y h i g h v i s c o s i t i e s (as h i g h as >1,000,000 c ps 
a t 2 5 Ö C ) , a number o f c o i n i t i a t o r s a r e b e i n g u s e d t o 
re d u c e t h e v i s c o s i t y and t o i m p a r t o t h e r d e s i r a b l e p r o 
p e r t i e s , e.g. r e d u c e d f r i a b i l i t y , l o w e r c o m b u s t i o n , 
e t c . These i n c l u d e t h e u s e o f w a t e r ( 2 6 - 2 9 ) , p o l y o l s 
s u c h as g l y c e r o l ( 3 0 - 3 2 ) , s o r b i t o l ( 3 3 ) , a l k a n o l a m i n e s 
s u c h as t r i e t h a n o l a m i n e (3_i'3_5) and 3Tamines s u c h as 
e t h y l e n e d i a m i n e ( 3 6 ) . 

The p r e s e n c e o f w a t e r i n any s i g n i f i c a n t amount 
l o w e r s t h e f u n c t i o n a l i t y , i . e . , t h e number o f h y d r o x y l 
g r o u p s i n t h e r e s u l t i n g p r o d u c t , b e c a u s e t h e p o l y e t h e r 
d e r i v e d f r o m t h e r e a c t i o n o f w a t e r w i t h p r o p y l e n e o x i d e 
has a f u n c t i o n a l i t y o f 2, t h u s r e d u c i n g t h e a v e r a g e 
f u n c t i o n a l i t y o f t h e o x y p r o p y l a t e d p o l y e t h e r p o l y o l . 
H i g h f u n c t i o n a l i t y i s d e s i r a b l e f o r good d i m e n s i o n a l 
s t a b i l i t y s i n c e i t has been shown t h a t d i m e n s i o n a l 
s t a b i l i t y i n c r e a s e s w i t h i n c r e a s e d f u n c t i o n a l i t y o f t h e 
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p o l y e t h e r . T h e r e f o r e , p o l y o l s w i t h a f u n c t i o n a l i t y o f 
3 o r g r e a t e r and amine-based p o l y o l s a r e used w i d e l y i n 
t h e p r e p a r a t i o n o f low v i s c o s i t y p o l y o l s i m p a r t i n g good 
d i m e n s i o n a l s t a b i l i t y t o t h e r e s u l t i n g foams. P h e n o l 
f o r m a l d e h y d e c o n d e n s a t i o n p r o d u c t s ( h y d r o x y 1 - c o n t a i n i n g 
p h e n o l i c r e s i n i n t e r m e d i a t e s ) a l s o may s e r v e as c o i n i -
t i a t o r s w i t h s u c r o s e i n t h e m a n u f a c t u r e o f p o l y e t h e r 
p o l y o l s f o r r i g i d u r e t h a n e foams (39) . As has p r e 
v i o u s l y been p o i n t e d o u t , w h i l e p r o p y l e n e a d d u c t s o f 
p o l y o l i n i t i a t o r s g e n e r a l l y a r e p r e f e r r e d , c o m b i n a t i o n s 
o f o x y e t h y l e n e and o x y p r o p y l e n e a d d u c t s have been em
p l o y e d , e s p e c i a l l y w i t h s u c r o s e as i n i t i a t o r ( 23, 37, 
38) . 

I n a d d i t i o n t o p o l y o l s d e r i v e d f r o m mono- o r d i -
s a c c h a r i d e s o r t h e i  d e r i v a t i v e s  p o l y e t h e  p o l y o l
a l s o have been p r e p a r e
They g e n e r a l l y a r e p r e p a r e y  t r a n s g l y c o s y l a t i o
o f s t a r c h w i t h p o l y o l s s u c h as g l y c e r o l o r e t h y l e n e 
g l y c o l i n t h e p r e s e n c e o f an a c i d (45-49) t o y i e l d a 
m i x t u r e o f g l u c o s i d e s as shown i n F i g u r e 2. The 
r e s u l t i n g g l u c o s i d e m i x t u r e t h e n r e a c t s f u r t h e r 
w i t h p r o p y l e n e o x i d e t o y i e l d t h e c o r r e s p o n d i n g p o l y -
e t h e r s . D i f f e r e n t t y p e s o f p o l y o l s may be u s e d i n t h e 
t r a n s g l y c o s y l a t i o n r e a c t i o n as w e l l as g l y c o l e t h e r s o f 
t h e g e n e r a l f o r m u l a ROCH 2CH 2OH ( 4 7 ) . 

I n a d d i t i o n t o c o i n i t i a t i o n o f p o l y o l s , b l e n d s o f 
p o l y o l s a r e b e i n g employed t o i m p r o v e c e r t a i n foam 
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p r o p e r t i e s s u c h as f r i a b i l i t y and f l a m e r e s i s t a n c e . 
F o r i n s t a n c e , s u c r o s e and s o r b i t o l - b a s e d p o l y e t h e r 
p o l y o l s f r e q u e n t l y a r e b l e n d e d w i t h t e r t i a r y amine-
c o n t a i n i n g p o l y o l s ( e . g . o x y p r o p y l e n e a d d u c t s o f e t h y -
l e n e d i a m i n e o r d i e t h y l e n e t r i a m i n e ) t o r e d u c e t h e f r i 
a b i l i t y o f t h e r e s u l t i n g foams. A t t h e same t i m e , 
t h e p r e s e n c e o f t h e t e r t i a r y n i t r o g e n atom i n t h e 
a m i n e - c o n t a i n i n g p o l y o l s has a c a t a l y t i c e f f e c t i n 
p r o m o t i n g f a s t e r r e a c t i o n r a t e s , hence r e d u c e s t h e 
amount o f e x t r a n e o u s c a t a l y s t ( s ) r e q u i r e d . I n a d d i 
t i o n , l o w e r amounts o f f l a m e r e t a r d a n t p o l y o l s o r 
a d d i t i v e s a r e r e q u i r e d t o a t t a i n a c e r t a i n d e g r e e o f 
low c o m b u s t i o n i n t h e foam due t o t h e w e l l known s y n e r 
g i s m between n i t r o g e n and p h o s p h o r u s o r (and) h a l o g e n s . 

B l e n d i n g o f s u g a r - b a s e  w i t
d a n t p o l y o l s o r a d d i t i v e
t a i n f l a m e r e t a r d a n t a d d i t i v e s s u c h as t r i s - ( c h l o r o
e t h y l ) p h o s p h a t e a l s o s e r v e as a v i s c o s i t y r e d u c i n g 
a g e n t a l t h o u g h t h e a d d i t i o n o f g r e a t e r amounts o f t h i s 
p h o s p h a t e may a f f e c t a d v e r s e l y c e r t a i n foam p r o p e r t i e s , 
e.g. humid a g i n g c h a r a c t e r i s t i c s . 

Many f l a m e - r e t a r d a n t p o l y o l s b a s e d on s u g a r s and 
su g a r d e r i v a t i v e s have been p r e p a r e d , most o f them 
c o n t a i n i n g p h o s p h o r u s , h a l o g e n s , o r a c o m b i n a t i o n o f 
t h e s e e l e m e n t s (17, 5 0 - 5 9 ) . An example o f a f l a m e -
r e t a r d a n t s u g a r - b a s e d p o l y o l c o n t a i n i n g o n l y h a l o g e n s 
a r e a d d u c t s o f t r i c h l o r o b u t y l e n e o x i d e (TCBO) t o ox y -
e t h y l a t e d s u c r o s e (r7). The p r e p a r a t i o n o f t h i s TCBO-
c o n t a i n i n g p o l y o l i s shown s c h e m a t i c a l l y b e l o w : 

O t h e r h a l o g e n - c o n t a i n i n g s u g a r b a s e d p o l y o l s i n c l u d e 
c h l o r i n a t e d o r b r o m i n a t e d a l l y l g l u c o s i d e p o l y e t h e r s 
w h i c h have been r e p o r t e d t o y i e l d foams o f low combust
i b i l i t y and good r e s i s t a n c e t o d r y and humid a g i n g (50-
5 1 ) . H y d r o x y l - c o n t a i n i n g t e t r a b r o m o p h t h a l i c e s t e r s 
Tby r e a c t i o n o f t e t r a b r o m o p h t h a l i c a n h y d r i d e w i t h an 
e x c e s s o f a g l y c o l o r a n o t h e r p o l y h y d r i c a l c o h o l , e.g. 
s o r b i t o l ) w h i c h a r e t h e n p r o p o x y l a t e d , have been u s e d 
i n t h e p r e p a r a t i o n o f f l a m e r e t a r d a n t u r e t h a n e foams 
( 6 0 ) . However, more e f f e c t i v e f l a m e - r e t a r d a n t p o l y o l s 
were o b t a i n e d by t h e c o m b i n a t i o n o f t e t r a b r o m o p h t h a l i c 
a n h y d r i d e , o x y p r o p y l a t e d s u c r o s e , p h o s p h o r i c a c i d and 
p r o p y l e n e o x i d e ( 6 1 ) . 

R-OH + n C l C-CH 9-CH-CH 

I n i t i a t o r TCBO C a t a l y s t T C B O - P o l y o l 
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A number o f s u g a r - b a s e d p o l y o l s ( e .g. d e r i v e d f r o m 
s u c r o s e , a - m e t h y l g l u c o s i d e , d e x t r o s e , s o r b i t o l , e t c . ) 
c o n t a i n i n g p h o s p h o r u s i n t h e f o r m o f p h o s p h a t e , p h o s 
p h i t e o r phosphonate l i n k a g e s have been r e p o r t e d f o r 
use i n f l a m e - r e t a r d a n t , r i g i d u r e t h a n e foams ( 5 2 - 5 9 ) . 
R e c e n t r e v i e w s on f l a m e - r e t a r d a n t u r e t h a n e s i n c l u d e 
t h o s e o f Papa (62) and F r i s c h and Reegen (6_3) . 

The e f f e c t s o f c h e m i c a l s t r u c t u r e o f p o l y e t h e r 
p o l y o l s f o r r i g i d foams and o f d i - and p o l y i s o c y a n a t e s 
on t h e p h y s i c a l p r o p e r t i e s o f t h e r e s u l t i n g u r e t h a n e 
p o l y m e r s have been d e s c r i b e d by a number o f a u t h o r s 
(64-67) . D a r r , e t a l (<64) employed V i c a t s o f t e n i n g 
p o i n t s d a t a as a measure o f modulus f o r s o l i d c a s t 
u r e t h a n e s p r e p a r e d f r o m r i g i d foam components, b u t 
o m i t t i n g t h e b l o w i n g a g e n t . The p o l y e t h e r s i n c l u d i n g 
s u c r o s e , a - m e t h y l g l u c o s i d
t h e p r e p a r a t i o n o f t h
i n T a b l e I I I (6£) . The i s o c y a n a t e s u s e d were HDI 
(hex a m e t h y l e n e d i i s o c y a n a t e ) , TDI ( t o l y l e n e d i i s o c y a -
n a t e ) and MDI ( d i p h e n y l m e t h a n e d i i s o c y a n a t e ) w i t h 
f u n c t i o n a l i t i e s o f 2,2,5 and 3. T a b l e I V l i s t s t h e 
V i c a t s o f t e n i n g p o i n t s o f t h e s o l i d u r e t h a n e s d e r i v e d 
f r o m t h e p o l y o l s shown i n T a b l e I I I and t h e i s o c y a n a t e s 
l i s t e d i n T a b l e I V . As c a n be n o t e d f r o m T a b l e I V , 
t h e s o f t e n i n g p o i n t s i n c r e a s e d as t h e f u n c t i o n a l i t y 
i n c r e a s e d and t h e e q u i v a l e n t w e i g h t d e c r e a s e d . The 
s u b s t i t u t i o n o f a h e t e r o c y c l i c n u c l e u s s u c h as i n 
a - m e t h y l g l u c o s i d e and s u c r o s e f o r an a l i p h a t i c b a c k 
bone ( e . g . p e n t a e r y t h r i t o l ) i n t h e p o l y e t h e r i n c r e a s e d 
t h e s o f t e n i n g p o i n t o f t h e u r e t h a n e p o l y m e r by a b o u t 
50°C. 

The f u n c t i o n a l i t y o f t h e p o l y o l s a l s o has a p r o 
f o u n d e f f e c t on t h e p r o p e r t i e s o f r i g i d foams. H i g h e r 
f u n c t i o n a l i t y f a v o r s g r e a t e r h e a t r e s i s t a n c e and d i -
T a b l e I I I . 
TYPICAL CHEMICAL PROPERTIES OF POLYETHER POLYOLS 

EQUIV-
FUNCTION ALENT HYDROXYL VISCOSITY, CYCLIC, 

BASE POLYOL ALITY WEIGHT NUMBER CPS, AT 25° C WEIGHT, % TYPE 

Trirnethylolpropane 3 150 400 615 0 aliphatic 
Pentaerythritol 4 125 450 1,550 0 aliphatic 
Pentaerythritol 4 150 375 1,150 0 aliphatic 
Sorbitol 6 125 490 10,000 0 aliphatic 
Sorbitol 6 150 380 3,000 0 aliphatic 
«-Methyl glucoside 4 125 460 >100,000 16.4 heterocyclic 
«-Methyl glucoside 4 150 370 22,500 U2 heterocyclic 
Sucrose 8 125 450 200,000 14.8 heterocyclic 
Sucrose 8 150 375 30,000 123 heterocyclic 
Aromatic Trio 1* 3 150 380 30,000-40,000 50.0 aromatic 

* Not otherwise identified by manufacturer. 
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Table I V . VICAT SOFTENING POINTS OF HIGHLY CROSSLINKED 
URETHANE SOLID POLYMERS (SOFTENING POINTS, °C.) 

RESINS ARO
ALI PH ATIC HETEROCYCLIC MATIC 

Isocyanate 3(150)* 4(125) 4(150) 6(125) 6(150) 4(125) 4(150) 8(125) 8(150) 3(150) 

HDI 22 35 23 60 45 80 63 90 63 52 
TDI 79 94 75 136 96 160 126 168 130 112 
MDI-2 95 103 99 155 116 178 140 >200 154 127 
MDI-2S 105 120 100 160 124 150 150 — 165 133 
MDI-3 110 130 108 170 122 154 160 170 150 150 

(a) Numbers in parentheses indicate equivalent weights. 

T a b l e V. 

( M i l l i o n s of Pounds) 

C o n s t r u c t i o n 
Tanks and P i p e 
A p p l i a n c e s 
T r a n s p o r t a t i o n 
F u r n i t u r e 
M a r i n e F l o t a t i o n 
P a c k a g i n g 
M i s c e l l a n e o u s 

Pounds % 
133 39.1 
44 12.9 
70 20.6 
36 10.6 
20 5.9 
10 2.9 
12 3.5 
15 4.4 

340 100.0 

m e n s i o n a l s t a b i l i t y ( a s s u m i n g t h a t t h e e q u i v a l e n t 
w e i g h t i s t h e same) (65) . The c o m p r e s s i v e s t r e n g t h o f 
th e foams u s u a l l y t e n d s t o i n c r e a s e w i t h i n c r e a s e d 
f u n c t i o n a l i t y w h i l e t h e t e n s i l e s t r e n g t h and e l o n g a t i o n 
t e n d t o d e c r e a s e . 

A breakdown o f t h e r i g i d u r e t h a n e foam m a r k e t s f o r 
1975 i s g i v e n i n T a b l e V (3)• I t c a n be seen r e a d i l y 
t h a t t h e c o n s t r u c t i o n m a r k e t r e p r e s e n t s by f a r t h e 
l a r g e s t segment o f t h e r i g i d foam m a r k e t , A more r e 
c e n t u p d a t e o f t h e s i z e o f t h e r i g i d foam m a r k e t s i n 
c o n s t r u c t i o n r a n g e d f r o m 145 m i l l i o n pounds (1) t o 176 
m i l l i o n pounds (£8). 

Mobay C h e m i c a l C o r p o r a t i o n m a r k e t i n g r e p r e s e n t a 
t i v e s e s t i m a t e d t h a t 975 m i l l i o n b o a r d f e e t (209 m i l 
l i o n pounds) o f u r e t h a n e foam i n s u l a t i o n w i l l be u s e d 
by t h e c o n s t r u c t i o n i n d u s t r y i n 1976, w h i c h r e p r e s e n t s 
a 19 p e r c e n t i n c r e a s e o v e r 1975's 818 m i l l i o n b o a r d 
f e e t (176 m i l l i o n pounds) (6_8) . A summary o f Mobay 

American Chemical 
Society Library 

1155 16th St. N. W. 
Washington, D. C. 20031 
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T a b l e V I . 
Summary o f Mobay E s t i m a t e s o f U r e t h a n e Foam Consumption 
i n C o n s t r u c t i o n M a r k e t ( a l l f i g u r e s a r e i n m i l l i o n s ) 

1975 1976 

B o a r d F e e t Pounds 

P o u r 144 30 

S p r a y 159 37 

B o a r d 339 65 

P i p e 60 

Tank 116 29 

T o t a l : 818 176 

B o a r d F e e t Pounds % Change 

192 40 +33 

184 43 +16 

407 78 +20 

10 -33 

152 38 

975 209 +19 

e s t i m a t e s o f t h e r i g i d u r e t h a n e foam m a r k e t i n c o n 
s t r u c t i o n , a c c o r d i n g t o t h e f i v e f o r m s i n w h i c h u r e 
t h a n e i n s u l a t i o n i s most f r e q u e n t l y p r o d u c e d , i s shown 
i n T a b l e V I (£8). The l a r g e s t c a t e g o r y o f u r e t h a n e 
i n s u l a t i o n i n 1976 w i l l be b o a r d s t o c k , u s e d m a i n l y 
f o r r o o f and p e r i m e t e r i n s u l a t i o n . P o u r e d - i n - p l a c e 
foam i s employed most f r e q u e n t l y i n f a c t o r y f a b r i c a t e d 
p a n e l s and f o r o n - s i t e i n s u l a t i o n o f c a v i t y w a l l s and 
i s e x p e c t e d t o i n c r e a s e 33 p e r c e n t o v e r 1975 p r o v i d e d 
t h a t t h e i n d u s t r y c a n d e v e l o p m e t a l o r o t h e r s u i t a b l e 
m a t e r i a l - f a c e d u r e t h a n e foam p a n e l s w i t h a c c e p t a b l e 
f l a m e s p r e a d and smoke e v o l u t i o n ( 6 8 ) . S p r a y e d - o n 
u r e t h a n e foam i s b e i n g u s e d f o r r o o f i n s u l a t i o n and f o r 
t h e i n s u l a t i o n o f p e r i m e t e r s , p r e c a s t c o n c r e t e w a l l s 
and o t h e r i r r e g u l a r s u r f a c e s . L a r g e g a i n s i n 1976 
a r e p r e d i c t e d f o r t a n k i n s u l a t i o n — 31 p e r c e n t (60), 
w h i c h i s p r i m a r i l y a p p l i e d by means o f s p r a y i n g - o n a t 
t h e j o b s i t e . P i p e i n s u l a t i o n i s t h e o n l y c a t e g o r y 
t h a t has been f o r e c a s t t o d e c l i n e i n 1976, a d r o p o f 
33 p e r c e n t (68) , due m a i n l y t o t h e n e a r c o m p l e t i o n o f 
t h e A l a s k a p i p e l i n e . 

The p r i n c i p a l r e a s o n f o r t h e g r o w i n g a c c e p t a n c e 
and p o p u l a r i t y o f r i g i d u r e t h a n e foams i s t h e t h e r m a l 
c o n d u c t i v i t y , w h i c h i s l o w e s t among c o m m e r c i a l l y u s e d 
i n s u l a t i n g m a t e r i a l s , r e p r e s e n t i n g s i g n i f i c a n t e n e r g y 
s a v i n g s . A c o m p a r i s o n o f t h e e f f i c i e n c y o f common 
t a n k i n s u l a t i n g m a t e r i a l s i s g i v e n i n T a b l e V I I ( 6 9 ) . 
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T a b l e V I I I , BUOYANCY 

Ma t e r i a l Densitv Approx. pounds 
lb per of support i n water 
cu f t f o r each cubic foot 

RIGID URETHANE FOAM 2 60 

Polystyrene 1.5 60 

Balsa Wood 6 56 

Cork 7 55 

Pine Wood 28 34 

Oak 

O t h e r i m p o r t a n t r i g i d foam a p p l i c a t i o n s a r e i n 
a p p l i a n c e s , t r a n s p o r t a t i o n , f u r n i t u r e , p a c k a g i n g and 
ma r i n e and f l o t a t i o n . M a j o r u s a g e s f o r r i g i d foam 
i n a p p l i a n c e s i n c l u d e i n s u l a t i o n o f f r e e z e r s and 
r e f r i g e r a t o r s , and i n t r a n s p o r t a t i o n , i n s u l a t i o n o f 
r e f r i g e r a t e d r a i l r o a d c a r s and t r a i l e r t r u c k s . 
R i g i d u r e t h a n e foam i s u s e d f o r m a r i n e s a l v a g e and f o r 
i n s u l a t i o n o f s h i p s and o l d b a r g e s i n o r d e r t o e x t e n d 
t h e i r l i v e s . A c o m p a r i s o n o f t h e buoyancy o f r i g i d 
u r e t h a n e foam w i t h o t h e r m a t e r i a l s i s shown i n T a b l e 
V I I I (69) . 

O t h e r g r o w t h a r e a s among r i g i d foams a r e i n 
th e f u r n i t u r e i n d u s t r y ( h i g h d e n s i t y foams) and i n 
p a c k a g i n g where i n most c a s e s v e r y low d e n s i t y foams 
(0.5 - 1.0 l b / c u f t ) a r e b e i n g u s e d . More r e c e n t l y , 
r i g i d u r e t h a n e foams have been u t i l i z e d i n t h e manufac
t u r e o f s t r u c t u r a l foams {3), and t h i s m arket p r o m i s e s 
t o be a ma j o r f a c t o r i n t h e f u t u r e . 

Dr. I r a n i , E x e c u t i v e V i c e P r e s i d e n t f o r t h e Chemi
c a l s Group o f O l i n C o r p o r a t i o n , p r e d i c t e d t h a t t h e 
p r o d u c t i o n o f r i g i d u r e t h a n e foam i n t h e n e x t t e n y e a r s 
w o u l d i n c r e a s e t o 1.3 b i l l i o n pounds (7£)with c o n s t r u c 
t i o n b e i n g t h e most i m p o r t a n t f a c t o r i n t h i s g r o w t h . 
A c o m p o s i t e f o r t h e t o t a l u r e t h a n e i n d u s t r y p r o j e c t i o n 
by Mobay m a r k e t r e s e a r c h e r s t h r o u g h 1980 i s d e p i c t e d 
i n F i g u r e 3 (3). 

Sugar o r s u g a r d e r i v a t i v e - b a s e d p o l y o l s have fo u n d 
t h e w i d e s t a p p l i c a t i o n s i n r i g i d u r e t h a n e foams f o r 
v a r i o u s i n d u s t r i e s . However, h i g h e r e q u i v a l e n t w e i g h t 
p o l y o l s (low h y d r o x y l numbers) o f t h e s e s u g a r o r s u g a r 
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Figure 3. 

d e r i v a t i v e s may be employed i n f l e x i b l e o r s e m i r i g i d 
foams, p a r t i c u l a r l y when b l e n d e d w i t h c o n v e n t i o n a l 
f l e x i b l e foam p o l y o l s ( e . g . b a s e d on g l y c e r o l o r t r i 
me t h y l o l p r o p a n e ) . I n a d d i t i o n , u r e t h a n e r e s i n s 
b a s e d on d e x t r o s e and m a l t o s e p o l y e t h e r p o l y o l s have 
been f o u n d u s e f u l as r e s i n b i n d e r s f o r f o u n d r y use 
(71) . O t h e r u s e s i n c l u d e s o l i d u r e t h a n e p l a s t i c s 
(72) and foam c o a t i n g s (730 . I n a d d i t i o n , RIM ( r e a c 
t i o n i n j e c t i o n m o l d i n g ) t e c h n o l o g y c o u l d u t i l i z e s u g a r 
p o l y o l s f o r t h e m o l d i n g o f s o l i d p l a s t i c s , e l a s t o p l a s -
t i c s and r i g i d and s e m i r i g i d foam p r o d u c t s . 
P o l y e t h e r p o l y o l s f o r r i g i d u r e t h a n e foams c u r r e n t l y 
a r e ( A u g u s t , 1976) p r i c e d a t 37 - 45 c e n t s / p o u n d w h i l e 
s p e c i a l , f l a m e - r e t a r d a n t p o l y o l s command premium p r i c e s 

In Sucrochemistry; Hickson, J.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1977. 



252 SUCROCHEMISTRY 

o f 70 c e n t s / p o u n d o r more. P o l y e t h e r s b a s e d on s u 
c r o s e and s o r b i t o l a r e i n t h e l o w e r p r i c e r a n g e o f t h e 
r i g i d foam p o l y o l s ( 3 7 - 4 0 c e n t s / p o u n d ) . 

C o n c l u s i o n s 

Sugar o r s u g a r d e r i v a t i v e s a r e p l a y i n g i m p o r t a n t 
r o l e s i n t h e m a n u f a c t u r e o f p o l y o l s f o r u r e t h a n e p o l y 
mers, i n p a r t i c u l a r f o r use i n r i g i d u r e t h a n e foams. 
I n v i e w o f t h e a n t i c i p a t e d g r o w t h o f t h i s m a r k e t 
( a v e r a g e g r o w t h o f 12 p e r c e n t p e r y e a r ) and t h e combin
a t i o n o f t h e r e l a t i v e l y l o w c o s t s o f s u g a r - b a s e d p o l y 
o l s and e x c e l l e n t p h y s i c a l p r o p e r t i e s o f t h e r e s u l t i n g 
u r e t h a n e p o l y m e r s , s u g a r and s u g a r d e r i v a t i v e s a r e 
e x p e c t e d t o e n j o y c o n t i n u e d f u t u r e g r o w t h

Abstract 
Urethanes have grown at an astounding pace in the 

last twenty years in the United States and worldwide. 
The total urethane production in the U.S.A. in 1956 
amounted only to 8 million lb and reached 1.3 bil l ion 
lb in 1975. The principal components of urethanes 
are hydroxyl-terminated polyethers and polyesters -
referred to briefly as polyols- and d i - and polyisocy-
anates. Flexible and rigid foams make up the bulk of 
the urethane market, 1.4 bil l ion lb (1975) and it is 
in the foam area that sugars and sugar derivatives 
have found their widest acceptance, particularly in 
the rigid foam field. The most commonly used sugar 
derivatives are propylene oxide adducts of sucrose, 
sorbitol, starch-derived glucosides, dextrose, etc. 
Frequently these polyols are modified either by blend
ing with other polyols or employing water, polyhydric 
alcohols, amines or aminoalcohols as coinitiators prior 
to propoxylation. This is being done in order to re
duce the viscosity of the polyol or to impart certain 
desirable properties, such as reduced friabil i ty, to 
the resulting foams. A comparison is made of sugar or 
sugar derivative-based polyols with other competitive 
products as far as price structure and performance 
characteristics are concerned. Some present uses and 
future potential of sugars in the urethane foam 
market are discussed. 
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18 
Sucrose and Modified Sucrose Polyols in Rigid 
Urethane Foam 

ALLAN R. MEATH and L. D. BOOTH 
Dow Chemical Co., Bldg. B-4810, Freeport, Tex. 77566 

S u c r o s e i s u s e
t o make r i g i d u r e t h a n
t h e use o f s u g a r a r e , (a) i t i s r e a d i l y a v a i l a b l e f r o m 
a number o f s o u r c e s , (b) l a b o r a t o r y e v a l u a t i o n s have 
shown t h a t s u g a r d e r i v e d f r o m e i t h e r s u g a r b e e t s o r 
su g a r cane i s a c c e p t a b l e , (c) c o n s i s t e n t q u a l i t y and 
p u r i t y o f s u g a r make i t an i d e a l c h e m i c a l s t a r t i n g 
m a t e r i a l , (d) s u g a r w i t h e i g h t r e a c t i v e h y d r o x y l g r o u p s 
has t h e f u n c t i o n a l i t y n e c e s s a r y t o o b t a i n t h e h i g h de
g r e e o f c r o s s l i n k i n g needed t o p r o d u c e a r i g i d u r e t h a n e 
foam, and (e) p r i c e . 

A p o l y o l , u s e a b l e f o r r i g i d u r e t h a n e foam, i s 
p r e p a r e d by t h e a d d i t i o n o f an a l k y l e n e o x i d e t o t h e 
s u c r o s e m o l e c u l e . A l k y l e n e o x i d e s u s e d a r e : 

E t h y l e n e O x i d e , 
P r o p y l e n e O x i d e , and 
Butylène O x i d e . 

One o r more m o l e c u l e s o f a l k y l e n e o x i d e i s added t o 
each o f t h e e i g h t r e a c t i v e h y d r o x y l g r o u p s on t h e s u 
c r o s e m o l e c u l e . The r e s u l t i n g p r o d u c t i s a l i q u i d 
p o l y o l w i t h e i g h t r e a c t i v e h y d r o x y l g r o u p s . 

The c h o i c e o f w h i c h a l k y l e n e o x i d e i s u s e d has 
s e v e r a l e f f e c t s . The c h o i c e o f o x i d e s e f f e c t s t h e 
r e a c t i o n r a t e o f t h e a l k y l e n e o x i d e a d d i t i o n t o t h e 
s u c r o s e m o l e c u l e . I t a l s o has an e f f e c t on t h e p h y s i 
c a l c h a r a c t e r i s t i c s o f t h e r e s u l t i n g p o l y o l and p l a y s 
a m a j o r r o l e on t h e p h y s i c a l p r o p e r t i e s o f t h e f i n a l 
r i g i d u r e t h a n e foam. T a b l e I shows t h e e f f e c t s o f 
u s i n g e t h y l e n e o x i d e , p r o p y l e n e o x i d e , and m i x t u r e s 
o f t h e two o x i d e s . Butylène o x i d e o f f e r s an adv a n t a g e 
o v e r t h e o t h e r o x i d e s i n t h e a r e a o f h y d r o l y t i c s t a b i l 
i t y . However, butylène o x i d e i s n o t w i d e l y u s e d 
b e c a u s e i t commands a h i g h p r i c e and c a n n o t be j u s t i -
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f i e d on a p r i c e f o r p e r f o r m a n c e b a s i s . As c a n be seen 
f r o m T a b l e I , e t h y l e n e o x i d e o f f e r s a d v a n t a g e s i n t h e 
f o l l o w i n g a r e a s : a f a s t e r r e a c t i o n r a t e f o r t h e o x i d e 
a d d i t i o n t o s u c r o s e ; a r e s u l t i n g p o l y o l w i t h a l o w e r 
v i s c o s i t y ; and a p o l y o l c o n t a i n i n g p r i m a r y h y d r o x y l 
g r o u p s w h i c h i n c r e a s e t h e p o l y o l ' s r e a c t i v i t y w i t h an 
i s o c y a n a t e . However, e t h y l e n e o x i d e has a m a j o r d i s 
a d v a n t a g e i n t h a t an e t h o x y l a t e d p o l y o l p r o d u c e s a 
r i g i d u r e t h a n e foam w i t h p o o r h y d r o l y t i c s t a b i l i t y . 
S i n c e t h e m a j o r a p p l i c a t i o n s f o r r i g i d u r e t h a n e foams 
r e q u i r e good h y d r o l y t i c s t a b i l i t y , p r o p y l e n e o x i d e i s 
t h e most w i d e l y u s e d a l k y l e n e o x i d e . I n t h e f i n a l 
a n a l y s i s , t h e t y p e o r r a t i o o f a l k y l e n e o x i d e u s e d i s 
dependent on t h e i n t e n d e d end u s e s . 

T a b l e I . 
E f f e c t o f D i f f e r e n t O x i d e s on P o l y o l 

P r e p a r a t i o n and End P r o p e r t i e s 

E t h y l e n e O x i d e 
F a s t e r o x i d e a d d i t i o n r a t e s 
Lower p o l y o l v i s c o s i t y 
P r i m a r y h y d r o x y l g r o u p s 
F a s t e r u r e t h a n e r e a c t i o n 
P o o r h u m i d i t y a g i n g p r o p e r t i e s 

P r o p y l e n e O x i d e 
S e c o n d a r y h y d r o x y l g r o u p s 
S l o w e r u r e t h a n e r e a c t i o n 
B e t t e r h u m i d i t y a g i n g s t a b i l i t y 

M i x t u r e o f E t h y l e n e and P r o p y l e n e O x i d e (£) 
F a s t e r o x i d e a d d i t i o n 
P r i m a r y and s e c o n d a r y h y d r o x y l s 
Lower p o l y o l v i s c o s i t y 
Good h u m i d i t y a g i n g p r o p e r t i e s 

A l s o a f f e c t i n g t h e s u c r o s e i n i t i a t e d p o l y o l i s t h e 
amount o f a l k y l e n e o x i d e added. T a b l e I I shows, g r a 
p h i c a l l y , t h a t , as you i n c r e a s e t h e amount o f o x i d e 
added t o t h e s u c r o s e m o l e c u l e , t h e l o w e r w i l l be t h e 
r e s u l t i n g p o l y o l v i s c o s i t y and t h e l e s s r i g i d t h e foam. 
W i t h t h e a d d i t i o n o f o n l y one a l k y l e n e o x i d e p e r hy
d r o x y l g r o u p on t h e s u c r o s e m o l e c u l e , t h e r e a r e some 
a p p l i c a t i o n s where t h e r e s u l t i n g foam i s t o o r i g i d o r 
f r i a b l e . 

The a l k y l a t i o n o f t h e s u c r o s e m o l e c u l e can be 
a c c o m p l i s h e d u s i n g a h i g h p r e s s u r e and t e m p e r a t u r e 
r e a c t i o n . I f a c o i n i t i a t o r i s u s e d , t h e r e a c t i o n c a n 
be c a r r i e d o u t a t l o w p r e s s u r e . The c o i n i t i a t o r i s 
a l i q u i d m a t e r i a l h a v i n g " l a b i l e " h y d r o g e n s , (1) r e a c -
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t i v e enough t o r e a c t w i t h p r o p y l e n e o r e t h y l e n e o x i d e 
and i n w h i c h t h e s u g a r i s s o l u b l e . 

T a b l e I I . 

300 

Oxide Level vs Polyol Properties 

600 300 400 500 600 
1 Usable viscosity High viscosity 1 

1 Reduced polyol cost 1 Foam very rigid 1 

i Useful for: i Foam useful for: i 
i Billets (boardstock) i Spray i 
, Pour-In-Place , Thin section -

High density Pour-In-Place 

Number 

Oxide/OH 
2 PO/OH 1 PO/OH 

T a b l e I I I show
t i o n c o n d i t i o n s f o  a h i g  p r e s s u r e , p o l y o  p r e p a r a t i o
r e a c t i o n where s u c r o s e was u s e d as t h e s o l e i n i t i a t o r . 
W h i l e t h e e n t i r e c h a r g e o f s u c r o s e , a l k y l e n e o x i d e , 
and c a t a l y s t may be mi x e d b e f o r e t h e r e a c t i o n i s i n i t i 
a t e d , t h i s may r e s u l t i n u n d e s i r a b l y v i g o r o u s r e a c t i o n 
and p o o r t e m p e r a t u r e c o n t r o l , e s p e c i a l l y when e t h y l e n e 
o x i d e i s b e i n g u s e d . A p r e f e r r e d p r o c e d u r e c o m p r i s e s 
m i x i n g t h e s u c r o s e , t h e c a t a l y s t and a s m a l l p o r t i o n o f 
th e a l k y l e n e o x i d e , h e a t i n g t h e m i x t u r e t o r e a c t i o n 
t e m p e r a t u r e and t h e n , when t h e r e a c t i o n has begun, 
f e e d i n g i n t h e r e m a i n i n g o x i d e a t a b o u t t h e r a t e a t 
w h i c h i t r e a c t s , t h u s p e r m i t t i n g a s t e a d y r a t e o f 
r e a c t i o n and e f f e c t i v e t e m p e r a t u r e c o n t r o l (2), 

T a b l e I I I . Example o f H i g h P r e s s u r e P r o c e s s (2) 

R e a c t o r - P r e s s u r e A u t o c l a v e 
Charge - S u c r o s e 2400g 

P r o p y l e n e O x i d e 3600g 
T r i a l k y l a m i n e 21g 

o r 
M e t a l H y d r o x i d e 

R e a c t i o n C o n d i t i o n s 
T e m p e r a t u r e 

105 - 110°C f o r 6 h r 
110 - 115°C f o r 4 h r 
105°C f o r 2 h r 

P r e s s u r e 
Maximum 
F i n a l 

107 p s i g 
30 p s i g 
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M a t e r i a l s w i t h r e a c t i v e h y d r o g e n s w h i c h a r e us e d 
as c o i n i t i a t o r s w i t h s u c r o s e t o make r i g i d p o l y o l 
i n c l u d e : 

W a t er, 
T r i m e t h y l o l p r o p a n e , 
G l y c e r o l , 
E t h y l e n e d i a m i n e , 
D i e t h y l e n e t r i a m i n e , 
P r o p y l e n e G l y c o l , and 
D i p r o p y l e n e G l y c o l . 

An example o f a raw m a t e r i a l c h a r g e and r e a c t i o n 
c o n d i t i o n s f o r a low p r e s s u r e p r o c e s s p r e p a r a t i o n o f a 
s u c r o s e - g l y c e r o l , c o i n i t i a t e d p o l y o l i s g i v e n i n T a b l e 
I V . The s u c r o s e , g l y c e r o l  and c a t a l y s t were p r e
mixe d u n t i l t h e s u g a
t u r e was p r e h e a t e d t
added o v e r a 12 h r p e r i o d . D u r i n g t h i s p e r i o d , t h e 
p r e s s u r e m a i n t a i n e d by t h e p r o p y l e n e o x i d e was f r o m 
30-40 p s i g and t h e t e m p e r a t u r e m a i n t a i n e d a t 125 t o 
135°C. Upon c o m p l e t i o n o f t h e p r o p y l e n e o x i d e a d d i 
t i o n , t h e r e a c t i o n m i x t u r e was d i g e s t e d f o r 2 h r a t 
130°C ( 3 ) . 

T a b l e I V 

* Example o f Low P r e s s u r e P r o c e s s (3) 

R e a c t o r - Low P r e s s u r e V e s s e l 

Charge 
S u c r o s e . . . . 
G l y c e r i n e . . . 
T r i a l k y l a m i n e . 
P r o p y l e n e O x i d e 

R e a c t o r C o n d i t i o n s 
T e mperature 

125 - 135°C f o r d u r a t i o n o f t h e r e a c t i o n 
P r e s s u r e 

30 - 40 p s i g 
The s u c r o s e , g l y c e r o l , and amine c a t a l y s t were p r e -
m i x e d u n t i l t h e s u g a r was d i s s o l v e d as t h e m i x t u r e 
was p r e h e a t e d t o 130°C. The p r o p y l e n e was added 
o v e r a 1 2 - h r p e r i o d . 

A d v a n t a g e s o f u s i n g a c o i n i t i a t o r w i t h s u c r o s e 
i n c l u d e : 

I n c r e a s e d speed o f a l k y l a t i o n r e a c t i o n , 

17.1 l b 
11.5 l b 
105 g 
45 l b 
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D e c r e a s e d p o l y o l f u n c t i o n a l i t y , 
D e c r e a s e d p o l y o l v i s c o s i t y , 
Improved c o m p a t a b i l i t y w i t h p o l y m e r i c 

i s o c y a n a t e and f l u o r o c a r b o n b l o w i n g 
a g e n t , 

A b i l i t y t o use l o w p r e s s u r e p r o c e s s i n g , and 
E l i m i n a t i o n o f n e c e s s i t y o f h a n d l i n g and 

b l e n d i n g h i g h v i s c o s i t y s u c r o s e i n i t i a 
t e d p o l y o l . 

A c t u a l l y , t h e r e a r e s p e c i f i c a d v a n t a g e s t o u s i n g 
e ach t y p e o f c o i n i t i a t o r shown above. F o r example: 

H 20 

F a s t e r a l k y l a t i o
D i o l t o p o l y o , 
Improved c o m p a t a b i l i t y , 
D e c r e a s e d p o l y o l v i s c o s i t y , and 
No change i n p o l y o l r e a c t i v i t y . 

Amines -

I n c r e a s e d speed o f a l k y l a t i o n p r o c e s s , 
Low p r e s s u r e p r o c e s s i n g , 
D e c r e a s e d p o l y o l f u n c t i o n a l i t y , 
D e c r e a s e d p o l y o l v i s c o s i t y , 
Improved c o m p a t a b i l i t y , 
I n c r e a s e d p o l y o l r e a c t i v i t y , 
I n t e r n a l c a t a l y s t , and 
I n c r e a s e d raw m a t e r i a l c o s t . 

G l y c e r o l -

I n c r e a s e d speed o f a l k y l a t i o n , 
D e c r e a s e d p o l y o l f u n c t i o n a l i t y , 
D e c r e a s e d p o l y o l v i s c o s i t y , 
No change i n p o l y o l r e a c t i v i t y , and 
I n c r e a s e d p o l y o l raw m a t e r i a l c o s t . 

P o l y o l s b a s e d on s u c r o s e o r s u c r o s e and a c o i n i t i 
a t o r a r e u s e d p r i m a r i l y t o make r i g i d u r e t h a n e foams 
f o r a w i d e v a r i e t y o f e n d - u s e s . F o l l o w i n g a r e some 
a p p l i c a t i o n s l i s t e d by a p p l i c a t i o n method. 

S p r a y Foam 
I n s u l a t i o n 

B u i l d i n g ( r o o f s ) 
R e a c t i o n and s t o r a g e v e s s e l s 
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P o u r - I n - P l a c e 
I n s u l a t i o n 

R e f r i g e r a t i o n 
P o r t a b l e C o o l e r s 
P i p e C o v e r i n g s 
Sandwich P a n e l s 

Buoyancy 
B o a t s 
B a r g e R e p a i r 

P a c k a g i n g 
F u r n i t u r e - Wood Replacement 

B i l l e t s 
I n s u l a t i o n 

P i p e s and V e s s e l s 
C o l d S t o r a g  Room
Co m m e r c i a

I n c o n c l u s i o n , y goo
as t h e ba s e i n i t i a t o r f o r p r e p a r a t i o n o f r i g i d u r e t h a n e 
foam. I t s b i c y c l i c s t r u c t u r e and e i g h t r e a c t i v e s i t e s 
p r o v i d e t h e u r e t h a n e p o l y m e r w i t h good t h e r m a l and 
d i m e n s i o n a l s t a b i l i t y . 

V a r i o u s a p p l i c a t i o n s have d i f f e r e n t p h y s i c a l p r o 
p e r t y r e q u i r e m e n t s . S u c r o s e w i t h i t s h i g h f u n c t i o n 
a l i t y a l l o w s one t o b l e n d i t w i t h a v a r i e t y o f c o i n i t i -
a t o r s t o meet t h e v a r i o u s r e q u i r e m e n t s . 

Abstract 
Sucrose-initiated polyols for use in rigid ure

thane foams can be made commercially by methods des
cribed as high pressure and low pressure processes. 
The advantages and disadvantages of these two processes 
are discussed. In the low pressure process it is nec
essary to dissolve or disperse the sugar in a coinitia-

      Commonly used are water, trimetholpropane, gly
             cerol, ethylenediamine, and diethylenetriamine. 

The choice of coinitiator changes the resulting polyol 
and the final rigid urethane foam's properties. 

The choice of oxide and the amount of oxide added 
to the sucrose and coinitiator wi l l vary the average 
molecular weight and the ratio of primary and secondary 
hydroxyl groups. These changes affect the rate of re
activity of a polyol with an isocyanate and the foam 
end-use physical properties. 
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Sucrose-Based Rigid Urethanes in Furniture Applications 

STEPHEN FUZESI 
Olin Corp., 275 Winchester Ave., New Haven, Conn. 06504 

The f u r n i t u r e i n d u s t r
m a t e r i a l s , m a i n l y wood
s a v i n g s i n l a b o r and m a t e r i a l s . By 1 9 8 5 , i n d u s t r y e s t i 
mates s u g g e s t , t h a t p l a s t i c s w i l l a c c o u n t f o r 35 p e r 
c e n t o f f u r n i t u r e c o s t s and may amount t o $3 b i l l i o n ( 1 ) 
i n s a l e s volume. ( F i g u r e 1 ) . 

Figure 1. Value of plastics 
used in furniture manufacture 
(Source: U.S. Department of 
Agriculture, Industrial Outlook, 
1974; SRI and industry esti

mates) 1973 1975 1980 1985 

The m a r k e t f o r m o l d a b l e , h i g h d e n s i t y , u r e t h a n e foam 
a l s o i s w e l l e s t a b l i s h e d , and i s g r o w i n g r a p i d l y . 
More t h a n 1.0 b i l l i o n pounds o f p l a s t i c s were u s e d i n 
t h e f u r n i t u r e i n d u s t r y i n 1974. F i f t y m i l l i o n pounds, 
5 p e r c e n t o f t h e t o t a l , was a c c o u n t e d f o r by r i g i d 
u r e t h a n e foams ( T a b l e I ) . T h i s f i g u r e i s e x p e c t e d t o 
grow t o 150 m i l l i o n pounds p e r y e a r by 1980. 

264 
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T a b l e I . R i a i d U r e t h a n e Foam M a r k e t s (-0 
( m i l l i o n s o f pounds) 

1970 1972 1973 1974 1975 1980 
A p p l i a n c e s 42 60 75 90 96 120 
C o n s t r u c t i o n 75 130 155 160 160 290 
M a r i n e 8 10 13 12 20 30 
V e h i c l e s 37 40 50 55 60 80 
F u r n i t u r e 23 29 40 50 70 150 
M i s c e l l a n e o u s 6 6 8 5 10 15 
T o t a l 191 275 341 372 416 685 

The s t r u c t u r e and t h e p r o p e r t i e s o f h i g h d e n s i t y , 
r i g i d u r e t h a n e foams c a n be c o n t r o l l e d (a) by c h e m i c a l 
f o r m u l a t i o n s and (b) by v a r i a t i o n o f t h e p r o c e s s i n g 
p a r a m e t e r s . The t e c h n o l o g y o f m o l d i n g r i g i d u r e t h a n e s 
has advanced r a p i d l
v e l o p e d m o l d i n g t e c h n i q u e

a. The p r o d u c t i o n o f f i n i s h e d p a r t s w i t h s o l i d 
s k i n s and m i c r o - c e l l u l a r i n t e r i o r s i n a 
s i n g l e o p e r a t i o n f r o m t h e same raw m a t e r i a l s . 
T h i s t y p e o f u r e t h a n e foam i s c a l l e d s e l f -
s k i n n e d o r i n t e g r a l s k i n n e d s t r u c t u r a l foam. 

b. The p r o d u c t i o n o f f i n i s h e d p a r t s w i t h homo
g e n e o u s l y u n i f o r m c e l l s t r u c t u r e s , p o s s e s 
s i n g v e r y t h i n s k i n o r w i t h p r a c t i c a l l y no 
s k i n a t a l l . T h i s t y p e o f u r e t h a n e foam 
i s c a l l e d c o n v e n t i o n a l , h i g h d e n s i t y , m olded, 
r i g i d u r e t h a n e wood foams. 

The c h e m i c a l components ( T a b l e I I ) i n i n t e g r a l 
s k i n , r i g i d u r e t h a n e foams a r e s i m i l a r t o t h o s e u s e d 
i n c o n v e n t i o n a l , h i g h d e n s i t y , r i g i d u r e t h a n e wood 
foams, and i n c l u d e : p o l y m e r i c i s o c y a n a t e s ; c a t a l y s t s ; 
b l o w i n g a g e n t s ; s u r f a c t a n t s ; and p o l y o l s . 

P o l y m e r i c i s o c y a n a t e s l i k e PAPI-135 (Upjohn C o . ) , 
Mondur MR (Mobay C h e m i c a l ) and R u b i n a t e - M ( R u b i c o n 
C h e m i c a l ) a r e t h e most w i d e l y u s e d . 

C a t a l y s t s u s e d a r e b o t h amines and m e t a l s a l t s , 
m a i n l y t i n b a s e d , and sometimes i n c o m b i n a t i o n s . 
The a m i n e - t y p e c a t a l y s t s i n i t i a t e t h e p o l y m e r f o r m a t i o n 
and promote mold f i l l . The t i n - t y p e c a t a l y s t s promote 
t h e f i n a l g e l l i n g , c o m p l e t e t h e c u r e and c o n t r o l t h e 
d e m o l d i n g t i m e . 

The s u r f a c t a n t s r e g u l a t e t h e i n t e r f a c i a l t e n s i o n 
i n t h e f o a m i n g s y s t e m and c o n t r o l u n i f o r m c e l l f o r m a 
t i o n . H i g h d e n s i t y , r i g i d foams do n o t r e q u i r e s o p h i s 
t i c a t e d s u r f a c t a n t s , most c o m m e r c i a l p r o d u c t s p e r f o r m 
w e l l ( 2 ) . 

B o t h w a t e r and f l u o r o c a r b o n s a r e used as b l o w i n g 
a g e n t s , sometimes i n c o m b i n a t i o n . Water i s u s e d m a i n 
l y i n p r e p a r a t i o n o f t h e c o n v e n t i o n a l , h i g h d e n s i t y , 
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T a b l e I I 
Major Components i n High D e n s i t y R i g i d Urethane Wood Foams 

1. I s o c y a n a t e - P o l y m e r i c 
PAPI-135 1

 2 

Rubinate-M 
Mondur MR 

Polymer Formation 
Polyurethane 
P o l y u r e a 
I s o c y a n u r a t e 

2. C a t a l y s t 
(A) Amine C a t a l y s t 

Dabco c 
P o l y c a t - 8 
TMBDA6 

(B) O r g a n o t i n C a t a l y s t 
DBTDL 7 7 ~ 
Stannous Octoate 
U L - 6 ( b l o c k e d ) 9 , n 

U L - 2 4 ( b l o c k e d ) 1 

I n i t i a t e the polymer f o r m a t i o n . 
Blow and promote mold f i l l . 

Promote the f i n a l g e l l i n g , Complete the 
c u r e . C o n t r o l the demolding time. 

S u r f a c t a n t 
Dow DC-193 
U.C.-5420 1 2 

U.C.-5430 1 3 

11 

the u n i f o r m c e l l s f o r m a t i o n . 

4. Water (H 20) 
Used i n low l e v e l o n l y P o l y u r e a and CO^(Î)-Improve the 

r i g i d i t y o f the foam. Reduce the 
s k i n d e n s i t y . 

5. F l u o r o c a r b o n - b l o w i n g agent 
R-11B" Blow the foam. C o n t r o l the s k i n 

t h i c k n e s s and the foam d e n s i t y . 

6. P o l y o l s P o l y u r e t h a n e f o r m a t i o n . 
Most d i v e r s i f i e d and most c r i t i c a l . 

1. Upjohn 4. A i r Product 7. M & T 10. Argus 13. Union C a r b i d e 
2. Rubicon 5. Abbott 8. M & T 11. Dow C o r n i n g 14. DuPont 
3. Mobay 6. Witco 9. Argus 12. Union C a r b i d e 

T a b l e I I I 
S e l e c t i o n o f t h e P o l y o l s f o r Wood Foam A p p l i c a t i o n s 

Optimum 
H y d r o x y l numbers 
F u n c t i o n a l i t i e s 
C y c l i c backbones 

V i s c o s i t y 
R e a c t i v i t y 

330 - 430 
4 - 5 

C a r b o h y d r a t e - b a s e d 

<3,000 cps @ 25°C 
W e l l b a l a n c e d b u i l t 

i n r e a c t i v i t y 

C r o s s l i n k d e n s i t y 
S t r e n g t h 
S t r u c t u r e 
H ardness, B r i t t l e n e s s 

H a n d l i n g 
Flow, M i x i n g 
Cream, G e l 
E x o t h e r m - s p l i t 
Demolding 
Economy 

O t h e r Amines b u i l t i n t h e 
p o l y o l backbone 

C o m p a t i b i l i t y w i t h p o l y 
m e r i c i s o c y a n a t e i n m i x i n g 
and i n t h e molded p a r t s 
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wood foams. F l u o r o c a r b o n i s u s e d m a i n l y i n t h e f o r m u 
l a t i o n o f i n t e g r a l s k i n , s t r u c t u r a l foams. 

The c h o i c e o f t h e p r o p e r p o l y o l i s most c r i t i c a l . 
W h i l e t h e s p e c i f i c c r i t e r i a f o r p e r f o r m a n c e o f a p o l y o l 
f o r f u r n i t u r e a p p l i c a t i o n may v a r y f r o m c u s t o m e r t o 
c u s t o m e r , t h e k e y r e q u i r e m e n t s a r e s i m i l a r ( T a b l e I I I ) . 
These i n c l u d e : l o w p o l y o l v i s c o s i t y - 3,000 c p s max; 
good p o l y o l c o m p a t i b i l i t y w i t h p o l y m e r i c i s o c y a n a t e , 
w a t e r and f l u o r o c a r b o n s ; e x c e l l e n t f l o w i n t h e mold 
c a v i t y ; r a p i d d e m o l d i n g t i m e ; and t h e r e s u l t a n t foam 
must p o s s e s s a c c e p t a b l e s t r e n g t h and good d i m e n t i o n a l 
s t a b i l i t y . 

The v i s c o s i t y and t h e r e a c t i v i t y o f t h e p o l y o l 
a r e t h e most i m p o r t a n t w i t h r e s p e c t t o h a n d l i n g , m i x 
i n g , f l o w and d e m o l d i n g o f t h e foam  The h y d r o x y l 
number, f u n c t i o n a l i t
p o l y o l a r e t h e most
and s k i n s t r u c t u r e , as w e l l as t h e s t r e n g t h and h a r d 
n e s s o f t h e foams. 

Our work t o d a t e , i n d i c a t e s t h a t s u c r o s e amine-
b a s e d p o l y o l s o f f e r t h e most v e r s a t i l i t y i n o b t a i n i n g 
a l l o f t h e s e c r i t e r i a . S u c r o s e i s a n o n - r e d u c i n g d i -
s a c c h a r i d e ( F i g u r e 2 ) . I t i s a b i c y c l i c compound w i t h 
e i g h t f u n c t i o n a l i t i e s . I t i s s t a b l e i n a b a s i c c o n d i 
t i o n and r e a d i l y r e a c t s w i t h e p o x i d e s i n p o l y e t h e r f o r 
m a t i o n . S u c r o s e - b a s e d p o l y o l s a r e c o m p a t i b l e w i t h 
o t h e r n o n s u g a r - b a s e d p o l y o l s . S u c r o s e i s a v a i l a b l e on 
t h e m a r k e t by c o m p e t i t i v e s u p p l i e r s . P r i c e s a r e r e a s 
o n a b l e , a l t h o u g h sometimes t h e y f l u c t u a t e . 

(Glucose portion) (Fructose portion) 

Nonreducing disacchaoride. 
Cyclic compound with high (8) functionalities. 
Stable in basic condition. 
Readily react with oxides in polyether formation. 
Sucrose based polyols are compatible with other non-sugar 

based polyols. 
Available on the market by competitive suppliers. 
Price reasonable althouoh f luctuate. 

Figure 2 
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The most s u i t a b l e p o l y o l s a r e p r e p a r e d by a c o i n i -
t i a t i o n t e c h n i q u e ( T a b l e IV) whereby o p t i m a l f u n c t i o n 
a l i t i e s , h y d r o x y l numbers, v i s c o s i t i e s and r e a c t i v i t i e s 
c a n be a c h i e v e d . 

T a b l e IV. 
Sucrose Based Polyols 

( C o i n i t i a t i o n Technique) 

Oxides used: 
Propylene oxide 
Ethylene oxide 

Technique Applied: 
Single Oxyalkylation 
Random copolymerization 
Block copolymerization 

C o i n i t i a t o r s 

Polyhydroxy Compounds 
Water (HOH) 
Ethylene g l y c o l -
P r o p y l e n e g l y c o l 
Glycerol 

Amine
* 

Diethylene triamine 
Toluene diamine 

F u n c t i o n a l i t i e s : 
V i s c o s i t y : 
R e a c t i v i t y : 

3-6 
Low-Medium 
Slow 

Properties 

3-6 
Low-Medium 
Faster 

3-6 
Low-Medium 
Fast 

L a b o r a t o r y d a t a , d e r i v e d f r o m c o m p a r a t i v e e v a l u a 
t i o n s , have shown t h a t p r o p e r l y d e s i g n e d , s u c r o s e amine 
b a s e d p o l y o l s a r e s u i t e d i d e a l l y f o r t h e r a p i d l y grow
i n g , f u r n i t u r e m a r k e t . O l i n has d e v e l o p e d s u c h a p o l y 
o l , w h i c h we b e l i e v e i s c a p a b l e o f m e e t i n g and e x c e e d 
i n g t h e c u s t o m e r ' s p e r f o r m a n c e c r i t e r i a f o r h i g h den
s i t y r i g i d foams, m a i n l y i n t h e f u r n i t u r e a p p l i c a t i o n s . 
P o l y - G 71-357 p o l y e t h e r p o l y o l i s a new p r o d u c t d e v e l 
oped f o r use i n molded, h i g h d e n s i t y , r i g i d foam a p p l i 
c a t i o n s . I t i s a s u c r o s e - a m i n e - p r o p y l e n e o x i d e - b a s e d 
p o l y o l . The c h e m i c a l and p h y s i c a l p r o p e r t i e s o f t h i s 

Table V. 
Shipping Specifications and Physical Properties 

Data for Poly-G 71-357 

Shipping Specifications 
Hydroxy No.,(mg.KOH/g 350+10 
Color (Gardner-max.) 12 
Water, (% by wt.-max.) 0.08 
pH, (in 10/6 Isopropanol/ 9.5+1 

water 

Physical Properties 
V i s c o s i t y , (cps, 77 F) 
Sp e c i f i c Gravity 
Lbs per gallon 
Flash Point, *(°C) 
Pour Point, (°C) 

2,000 
1.08 

9 
180 
-12 

* I t must be r e a l i z e d that flame properties of t h i s or any other 
raw material are not intended to r e f l e c t the f i r e hazards presented 
by any c e l l u l a r or foamed p l a s t i c product containing t h i s raw material. 
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p o l y o l a r e shown i n T a b l e V. The h y d r o x y l number o f 
th e p o l y o l i s 350, t h e v i s c o s i t y 2,000 cps a t 25°C. 
The pH i s 9.5 + 1, a good i n d i c a t i o n o f s a t i s f a c t o r y 
r e a c t i v i t y . 

The l o w e r h y d r o x y l number r e d u c e s f o r m u l a t i o n c o s t , 
by r e d u c i n g t h e r e q u i r e d i s o c y a n a t e , b u t i t does n o t 
compromise i m p o r t a n t p h y s i c a l p r o p e r t i e s due t o i t s 
h i g h e r f u n c t i o n a l i t y f r o m t h e s u c r o s e - b a s e d c y c l i c 
backbone b u i l t i n t o t h e p o l y o l . The q u a n t i t y o f 
c a t a l y s t r e q u i r e d t o promote t h e d e s i r e d r e a c t i o n p r o 
f i l e i s l e s s t h a n w o u l d be r e q u i r e d w i t h p o l y o l s w i t h 
no amine i n t h e backbone. 

The t e m p e r a t u r e - v i s c o s i t y c u r v e s , i n c l u d i n g t h e 
e f f e c t o f f l u o r o c a r b o n - 1 1 b l o w i n g a g e n t , a r e shown i n 
F i g u r e s 3 and 4. T h i  l o  v i s c o s i t  p o l y o l p r o v i d e
e a s i e r h a n d l i n g , goo
L a b o r a t o r y d a t a , d e r i v e  c o m p a r a t i v , 
have shown t h i s p o l y o l t o be i n h e r e n t l y more c o m p a t i b l e 
t h a n t h e o t h e r p o l y o l s t e s t e d w i t h p o l y m e r i c i s o c y a 
n a t e , w a t e r and f l u o r o c a r b o n s . 

A t y p i c a l foam f o r m u l a t i o n common i n c o n v e n t i o n a l , 
h i g h d e n s i t y , u r e t h a n e wood foam, and t h e r e s u l t a n t 
foam p r o p e r t i e s a r e shown i n T a b l e s V I and V I I , r e s 
p e c t i v e l y . 

The c o m p r e s s i v e s t r e n g t h o f t h e foam i s d e n s i t y 
d e p e n d e n t , and may v a r y w i t h i n a s i n g l e sample depen
d i n g on: (1) t h i c k n e s s o f t h e sp e c i m e n ; (2) s k i n t h i c k 
n e s s ; and (3) c e l l s t r u c t u r e o f t h e foam. C o m p r e s s i v e 
s t r e n g t h s o f 337 p s i p a r a l l e l t o r i s e , and 311 p s i p e r 
p e n d i c u l a r t o r i s e on a foam o f 11.5 p c f c o r e d e n s i t y 
a r e e x c e l l e n t v a l u e s . 

50.000 J 1 1 1 1 I I » 1 1 1 

20.000 I 1 } j J \ \ } J { 

1 0 I 1 1 1 1 1 1 " * J — 1 

10 30 W 70 M 110 
TEMPÉRATURE. °C. 

Figure S. Viscosity vs. temperature, Poly-G 
71-357 
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Figure 4. Viscosity  fluorocarbon-11 concentration, 
Poly-G 71-357, at25°C 

N a i l and sc r e w h o l d i n g c h a r a c t e r i s i t i c s a r e i m 
p o r t a n t i n many f u r n i t u r e a p p l i c a t i o n s . The s c r e w -
h o l d i n g power o f t h e foams, o f c o u r s e , v a r i e s w i t h 
t h e d e n s i t y o f t h e foams and t h e scr e w d i a m e t e r . The 
h i g h e r t h e d e n s i t y o f t h e foam, t h e h i g h e r i t s s c r e w 
h o l d i n g power. I t s h o u l d be n o t e d t h a t , b e c a u s e t h e 
u r e t h a n e foam does n o t have g r a i n , t h e r e i s much l e s s 
chance o f s p l i t t i n g t a k i n g p l a c e . 

B e s i d e s t h e e x c e l l e n t c o m p r e s s i v e s t r e n g t h , t h e 

Table VI. 

Handmix F o r m u l a t i o n f o r Poly-G 71-357 (12 PCF Foam) 

"B" Component 

Poly-G 71-357 
DC-193 1

 ? 

Dabco 33LV 
Water 

% by Weight 

97.08 
1.46 
0.97 
0.49 

100.00 

pbw 

100.00 
1.5 
1.0 
0.5 

103.0 

"A" Component 
PAPI-135 3 100.0 94.0 

Mix R a t i o A/B 
R e a c t i v i t y Data: 

Cream (Sec.) 
R i s e (sec,) 
Tack f r e e (sec) 

P r o c e s s i n g Data 

0.91/1 

40 
80 
90 

(1) Dow C o r n i n g 
(2) A i r P r o d u c t s 
(3) Upjohn 
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T a b l e V I I . 
Physical Properties of Poly-G 71-357 Hand Mix Foam 

Formulation Test No. 79818 
Density, core, pcf 11.5 
Compressive Strength, p s i , at y i e l d 

P a r a l l e l to r i s e 
Perpendicular to r i s e 

337 
311 

Screw Holding, lbs. (1 1/2" Screws) 70 

Impact, lzod, (in. lb./in.) 5.6 

Humid Age, 158°F/100% R.H., 
% AV (max.), 28 days <1 
Dry Heat Age, 200°F
% AV (max.), 28

s c r e w h o l d i n g (70 l b s ) and t h e i m p a c t ( l z o d 5.6 i n . 
l b / i n ) v a l u e s a r e c l e a r i n d i c a t i o n s o f t h e e x c e l l e n t 
s t r e n g t h o f t h e s e 11.5 p c f foams. Of c o u r s e , many o f 
t h e p h y s i c a l p r o p e r t i e s depend on t h e s i z e , shape, 
d e n s i t y , t h i c k n e s s and c e l l s t r u c t u r e o f t h e t e s t 
s p e c i m e n s , so t h a t most o f t h e d a t a p u b l i s h e d s h o u l d 
be c o n s i d e r e d a v e r a g e v a l u e s . 

C o n c l u s i o n 

A w i d e v a r i e t y o f d e c o r a t i v e as w e l l as s t r u c t u r a l 
p a r t s now a r e b e i n g p r o d u c e d f r o m i n t e g r a l s k i n and 
fr o m c o n v e n t i o n a l , h i g h d e n s i t y , r i g i d u r e t h a n e foams. 
Complete c a s e g o o d s , w i t h one p i e c e molded d r a w e r s , 
t o p s , b a s e s and s i d e s w i t h i n t e g r a l f i t t i n g s c a n be 
molded. Frames, s h e l l s and f r e e - f o a m p i e c e s c a n be 
made and s t a p l e d , s c r e w e d , g l u e d and sawed. The mat
e r i a l d u p l i c a t e s i n d e t a i l t h e mold s u r f a c e t h a t i s 
u s e d , and t e x t u r e d , wood g r a i n , o r h i g h l y smooth s u r 
f a c e s may be p r o d u c e d , d e p e n d i n g on d e s i g n c o n s i d e r a 
t i o n s . 

The a p p l i c a t i o n p o s s i b i l i t i e s f o r t h e h i g h d e n s i t y 
r i g i d u r e t h a n e wood foams m e n t i o n e d h e r e a r e j u s t a f e n 
The l i s t o f i n d u s t r i e s t u r n i n g t o t h i s new p l a s t i c foam 
i s g r o w i n g d a i l y . I n t h e a u t o m o t i v e a r e a , h oods, 
f e n d e r s and o t h e r t r i m p a r t s a r e p o s s i b l e . 

We b e l i e v e t h a t t h e raw m a t e r i a l s u p p l i e r s a r e 
w e l l p r e p a r e d f o r t h i s m a r k e t and t h e s u c r o s e b a s e d 
p o l y o l s w i l l p l a y an i m p o r t a n t r o l e i n t h i s a r e a . 
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Abstract 
The furniture industry is moving from conventional 

materials (mainly wood) to plastic foams to effect 
cost savings in labo
mates suggest that by  plasti
35% of furniture material costs at a dollar value of 
3 bi l l ion. Twenty-five thousand metric tons or 5% of 
the total plastics consumed by furniture in 1974 was 
accounted for by rigid urethane foams. Estimates 
indicate that this figure may double by 1980. The 
chemical components in structural,rigid urethane foams 
are similar to those used in conventional rigid foams; 
poly-isocyanates, catalysts, blowing agents, surfac
tants and polyols. The choice of the proper polyol is 
most c r i t ica l . Sucrose amine-based polyols offer the 
most versatility in obtaining the desired results. 
The most suitable polyols are prepared via a coinitia-
tor technique whereby optimal functionality (4-5), 
hydroxyl number (330-430), use viscosity (2,500 cps 
max) and reactivity are achieved. Comparative labora
tory evaluations have shown that sucrose amine-based 
polyols are inherently more compatible with polymeric 
isocyanates than other polyols. They have also 
demonstrated excellent flow and demolding characteris
tics and produce hard but not brittle structural foams. 
Literature Cited 
1. Stamford Research Inst., "Long Range Planning 

Service Report", "New Plastic Processing 
Technologies", 1975. 

2. Dunnous, J., "Formulation and Processing Tech
nique of high-Density Molded Structural Rigid 
Urethane Foam", Journal of Cellular Plastics, 
(1975), 11, (6). 

3. "U.S. Foamed Plastics Markets and Directory",1975, 
Technomic Publishing Co., Inc., Westport, 
Connecticut, USA. 

In Sucrochemistry; Hickson, J.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1977. 



19. FuzEsi Furniture Applications 273 

Biographic Notes 
Stephen Fuzesi, Ph.D., Res. Assoc. in Urethane 

Res. Educated at the Univ. of Dayton, St. John's 
Univ. (New York) and Peter Parmany Univ. (Budapest). 
Joined Olin in 1960, working on polyethers in flexible 
and rigid foams. Rigid Urethanes R & D , Olin Research, 
275 Winchester Ave., New Haven, Connecticut 06504 
U.S.A. 

In Sucrochemistry; Hickson, J.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1977. 



20 

Chemicals by Fermentation—An Overview 

ROGER WILLIAMS, JR. 
Roger Williams Technical and Economic Services Inc., Princeton, N.J. 08540 

F e r m e n t a t i o n c e r t a i n l y i s t h e o l d e s t u n i t p r o c e s s 
i n o r g a n i c c h e m i s t r y
m e r c i a l i s l o s t i n
t h i n k o f t h e heyday o f f e r m e n t a t i o n as o c c u r r i n g d u r i n g 
W o r l d War I I , when e t h a n o l was made f o r b u t a d i e n e manu
f a c t u r e . T h e r e a f t e r f e r m e n t a t i o n was r e p l a c e d by 
p e t r o c h e m i c a l s o u r c e s . 

T h a t was t r u e o f e t h a n o l , ' i n d u s t r i a l a l c o h o l ' , as 
t h e f i r s t c h a r t ( F i g u r e 1) shows. Note t h a t t h i s i s 
i n d o l l a r s , n o t pounds; and t h a t a l l t h e d a t a have been 
c o n v e r t e d t o 1975 d o l l a r s t o w i p e o u t t h e e f f e c t s o f 
i n f l a t i o n . One t h i n g t h a t may s u r p r i s e some, i s t h a t 
t h e e t h a n o l b u s i n e s s , i n r e a l d o l l a r t e r m s , r e a l l y has 
n o t grown i n t h e 50 y e a r s f r o m 1925 t o 1975. 

lOOOr 1 1 1 1 • r 

lOl I I I J 1 J 

1920 '30 '40 '50 ' 60 '70 '80 

Figure 1. Market value of industrial alcohol, 1975 dollars 
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Of c o u r s e t h e o t h e r p a r t o f t h e e t h a n o l b u s i n e s s , 
a l c o h o l i c b e v e r a g e s , s u p p o s e d l y was a z e r o b u s i n e s s i n 
1925. I t was n o t , b u t t h e r e a r e no s t a t i s t i c s a v a i l 
a b l e on moonshine. Today t h e l i q u o r b u s i n e s s i s $1.9 
b i l l i o n , and b e e r i s a h e f t y $4.8 b i l l i o n . I n t o t a l , 
a l c o h o l i c b e v e r a g e s c o n s t i t u t e a $7.8 b i l l i o n b u s i n e s s 
b a s e d e n t i r e l y on f e r m e n t a t i o n . 

P r o d u c t i o n o f b u t a n o l - a c e t o n e - e t h a n o l j o i n t l y by 
f e r m e n t a t i o n i s a n o t h e r o l d p r o c e s s w h i c h f e l l by t h e 
w a y s i d e t o p e t r o c h e m i s t r y . I t may be coming b a c k , as 
w i l l be d i s c u s s e d by Dr. F r a n k Wynn Hayes, l a t e r . 
A t i t s peak, i n t h e U n i t e d S t a t e s , t h e o u t p u t p r o b a b l y 
h i t $100 m i l l i o n p e r y e a r , i n 1975 d o l l a r s . 

The whole a n t i b i o t i c s b u s i n e s s has come i n t o b e i n g 
s i n c e 1925. F i g u r e 2 shows t h i s b u s i n e s s s i n c e 1950
a g a i n i n 1975 d o l l a r s
v e r y e v i d e n t . Th
b i o t i c s , A l t h o u g h some a r e s y n t h e t i c , t h e y a r e i n a 
m i n o r i t y . T hus, a n t i b i o t i c s c o m p r i s e a n o t h e r t h r e e -
q u a r t e r s o f a b i l l i o n d o l l a r b u s i n e s s b a s e d on ferm e n 
t a t i o n , t h a t d i d n o t e x i s t 50 y e a r s ago. 

2000| 1 1 1 1 1 1 

lOOOh 

2 2 0 0 h 

lOOl I I I I I I 
1950 '55 '60 '65 *70 '75 '80 

Figure 2. Antibiotics production value, 1975 dollars 

L e t us c o n s i d e r c i t r i c a c i d , and f u m a r i c , l a c t i c , 
i t a c o n i c , and t h e o t h e r a c i d s t h a t a r e made by fer m e n 
t a t i o n . T o d a y , p e r h a p s , t h e y a r e a $100 m i l l i o n b u s i 
n e s s t h a t was n o n - e x i s t e n t 50 y e a r s ago. To t h i s one 
can add amino a c i d s , a l t h o u g h U n i t e d S t a t e s p r o d u c t i o n 
i s n o t d o m i n a t e d by f e r m e n t a t i o n , and v i t a m i n s , and 
o t h e r s i m i l a r p r o d u c t s . I n a d d i t i o n , t h e r e a r e o t h e r 
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f o o d p r o d u c t s made by f e r m e n t a t i o n s u c h as v i n e g a r , soy 
s auce and y o g u r t w h i c h a l o n e has grown t o a p p r o x i m a t e 
l y a $250 m i l l i o n b u s i n e s s . 

A l s o , t h e r e i s t h e enzyme b u s i n e s s , w h i c h has 
grown t o $50 m i l l i o n o r s o . I t may have peaked h i g h e r 
t h a n t h a t i n t h e enzyme d e t e r g e n t d a y s , b u t i t i s 
s t e a d i l y g r o w i n g . The enzymes f o r wet c o r n m i l l i n g 
and h i g h f r u c t o s e c o r n s y r u p p r o d u c t i o n p r o b a b l y have 
t h e h i g h e s t c u r r e n t g r o w t h r a t e . 

I n t o t a l , t h e n , t h e r e i s a f e r m e n t a t i o n b u s i n e s s i n 
t h e U n i t e d S t a t e s t o d a y g r o s s i n g some $8.5 - 9 b i l l i o n . 
T h a t i s a v e r y s i z a b l e b u s i n e s s and i t i s g r o w i n g . 

One c o u l d add t o t h e c u r r e n t f e r m e n t a t i o n b u s i n e s s , 
i n t h e U n i t e d S t a t e s , a l l t h e s e c o n d a r y sewage and w a s t e 
t r e a t m e n t p l a n t s . A l t h o u g h one c a n n o t p u t a v a l u e on 
t h e p r o d u c t , a s one c a
t a t i o n s , t h e r e i s a

Between now and 1985, some 4,000 o r more communi
t i e s i n t h e U n i t e d S t a t e s w i l l be b u i l d i n g new sewage 
d i s p o s a l p l a n t s w i t h s e c o n d a r y b i o l o g i c a l t r e a t m e n t , 
i n c l u d i n g t h o s e who w i l l have t o u p-grade p r i m a r y 
p l a n t s t o s e c o n d a r y p l a n t s . To t h i s t h e r e i s added 
i n d u s t r i a l w a s t e t r e a t m e n t b u s i n e s s . 

No a t t e m p t has been made t o p u t a d o l l a r v a l u e on 
j u s t t h e c o n s t r u c t i o n i n v o l v e d . The s l u d g e p r o d u c e d 
w i l l be tremendous and, a t l e a s t , h a s a f u e l v a l u e , even 
t h o u g h t h e w h ole o p e r a t i o n i s a n e t expense t o t h e t a x 
p a y e r . The v a l u e i n human h e a l t h t erms o f t h i s f e r 
m e n t a t i o n i s i n c a l c u l a b l e . 

T h ere does e x i s t a h e a l t h y , t h r i v i n g f e r m e n t a t i o n 
b u s i n e s s i n t h e U n i t e d S t a t e s t o d a y . Can one g uess 
where i t i s g o i n g ? A t l e a s t t h e r e can be o u t l i n e d 
some o f t h e p r o s p e c t s , o t h e r t h a n g r o w t h o f a l l t h e 
above. 

P r o d u c t i o n o f methane f r o m f e e d l o t w a s t e s by 
a n a e r o b i c f e r m e n t a t i o n i s j u s t b e g i n n i n g . T h i s i s one 
w a s t e m a t e r i a l w h i c h a l r e a d y i s c o n c e n t r a t e d g e o g r a p h i 
c a l l y . The f i r s t d e m o n s t r a t i o n p l a n t f o r making 
methane f r o m u r b a n r e f u s e , a t Pompano B e a c h , F l o r i d a , 
i s due t o s t a r t up t h i s y e a r . How s u c c e s s f u l t h e s e 
p r o j e c t s w i l l be i s s t i l l an open q u e s t i o n . The main 
f a c t o r i n t h e i r f a v o r b a s i c a l l y i s a n e g a t i v e s u b s t r a t e 
c o s t . 

A n o t h e r p r o j e c t f o r b i o p r o d u c t i o n o f methane i n 
v o l v e s g r o w i n g o f k e l p i n huge beds o f f t h e C a l i f o r n i a 
c o a s t . T h a t one w o u l d seem a b i t f u r t h e r o f f i n t i m e . 

A g a i n , on t h e e n e r g y scene one i s b e g i n n i n g t o see 
e t h a n o l as a g a s o l i n e a d d i t i v e o r s u p p l e m e n t . I n Ne
b r a s k a g a s o l i n e i s b e i n g p romoted, b u t i t i s i n B r a 
z i l t h a t t h e p r o d u c t i o n o f a l c o h o l f o r motor v e h i c l e 
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use i s a m a j o r u n d e r t a k i n g . By t h e m i d - 1 9 8 0 1 s t h e y 
hope t o g e t p r o d u c t i o n up t o some 2 b i l l i o n g a l l o n s p e r 
y e a r , o r a l m o s t 150,000 b a r r e l s p e r day. They a r e 
p r o j e c t i n g f e r m e n t a t i o n u n i t s o f up t o 2,000 b b l s / d a y 
c a p a c i t y . W h i l e some o f t h i s w i l l be b a s e d on t r a d i 
t i o n a l b y - p r o d u c t s o u r c e s s u c h as m o l a s s e s , B r a z i l w i l l 
a l s o use whole cane j u i c e s , and i s p l a n n i n g s u b s t a n t i a l 
c u l t i v a t i o n o f c a s a v a , p u r e l y f o r e t h a n o l p r o d u c t i o n . 

S i n g l e c e l l p r o t e i n p r o d u c t i o n (see W e l l s , Chap
t e r 22) c o u l d be b i g , b u t more p r o b a b l y o v e r s e a s r a t h e r 
t h a n i n t h e U n i t e d S t a t e s . T h e r e i s one p o i n t a b o u t 
SCP t h a t m i g h t be m e n t i o n e d h e r e . F o r e v e r y 100,000 
t o n p e r y e a r SCP p l a n t t h a t goes i n o v e r s e a s , t h e U.S. 
l o s e s a p o t e n t i a l f o r soybean o r soybean meal e x p o r t . 
W i t h o u t a g r i c u l t u r a l e x p o r t s t h e U.S  w o u l d be h a r d p u t 
t o i m p o r t a l m o s t h a l
d u c t s n eeds. The b a l a n c
r a p i d l y . E a c h 100,000 t o n SCP p l a n t c o s t s t h e U.S. 
r o u g h l y 1,000,000 b a r r e l s o f c r u d e i n f o r e i g n exchange 
b a l a n c e . On t h e o t h e r hand, SCP p l a n t s c o n v e r s e l y a i d 
t h e f o r e i g n n a t i o n s ' b a l a n c e o f payments. 

A " s l e e p e r " w o u l d be t h e p r o d u c t i o n o f " s y n t h e t i c " 
f a t s and o i l s f r o m t h e same s o r t o f s u b s t r a t e s u s e d f o r 
SCP. T h e r e i s much d i s c u s s i o n a b o u t a w o r l d p r o t e i n 
s h o r t a g e . A c t u a l l y , t h e m a j o r p r o b l e m i s a c a l o r i e 
s h o r t a g e . I n many n a t i o n s , p r o t e i n s a r e b e i n g u s e d 
by t h e human body f o r t h e i r c a l o r i c c o n t e n t , s i m p l y 
b e c a u s e t h e human i s c a l o r i e s h o r t . The n e t r e s u l t 
p h y s i c a l l y may seem l i k e a p r o t e i n s h o r t a g e . 

F i g u r e 3 shows a r e c e n t O r g a n i z a t i o n f o r Economic 
C o o p e r a t i o n and Development (OECD) c h a r t o f c a l o r i e 
a v a i l a b i l i t y . The FAO sa y s t h e " a v e r a g e " human needs 
2,400 c a l o r i e s p e r day. Keep i n mind t h a t , i f a n a 
t i o n , o r c o n t i n e n t , a v e r a g e s 2,400, t h e n h a l f o f t h e 
p o p u l a t i o n i s s t a r v i n g . Dr. M.G. K r i s h n a , o f I n d i a ' s 
p e t r o p r o t e i n r e s e a r c h , e s t i m a t e s t h a t t h e a v e r a g e f i g u r e 
s h o u l d be a t l e a s t 10% above t h e minimum r e q u i r e m e n t t o 
have 80-90% o f t h e p e o p l e a c h i e v e t h e b a r e minimum. 
T h a t i s t h e dashed l i n e we have added a c r o s s t h e OECD 
c h a r t . 

The b i g p o p u l a t i o n a r e a s o f t h e w o r l d a r e t h o s e 
t h a t a r e c a l o r i e s h o r t . 

To d a t e t h e s u b s t r a t e s f o r SCP sind f o r f a t s and 
o i l s by b a c t e r i a l a c t i o n have been p a r a f f i n s , a l c o h o l s , 
c a r b o h y d r a t e s and methane, p r i m a r i l y . One m i g h t s u g 
g e s t t h a t s y n t h e s i s g a s , CO p l u s h y d r o g e n , may be added 
i n t h e f u t u r e . 
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Figure 3. Food consumption per head in 1970 (Source: The OECD Observer, No. 81, 
May-June 1976, p 6) 

Two o t h e r d e v e l o p m e n t s m i g h t be m e n t i o n e d . One 
i s t h e b a c t e r i a l l e a c h i n g o f d e s i r e d m i n e r a l s , p a r t i c u 
l a r l y c o p p e r and u r a n i u m . To a d e g r e e , n a t u r a l l y 
o c c u r r i n g b a c t e r i a a r e u s e d , b u t more and more s t r a i n s 
a r e b e i n g d e v e l o p e d f o r s p e c i f i c a p p l i c a t i o n s . They 
a r e p r o p a g a t e d b y f e r m e n t a t i o n . 

An o f f - s h o o t o f t h i s i s t h e b a c t e r i a l t r e a t m e n t o f 
a g r i c u l t u r a l g r o u n d . R u s s i a n work has i n d i c a t e d t h a t 
t h e a p p l i c a t i o n o f s u l f u r , p l u s b a c t e r i a , c a n make 
p h o s p h o r u s a v a i l a b l e f o r u s e by t h e g r o w i n g p l a n t 
i n s i t u , p h o s p h o r u s p r e s e n t i n t h e s o i l t h a t o t h e r w i s e 
w o u l d be u n a v a i l a b l e . T h i s , t h e n c o u l d r e s u l t i n a 
l o w e r i n g o f f e r t i l i z e r p h o s p h a t e a p p l i c a t i o n . To o u r 
kno w l e d g e , n o t h i n g has been done a l o n g t h e s e l i n e s i n 
t h e U.S. 

One o f t h e i n t e r e s t i n g t h i n g s a b o u t some o f t h e s e 
new d e v e l o p m e n t s i s t h a t t h e y a r e on a v e r y l a r g e s c a l e ; 
t h a t i s , compared w i t h many e x i s t i n g f e r m e n t a t i o n s . 
T h i s has r e s u l t e d i n t h e de v e l o p m e n t o f new t y p e s o f 
f e r m e n t e r s . W i t h t h e v e r y l a r g e t h r o u g h p u t s r e q u i r e d 

In Sucrochemistry; Hickson, J.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1977. 



20. WILLIAMS Chemicals by Fermentation 279 

Chemical Age 

Figure 4. Flowsheet for Swedish microfloatation process licensed by ICI 
(Source: Chemical Age, Jan. 30,1976) 

f o r SCP p r o d u c t i o n came t h e d e v e l o p m e n t o f a i r - l i f t 
f e r m e n t e r s , i n e f f e c t a d d i n g t o t h e oxygen p a r t i a l 
p r e s s u r e . 

From t h a t e x p e r i e n c e , I m p e r i a l C h e m i c a l I n d u s t r i e s 
L t d . , has gone a s t e p f u r t h e r and has dug t h e f e r m e n t e r 
down i n t o t h e g r o u n d . I t i s shown i n F i g u r e 4, as now 
a p p l i e d t o s e c o n d a r y w a s t e d i s p o s a l t r e a t m e n t . G u l f 
has come up w i t h an a i r l i f t m o d i f i c a t i o n c a l l e d a 
b a s i n f e r m e n t e r , as shown i n F i g u r e 5. These a r e 
e n g i n e e r i n g m o d i f i c a t i o n s f o r a l o w e r i n v e s t m e n t a n d / o r 
new u s e s . 

I n t h e a n e r o b i c a r e a t h e r e a r e e n g i n e e r i n g t r i c k s , 
s u c h as membranes and o p e r a t i o n u nder vacuum, t h a t a r e 
coming i n t o p l a y on l a r g e s c a l e . O t h e r t r i c k s - t o - t h e -
t r a d e a r e coming a l o n g . 

Thus, one now c a n g e t t h e v i s i o n o f l a r g e - s c a l e 
c h e m i c a l e n g i n e e r i n g b e i n g a p p l i e d t o f e r m e n t a t i o n s , 
p e r h a p s f o r t h e f i r s t t i m e . T h e r e w i l l be t h o s e who 
a r g u e t h a t good c h e m i c a l e n g i n e e r i n g has been a p p l i e d 
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Figure 5. Basin fermentor design (Source: P. G. 
Cooper and R. S. Silver, Chemical Engineering 

Progress, Vol. 71, No. 9, Sept 1975, p 86) 

t o f e r m e n t a t i o n f o r a l o n g t i m e . T h i s may be t r u e , 
b u t t h e c o n c e p t o f s c a l e r e a l l y d i d n o t h i t u n t i l SCP 
came a l o n g and t h e p e t r o l e u m companies became i n t e r e s t 
e d . Now t h e e n e r g y p e o p l e a r e g e t t i n g i n t o t h e a c t , 
e n e r g y o t h e r t h a n j u s t p e t r o l e u m . Here we ca n l o o k a t 
an even l a r g e r s c a l e t h a n SCP as a p o t e n t i a l , and gen
e r a l l y a n a e r o b i c r a t h e r t h a n a e r o b i c f e r m e n t a t i o n . 
What i n g e n i o u s f e r m e n t e r s w i l l come o u t o f t h a t work 
s t i l l i s t o be se e n . 

The p o i n t , i s t h a t one now l o o k s a t t h e whole 
u n i t p r o c e s s o f f e r m e n t a t i o n i n a new l i g h t . Whether 
you a r e i n t e r e s t e d i n s u b s t r a t e s , i n f e r m e n t a t i o n 
c h e m i s t r y , o r t h e f e r m e n t a t i o n i n d u s t r y — t h i s d e v e l 
opment i s a h e a l t h y one. 

Abstract 

The increase in oil and coal costs, and worry 
about the long term supply of f o s s i l fuel raw materials 
have caused a renewed interest in fermentation using 
renewable substrates. New developments are occurring 
both in the biochemistry and equipment facets of 
fermentation technology. Organism mutation and adap
tation methods make the processing more effective. 
Continuous and large-scale equipment with improved 
energy balance widen the potentials for economic pro
duction. Past chemical production using fermentation 
is reviewed as a prelude to the future. 
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Production of Industrially Important Gums with 
Particular Reference to Xanthan Gum and Microbial 
Alginate 

CHRISTOPHER J. LAWSON 
Tate & Lyle Ltd., Group R & D, P.O. Box 68, Reading, Berks, RG6 2BX, England 

The p r o d u c t i o n
t a t i o n has been d e s c r i b e y  o p t i m i s
t i c m i c r o b i a l t e c h n o l o g i s t s as t h e n e x t m a j o r f e r m e n 
t a t i o n a r e a . I t now i s g a i n i n g t r e a t m e n t i n p u b l i c 
and p r i v a t e m e e t i n g s s i m i l a r t o t h a t o f f e r e d t o s i n g l e 
c e l l p r o t e i n some y e a r s ago. T h i s o p t i m i s m i s b a s e d 
on t h e undoubted s u c c e s s o f t h e m a j o r p r o d u c t i n t h i s 
a r e a , x a n t h a n gum, w h i c h has r a i s e d t h e t a n t a l i s i n g 
p r o s p e c t o f a whole r a n g e o f m i c r o b i a l gums w h i c h 
c o u l d n o t o n l y r e f l e c t and improve upon t h e a v a i l a b l e 
p l a n t gums, b u t a l s o i n t r o d u c e n o v e l p r o p e r t i e s f o r 
e x p l o i t a t i o n i n e x i s t i n g and as y e t u n d e v e l o p e d a p p l i 
c a t i o n s . A bout a do z e n m a j o r companies a r e t h o u g h t 
t o be c o n d u c t i n g s u b s t a n t i a l r e s e a r c h and devel o p m e n t 
programmes i n t o t h e p r o d u c t i o n o f m i c r o b i a l p o l y s a c c h a 
r i d e s ; some o f them a l r e a d y a r e i n t h e f e r m e n t a t i o n 
i n d u s t r y , b u t o t h e r s , l i k e T a t e and L y l e and H e r c u l e s , 
a r e newcomers t o t h i s t e c h n o l o g y . D e s p i t e t h i s heavy 
r e s e a r c h and de v e l o p m e n t e f f o r t w h i c h , i n some i n s t a n 
c e s has a h i s t o r y o f a t l e a s t a d e c a d e , t h e s t a t e o r 
a t l e a s t p u b l i c knowledge o f t h e t e c h n o l o g y as j u d g e d 
f r o m t h e p a t e n t and s c i e n t i f i c l i t e r a t u r e , i s l o w , t o 
say t h e l e a s t . T h e r e i s l i t t l e l i t e r a t u r e on t h e p r o 
d u c t i o n t e c h n o l o g i e s u s e d by i n d u s t r y . Academic 
m i c r o b i o l o g y , f o r t h e most p a r t , has i g n o r e d t h e phy
s i o l o g y o f e x o c e l l u l a r p o l y s a c c h a r i d e s y n t h e s i s and 
e x c r e t i o n . The p h y s i o l o g y o f p o l y s a c c h a r i d e s y n t h e s i s 
has been s t u d i e d as a b a s i s f o r d e v e l o p i n g p r o d u c t i o n 
p r o c e s s e s . A number o f t h e r e s u l t s o b t a i n e d on m i c r o 
b i a l a l g i n a t e i n t h e T a t e and L y l e l a b o r a t o r i e s w i l l 
be d i s c u s s e d . As a b r i e f i n t r o d u c t i o n t o m i c r o b i a l 
gum p r o d u c t i o n , i t w i l l be u s e f u l t o c o n t e m p l a t e a 
number o f more g e n e r a l q u e s t i o n s w h i c h w o u l d be po s e d 
by an i n d i v i d u a l o r gr o u p o f i n d i v i d u a l s c o n s i d e r i n g 
t h i s f i e l d f o r p o s s i b l e e x p l o i t a t i o n . 

282 
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1. What a r e b i o p o l y m e r s o f i n d u s t r i a l s i g n i f i 
c a n c e ? 

2. Why s h o u l d s u g a r companies show any i n t e r e s t ? 
3. What i s t h e c o m m e r c i a l s t a t u s o f m i c r o b i a l 

gums? 
4« What a r e t h e p r o p e r t i e s o f i n t e r e s t ? 
5. What a d v a n t a g e s has f e r m e n t a t i o n t o o f f e r ? 
6. What d i s a d v a n t a g e s does f e r m e n t a t i o n have? 

From t h e p o i n t o f v i e w o f c o m m e r c i a l u s e f u l n e s s , 
m i c r o b i a l p o l y s a c c h a r i d e s a r e f o u n d as s l i m y o r g e l a 
t i n o u s m a t e r i a l s s e c r e t e d i n t o t h e aqueous e n v i r o n m e n t 
upon w h i c h a r e grown many b a c t e r i a , f u n g i and y e a s t s . 
The r e a s o n why t h i s g r o u p o f compounds has r e c e i v e d 
a t t e n t i o n i s c o n n e c t e d w i t h t h e r h e o l o g i c a l and g e l -
f o r m i n g p r o p e r t i e s w h i c
son w i t h t h e w e l l - k n o w n
s o u r c e s . I n T a b l e I t h e m a j o r a r e a s o f gum c l a s s i f i 
c a t i o n a r e p r e s e n t e d , showing c o m p a r i s o n s o f b o t h p l a n t 
and m i c r o b i a l gums. 

The i n t e r e s t o f T a t e and L y l e i n m i c r o b i a l gums 
was s t i m u l a t e d b y t h e e f f e c t i v e i n c r e a s e i n v a l u e w h i c h 
m i g h t be g i v e n t o s u c r o s e i f u s e d as a f e r m e n t a t i o n 
s u b s t i t u t e . G e n e r a l l y , gums can be c l a s s e d as h i g h 
T a b l e I . 

C l a s s i f i c a t i o n o f W a t e r S o l u b l e P o l y s a c c h a r i d e s 
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v a l u e c h e m i c a l s , and i t was c o n s i d e r e d t h a t t h e i r p r o 
d u c t i o n by f e r m e n t a t i o n p r o c e s s e s c o u l d l e a d t o r e t u r n s 
on c a p i t a l employed b e t t e r t h a n t h o s e o b t a i n e d , f o r 
example, by s t r a i g h t f i n a n c i a l i n v e s t m e n t . There a l s o 
was a n a t u r a l a t t r a c t i o n t o w a r d s a p o t e n t i a l i n v o l v e 
ment w i t h t h e new a r e a o f d i v e r s i f i c a t i o n , w h i c h p r o 
d u c t i o n o f m i c r o b i a l gums w o u l d o f f e r . G l u c o s e and 
g l u c o s e s y r u p s may be o b t a i n e d more c h e a p l y t h a n r e 
f i n e d cane s u g a r a n d , i n any l o g i c a l p r o c e s s d e v e l o p 
ment e x e r c i s e , i t w o u l d be n e c e s s a r y t o acknowledge 
t h i s . F o r c e r t a i n p o l y s a c c h a r i d e f e r m e n t a t i o n s , how
e v e r , t h e use o f raw s u g a r , r e f i n i n g s y r u p s o r m o l a s s e s 
may be c o n t e m p l a t e d s u b s t a n t i a l l y i m p r o v i n g t h e econo
m i c s i n c o m p a r i s o n w i t h g l u c o s e . A l s o , many s u g a r 
companies have s t r o n g i n t r i n s i c i n t e r e s t s i n c a r b o h y 
d r a t e s o t h e r t h a n s u c r o s e
r e a s o n f o r an i n t e r e s
t h a n s u c r o s e . One o b v i o u s d i s a d v a n t a g e f o r a s u g a r 
company c o n t e m p l a t i n g t h e m a n u f a c t u r e o f m i c r o b i a l 
gums i s t h e p r o b a b l e l a c k o f b o t h a p p l i c a t i o n s know-how 
and m a r k e t i n g e x p e r t i s e . One o f t h e main m o t i v a t i n g 
r e a s o n s f o r T a t e and L y l e ' s e n t h u s i a s m a t a j o i n t 
v e n t u r e w i t h a company l i k e H e r c u l e s , was i n t h e 
s t r e n g t h t o be g a i n e d f r o m an o r g a n i s a t i o n a l r e a d y 
m a r k e t i n g gums. 

A v a s t number o f m i c r o o r g a n i s m s p r o d u c e e x o c e l l u -
l a r p o l y s a c c h a r i d e s , and many p u b l i c a t i o n s have a p p e a r 
e d , i n w h i c h t h e y a r e d e s c r i b e d . The m a j o r i t y , how
e v e r , have n o t been e x p l o i t e d c o m m e r c i a l l y . I n T a b l e 
I I some p o l y s a c c h a r i d e - p r o d u c i n g m i c r o o r g a n i s m s a r e 
shown t o g i v e an i d e a o f t h e w i d e o c c u r a n c e o f t h e 
p o l y s a c c h a r i d e p r o d u c e r s . I n T a b l e I I I a r e l i s t e d 
t h o s e gums w h i c h a p p e a r t o be t h e most advanced i n 
terms o f t h e i r c o m m e r c i a l d e v e l o p m e n t . T h i s demon
s t r a t e s t h e c o m m e r c i a l s t a t u s o f t h e gums and g i v e s an 
i n d i c a t i o n o f p o s s i b l e f u t u r e t r e n d s . To g i v e an 
i d e a o f t h e s o r t o f p r o d u c t i o n volumes o f m i c r o b i a l 
gums, i t has been e s t i m a t e d t h a t t h e p r o d u c t i o n o f 
x a n t h a n gum by a l l m a n u f a c t u r e r s amounted t o some 
6,000 t o n n e s i n 1975. T a b l e I V p r e s e n t s f o r c o m p a r i 
son t h e c o n s u m p t i o n o f gums i n t h e U n i t e d S t a t e s i n 
1973. P r o d u c t i o n c o s t s f o r m i c r o b i a l gums a r e v e r y 
h i g h , m a i n l y due t o t h e h i g h c o s t o f p l a n t . A number 
o f r e a s o n s f o r t h i s a r e g i v e n l a t e r . K e l c o , f o r 
i n s t a n c e , has announced t h a t t h e i r new p l a n t f o r x a n 
t h a n gum p r o d u c t i o n i n Oklahoma, w i l l c o s t $35 m i l l i o n . 
The p r i c e s c h a r g e d r e f l e c t t h i s h i g h p r o d u c t i o n c o s t 
and t h e r e f o r e , i t i s n o t s u r p r i s i n g t h a t t h e p r i c e o f 
x a n t h a n r a n g e s f r o m $3.5 p e r l b t o $4 p e r l b , d e p e n d i n g 
upon g r a d e . 

In Sucrochemistry; Hickson, J.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1977. 
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T a b l e I I . 
S o m e P o l y s a c c h a r i d e - P r o d u c i n g M i c r o o r g a n i s m s 

G r a m P o s i t i v e B a c t e r i a 

B a c i l l u s s p p . 

L e u c o n o s t o c s p p . 

S t r e p t o c o c c u s m u t a n s 

S t r e p t o c o c c u s s p p . 

G r a m n e g a t i v e B a c t e r i a 

A z o t o b a c t e r si 

R h i z o b i u m 
£p_. 

SD£. 

Y e a s t s 

R h o d o t o r u l a s p p . 
P i c h i a s p p . 

P a c h y s o l e n t a n n o p h i l u s 
L i p o m i c e s s p p . 
H a n s e n u l a c a p s u l a t a 
H . H o l s t i i 

C r y p t o _sp£. 

E s c h e r i c h i a c o l i 

K l e b s i e l l a a e r o g e n e s 

A c e t o b a c t e r x y l i n u

A r t h r o b a c t e r v i s c o s u

P s e u d o m o n a s a e r u g i n o s a 

X a n t h o m o n a s c a m p e s t r i s 

X . p h a s e o l i 

A c h r o m o b a c t e r s p p . 

A l c a l i g e n e s f a e c a l is v a r . m y x o g e n e s 

A g r o b a c t e r i u m s p p . 

E r w i n i a s p p . 

S p h a e r o t i l u s m u t a n s 

T o r u l o p s i s m o l i s c h i a n a 

T . P i n u s 

A u r e o b a s i d i u m p u l l u l o n s 

P é n i c i l l i u m s p p . 

T r e m e l l a m e s e n t a r i a 

T a b l e V g i v e s an i n d i c a t i o n o f t h e t y p e o f p r o c e s s 
e i t h e r b e i n g o p e r a t e d o r i n de v e l o p m e n t . I t i s 
t h o u g h t t h a t a l l c o m m e r c i a l i s e d p r o c e s s e s , a t t h e mom
e n t , a r e b a t c h , and a l l s u b s t r a t e s a r e c a r b o h y d r a t e s , 
m o s t l y b a s e d on g l u c o s e o r s u c r o s e . 

I n t h e s e l e c t i o n o f m i c r o b i a l gums f o r c o m m e r c i a l 
e x p l o i t a t i o n , i n e v i t a b l y t h e c o n c l u s i o n i s r e a c h e d , t h a t , 
f o r a gum t o be s u c c e s s f u l , i t must have some u n i q u e 
p h y s i c a l p r o p e r t y . As a l r e a d y m e n t i o n e d , p r o d u c t i o n 
c o s t s a r e h i g h a nd, i t i s u n r e a l i s t i c t o c o n t e m p l a t e 
d e v e l o p i n g gum systems w h i c h show n o n - s p e c i f i c t h i c k e n 
i n g and s u s p e n d i n g p r o p e r t i e s . I n T a b l e V I a r e l i s t e d 
some p o l y s a c c h a r i d e s , b o t h p l a n t and m i c r o b i a l , i d e n t i 
f y i n g t h e p h y s i c a l p r o p e r t i e s w h i c h a r e u n i q u e , and 
u s e s w h i c h a r e s p e c i f i c and n o t e a s i l y c o p i e d by o t h e r 
gums. 

B o t h t h e a d v a n t a g e s and d i s a d v a n t a g e s o f t h e f e r 
m e n t a t i o n a p p r o a c h t o p o l y s a c c h a r i d e p r o d u c t i o n now 
w i l l be examined ( T a b l e V I I ) . A d v a n t a g e s o f f e r m e n t a 
t i o n o v e r t r a d i t i o n a l methods a r e f i r s t l y i n medium 
p r e p a r a t i o n . The raw m a t e r i a l s s u c h as c a r b o h y d r a t e 
s u b s t r a t e s , n i t r o g e n s o u r c e s and i n o r g a n i c s a l t s n o r m a l 
l y a r e r e a d i l y a v a i l a b l e and, i n many f e r m e n t a t i o n s , i t 

In Sucrochemistry; Hickson, J.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1977. 
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T a b l e I I I . 
M i c r o b i a l P o l y s a c c h a r i d e s o f C o m m e r c i a l I m p o r t a n c e ( C o m m e r c i a l I n fo rmat ion ) 

T r a d e N a m e C o m p a n y I n v o l v e d N a m e 

D e x t r a n 

X a n t h a n G u m 

P u l l u l a n 

E r w i n i a 

E x o p o l y s a c c h a r i d e 

S c l e r o g l u c a n 

S t a t e o f D e v e l o p m e n t 

P r e sen t - In p r o d u c t i o n 
F u t u r e - S t a t i c 

P r esen t - In p r o d u c t i o n 
F u t u r e - E x p a n d i n

P r e sen t - In d e v e l o p m e n t 
F u t u r e - C o m m e r c i a l i s a t i o n 

a n n o u n c e d 

P r e sen t - In d e v e l o p m e n t 
F u t u r e - C o m m e r c i a l i s a t i o n 

a n n o u n c e d 

P resen t - In p r o d u c t i o n 

( U . S . A . ) 

F u t u r e - N o t k n o w n 

P r e sen t - In d e v e l o p m e n t 
F u t u r e - N o t k n o w n 

M i c r o b i a l a l g i n a t e P r esen t - In d e v e l o p m e n t 

F u t u r e - P r o m i s i n g 

Bake rs Y e a s t 
G I y e a n 

C u r d l a n 

P r esen t - In d e v e l o p m e n t 
F u t u r e - N o t k n o w n 

P resen t - In d e v e l o p m e n t 

F u t u r e - N o t k n o w n 

V a r i o u s 

K e l t r o l 

P u l l u l a n 

Z a n f l o 

B Y G 

D e x t r a n P r o d u c t s 
Pol y d e x 

K e l c o C o . 

G e n e r a l M i l l s 
T a t e & L y l e / 
H e r c u l e s 

H a y a s h i b a r a C o r p . 

K e l c o C o . 

P o l y t r a n F . S . P i l l s b u r y 

T a t e & L y l e L t d . / 
H e r c u l e s 

A n h e u s e r - Busch I n c . 

T a k e d a C h e m i c a l I n d . 

In Sucrochemistry; Hickson, J.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1977. 
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T a b l e I V. 
T h e C o n s u m p t i o n o f I ndus t r i a l G u m s in T h e U n i t e d S t a t e s ( 1 9 7 3 ) * (Tonnes ) 

G u m F o o d U s e s I ndus t r i a l T o t a l 

C o r n s u g a r s 2 , 2 3 2 , 1 4 2 ? -
C o r n s t a r c h 2 2 3 , 2 1 4 1 , 1 1 6 , 0 7 1 1 , 3 3 9 , 2 8 5 

C a r b o x y m e t h y l e e l 1 u l o s e 6 , 6 9 6 4 3 , 3 0 3 5 0 , 0 0 0 

M e t h y l e e l l u i ose 

G u a r 6 , 6 9 6 1 5 , 6 2 5 2 2 , 3 2 1 

A r a b i c 1 0 , 2 6 7 3 , 1 2 5 1 3 , 3 9 2 

P e c t i n 5 , 3 5 7 0 5 , 3 5 7 

L o c u s t b e a n 4 , 0 1 7 1 , 7 8 5 5 , 8 0 3 

A l g i n a t e 4 , 0 1 7 4 , 0 1 7 8 , 0 3 4 

G h a t t i 4 , 4 6 4 4 4 6 4 , 9 1 0 

C a r r a g e e n a n 4 , 0 1 7 8 9 4 , 1 0 6 

X a n t h a n 1 , 0 0 0 2 , 6 7 8 3 , 6 7 8 

K a r a y a 4 4 6 3 , 1 2 5 3 , 5 7 1 

T r a g a c a n t h 5 8 0 8 9 6 6 9 

A g a r 133 178 311 

F u r c e l l a r a n 8 9 0 8 9 

* R . L . W h i s t l e r 1 9 7 4 ( u n p u b l i s h e d resul ts ) 

In Sucrochemistry; Hickson, J.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1977. 
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Table VI, 
Some Important Physical Properties of Industrial Gums and their Applications 

Physical Property 

Cold set, clear, gel formation 
with divalent cations 

Gel formation with sucrose 

Heat reversible gel formation 

Heat reversible gel formation 
in the presence of potassium ions 

Non-reactivity with 'reactive' 
(Procion) dyestuffs 

Stability in the presence of 
strong acids 

Pseudoplastic behaviou
conditions of high shear 

Synergistic gel formation with 
carob and guar gums 

Retardation of sugar crystallisation Gum Arabic 
at low moisture contents 

Gum 

Alginate 

Pectin 

Agar 

Carrageenan 

Alginate 

Xanthan gum 

Xanthan gum 

Xanthan gum 

Application 

Re-formed fruit pieces 
Dental gels 

Jam manufacture 

Microbiological solid media 
Synthetic meat gels 

Synthetic meat gels 
Instant desserts 

Textile print paste thickener 

In rust curing gels containing 

ben ton i te muds used to drill 
oil wells 

Synthetic meat gels 

In pastilles and jujubes 

i s p o s s i b l e t o use p r e c i s e l y d e f i n e d m edia c o m p o s i t i o n s . 
I n t h e a c t u a l p r o c e s s o f f e r m e n t a t i o n , o n g o i n g p a r a 
m e t e r s s u c h as pH, t e m p e r a t u r e , f e r m e n t a t i o n t i m e , 
d i l u t i o n r a t e and a e r a t i o n c a n be c o n t r o l l e d and m a n i 
p u l a t e d . Two i n t e r r e l a t e d r e s u l t s p o t e n t i a l l y a r e 
p o s s i b l e t h r o u g h t h e s e c o n t r o l s . The f i r s t i s t h e 
m a i n t e n a n c e o f p r o d u c t s p e c i f i c a t i o n s w i t h i n d e f i n e d 
l i m i t s , and t h i s i s p a r t i c u l a r l y v i t a l i n p o l y s a c c h a 
r i d e f e r m e n t a t i o n s where even s m a l l changes i n c e r t a i n 
p r o c e s s v a r i a b l e s c a n have d r a m a t i c e f f e c t s on po l y m e r 
s t r u c t u r e and, t h e r e f o r e , p h y s i c a l b e h a v i o u r . T h i s , 
i n c i d e n t a l l y , i s one r e a s o n why t h e use o f c o n t i n u o u s 
c u l t u r e i s f a v o u r e d . Under s t e a d y s t a t e c o n d i t i o n s , 
t h e v a r i a b l e s o f f e r m e n t a t i o n a r e h e l d c o n s t a n t w i t h 
r e s p e c t t o e a c h o t h e r , t h u s a f f o r d i n g a much b e t t e r 
u n d e r s t a n d i n g and c o n t r o l o f t h e p r o c e s s . 

The s e c o n d e f f e c t i s t h e p o t e n t i a l a b i l i t y t o man
i p u l a t e p r o d u c t t y p e and y i e l d . F o r example, t h e 
a b i l i t y t h r o u g h s p e c i f i c changes i n f e r m e n t a t i o n c o n 
d i t i o n s t o p r o d u c e r a n g e s o f m i c r o b i a l gums o f a p a r t i 
c u l a r t y p e , d i f f e r i n g i n m o l e c u l a r w e i g h t . A n o t h e r 
a d v a n t a g e o f f e r m e n t a t i o n i s t h a t , i n p r o d u c t r e c o v e r y , 
h a r s h e x t r a c t i o n t e c h n i q u e s n o r m a l l y a r e n o t r e q u i r e d 
and, v e r y o f t e n , s o l v e n t p r e c i p i t a t i o n may be contem
p l a t e d w h i c h , o f c o u r s e , i s a v e r y m i l d t r e a t m e n t , 
n o t l i k e l y t o l e a d t o p r o d u c t d e g r a d a t i o n . The c h o i c e 

In Sucrochemistry; Hickson, J.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1977. 
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T a b l e V I I . 
B e n e f i t s O b t a i n e d i n P r o d u c i n g P o l y s a c c h a r i d e s 

by F e r m e n t a t i o n 

1 . M e d i u m P r e p a r a t i o n 

(a) R a w m a t e r i a l s i n p l e n t i f u l s u p p l y 

(b) P r e c i s e l y d e f i n e d m e d i a p o s s i b l e 

2 . F e r m e n t a t i o n 

(a) H i g h d e g r e e o f p r o c e s s c o n t r o l p o s s i b l e 

(b) C o n t i n u o u

3. P r o d u c t R e c o v e r y 

(a) M i l d c o n d i t i o n s c a n be u s e d . M i t t l e p r o d u c t 

d e g r a d a t i o n . 

T a b l e V I I I . 

T e c h n i c a l P r o b l e m s i n M i c r o b i a l P o l y s a c c h a r i d e P r o d u c t i o n 

H i g h b r o t h v i s c o s i t i e s , r e s u l t i n g in : 

( i ) L o w p r o d u c t c o n c e n t r a t i o n , t h e r e f o r e 

l a r g e v o l u m e s of w a t e r 

l a r g e f e r m e n t e r c a p a c i t y 

( i i ) H i g h e n e r g y r e q u i r e m e n t s f o r 

o x y g e n t r ans f e r 

b u l k m i x i n g 

w a t e r r e m o v a l 

( i i i ) D i f f i c u l t i e s i n c e l l r e m o v a l . 

In Sucrochemistry; Hickson, J.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1977. 
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o f p r o d u c t i o n s i t e s c a n be f a i r l y f l e x i b l e , l i m i t e d 
m a i n l y by t h e a v a i l a b i l i t y o f w a t e r . F i n a l l y , t h e use 
of c o n t i n u o u s c u l t u r e c a n enhance p r o d u c t i v i t i e s o v e r 
t h o s e o b t a i n e d i n b a t c h c u l t u r e s , as c e l l s a r e grown 
a l w a y s under c o n d i t i o n s most c o n d u c i v e t o e f f i c i e n t 
p r o d u c t f o r m a t i o n . 

T u r n i n g t o t h e d i s a d v a n t a g e s o f f e r m e n t a t i o n 
( T a b l e V I I I ) , t h e y c a n be summarised as b e i n g c a u s e d 
l a r g e l y by t h e h i g h l y v i s c o u s f e r m e n t a t i o n b r o t h s 
e n c o u n t e r e d . T h i s s e v e r e l y l i m i t s t h e c o n c e n t r a t i o n s 
o f p o l y m e r i t i s p r a c t i c a b l e t o s y n t h e s i z e . The ran g e 
30-40,000 c p s i s n o t uncommon and no c o n c e n t r a t i o n s 
o f gum above a b o u t 4% ca n be c o n t e m p l a t e d . I t f o l l o w s , 
t h e r e f o r e , t h a t v e r y l a r g e f e r m e n t e r s a r e r e q u i r e d i n 
o r d e r t o s y n t h e s i s e e c o n o m i c a l l y s e n s i b l e t o n n a g e s o f 
gum. F e r m e n t e r s i z e
V e r y l a r g e volumes o
s o l v e n t a r e r e q u i r e d , so t h a t e f f l u e n t p r o b l e m s must 
be c o n t e m p l a t e d , u n l e s s r e c y c l i n g i s t o be u n d e r t a k e n . 
O t h e r p r o b l e m s l i e i n t h e h i g h power r e q u i r e m e n t s 
needed t o o b t a i n s a t i s f a c t o r y b r o t h m i x i n g and a e r a t i o n 
w h i c h , i f n o t a d e q u a t e , c a n l e a d q u i c k l y t o oxygen l i m i t 
a t i o n and l o w e r e d p o l y s a c c h a r i d e p r o d u c t i v i t i e s . F i n a l 
l y , c e l l r e m o v a l , p a r t i c u l a r l y by m e c h a n i c a l means 
( c e n t r i f u g e , f i l t e r s ) , i s d i f f i c u l t and, a l t h o u g h meth
ods b a s e d on enzyme d i g e s t i o n o f c e l l s (1) and a l k a l i 
d i g e s t i o n have been p u b l i s h e d (2^) ,many p r o b l e m s have y e t 
t o be s o l v e d . 

I n summary, i t i s i m p o r t a n t t o p o i n t o u t t h a t , a l 
t h o u g h f e r m e n t a t i o n as an a p p r o a c h t o p o l y s a c c h a r i d e 
p r o d u c t i o n i s n o t w i t h o u t p r o b l e m s , t h e c o n c e p t c o u l d , 
i n t h e f u t u r e , r e v o l u t i o n i z e many a s p e c t s o f i n d u s t r i a l 
gum p r o d u c t i o n . 

A s p e c t s o f t h e work b e i n g u n d e r t a k e n i n t o t h e p r o 
d u c t i o n o f m i c r o b i a l a l g i n a t e a t t h e T a t e and L y l e Lab
o r a t o r i e s now w i l l be examined. B r i e f l y , a l g i n a t e i s 
b e s t known as t h e p o l y s a c c h a r i d e o b t a i n e d f r o m brown 
a l g a e s u c h as s p e c i e s o f L a m i n a r i a and M a c r o c y s t i s 
( F i g u r e 1 ) . I t i s a l i n e a r p o l y m e r o f ß-D-mannuronic 
a c i d and a - L - g u l u r o n i c a c i d . The arr a n g e m e n t o f t h e 
monomers has been s t u d i e d by Haug and c o - w o r k e r s (3) 
and Rees and c o - w o r k e r s (4_) and r e f e r r e d t o as t h e 
b l o c k s t r u c t u r e . T h a t i s , h o m o p o l y m e r i c b l o c k s o f 
man n u r o n i c and g u l u r o n i c a c i d c o m p r i s e t h e so c a l l e d , 
" a l t e r n a t i n g r e g i o n s " . The f l o w and g e l - f o r m i n g p r o 
p e r t i e s o f t h e p o l y m e r i n aqueous s o l u t i o n depend on 
t h e p r o p o r t i o n s o f t h e m o n o s a c c h a r i d e r e s i d u e s , on 
t h e i r a r r a n g e m e n t and on t h e p o l y m e r m o l e c u l a r w e i g h t . 
T h i s a p p l i e s v e r y much t o g e l f o r m a t i o n i n t h e p r e s e n c e 
o f d i v a l e n t m e t a l c a t i o n s a s , f o r example, a l g i n a t e s 
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M o n o m e r s 

^ - D - M a n n u r o n i c a c i d oC - L - G u l u r o n i c a c i d 

B l o c k S t r u c t u r e 

- G - G - G - G - G - G -

- M - G - M - G - M - G -

Figure 1. Structure of alginic acid 

h a v i n g a h i g h p r o p o r t i o n o f g u l u r o n i c a c i d p a r t i c u l a r l y 
as homopolymers f f o r m t h e s t r o n g e s t and most b r i t t l e 
g e l s . The e x o c e l l u l a r p o l y s a c c h a r i d e p r o d u c e d by 
A z o t o b a c t e r v i n e l a n d i i has been shown i n i t i a l l y by 
G o r i n and S p e n c e r (5») and by t h e l a t e Arne Haug and 
c o - w o r k e r s (6) t o have t h e same b a s i c s t r u c t u r e as 
t h a t f r o m a l g a l s o u r c e s e x c e p t t h a t a m a l l number o f 
h y d r o x y 1 g r o u p s were a c e t y l a t e d . 

I n t h e T a t e and L y l e s t u d y o f A z o t o b a c t e r a l g i n a t e 
t h e o b j e c t i v e has been t h e de v e l o p m e n t o f a p r o d u c t 
w h i c h w o u l d compete b o t h i n b e h a v i o u r and economic 
terms w i t h t h e a l g a l m a t e r i a l s on s a l e i n w o r l d m a r k e t s . 
E a r l y s t u d i e s i n b a t c h c u l t u r e u n d e r t h e c o n d i t i o n s 
d e s c r i b e d by G o r i n and Sp e n c e r (5), gave p o o r p r o d u c t s , 
o b t a i n e d i n v e r y l o w y i e l d . S ubsequent improvements 
were made by g r o w i n g t h e o r g a n i s m u n d e r p h o s p h a t e de
f i c i e n t c o n d i t i o n s (!) p l u s o t h e r m o d i f i c a t i o n s w h i c h 
i n c r e a s e d t h e c o n s i s t e n c y i n d e x (a measure o f f l o w 
b e h a v i o u r i n aqueous s o l u t i o n ) f r o m ^30 c p s t o 4,000 
c p s , t h u s c o v e r i n g t h e rang e o f c o m m e r c i a l l y a v a i l a b l e , 
a l g a l a l g i n a t e s . T h i s w i d e r a n g e o f p r o d u c t v i s c o s i 
t i e s a l s o has been o b t a i n e d f r o m c o n t i n u o u s c u l t u r e s 
( F i g u r e 2 ) . The most v i s c o u s p r o d u c t has a c o n s i s 
t e n c y i n d e x o f 6,000 cps ( 1 % c o n c e n t r a t i o n ) . The g e l -
f o r m i n g p r o p e r t i e s o f m i c r o b i a l a l g i n a t e a l s o were 
d e m o n s t r a t e d t o be s i m i l a r t o t h e i r a l g a l c o u n t e r p a r t s . 
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I n b a t c h c u l t u r e s , t h e h i g h e s t y i e l d s o f sodium 
a l g i n a t e p o s s i b l e t o o b t a i n u n d e r p h o s p h a t e d e f i c i e n t 
c o n d i t i o n s , were f o u n d t o a p p r o x i m a t e 25% o f t h e s u 
c r o s e u t i l i s e d ( F i g u r e 3 ) • H i g h r e s p i r a t i o n i n A . v i n e -
l a n d i i i s a w e l l - k n o w n phenomenon and,as a r e s u l t un-
d e r c e r t a i n c o n d i t i o n s , much o f t h e s u c r o s e c a n be u t i 
l i z e d i n an u n c o n t r o l l e d manner and l o s t as c a r b o n 
d i o x i d e . I t , t h e r e f o r e , w a s d e c i d e d t o i n v e s t i g a t e t h e 
e f f e c t o f r e s p i r a t i o n on a l g i n a t e p r o d u c t i o n i n c o n t i n 
uous c u l t u r e ; a t e c h n i q u e h a v i n g t h e p o t e n t i a l o f much 

1 0 , 0 0 0 p 

1 10 10Ö TTürfo 

Rate of shear (sec )̂ 

Figure 2. Apparent viscosity vs. rate of shear plots for Azotobacter alginates and certain 
commercial algal alginates 
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Cells 

o Alginate 

• -^iginate/Cells 

Figure 3. Effect of phosphate  alginic  synthesis by Azotobacter 
vinelandii in batch culture 

g r e a t e r c o n t r o l . P h o s p h a t e - l i m i t e d g r o w t h c o n d i t i o n s 
were c h o s e n , as a p a u c i t y o f p h o s p h a t e was i n d i c a t e d by 
th e work i n b a t c h c u l t u r e . R e s p i r a t i o n r a t e was c o n 
t r o l l e d by m a n i p u l a t i n g f e r m e n t e r i m p e l l e r s p e e d s , 
r e s u l t i n g i n a l t e r e d oxygen t r a n s f e r i n t o t h e fermen 
t a t i o n b r o t h . T h e r e f o r e , a l t h o u g h c e l l mass was 
c o n t r o l l e d a t an e s s e n t i a l l y c o n s t a n t l e v e l by t h e 
pho s p h a t e a v a i l a b i l i t y , t h e s p e c i f i c r e s p i r a t i o n r a t e 
was d e t e r m i n e d by t h e a v a i l a b i l i t y o f oxygen ( F i g u r e 4). 
Under t h e above c o n d i t i o n s , a t l o w e r r e s p i r a t i o n r a t e s , 
t h e maximum y i e l d o f sodium a l g i n a t e was i n t h e r e g i o n 
o f 45% o f t h e s u c r o s e u t i l i s e d . A t h i g h e r r e s p i r a t i o n 
r a t e s , t h e y i e l d f e l l d r a m a t i c a l l y due t o a g r e a t e r 
p r o p o r t i o n o f s u c r o s e b e i n g b u r n e d o f f as C O 2 . 

I n c o n c l u s i o n , t h e p r o d u c t i o n o f m i c r o b i a l p o l y 
s a c c h a r i d e s o f c o m m e r c i a l s i g n i f i c a n c e i s now a w e l l 
e s t a b l i s h e d f a c t and a new g e n e r a t i o n o f w a t e r s o l u b l e 
p o l y m e r s i s b e i n g i d e n t i f i e d . However, t h e p r o d u c t i o n 
t e c h n o l o g i e s a r e e x p e n s i v e , r e l a t i v e t o many o f t h e 
p l a n t gums. B i o p o l y m e r s w i l l o n l y g a i n a f u l l y 
e s t a b l i s h e d c o m p e t i t i v e p o s i t i o n l e a d i n g t o t h e use o f 
i n d u s t r i a l s c a l e c o n t i n u o u s c u l t u r e s t h r o u g h t h e s u c 
c e s s o f c u r r e n t r e s e a r c h programmes i n t o t h e p h y s i o l o g y 
o f e x o p o l y s a c c h a r i d e s y n t h e s i s . 

Abstract 
In recent years, the exocellular polysaccharide 

elaborated by the bacterium Xanthomonas compestris has 
emerged as a product with significant industrial appli—
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cation, and the present annual world consumption is 
several thousand tons. This has demonstrated the po
tential of fermentation for producing polysaccharides 
having unusual solution and gel properties. At the 
present time there is an increasing demand for xanthan 
gum and new applications appear regularly in the patent 
literature and elsewhere. It is likely that other 
microorganisms wi l l be capable of producing commercial
ly valuable polysaccharides and, as a consequence, a 
number of systems are under investigation with several 
apparently at an advanced stage of development. Tate 
and Lyle became interested in microbial gums through 
reports that the bacteria Azotobacter vinelandii and 
Pseudomonas aeruginosa produce polysaccharides similar 
to the polyuronide  alginic acid  The sole source 
of this polysaccharid
from which approximately  alginat
extracted per annum. Pseudomonas aeruginosa was 
rejected for study due to its association with patho
genic conditions in man. As initial assessments 
indicated that the Azotobacter polysaccharide could be 
commercially valuable if sufficiently high yields were 

1.5,-

Figure 
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Specific respiration rate (pmol O^/h/mg cell) 

Exopolysaccharide production by Azotobacter vinelandii at a range of respira
tion rates 
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296 SUCROCHEMISTRY 
obtained, the latter was selected for further study. 
Subsequent developments to pilot plant level have in
volved improving yield and controlling and manipulating 
the physical properties of the polymer produced by 
appropriate choice of growth media and fermentation 
conditions, using both batch and continuous culture and 
also by strain selection. 
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Single Cell Protein and the Protein Economy 

JEREMY J. WELLS 
Biochem Design S.p.A., Via A. Bargoni 78 - 00153 Rome, Italy 

The p r i m a r y a i
h y d r a t e s as p o t e n t i a
o f s i n g l e c e l l p r o t e i n (SCP) and compare them w i t h 
o t h e r s u b s t r a t e s s u c h as h y d r o c a r b o n s . 

An o v e r v i e w o f a c t u a l and p o t e n t i a l s u p p l i e s o f 
p r o t e i n f r o m v a r i o u s s o u r c e s i s n e c e s s a r y t o show t h e 
r e q u i r e m e n t s o f SCP i n t h e p r o t e i n supplement m a r k e t . 
Development o f t h e p r e s e n t s t a t u s o f SCP p r o j e c t s 
shows t h e changes d u r i n g t h e p a s t y e a r . 

Man j u d g e s h i s s t a n d a r d o f l i v i n g by h i s consump
t i o n o f h i g h p r o t e i n s s u c h as meat f m i l k and eggs. 
To p r o d u c e t h e s e h i g h p r o t e i n s , r e q u i r e s a l a r g e and 
complex a n i m a l f e e d i n d u s t r y w h i c h t o d a y n o t o n l y i s 
w e l l d e v e l o p e d b u t h i g h l y s o p h i s t i c a t e d . P r o t e i n 
s u p p l e m e n t s a r e p r o d u c e d m a i n l y b e c a u s e a l a r g e m a r k e t 
f o r them e x i s t s . The r o l e o f SCP as a p r o t e i n s u p p l e 
ment, has become w e l l e s t a b l i s h e d o v e r t h e l a s t few 
y e a r s . L a r g e amounts o f n u t r i t i o n a l and t o x i c o l o g i c a l 
d a t a have p r o v i d e d numerous government r e g u l a t o r y a u 
t h o r i t i e s s u f f i c i e n t e v i d e n c e t o g i v e p r o d u c t a p p r o v a l 
i n many d e v e l o p e d c o u n t r i e s . 

I t has been e s t a b l i s h e d c l e a r l y t h a t SCP i s an 
e x c e l l e n t s o u r c e o f p r o t e i n f o r a n i m a l f e e d i n g . How
e v e r , a t t h i s t i m e f t h e p r o d u c t i o n o f SCP s t i l l i s n o t 
c o m m e r c i a l l y v i a b l e on a c c o u n t o f t h e ample s u p p l i e s 
o f p r o t e i n s a v a i l a b l e a t p r i c e s l o w e r t h a n SCP can be 
p r o d u c e d . 

The hopes f o r h a v i n g two m a j o r p r o d u c t i o n u n i t s i n 
o p e r a t i o n d u r i n g 1976 have been dampened now by p o l i t i 
c a l b a n s , b r o u g h t on by I t a l i a n consumer g r o u p s , on t h e 
two main p r o c e s s o r s , I t a l p r o t e i n e and L i q u i c h i m i c a S.p. 
A. 

Development o f t e c h n o l o g y t o p r o d u c e SCP f r o m 
c e l l u l o s e r e m a i n s c o m m e r c i a l l y e l u s i v e . However, i n 
v i e w o f t h e e x p e c t e d l i f e s pan o f h y d r o c a r b o n r e s o u r c e s , 
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most e x p e r t s a g r e e t h a t c a r b o h y d r a t e s c o u l d h o l d t h e 
g r e a t e s t p o t e n t i a l f o r f u t u r e SCP d e v e l o p m e n t , s i n c e 
t h e y a r e r e n e w a b l e r e s o u r c e s . Y e t , t h e economics o f 
u s i n g c a r b o h y d r a t e s u b s t r a t e s o f t e n a r e r a t h e r p o o r on 
a c c o u n t o f many c o n s t r a i n t s on t h e i r u s e . 

S t a t u s o f SCP Developments 

The p r o m i s e o f a 200,000 t o n SCP p r o d u c t i o n d u r i n g 
1976 was s h a t t e r e d by t h e s u s p e n s i o n by C o n s i g l i o 
S u p e r i o r e d i S a n i t a i n Rome o f t h e i r p r e v i o u s d e c r e e t o 
I t a l p r o t e i n e , a u t h o r i s i n g t h e use o f SCP i n I t a l y . 
T h i s has meant t h a t t h e p l a n t s o f b o t h I t a l p r o t e i n e and 
L i q u i c h i m i c a S . p . A . , a l t h o u g h f i n i s h e d , c a n n o t be o p e r a 
t e d , e x c e p t f o r l i m i t e d , t e s t p u r p o s e s . 

B r i t i s h P e t r o l e u
t e c h n i c a l r e a s o n e x i s t
use o f t h e i r p r o d u c t . C o n f i r m a t i o n by w e i g h t y f a c t u a l 
e v i d e n c e s u b m i t t e d f r o m a l l p a r t s o f t h e w o r l d makes 
t h i s f a c t u a l . B r i t i s h P e t r o l e u m , w i t h o v e r $60 m i l l i o n 
t i e d up i n p l a n t , n o w i s a t t e m p t i n g a j u d i c i a l a p p e a l . 
A l t h o u g h t h e f i n a n c i a l p r o s p e c t s a r e p o o r f o r o p e r a t i n g 
t h e s e p l a n t s i n t h e c u r r e n t p r o t e i n supplement m a r k e t s , 
t h e y a r e e x p e c t e d t o y i e l d v i t a l o p e r a t i n g d a t a f o r 
f u t u r e d e v e l o p m e n t s . T h i s i s i m p o r t a n t , s i n c e s e v e r a l 
o i l p r o d u c i n g c o u n t r i e s a r e s t u d y i n g SCP p r o d u c t i o n as 
a means o f a d d i n g v a l u e t o t h e i r o i l r e s o u r c e s . 

I n t h e l a s t y e a r , s e v e r a l m a j o r g r o u p s have w i t h 
drawn f r o m SCP d e v e l o p m e n t s i n c l u d i n g S h e l l C h e m i c a l 
and t h e F r e n c h , CFR g r o u p . A t t h e same t i m e , Imper
i a l C h e m i c a l I n d u s t r i e s L t d . ( I C I ) have p o s t p o n e d 
a u t h o r i z a t i o n f o r t h e i r m a j o r p r o d u c t i o n u n i t . I t 
even i s rumored t h a t t h e y c u t i t s p r o j e c t e d s i z e t o 
50,000 t o n s b e f o r e p r e s e n t a t i o n t o t h e i r B o a r d . On 
t h e s u c c e s s f u l c o m p l e t i o n o f t h e I C I p l a n t , depends 
p o t e n t i a l d e v e l o p m e n t s i n I r a n and J a p a n . However, t h e 
s i t u a t i o n i n E a s t E u rope i s more o p t i m i s t i c . I n t h e s e 
c o u n t r i e s , economic v i a b i l i t y i s enhanced by t h e a n t i 
c i p a t e d s a v i n g s i n h a r d c u r r e n c y . 

The Government o f t h e USSR c u r r e n t l y i s d i s c u s s i n g 
w i t h s e v e r a l p r o c e s s o r s , t h e d e velopment o f a 250,000 
t o n p l a n t . T h i s makes sense i n a c o u n t r y s u c h as 
R u s s i a n w h i c h i m p o r t s l a r g e amounts o f f e e d s u p p l e m e n t s 
f o r d o l l a r s , w h i l e n - p a r a f f i n s a r e a n a t u r a l r e s o u r c e . 
A j o i n t v e n t u r e between t h e Governments o f P o l a n d and 
E a s t Germany i s e x p e c t e d t o p r o d u c e a 50,000 t o n p l a n t 
u s i n g a gas o i l s u b s t r a t e . And, t h e 60,000 t o n , j o i n t 
J a p a n e s e and Romanian p l a n t i s a l m o s t on s t r e a m . 

A n o t h e r o i l p r o d u c e r i n t e n d i n g t o p r o d u c e SCP, i s 
V e n e z u e l a , where a 100,000 t o n p l a n t c u r r e n t l y i s b e i n g 
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b u i l t , b a s e d on B r i t i s h P e t r o l e u m t e c h n o l o g y . I t i s 
t o be c o m p l e t e d by 1979. F i v e o t h e r o i l p r o d u c e r s , 
A f g a n i s t a n , A l g e r i a , L i b y a , K u w a i t and S a u d i A r a b i a a r e 
s t u d y i n g t h e e x e c u t i o n o f p r e - f e a s i b i l i t y s t u d i e s v i a 
t h e o f f i c e s o f t h e U n i t e d N a t i o n s (UNIDO). I t i s r e 
p o r t e d t h a t o v e r $140 m i l l i o n o f A r a b i a n OPEC money 
may have been p u t a s i d e f o r n o v e l , p e t r o c h e m i c a l d e v e l 
opments. 

T a b l e I comments on t h e p r e s e n t s t a t u s o f p r o j e c t s 
l a s t r e p o r t e d i n 1975 d u r i n g t h e A m e r i c a n C h e m i c a l So
c i e t y ' s Symposium on SCP i n P h i l a d e l p h i a . 

One can g e n e r a l i z e , s a y i n g t h a t , i n a d e v e l o p e d 
c o u n t r y e n v i r o n m e n t , SCP f r o m h y d r o c a r b o n s i s n o t com
m e r c i a l l y v i a b l e a t t h i s t i m e . However, i n c e r t a i n l i m 
i t e d c i r c u m s t a n c e s , i n c o u n t r i e s w i t h low raw m a t e r i a l 
c o s t s , w i t h low u t i l i t i e
i s s c a r c e , SCP o f t e
B r i t i s h P e t r o l e u m and I C I have m a i n t a i n e d programs 
t o o b t a i n r e g u l a t o r y p e r m i s s i o n o f t h e i r p r o d u c t s 
t h r o u g h e x t e n s i v e t e s t i n g . T h i s has been s u c c e s s f u l 
t h r o u g h o u t Europe w i t h t h e n o t a b l e e x c e p t i o n o f I t a l y . 

P o t e n t i a l f o r C a r b o h y d r a t e S u b s t r a t e s 

T here has been a l o n g s e a r c h f o r an economic means 
o f p r o d u c i n g n u t r i e n t s f r o m c a r b o h y d r a t e s u b s t r a t e s . 
I n Germany d u r i n g W o r l d War I I , y e a s t s were p r o d u c e d on 
wood s u g a r s o b t a i n e d by h y d r o l y s i s o f wood w a s t e s . 
However, t h e s e uneconomic p r o c e s s e s w i l l n o t be v i a b l e 
i n a f r e e economy. I n t h e S o v i e t U n i o n t o d a y , o v e r 
900,000 t o n s o f f o d d e r y e a s t a r e p r o d u c e d f r o m wood 
s u g a r s . S e v e r a l m a j o r p r o c e s s o r s have been t r y i n g 
t o d e v e l o p a d i r e c t f e r m e n t a t i o n o f c e l l u l o s e . However, 
s l o w r e a c t i o n t i m e s and low c e l l y i e l d s have c a u s e d 
most p r o c e s s e s t o be u n e c o n o m i c a l . 

C a r b o h y d r a t e s c a n be c l a s s i f i e d i n t o two c l a s s e s 
f o r t h i s d i s c u s s i o n . S a c c h a r i d e s and p o l y s a c c h a r i d e s 
w i l l be d i s c u s s e d s e p a r a t e l y . 

T here i s an o b v i o u s a t t r a c t i o n i n u s i n g an a n n u a l 
l y r e n e w a b l e r e s o u r c e . However t h e e c o n o m i c s o f p r o 
d u c t i o n o f t e n i s n o t a p p r e c i a t e d i n w h i c h e v e r y p o t e n 
t i a l s u b s t r a t e must be c o n s i d e r e d i n ter m s o f : 

- A l t e r n a t i v e use 
- L o g i s t i c s o f c o l l e c t i o n 
- Degree o f p r e t r e a t m e n t , and 
- S e a s o n a l a v a i l a b i l i t y . 
T a b l e I I l i s t s t h e p o s s i b l e p o t e n t i a l s u b s t r a t e s 

w i t h t h e i r v a r i o u s r e s t r a i n t s . 
Most c a r b o h y d r a t e s , p a r t i c u l a r l y c o n v e n t i o n a l 

n u t r i t i o n a l o n e s , have c o n s i d e r a b l e m a r k e t v a l u e . I n 
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any f r e e economy, t h e s e raw m a t e r i a l s a l w a y s w i l l be 
s o l d f o r t h e h i g h e s t m a r k e t p r i c e a v a i l a b l e . Hence, 
t h e a l t e r n a t i v e u s e s and demands f o r a m a t e r i a l o f t e n 
w i l l d e t e r m i n e i t s economic a v a i l a b i l i t y . S e a s o n a l 
a v a i l a b i l i t y i s a n o t h e r i m p o r t a n t f a c t o r . However, 
t h e companies t r y i n g t o d e v e l o p t h i s t e c h n o l o g y have 
t r i e d t o d e v e l o p s i m p l e , f e r m e n t a t i o n p r o c e s s e s w h i c h 
a r e f l e x i b l e i n d e s i g n t o u t i l i z e a range o f s u b s t r a t e s 
i n c l u d i n g w a s t e s f r o m f o o d p r o c e s s i n g . 

The use o f s i m p l e s a c c h a r i d e s o r d i s a c c h a r i d e s t o 
grow f o d d e r o r b a k e r s y e a s t has been common f o r some 
t i m e . The c a r b o n atoms a r e e a s i l y a s s i m i l a b l e by 
m i c r o o r g a n i s m s . 

M o l a s s e s , whey, s u l p h i t e l i q u o r s and p o t a t o w a s t e s 
a l l have been u t i l i z e d s u c c e s s f u l l y o v e r t h e p a s t few 
y e a r s . However, t h
d i r e c t a n i m a l f e e d i n g
t i o n have made i t a v a i l a b l e o n l y a t a p r i c e . I n many 
c a s e s t h i s p r i c e has been t o o h i g h t o j u s t i f y economic 
e x p l o i t a t i o n . 

M o l a s s e s i s m i x e d w i t h b a g a s s e o r b a g a s s e p i t h f o r 
d i r e c t r u m i n e n t f e e d i n g . Over 80% o f t h e m o l a s s e s i n 
t h e U n i t e d S t a t e s i s u s e d i n a n i m a l f e e d s . W i t h t h e 
r i s i n g c o s t o f p e t r o c h e m i c a l f e e d s t o c k s , m o l a s s e s a g a i n 
i s b e i n g c o n s i d e r e d as a raw m a t e r i a l f o r a c e t o n e and 
b u t a n o l p r o d u c t i o n , and, i t s h o u l d be n o t e d t h a t , o f 
t h e w o r l d f o o d a l c o h o l p r o d u c t i o n o f 5 m i l l i o n t o n s , 
o v e r 3 m i l l i o n t o n s comes f r o m f e r m e n t a t i o n . 

O t h e r r e s t r a i n t s i n use o f m o l a s s e s i n c l u d e t h e 
p r e t r e a t m e n t r e q u i r e d t o r e d u c e m i n e r a l c o n t e n t and e x 
c e s s suspended m a t t e r , l ow c e l l y i e l d s o f abo u t 25% 
o f t h e w e i g h t o f m o l a s s e s u s e d , and s e a s o n a l a v a i l a b i l 
i t y o f between 3 t o 8 months p e r y e a r . 

The g r o w i n g demand f o r d a i r y p r o d u c t s c o u p l e d w i t h 
t h e i n c r e a s i n g r e g u l a t o r y r e s t r i c t i o n s on w a s t e d i s p o 
s a l have c a u s e d c o n s i d e r a b l e r e s e a r c h on whey d i s p o s a l . 
However, many o t h e r t y p e s o f p r o c e s s e s a r e a v a i l a b l e , 
f r o m d r y i n g t o f r a c t i o n a t i o n . One j o i n t - v e n t u r e i n 
t h e U n i t e d S t a t e s i s u s i n g a bound l a c t o s e enzyme. 
G r e a t a t t e n t i o n a g a i n i s b e i n g g i v e n t o ch e e s e whey as 
a p o t e n t i a l s u b s t r a t e . The y e a s t s grown on whey g i v e 
an e x c e l l e n t p r o d u c t o f about 60% p r o t e i n . 

B o t h f u n g i and y e a s t s have been grown c o m m e r c i a l l y 
on s u l p h i t e w a s t e l i q u o r s . However, t h e g r a d u a l change 
i n p u l p i n g f r o m s u l p h i t e t o K r a f t p r o c e s s e s has r e d u c e d 
a v a i l a b i l i t y t o s u c h an e x t e n t t h a t most c o m m e r c i a l 
y e a s t p l a n t s i n N o r t h A m e r i c a have c l o s e d down. One 
c o m m e r c i a l p l a n t t o p r o d u c e 10,000 t o n s o f f u n g a l p r o 
t e i n has been s e t up i n F i n l a n d . S i m i l a r l y , a p r o c e s s 
t o u se s t a r c h w a s t e s i s o p e r a t i n g i n S c a n d i n a v i a . 

In Sucrochemistry; Hickson, J.; 
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P o l y s a c c h a r i d e s ( s u c h as c e l l u l o s e ) o f f e r t h e 
l a r g e s t a v a i l a b i l i t y o f s u b s t r a t e . E a c h y e a r p h o t o 
s y n t h e s i s r e p l a c e s up t o 22 b i l l i o n t o n s . The c o s t 
o f c e l l u l o s e f o r SCP p r o d u c t i o n must be t i e d t o i t s 
v a l u e i n p a p e r , a n i m a l f e e d o r use as a f u e l . Sugges
t i o n s have been made t o c u l t i v a t e p o l y s a c c h a r i d e s f o r 
s u b s t r a t e u s a g e . However, p r i c e s o f many o f t h e s e 
n u t r i t i o n a l and c o m m e r c i a l c a r b o h y d r a t e s have r i s e n so 
h i g h as t o p r e c l u d e t h e i r p o s s i b l e u s e . 

B a g a s s e u t i l i z a t i o n i s o f p r i m e i n t e r e s t t o t h e s u g 
a r i n d u s t r y . M i c r o b i a l d e g r a d a t i o n has been r e s e a r c h e d 
f o r many y e a r s . However, i n t h i s t i m e o f e v e r i n c r e a s 
i n g f u e l c o s t s , b a g a s s e r e m a i n s t h e p r i m e f u e l i n most 
raw cane s u g a r f a c t o r i e s . I n a d d i t i o n , b a g a s s e a l s o 
i s u s e d t o make p a p e r b o a r d  New p r o c e s s d e v e l o p m e n t s 
have l o w e r e d t h e minimu
e c o n o m i c a l l y . 

New d e v e l o p m e n t s f r o m J a p a n a r e e x p e c t e d t o i n 
c r e a s e t h e d i g e s t i b i l i t y o f b a g a s s e f o r r u m i n e n t f e e d 
i n g . 

The p r o c e s s o f t h e US Army L a b o r a t o r i e s a p p e a r s 
v e r y a t t r a c t i v e b u t w o u l d t a k e t h r e e t o f i v e y e a r s 
t o c o m m e r c i a l i z e . The two most advanced p r o c e s s e s 
a p p e a r t o be t h e L o u i s i a n a S t a t e U n i v e r s i t y / B e c h t e l 
and t h e G e n e r a l E l e c t r i c p r o c e s s e s . B u t n e i t h e r 

Raw Matériau 

N U T R I E N T 
P R O C E S S I N G 

S E P A R A T I O N F I B E R 
P R O C E S S I N G 

H Y D R O L Y S I S 
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S U G A R S , W A S T E S 
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W A S T E S 

SINGLE C E L L 

W A S T E S 
C H E M I C A L S 

G L U C O S E , C E L L 0 8 I 0 S E 

G L U C O S E 

F E R M E N T A T I O N 

FOO0 

C H E M I C A L S 

E N E R G Y 
C O N S U M E R 
P R O D U C T S 

Figure 1. Cellulose as a renewable resource 
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y e t a p p e a r s r e a d y f o r c o m m e r c i a l e x p l o i t a t i o n . 
A m u l t i - c o m p a n y s t u d y i n Europe on u t i l i z a t i o n 

o f s t r a w as a p o t e n t i a l s u b s t r a t e p r o v e d t o be w i t h o u t 
c o m m e r c i a l f o u n d a t i o n . 

The l o g i s t i c s and c o s t s o f c o l l e c t i n g t h e s t r a w 
p r e v e n t e d t h e p r o j e c t b e i n g j u s t i f i e d . 

A scheme t o u t i l i z e c e l l u l o s e as a r e n e w a b l e r e 
s o u r c e , d e v e l o p e d by P r o f . A.E. Humphrey, i s shown i n 
F i g u r e 1. C e l l u l o s e f r o m e i t h e r c r o p s o r s o l i d w a s t e s 
can be c o n v e r t e d i n t o enzymes, p r o t e i n s , s u g a r , a l c o h o l s 
and o t h e r b i o c h e m i c a l p r o d u c t s f o r f o o d , e n e r g y o r c o n 
sumer p r o d u c t s . The p r e t r e a t m e n t o f b a g a s s e r e q u i s i t e 
f o r f e r m e n t a t i o n a l s o adds t o i t s c o s t as a p o t e n t i a l 
s u b s t r a t e . I t i s c o n c l u d e d t h a t d i r e c t f e r m e n t a t i o n 
of c e l l u l o s e s t i l l i s s e v e r a l y e a r s away

C o n s i d e r a b l e e f f o r
SCP f o r d i r e c t huma  f e e d i n g y
y e a s t , C a n d i d a u t i l i s , p r o d u c e d on s u l p h i t e w a s t e l i q u o r 
o r e t h a n o l , i s p e r m i t t e d i n f o o d s a t i n c l u s i o n l e v e l s 
o f l e s s t h a n 3%. The o n l y p r o t e i n i s o l a t e p r o d u c e d t o 
d a t e has been made f r o m b a k e r s y e a s t and a p p r o v e d as a 
f o o d a d d i t i v e by FDA. 

B o t h DuPont, i n c o o p e r a t i o n w i t h RHM f o o d s i n 
E n g l a n d , and N e s t l e / E x x o n a i m t o p r o d u c e f o o d g r a d e 
p r o d u c t s by t h e e i g h t i e s . R e q u e s t s f o r r e p o r t s o f 
p r o g r e s s t o t h e s e companies have y i e l d e d r e p l i e s t h a t 
t h e p r o j e c t s a r e s t i l l i n t h e r e s e a r c h phase and p r o 
c e e d i n g on s c h e d u l e . 

FDA was a s k e d a l s o t o c o n s i d e r r e f i n e d s u g a r as 
a p o t e n t i a l f e e d s t o c k . On a c c o u n t o f t h e h i g h y i e l d s 
l a b o r a t o r y work i s b e i n g c a r r i e d o u t on s u g a r b u t , due 
t o t h e l a c k o f f u n c t i o n a l i t y o f t h e p r o t e i n p r o d u c t , 
no m a r k e t y e t i s i n s i g h t . However, a t c u r r e n t p r i c e 
l e v e l s , t h e c o s t o f d i g e s t i b l e c a r b o h y d r a t e a u t o m a t i 
c a l l y w o u l d r e q u i r e t h e m i c r o b i a l p r o d u c t t o e n t e r t h e 
h i g h p r i c e end o f t h e f o o d p r o t e i n m a r k e t . 

C u r r e n t c o s t s o f s u g a r , d e x t r o s e and c o r n s y r u p s 
a t a b o ut 35, 16 and 15 c e n t s p e r pound, r e s p e c t i v e l y , 
i n d i c a t e t h a t c o m m e r c i a l p r o s p e c t s f o i : a f e e d g r a d e 
SCP l i e more i n t h e u t i l i z a t i o n o f wa s t e o r u n r e f i n e d 
c a r b o h y d r a t e s o u r c e s . 

P o t e n t i a l M a r k e t s f o r M i c r o b i a l P r o t e i n 

I n o r d e r t o d e t e r m i n e t h e v i a b i l i t y o f SCP d e v e l o p 
ment, i t i s n e c e s s a r y t o u n d e r s t a n d how SCP f i t s i n t o 
t h e p r o t e i n s u p p l e m e n t m a r k e t and how t h e ma r k e t i s 
p r o j e c t e d t o d e v e l o p . A t t h i s t i m e , f r o m h y d r o c a r b o n 
s u b s t r a t e s i n g e n e r a l , SCP i s n o t c o m m e r c i a l l y v i a 
b l e . W i t h n o r m a l p a r a f f i n s c o s t i n g i n e x c e s s o f 
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$200 p e r t o n , SCP w o u l d have t o be m a r k e t e d i n e x c e s s 
o f $600 p e r t o n t o show a r e t u r n on i n v e s t m e n t . These 
h i g h p r i c e s i n a low p r i c e d , p r o t e i n meal m a r k e t (see 
T a b l e I I I ) have n o t a l l o w e d SCP t o p e n e t r a t e t h e non-
r u m i n a n t m a r k e t . 

The o r i g i n a l m a r k e t i n g c o n c e p t had been t o d e v e l o p 
SCP w i t h an amino a c i d p r o f i l e s i m i l a r t o f i s h m eal t o 
g i v e i t a p r i c e premium o f 25% on a c c o u n t o f t h e added 
g r o w t h p r o p e r t i e s p r o v i d e d by SCP i n c l u s i o n . However, 
even i f a 25% p r i c e premium were j u s t i f i e d , a t t o d a y ' s 
f i s h m e a l p r i c e o f $350 p e r t o n , SCP c o u l d n o t even com
p e t e i n no n - r u m i n a n t r a t i o n s . 

A l a t e r m a r k e t i n g s t r a t e g y has been f o l l o w e d t o 
r e p l a c e d r y m i l k powder i n c a l f f e e d i n g by d e v e l o p i n g 
m i c r o o r g a n i s m s t a i l o r e d f o  t h i  D u r i n
1975, B r i t i s h P e t r o l e u
1500 t o n s p e r mont ,
F r e n c h p l a n t o f BP now i s c l o s e d , due t o a change o f 
p r o c e s s f r o m gas o i l t o n - p a r a f f i n s , so t h i s m a r k e t 
c u r r e n t l y i s n o t b e i n g s e r v i c e d . Even s o , r e p l a c e m e n t 
m i l k powder i n Europe i s n o t p o l i t i c a l l y sound a t t h i s 
t i m e , due t o l a r g e o v e r p r o d u c t i o n b e c a u s e o f t h e l a r g e 
s u b s i d i e s g i v e n t o m i l k p r o c e s s o r s . T a b l e I V shows t h a t 

T a b l e I I I . 
AVERAGE INTERNATIONAL MARKET PRICES FOR PROTEIN SUPPLEMENTS 

(U.S. Dol l a r s per metric ton) 

1975 1974 1973 1972 

Copra 145 160 154 92 

Cotton 153 181 219 103 
Groundnut 140 187 261 123 
Linseed 181 191 227 137 
Palm kernel 149 150 149 89 

Rapeseed 129 143 178 91 

Soybean 155 185 297 130 
Sunflower 135 150 217 101 
F i s h 245 372 542 243 

Source: FAO Intergovernraent Group on Oilseeds 1976. 
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T a b l e I V. 

309 

PRODUCTION AND STOCKS OF SKIM--MILK POWDER IN WESTERN EUROPE 
(1000 metric tons) 

Production End--of-year stocks 
Country 1973 1974 1975 1973 1974 1975 

EEC Countries 
France 730 685 715 203 217 435 
West Germany 460 495 530 58 140 346 
Netherlands 120 139 184 9 32 146 
Belgium 104 115 119 24 51 103 
I t a l y 2 2 2 
Ireland 103 
UK 172 
Denmark 52 53 69 1 4 49 

Total EEC 1744 1703 1851 334 508 1145 

Sweden 49 50 52 
Finland 55 51 50 
Au s t r i a 43 42 42 
Switzerland 27 31 34 
Norway 8 9 7 

Total Europe 1928 1885 2037 

Source: IAFMM Executive Council Meeting, A p r i l 1976, 

c a r r y - o v e r s t o c k s a t t h e end o f 1975 were o v e r a m i l 
l i o n t o n s . 

New l e g i s l a t i o n by EEC t o f o r c e t h e use o f m i l k 
powder i n a n i m a l f e e d s , i n s t e a d o f a l l e v i a t i n g t h e p r o 
blem, p r o b a b l y w i l l make i t w o r s e . 

However, SCP f r o m c a r b o h y d r a t e s w i l l a im f o r a 
c o m p l e t e l y d i f f e r e n t segment o f t h e m a r k e t . T o r u l a 
y e a s t grown on m o l a s s e s has been m a r k e t e d f o r some t i m e 
a t u n der $300 p e r t o n . A t t o d a y ' s p r i c e s , a f e e d 
g r a d e y e a s t c o n t a i n i n g 50% p r o t e i n w o u l d have t o be 
ma r k e t e d a t un d e r $250 p e r t o n t o be c o m p e t i t i v e . 
T a t e and L y l e c l a i m s f o r t h e e c o n o m i c s o f t h e i r B e l i z e 
p l a n t a r e t h a t t h e y w i l l p r o d u c e a SCP from c i t r u s 
w a s t e s f o r between $160 t o $200 p e r t o n , c o m p e t i n g w i t h 
i m p o r t e d soybean meal a t an a v e r a g e p r i c e o f $270. 
T h i s l a t t e r p r i c e , however, i s r a t h e r h i g h on a c c o u n t 
o f t h e l o g i s t i c s o f s h i p p i n g p r o t e i n cake t o B e l i z e . 
T a b l e I I I g i v e s an i d e a o f t h e a v e r a g e p r i c e s o b t a i n e d 
f o r t h e m a j o r o i l c a k e s and f i s h m e a l . T a b l e V shows 
th e w o r l d p r o d u c t i o n o f t h e s e s u p p l e m e n t s . A t t h i s 
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T a b l e V. P r o d u c t i o n o f P r o t e i n Supplements 
(1000 m e t r i c t o n s ) 

1974 1975 1976 (Estimate* 

Copra 1235 1540 1620 
Cotton 9155 9295 8075 
Groundnut 4255 4180 4785 
Linseed 1380 1275 1400 
Palm kernal 630 655 700 
Rapeseed 3870 4165 4425 
Soybean 42745 37115 44490 
Sunflower 4270 3775 3360 
Fish 

TOTAL 71690 65910 72980 

S o u r c e : FAO I n t e r g o v e r n m e n t a l Group on O i l s e e d s , 1976. 

t i m e FAO i s making p r o j e c t i o n s f o r 1985 o f a v a i l a b l e 
p r o t e i n s o u r c e s . 

The b i g g e s t unknown t o f o r e c a s t i s p o t e n t i a l s o y 
bean y i e l d . A 30% improvement i n y i e l d o v e r 10 y e a r s 
w o u l d c o m p l e t e l y a l t e r t h e s t r u c t u r e o f t h e market and 
p r o v i d e an ample s u p p l y o f p r o t e i n meal t o t h e y e a r 
2000. I t i s e x p e c t e d meal p r i c e s w i l l i n c r e a s e a t a 
c o n s t a n t r a t e o f abo u t 6%, i n l i n e w i t h i n f l a t i o n . 
No l a r g e s u r g e s a r e f o r e c a s t i n p r i c e s , s i m i l a r t o t h e 
shock c o n d i t i o n o f 1973. I n g e n e r a l , i t i s e x p e c t e d 
t h a t t h e r a p i d g r o w t h o f t h e EEC and US f e e d m a r k e t s 
w i l l n o t c o n t i n u e a t t h e same p a c e . New d e v e l o p i n g 
a r e a s w i t h raw m a t e r i a l r e v e n u e s , s u c h as o i l d o l l a r s , 
a r e e x p e c t e d t o e x p e r i e n c e r a p i d g r o w t h r a t e s as t h e y 
a t t e m p t t o r e a c h t h e W e s t e r n s t a n d a r d s o f c o n s u m p t i o n . 
The t h r e e g r o w t h a r e a s f o r p r o t e i n s w i l l be t h e M i d d l e 
E a s t , E a s t e r n E u rope and S o u t h A m e r i c a . 

The v a s t l y i n c r e a s e d s p e n d i n g power o f t h e o i l 
r i c h n a t i o n s o f t h e M i d d l e E a s t and N o r t h A f r i c a a l 
r e a d y i s c a u s i n g t h e g r o w t h o f p r o t e i n m eal m a r k e t s . 
W i t h i n t h e group o f I r a n , Lebanon, I r a q , S y r i a , T u r k e y 
and S a u d i A r a b i a , a l l a r e a i m i n g f o r v e r y l a r g e i n c r e a s 
es i n p r o d u c t i o n o f meat, p a r t i c u l a r l y p o u l t r y , t o 
a c h i e v e b e t t e r d i e t s f o r a l l o f t h e i r c i t i z e n s . I r a n 
e x p e c t s t o d o u b l e t h e 1974 meat p r o d u c t i o n by 1978 t o 
r e a c h 620,000 t o n s . The I r a n i a n M i n i s t r y o f A g r i c u l 
t u r e i s r e p o r t e d t o have under development seven l a r g e 
f e e d m i l l s . I n t h e c o n t e x t o f t h i s p a p e r , I r a n has a 
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number o f s t r a t e g i c a l l y p l a c e d s u g a r m i l l s w h i c h c o u l d , 
a t t h i s t i m e , be p r o d u c i n g m i c r o b i a l p r o t e i n f r o m w a s t e 
s t r e a m s . Such p r o j e c t s c o u l d be e x t r e m e l y v i a b l e , 
s i n c e a p r o p e r l y p l a c e d " v i l l a g e l e v e l " p l a n t c a n be 
l o c a t e d t o p r o v i d e p r o t e i n meal i n an a r e a u n a b l e t o 
o b t a i n c o n v e n t i o n a l f e e d and s t i l l be o p e r a t e d by l o c a l 
l a b o u r . 

I n 1974, I r a n i m p o r t e d 55,000 t o n s o f soybean meal 
b u t s t i l l was u n a b l e t o meet i t s Government g o a l s . 
The m a r k e t f o r 200,000 t o n s o f mix e d f e e d i n t h e r e s t 
o f t h e M i d d l e E a s t , i s e x p e c t e d t o r e a c h 1.5 m i l l i o n 
t o n s by 1980. S i m i l a r l y , E a s t Europe w i l l be an ex
c e l l e n t g r o w t h a r e a . Over $137 m i l l i o n w o r t h o f 
soybean meal was i m p o r t e d t o E a s t Europe d u r i n g 1975. 

Food now i s c o n s i d e r e d  s t r a t e g i  f o  i t 
i s f o u n d t h a t an empt
Hence, t h e USSR an  Europ  p r o
grams f o r more l i v e s t o c k . I t c a n be seen t h a t any 
SCP p r o d u c t d e v e l o p e d f r o m c a r b o h y d r a t e s w i l l f a l l i n t o 
a p r i c e s t r u c t u r e d e f i n e d by i t s n u t r i t i o n a l v a l u e , 
amino a c i d p r o f i l e and q u a l i t y . The m a r k e t segment i s 
e x p e c t e d t o be v e r y l a r g e , b u t t h e SCP w i l l have t o com
p e t e f o r m a r k e t p e n e t r a t i o n w i t h c o n v e n t i o n a l p r o d u c t s 
on a p r i c e and c o s t e f f e c t i v e n e s s b a s i s . 

C o n c l u s i o n s 

I t c an be c o n c l u d e d t h a t m a r k e t s f o r f e e d s u p p l e 
ments w i l l c o n t i n u e t o i n c r e a s e and t h a t SCP i n s e v e r a l 
forms c o u l d w i n a r e a s o n a b l e s h a r e o f t h i s m a r k e t . 
The use o f p r o d u c t s f r o m t h e s u g a r i n d u s t r y s u c h as 
s u g a r , m o l a s s e s and b a g a s s e as s u b s t r a t e s a r e t e c h n i c a l 
l y f e a s i b l e b u t t h e i r c o m m e r c i a l v i a b i l i t y w i l l depend 
on t h e i r v a l u e s i n a l t e r n a t e u s e s . 

Abstract 
The demand for protein in human diets has been 

increasing drastically as a natural result of rising 
standards of living in all countries of the world. The 
development of single cel l protein for both animal and 
human food incorporation has been under development for 
a number of years but has not yet reached the commer
cially viable stage to justify full scale production. 
The objective of this paper is to discuss the place of 
SCP in the range of protein rich feeds and foodstuffs. 
It also discusses the market perspectives of SCP pro
ducts and studies the role of sugar and molasses as 
potential substrates, comparing them to hydrocarbons 
and other potential feedstuffs. Discussion also is 
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made of the status of present projects and regulatory 
legislation at this time. 
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Organic Solvents by Fermentation 

FRANK WYNN HAYES 

Roger Williams Technical and Economic Services (U.K.) Inc., 
London WC1R 4JH, England 

The t i t l e sound
v o l v e s t a l k i n g a b o u
t u r e . I n a d d i t i o n , t h e t e r m " s o l v e n t s " c o u l d c o v e r a 
m u l t i t u d e o f compounds and t h i s r e v i e w i s g o i n g t o c o n 
s i d e r o n l y a few; i n f a c t , t h e f o c u s i s c o n c e r n e d m a i n 
l y w i t h t h r e e - e t h a n o l , b u t a n o l and a c e t o n e . The 
o t h e r word i n t h e t i t l e i s " f e r m e n t a t i o n " - so t h a t f i x e s 
t h e p a r a m e t e r s . 

The d i s c u s s i o n o f t h i s s u b j e c t goes back i n t o t h e 
p a s t b e c a u s e we a r e t a l k i n g o f an i n d u s t r y t h a t was 
supposed t o have d i e d i n t h e m id-1950's, b u t n e v e r 
r e c e i v e d a b u r i a l . I n 1964, J . J . H . H a s t i n g s , i n an 
a r t i c l e i n C h e m i s t r y & I n d u s t r y s a i d , " . . . e v e r s i n c e 
I c a n remember, t h e f e r m e n t a t i o n i n d u s t r y has been dy
i n g . . . i t i s t h e p h a r m a c i s t who has h a l t e d t h e c o f f i n 
o f t h e f e r m e n t a t i o n i n d u s t r y . " By " t h e p h a r m a c i s t " , 
o f c o u r s e , H a s t i n g s meant t h e a n t i b i o t i c s i n d u s t r y . 
These r e m a r k s were s i g n i f i c a n t i n remembering t h e b a c k 
ground o f H a s t i n g s , who moved, w i t h D i s t i l l e r s Company, 
f r o m f e r m e n t a t i o n s o l v e n t s p r o d u c t i o n i n t o a n t i b i o t i c s . 

F o r 20 y e a r s p r i o r t o t h o s e m i d - 5 0 ' s , t h e r e had 
been an e s t a b l i s h e d , a n d g r o w i n g , i n d u s t r i a l f e r m e n t a 
t i o n i n d u s t r y , b a s e d m a i n l y on t h e use o f b l a c k s t r a p 
m o l a s s e s as a s u b s t r a t e . Then, b e g i n n i n g t h e h y d r o 
c a r b o n age, t h e r e came t h e p e t r o c h e m i c a l s , d e r i v e d f r o m 
'the e v e r - s o - c h e a p b a r r e l o f c r u d e ' . The b y p r o d u c t s 
o f t h e p e t r o l e u m i n d u s t r y had u n l i m i t e d p r o m i s e f o r 
c h e m i c a l p r o d u c t i o n s . O l e f i n s and t h e p o l y m e r s were 
s t a r t i n g t h e i r boom. E v e r y t h i n g grew b i g g e r , v e r y 
r a p i d l y . E v e r y o n e t o o k i t t h a t t h e 'cheap b a r r e l o f 
c r u d e ' w o u l d , l i k e diamonds, be f o r e v e r . As f o r t h e 
f e r m e n t a t i o n i n d u s t r y - i t was a c a s e o f " o f f w i t h o l d , 
and on w i t h t h e new". Hence, t h e s t a t e m e n t s l i k e t h a t 
o f H a s t i n g s . 

The r e c o r d , however, w o u l d be n o t q u i t e c o r r e c t i f 
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i t was n o t s t a t e d t h a t , j u s t a t t h i s t i m e , t h e r e was a 
sudden u p s u r g e i n t h e p o p u l a r i t y and use o f m o l a s s e s 
i n s t o c k f e e d i n g . T h i s p u t up t h e p r i c e o f b l a c k s t r a p 
and, c o n c u r r e n t l y , t h e r e were s i g n i f i c a n t r i s e s i n 
f r e i g h t r a t e s . A l l o f t h i s t e n d e d t o make t h e i n d u s 
t r i e s , b a s e d on m o l a s s e s f e r m e n t a t i o n , v e r y u n c e r t a i n 
a b o u t t h e f u t u r e . 

B u t , t h e r e s u l t was e q u i v a l e n t t o an i n e f f i c i e n t 
j o b o f s t e r i l i z i n g a medium. You k i l l e v e r y t h i n g , o r 
t h e r e i s a f o c u s o f i n f e c t i o n f r o m w h i c h g r o w t h c a n 
s p r e a d . There was a t l e a s t one c e n t r e o f i n d u s t r i a l 
f e r m e n t a t i o n a c t i v i t y t h a t r e f u s e d t o l i e down, even 
t h o u g h i t had been t o l d i t was dead. I t d i d n o t l i e 
down f o r t h e v e r y good r e a s o n t h a t i t was making p r o 
f i t s . What b e t t e r c a u s e c a n you have f o r r e f u s i n g 
t h a t c o f f i n ? So, H a s t i n g
i n h i s s t a t e m e n t . 

I t must be i n t e r e s t i n g , and c o u l d be i n s t r u c t i v e , 
t o t a k e a c l o s e r l o o k a t t h a t one o p e r a t i o n t h a t l a s t 
e d , and ask o u r s e l v e s "why?". I t was, and i s , a 
S o u t h A f r i c a n e n t e r p r i s e and t h e r e a s o n t h a t I c a n t a l k 
a b o u t i t i s t h a t I was p a r t and p a r c e l o f i t i n i t s 
most f o r m a t i v e and e x c i t i n g y e a r s . 

T h i s u n d e r t a k i n g , N a t i o n a l C h e m i c a l P r o d u c t s , L t d . , 
(NCP),at G e r m i s t o n i n t h e T r a n s v a a l , n o t o n l y was buck
i n g t h e g e n e r a l s u r r e n d e r t o t h e t i d a l wave o f p e t r o 
c h e m i c a l s , i t was o f f e n d i n g i n a n o t h e r , and even more 
r e b e l l i o u s manner. I t was n o t f o l l o w i n g t h e w o r s h i p 
a t t h e a l t a r o f t h e god o f LARGE SCALE. I t s s u b s t i 
t u t e r e l i g i o n was s i m p l y t h a t o f FULL UTILISATION. 

By t h i s we mean f u l l u t i l i s a t i o n o f a l l t h e p r o p e r 
t i e s and components o f t h e f e e d s t o c k and t h e s i d e - p r o 
d u c t s t h a t a r o s e i n p r o c e s s i n g . There c o u l d be NO EF
FLUENT. The p r i n c i p l e s i n v o l v e d were: 

C l o s e i n t e g r a t i o n o f a l l t h e p r o c e s s e s i n t h e com
p l e x ; 

G r e a t e s t p o s s i b l e i n c r e a s e o f p r o d u c t v a l u e ; 
S h a r e d c o s t s f o r l a b o u r and u t i l i t i e s and an 

u m b r e l l a o f o v e r h e a d s ; 
The c l o s e s t p o s s i b l e e n e r g y b a l a n c e , w i t h f u l l 

u t i l i s a t i o n o f h e a t - d r o p f o r p r o d u c t i o n o f 
power and p r o c e s s steam; and 

S c a l i n g t h e p r o d u c t i o n t o meet r e q u i r e m e n t s o f 
known and p r o f i t a b l e m a r k e t s . 

B e f o r e d e t a i l i n g what was done, and why i t was 
done, l e t us r e s t a t e o u r c a s e t h a t , n o t o n l y i s t h e r e 
n o t h i n g new u n d e r t h e s u n , b u t t h a t we s h o u l d be un
w i s e t o t u r n o u r b a c k s on t h e l e s s o n s o f p r a c t i c a l 
e x p e r i e n c e o f t h e p a s t , even t h o u g h t h o s e days may have 
l a c k e d t o d a y ' s t e c h n o l o g i c a l f i n e s s e . 
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We s h o u l d d i v e r t h e r e , t o a p a r t i c u l a r o u t l e t f o r 
t h e p h o t o s y n t h e t i c a c t i v i t i e s o f w h i c h we a r e t a l k i n g . 
P u t t i n g t h e c l o c k b a c k , s t i l l i n t h e e a r l y 1950's i n 
Sou t h A f r i c a , we were d e b a t i n g s e r i o u s l y t h e r e l a t i v e 
m e r i t s o f Reppe c h e m i s t r y and t h e p o t e n t i a l stemming 
f r o m a n u c l e u s o f f e r m e n t a t i o n e t h a n o l . Remember t h a t 
we had s e v e r a l t h i n g s g o i n g f o r us - we had t h e f o s s i l 
r e s e r v e s , i n t h e for m o f ch e a p , e a s i l y mined c o a l : we 
had t h e s u n s h i n e , t h e s o i l , t h e r a i n f a l l t o p r o d u c e 
good y i e l d s o f s u g a r c a n e , hence e t h a n o l by f e r m e n t a 
t i o n . We were t u r n i n g o u r s i g h t s t o w a r d s t h e new-age 
t h i n g s l i k e e t h y l e n e and p o l y m e r s . We a s k e d a d v i c e 
f r o m t h o s e i n t h e w o r l d ' s c h e m i c a l c e n t r e s - who knew. 
We g o t i t . We were p r o d u c i n g e t h a n o l , by f e r m e n t a t i o n 
a t w e l l u n d e r £30/ton ( t h e n  s a y  $ 9 0 / t o n )  We were 
t o l d - "So l o n g a s
y o u r b e s t s o u r c e o
a b o u t t h e p r o s and cons o f a c e t y l e n e v s . e t h a n o l f o r 
many p u r p o s e s . We had a w e l l - b a s e d , e f f i c i e n t c a r b i d e 
i n d u s t r y , and we t h e r e f o r e , c o u l d p r o d u c e i n t e r m e d i a t e s 
l i k e a c e t a l d e h y d e and c r o t o n a l d e h y d e by e i t h e r r o u t e . 

I n N a t a l , t h e s i t e and c e n t r e o f t h e s u g a r i n d u s 
t r y , t h e r e was a n o t h e r a c t i v i t y w h i c h we must d e s c r i b e 
i n some d e t a i l b e c a u s e , n o t o n l y i s i t r e l e v a n t t o t h e 
s u b j e c t o f t h i s t a l k b u t , i t i s v e r y a p p o s i t e t o t h e 
b u r n i n g q u e s t i o n s o f t o d a y r e g a r d i n g e n e r g y s o u r c e s and 
l i q u i d f u e l s , p a r t i c u l a r l y f u e l s f o r t h e i n t e r n a l com
b u s t i o n e n g i n e . I n , o r a r o u n d , 1936, C.G. S m i t h & Co., 
a l e a d i n g s u g a r p r o d u c e r w i t h i t s own e s t a t e s g r o w i n g 
cane s o u t h o f Durban, went i n t o f e r m e n t a t i o n a l c o h o l 
p r o d u c t i o n and m a r k e t e d a motor s p i r i t t h a t was c a l l e d 
"Natalité". T h i s c o n t a i n e d some 60% e t h a n o l (Say, 
96.5% s t r e n g t h ) and 40% benze n e . T h e r e were p r o b l e m s . 
The w a t e r i n t h e i n d u s t r i a l a l c o h o l u s e d i n t h e m i x t u r e 
c o u l d come o u t o f s o l u t i o n and c a u s e p r o b l e m s i n c a r -
b u r e t i o n and t h e e n g i n e f u e l l i n e s . B u t , i n s p i t e o f 
t h i s , i t w o r k e d , i t s o l d , and was q u i t e e x t e n s i v e l y 
u s e d i n f a r m t r a c t o r s , as w e l l a's heavy d u t y t r u c k s and 
o r d i n a r y a u t o m o b i l e s . The F o r d s o n s and t h e F o r d s o f 
t h o s e days seemed t o t h r i v e on i t . Natalité s o l d 
a t a premium o f 3-4 pence a g a l l o n compared w i t h i m p o r t 
ed p e t r o l ( g a s o l i n e ) , m a i n l y b e c a u s e o f s a v e d d u t y . 
However, even on t h e s m a l l s c a l e o f i t s p r o d u c t i o n , by 
t h e f e r m e n t a t i o n o f b l a c k s t r a p , p l u s benzene f r o m t h e 
N a t a l c o a l c a r b o n i z a t i o n p l a n t s , i t was c o m p e t i t i t i v e . 
Then, a f t e r W o r l d War I I , t e c h n o l o g y a d v a n c e d . U s i n e s 
de M e l l e , o f F r a n c e , i n t r o d u c e d t h e i r a z e o t r o p i c d i s t i l 
l a t i o n p r o c e s s , u s i n g a benzene e n t r a i n e r , and so ab s o 
l u t e a l c o h o l was an i n d u s t r i a l p r a c t i c a l i t y . I n 1942, 
Natalité was r e p l a c e d by " U n i o n S p i r i t " , w h i c h s e l l s 
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i n and a r o u n d Durban, N a t a l , t o t h i s day. " U n i o n " 
i s v e r y i n t e r e s t i n g a n d , i n o u r o p i n i o n , s h o u l d be 
examined c l o s e l y on a w o r l d - w i d e b a s i s . I t i s a 
s t r a i g h t b l e n d o f between 50% t o 59% a b s o l u t e a l c o h o l 
w i t h a l o w - o c t a n e g a s o l i n e . I n g e t t i n g i t on t h e 
m a r k e t , t h e C.G. S m i t h Group a d o p t e d a v e r y p r o g r e s s i v e 
s a l e s p o l i c y . They e d u c a t e d t h e m o t o r i n g p u b l i c t o 
t h e f a c t t h a t t h i s was an a l c o h o l f u e l and i t had a d 
v a n t a g e s , b u t was d i f f e r e n t . I t c o u l d a f f e c t t h e 
r u b b e r o f t h e f u e l pump d i a p h r a g m and s o , f r e e o f 
c h a r g e , a U n i o n S p i r i t m e c h a n i c w o u l d change t h e d i a 
phragm f o r one f a b r i c a t e d f r o m a s y n t h e t i c m a t e r i a l , 
r e s i s t a n t t o a l c o h o l . B ecause o f t h e atom o f oxygen 
i n t h e a l c o h o l m o l e c u l e , t h e " U n i o n " r e q u i r e d a l o w e r 
a i r / f u e l r a t i o t o g i v e a c o r r e c t c a r b u r e t o r m i x t u r e
T h e r e f o r e , t h e c a r b u r e t o
a l a r g e r j e t o r a s m a l l e
e x c e l l e n t f u e l c o n s u m p t i o n f i g u r e s were o b t a i n e d . 

U n i o n S p i r i t was n o t t h e o n l y a l c o h o l - c o n t a i n i n g 
m otor f u e l m a r k e t e d i n S o u t h A f r i c a . I n 1934, t h e 
Satmar Company s t a r t e d m i n i n g t o r b a n i t e o i l s h a l e i n 
t h e T r a n s v a a l and r e f i n i n g t h e o i l o b t a i n e d f r o m t h e 
r e t o r t i n g . A t f i r s t t h i s was s i m p l y m i x e d w i t h g a s o 
l i n e and s o l d i n t h e T r a n s v a a l as Satmar p e t r o l , a g a i n 
a t a p r i c e premium. I n t h e mid-40's t h e c o m p o s i t i o n 
was changed t o a p p r o x i m a t e l y 50% i m p o r t e d c r a c k e d 
c r u d e s , 25% s p i r i t s f r o m t o r b a n i t e o i l , 25% a b s o l u t e 
a l c o h o l . The s u p p l i e r o f t h e a l c o h o l , made by f e r 
m e n t a t i o n , was N.C.P., a l s o i n t h e T r a n s v a a l , whose 
o p e r a t i o n s w i l l be d e s c r i b e d i n d e t a i l l a t e r , b u t were 
c e n t r e d a r o u n d t h e f e r m e n t a t i o n o f b l a c k s t r a p m o l a s s e s . 
Satmar e n j o y e d e x p a n d i n g s a l e s u n t i l t h e o p e n i n g o f 
S a s o l i n 1955. S a s o l , i n t h e Orange F r e e S t a t e , whose 
a c t i v i t i e s w o u l d r e q u i r e a s e p a r a t e p a p e r t o g i v e even 
a b r o a d o u t l i n e , e n t e r e d t h e m a r k e t w i t h i t s h y d r o c a r 
bon f u e l s o b t a i n e d by t h e p r e s s u r e g a s i f i c a t i o n o f 
c o a l , w i t h a F i s c h e r ^ T r o p s c h s y n t h e s i s p a r t l y by A r g e 
and p a r t l y by K e l l o g g - f l u i d i z e d bed. S a s o l M a r k e t i n g 
Co., was f o r m e d . I t amalgamated t h e i n t e r e s t s o f t h e 
o t h e r s u p p l i e r s and s e t up i t s pumps, m a i n l y i n t h e 
T r a n s v a a l , t o s u p p l y m o t o r s p i r i t c o n t a i n i n g t h e s y n 
t h e s i s p r o d u c t s f r o m c o a l , p l u s t h e d i s t i l l a t e s f r o m 
i m p o r t e d c r u d e s and n a p h t h a s . The S a s o l motor f u e l , 
s o l d i n t h e n o r t h e r n F r e e S t a t e and s o u t h - w e s t e r n 
T r a n s v a a l by S a s o l M a r k e t i n g Co. r e p r e s e n t s o n l y 8% 
o f t h e t o t a l motor f u e l p r o d u c t i o n o f S a s o l , t h e b a l 
ance g o i n g t o t h e o i l companies f o r a d m i x t u r e w i t h 
t h e i r p r o d u c t s and d i s t r i b u t i o n t h r o u g h t h e i r own 
pumps. 

The d e t a i l s o f t h e S a s o l a c t i v i t i e s have been g i v -
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en o n l y t o i l l u s t r a t e t h e p o i n t t h a t , u n d e r some c i r 
c u m s t a n c e s , t h e r e i s ample scope and o p p o r t u n i t y f o r a 
p r o d u c t / m a r k e t , s u c h as e t h a n o l / m o t o r s p i r i t where t h e 
e t h a n o l i s made by f e r m e n t a t i o n , t o have an e a s y c o - e x 
i s t e n c e w i t h motor f u e l s f r o m o t h e r i n d i g e n o u s s o u r c e s . 

I n t h e c a s e o f U n i o n S p i r i t , s t i l l s o l d t o d a y , 
s t i l l c o n t a i n i n g o v e r 50% f e r m e n t a t i o n e t h a n o l , i t has 
been c a r r i e d on by an o r d i n a r y t r a d i n g company, i n 
c o m p e t i t i o n w i t h t h e o t h e r a v a i l a b l e motor s p i r i t s , 
w i t h o u t any o t h e r m o t i v e t h a n t h a t o f making p r o f i t s 
f o r t h e s h a r e h o l d e r s . 

So o f t e n , when p e o p l e t a l k o f s u b s t i t u t e f u e l s , 
t h e o n l y c o n c e p t seems t o be one o f COMPLETE r e p l a c e 
ment; y e t , i f one were c o n s i d e r i n g c r i s e s , s u r e l y i t 
i s a c a s e o f " e v e r y l i t t l  h e l p s " d  10% ha
some s i g n i f i c a n c e . 

So now l e t us  exampl
f i e d , i n t e g r a t e d f e r m e n t a t i o n c o m p l e x , w i t h a m a i n 
s t r e a m p r o d u c t i o n o f s o l v e n t s , t h a t has p r o v e d a 
c o m m e r c i a l p r o p o s i t i o n i n s p i t e o f t h e coming o f t h e 
"camel t r a i n , c a r r y i n g i t s b a r r e l s o f b l a c k g o l d ! " 

A t S o u t h A f r i c a ' s N a t i o n a l C h e m i c a l P r o d u c t s , 
t h e p r o d u c t i o n f l o w s h e e t showed t h e f o l l o w i n g main 
pathways : 

Raw M a t e r i a l s I n t e r m e d i a t e s P r o d u c t s 

B l a c k s t r a p m o l a s s e s E t h a n o l A b s o l u t e a l c o h o l 
C o a l B u t a n o l I n d u s t r i a l s p i r i t 
W ater A c e t o n e P o t a b l e s p i r i t 
C o r n s t e e p l i q u o r C a r b o n d i o x i d e A c e t o n e 
Ammonia Hydrogen B u t a n o l 
Lime A c e t a l d e h y d e F u s e l o i l s 

(amyl a l c o h o l ) 
S u l p h u r i c a c i d A c e t i c a c i d S p i r i t v i n e g a r 

(10%) 
M i s c e l l a n e o u s C r o t o n a l d e h y d e L i q u i d C 0 2 

C h e m i c a l s 
Dry i c e 
A c e t i c a c i d 
E t h y l & B u t y l 

a c e t a t e s 
C e l l u l o s e p a i n t 

t h i n n e r s 
A n i m a l f e e d 

s u p p l e m e n t s 
F r o t h f l o t a t i o n 

r e a g e n t s 

The v i t a l p o i n t o f t h i s i l l u s t r a t i o n , w h i c h i s p r e s e n t e d 
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o n l y as b e i n g t y p i c a l , i s t h e c o - e x i s t e n c e and com
p l e t e i n t e r d e p e n d e n c e o f a l l t h e s e p r o d u c t i o n s . T h e r e 
were two main f e r m e n t a t i o n s (see F i g u r e 1) - an e t h a n -
o l f e r m e n t a t i o n u s i n g t h e u s u a l S. c e r e v i s i a e ; NOT r u n 
c o n t i n u o u s l y b u t w i t h t h e l a r g e b a t c h f e r m e n t e r s b e i n g 
" s e t " i n t h r e e s e p a r a t e s t a g e s so as t o even o u t t h e 
C O 2 e v o l u t i o n f o r t h e b e n e f i t o f t h e Dry I c e P l a n t . I n 
p r a c t i c e , i t p r o v e d a good s y s t e m . The o t h e r f e r m e n 
t a t i o n , u s i n g C I . a c e t o b u t y l i c u m , p r o d u c e d b u t a n o l , 
a c e t o n e and e t h a n o l i n t h e p r o p o r t i o n s o f 6:3:1, w i t h 
C O 2 and H2 as t h e gaseous p r o d u c t s . The m i x e d g a s e s 
went on t o an a b s o r p t i o n p l a n t where t h e C 0 2 was 
removed, t o be added t o t h a t f r o m t h e e t h a n o l f e r m e n t a 
t i o n f o r t h e Dry I c e p l a n t and t h e s e p a r a t e d H 2 was 
us e d i n an a s s o c i a t e d p h t h a l i c a n h y d r i d e p l a n t

I n t h e e a r l i e
b o t h e t h a n o l and b u t a n o
t o between 40 and 45% s o l i d s and t h e n i n c i n e r a t e d i n 
a p u r p o s e - d e v e l o p e d , s p r a y d r y e r - c u m - i n c i n e r a t o r i n 
w h i c h t h e o r g a n i c m a t t e r s u p p o r t e d i t s own c o m b u s t i o n , 
on much t h e same p r i n c i p l e as a b l a c k l i q u o r f u r n a c e , 
y i e l d i n g an a s h w i t h a b o u t 35% K 2 0 c o n t e n t , w h i c h was 
s o l d t o t h e f e r t i l i z e r compounders. Then i t was f o u n d 
t h a t a b e t t e r r e t u r n c o u l d be o b t a i n e d by s e p a r a t i n g 
t h e two d i f f e r e n t t y p e s o f s p e n t wash f r o m t h e e t h a n o l 
and t h e b u t a n o l f e r m e n t a t i o n s . The b u t a n o l f e r m e n t a 
t i o n r e s i d u e s c o n t a i n e d v i t a m i n s o f t h e B g r o u p , so 
t h i s m a t e r i a l , a f t e r c o n c e n t r a t i o n i n a m u l t i p l e e f f e c t 
e v a p o r a t o r , was d r i e d on double-drum d r y e r s t o y i e l d a 
d r y powder w i t h t h e f o l l o w i n g i n t e r e s t i n g c o m p o s i t i o n : 

M o i s t u r e 3.5 % (by wt) 
L o s s on i g n i t i o n 63.2 
P r o t e i n 11.0 
R i b o f l a v i n 45 y/g 
P a n t o t h e n i c a c i d 175 
C h o l i n e 3200 
N i c o t i n i c a c i d 89 
P y r i d o x i n e 51 
B 12 0.156 " 

T h i s was i m m e d i a t e l y s a l e a b l e t o f e e d i n g - s t u f f s com
pou n d e r s a t a p r i c e t h a t s t a r t e d t o make t h e m a t e r i a l a 
p r o d u c t i n i t s own r i g h t , n o t j u s t an e f f l u e n t d i s p o s a l 
c r e d i t . I n t h e meantime, t h e e t h a n o l - s p e n t - w a s h - a s h 
c o n t i n u e d t o s e l l as a p o t a s h f e r t i l i z e r . The n e x t 
d e v e l o p m e n t was t h e d i s c o v e r y , a f t e r much b i o l o g i c a l 
t e s t i n g and l o n g - t e r m f e e d i n g t r i a l s , t h a t t h e com
b i n e d , s p r a y d r i e d r e s i d u e s f r o m b o t h f e r m e n t a t i o n s , i f 
i n c o r p o r a t e d i n t h e r a t i o n s o f g r a z i n g a n i m a l s , had a 
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Water MOLASSES N u t r i e n t s 

CO 2L 

E t h a n o l 
F e r m e n t a t i o n 

E t h a n o l 
D i s t i l l a t i o n 

E t h a n o l 

A c e t a l d e h y d e 

-ut 

TO 
CO 2 + H s 

"7F 
H 2 f o r 

Hydrogénation 

L i q u i d & 
S o l i d C02 

B u t a n o l 
Fermentation 

l /IV 

D i s t i l l a t i o n kcetone 

Ev a p o r a t i o n & 
D r y i n g 

S.C.P. 
Fermentation 

Animal Feed 
Supplements 

F r a c t i o n a t i o n 
and 

R e c t i f i c a t i o n 

I n d u s t r i a l S p i r i t 
P o t a b l e S p i r i t 
A b s o l u t e A l c o h o l 

S p i r i t V i n egar 

^ A l d o l f-^.Crotonaldehyde Bu t a n o l 

1 E t h a n o l T r i e t h o x y b u t a n e 
and s i m i l a r 
S u r f a c t a n t s 

> T r i e t h o x y b u t a n e 
and s i m i l a r 
S u r f a c t a n t s 

A c e t i c a c i d & A c e t i c anhydride } -> 

E s t e r s 

Aldehyde ammonia.. 
Pa r a l d ehy d e/L̂ e t a l d ehy d e/ 

Figure 1 
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marked b e n e f i c i a l e f f e c t on t h e m i c r o f l o r a o f t h e rumen, 
e n a b l i n g t h e a n i m a l t o u t i l i z e s u c c e s s f u l l y , q u i t e i n 
f e r i o r t y p e s o f s t r a w , g r a s s and o t h e r c e l l u l o s i c m a t e r 
i a l s . The name o f "Rumavite" was g i v e n t o t h i s 
m a t e r i a l and i t s o l d on a w o r l d - w i d e b a s i s . 

T h i s , a g a i n , i s t h e s t o r y o f t h e s u c c e s s f u l p r o 
d u c t i o n o f SOLVENTS by f e r m e n t a t i o n . 

Some o f t h e e t h a n o l o u t p u t was c o n v e r t e d t o 
a c e t a l d e h y d e f o r c a p t i v e u s e . A c e t i c a c i d was made 
f o r t h e p r o d u c t i o n o f e s t e r s and a l s o f o r c o n v e r s i o n t o 
c r o t o n a l d e h y d e w h i c h a g a i n was condensed w i t h e t h a n o l 
t o make t r i e t h o x y b u t a n e , one o f a wh o l e r a n g e o f a l k -
oxy compounds t h a t were p a t e n t e d f o r use as f r o t h 
f l o t a t i o n r e a g e n t s , p a r t i c u l a r l y s u c c e s s f u l i n c o p p e r 
and u r a n i u m r e c o v e r y  And so t h e s t o r y c o n t i n u e s
w i t h e a c h p r o d u c t a
a c a r e f u l l y i n v e s t i g a t e
t o t h e f i x e d c h a r g e s and g e n e r a l o v e r h e a d s . I n o t h e r 
w o r d s , e a c h b e i n g a s u c c e s s f u l p a r t o f t h e whole b u t 
u n d o u b t e d l y , i f s e p a r a t e d and e x p e c t e d t o s t a n d as a 
p r o d u c t i o n on i t s own, t o o s m a l l t o s u r v i v e . 

Now what o f t h e f u t u r e ? I s t h e r e a p r o s p e c t f o r 
t h e r e - i n s t i t u t i o n o f f e r m e n t a t i o n i n t h e p r o d u c t i o n o f 
s o l v e n t s ? 

The answers t o t h e s e v e r y " l e a d i n g " q u e s t i o n s a r e : 
1. S t u d y and use t h e e x p e r i e n c e o f t h e i n d u s t r i a l 
f e r m e n t a t i o n s t h a t worked b e f o r e t h e p e t r o c h e m i c a l age; 
more p a r t i c u l a r l y , t h o s e w h i c h r e m a i n e d a l i v e t h r o u g h 
t h e f a c t t h a t t h e y made p r o f i t s . 
2. On t h e f o u n d a t i o n o f 1. a p p l y a l l t h e b e n e f i t s 
p o s s i b l e by r e a s o n o f new t e c h n o l o g i e s and t e c h n i q u e s 
now a v a i l a b l e t o u s ; w i t h t h e c o l l a b o r a t i o n o f t h e 
d i s c i p l i n e s o f t h e g e n e t i c i s t , t h e m o l e c u l a r b i o l o g i s t , 
t h e b i o c h e m i s t , t h e m i c r o b i o l o g i s t and t h e b i o c h e m i c a l 
e n g i n e e r . Now, we c a n m a n i p u l a t e t h e m i c r o o r g a n i s m s 
o f t h e s p e c i f i c c u l t u r e t h a t a r e o u r w o r k i n g c a t a l y s t s , 
t h e i r m e t a b o l i c p a t h w a y s , and t h e enzymes t h e y p r o d u c e . 
By b i o g e n e t i c m a n i p u l a t i o n s t h e y c a n be made t o do o u r 
b i d d i n g ; we do n o t s i m p l y have t o t a k e t h e b e h a v i o u r 
p a t t e r n o f an o r g a n i s m u n d e r one s e t o f c i r c u m s t a n c e s 
as b e i n g f i x e d and i n v i o l a b l e :we c a n a l t e r t h e o r g a n i s m 
t o s u i t t h e d e s i r e d p r o d u c t , t h e a v a i l a b l e s u b s t r a t e , 
t h e f e r m e n t a t i o n c o n d i t i o n s . 
3. I f we t h i n k i n t e r m s o f " L a r g e - S c a l e " f o r t h e p r o 
d u c t i o n o f s o l v e n t s by f e r m e n t a t i o n t h e n t h e most im
p o r t a n t f a c t o r i s t h e f o r m , s o u r c e and c o s t o f t h e 
s u b s t r a t e c a r b o n . I n o u r o p i n i o n t h e r e c a n be o n l y 
one sound b a s i s f o r t h i s r e n e w a b l e raw m a t e r i a l s u p p l y : 
i t must be pur p o s e - g r o w n . 
4. I f we t h i n k i n ter m s o f a f a i r l y modest s t a r t and 
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a s t e a d y and p l a n n e d s c a l e - u p , t h e n we l o o k v e r y c l o s e 
l y i n d e e d a t t h e e x p e r i e n c e o f t h e p a s t f where d i v e r 
s i f i c a t i o n , i n t e g r a t i o n and f u l l u t i l i s a t i o n o f e v e r y 
c o n s t i t u e n t o f t h e f e e d s t o c k and o f e v e r y i n t e r m e d i a t e , 
a r e e x p l o r e d . 
5. We c a n n o t t a l k o f a r e t u r n t o "r e n e w a b l e s o u r c e s " 
and f e r m e n t a t i o n as t h e c h o s e n r o u t e u n l e s s we keep a l 
ways i n mind t h e E n e r g y B a l a n c e . T h i s i s t h e k e y . 
I n t h e g r o w t h o f c r o p s f o r a s p e c i f i c p u r p o s e we w i l l 
be u s i n g s o l a r e n e r g y , p h o t o s y n t h e s i s , t h e Green L e a f -
COMMERCIALLY. I f we s h o u l d , f o r i n s t a n c e , grow more 
s u g a r c a n e , we must use e v e r y gram o f e v e r y s t i c k t o 
t h e maximum e f f e c t . I f we b u r n a l l , o r some o f , t h e 
r e s i d u a l f i b r e and c e l l u l o s i c p o r t i o n t o p r o v i d e t h e 
h e a t and power f o r t h e p r o c e s s  i t must be be c a u s e we 
have no o t h e r f u e l t h a
b u r n . I f t h e r e i
we use o u r f i b r e f r o m t h e cane as a s o u r c e o f p e n t o s e s 
and h e x o s e s . We use t h e s u g a r s a v a i l a b l e t o us 
a c c o r d i n g t o t h e p r o d u c t m a r k e t i n d i c a t i o n s . 
6. We w i l l have t o g e n e r a t e steam a t h i g h p r e s s u r e 
and u t i l i s e t h e h e a t d r o p t h r o u g h a b a c k - p r e s s u r e o r 
p a s s - o u t t u r b i n e t o g e n e r a t e power and t o s u p p l y t h e 
l o w - p r e s s u r e p r o c e s s steam. No l o s s o f l a t e n t h e a t 
can be a f f o r d e d o r t o l e r a t e d . 

A l l t h e above p o i n t s , and so many more, b e l o n g t o 
t h a t f a s c i n a t i n g s u b j e c t "FERMENTATION". There a r e 
t e c h n o l o g i c a l p r o j e c t i o n s o f t h e new l o o k i n f e r m e n t a 
t i o n embodying a l l t h e f a c t o r s we have been d i s c u s s i n g 
and more b e s i d e s . A model d e s i g n c a n p r o d u c e s o l v e n t s 
on a l a r g e s c a l e . I t i n v o l v e s c o n t i n u o u s f e r m e n t a t i o n , 
e m p l o y i n g t h e r m o p h i l i c o r g a n i s m s . D i s t i l l a t i o n r e 
q u i r e m e n t s a r e r e d u c e d by a v e r y s u b s t a n t i a l m a r g i n . 
A l l components o f t h e s u b s t r a t e a r e u t i l i z e d e x c e p t t h e 
w a t e r . 

Abstract 
Do the escalated prices for a barrel of crude oil, 

and the visible end of fossil supplies of energy,justi
fy a new look at fermentation for bulk chemicals? 
They do, but the examination must be thorough, factual 
and not simply wordy. The feedstocks are important, 
but just as cr i t ical is the energy balance. So too 
are the new tools available to the fermentologist in 
biogenetics, biochemistry, and biochemical engineering. 
Fermentation technology has not stood still. But, 
renewable sources do not necessarily mean economically 
viable sources. Market surveys plus past experience 
can help us in our assessments. In the latter cate—
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gory, experience in both South Africa and Australia 
is valuable. The former is somewhat unique because of 
its pioneering both in the large-scale use of high con
centrations of ethanol in motor fuel and the later de
velopment of "oi l from coal" by Fischer-Tropsch, with 
products and side products that competed with its local 
fermentation production of ethanol, butanol, and ace
tone. 
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Discussion 

P r o f e s s o r Hough
u t i l i z e d ? I s i t t o

P r o f e s s o r F r i s c h ; I n d e e d , i t i s one o f t h e im-
p o r t a n t m a t e r i a l s f o r r i g i d u r e t h a n e foams; b e i n g u s e d 
as t h e p o l y o l . I t i s u s e d m o s t l y f o r r i g i d foam ap
p l i c a t i o n s . Some o f i t i s a l s o b e i n g u s e d i n t h e 
u r e t h a n e c o a t i n g a r e a i n t h e form o f p o l y o l s . The 
c o s t s o f t h e s e p o l y o l s a r e about 45 t o 46C a pound. 
They command more o r l e s s a premium p r i c e as compared 
t o s u c r o s e o r s o r b i t o l - b a s e d p o l y o l s . 

Dr. F u z e s i ; The c y c l i c s t r u c t u r e - w h i c h i s 
m i s s i n g i n p e n t a e r y t h r i t o l and w h i c h i s p r e s e n t i n 
s u c r o s e - i s v e r y i m p o r t a n t i n t h e r i g i d u r e t h a n e foam 
a r e a . There t h e p e n t a e r y t h r i t o l - b a s e d p o l y o l a l o n e , 
j u s t does n o t have good foam p r o p e r t i e s and s h o u l d be 
b l e n d e d w i t h s o m e t h i n g e l s e . I t s h o u l d be b l e n d e d w i t h 
s u c r o s e - b a s e d p o l y o l . 

Q u e s t i o n ; Does s u c r o s e have an a d v a n t a g e o v e r 
o l i g o - s a c c h a r i d e s w h i c h have a h i g h m o l e c u l a r w e i g h t ? 

Dr. F u z e s i ; I t i s more d i f f i c u l t t o h a n d l e t h e 
o l i g o s a c c h a r i d e s . A n o t h e r f a c t o r i s t h e a v a i l a b i l i t y 
o f s u c r o s e . Mono- f o r d i s a c c h a r i d e s - l i k e t h e d e x t r o s e 
and s u c r o s e b a s e d s y s t e m s , a r e w e l l d e v e l o p e d and I 
t h i n k t h o s e a r e most s u i t a b l e f o r use i n r i g i d foams. 

P r o f e s s o r Hough; T h e r e f o r e , s u c r o s e has many 
a d v a n t a g e s . 

Dr. F u z e s i ; Y e s , many, many a d v a n t a g e s . 

Q u e s t i o n ; Do you see any n o t i c e a b l e d i f f e r e n c e 
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between t h e p r o d u c t s f r o m s o r b i t o l o r l a c t i t o l - t y p e 
p o l y o l s v e r s u s s u c r o s e w h i c h i s n o t a t t r i b u t a b l e t o t h e 
b i c y c l i c c h a r a c t e r v e r s u s t h e l i n e a r p o l y o l ? 

P r o f e s s o r F r i s c h ; I t h i n k i t was m e n t i o n e d t h a t 
t h e b i c y c l i c s t r u c t u r e g i v e s i t b e t t e r d i m e n s i o n a l s t a 
b i l i t y and b e t t e r h u m i d i t y r e s i s t a n c e , w h i c h i s what 
you need i n a r i g i d foam. Those who buy r i g i d foams, 
p r o b a b l y a r e b u y i n g i n s u l a t i o n v a l u e . I f you do n o t 
have t h o s e two p r o p e r t i e s , you w i l l n o t be a b l e t o keep 
y o u r i n s u l a t i o n v a l u e . The s t r u c t u r e i s v e r y i m p o r 
t a n t f o r h u m i d i t y a g i n g . The o n l y p l a c e I c a n t h i n k 
o f where you p u t a r i g i d u r e t h a n e foam t h a t you do 
n o t have h u m i d i t y i s i n t h e f r e e z e r s e c t i o n o f t h e r e 
f r i g e r a t o r c a b i n e t , i n between t h e i n n e r l i n e r and t h e 
o u t e r l i n e r . 
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S u c r o s e i s a v a l u a b l
and i s u t i l i z e d by
day l i v i n g . I t s many d e r i v a t i v e s , however, have f o u n d 
l i t t l e use e i t h e r f o r f o o d s o r as c h e m i c a l b u i l d i n g 
b l o c k s . S i n c e t h e s u c r o s e m o l e c u l e has a number o f 
r e a c t i v e p r i m a r y and s e c o n d a r y a l c o h o l c e n t e r s and can 
be t r a n s f o r m e d e a s i l y i n t o forms o r m o i e t i e s h a v i n g 
a n h y d r o , a l d e h y d i c , k e t o n i c and a c i d i c p r o p e r t i e s , i t 
s h o u l d be an a t t r a c t i v e c h e m i c a l raw m a t e r i a l f r o m 
w h i c h a v a r i e t y o f u s e f u l p r o d u c t s c o u l d be o b t a i n e d . 
I n a d d i t i o n , s u c r o s e i s w i d e l y a v a i l a b l e i n v e r y l a r g e 
q u a n t i t i e s , b e i n g o b t a i n e d f r o m e c o l o g i c a l l y a t t r a c t i v e 
n a t u r a l s o u r c e s , s u g a r cane and s u g a r b e e t s . I t s 
p r i c e , i n p u r e f o r m , however, i s r e l a t i v e l y h i g h and 
s u b j e c t t o r a t h e r s e v e r e f l u c t a t i o n s due t o e n v i r o n m e n 
t a l , economic and p o l i t i c a l i n f l u e n c e s . 

B ecause s u c r o s e c o n t a i n s t h e s e many r e a c t i v e c e n 
t e r s , n e a r l y e v e r y c h e m i c a l r e a c t i o n t o w h i c h i t c a n be 
s u b j e c t e d r e s u l t s i n p r o d u c t m i x t u r e s c o n t a i n i n g l a r g e 
numbers o f l e s s e r d e s i r e d compounds. T h i s s i t u a t i o n , 
i n t u r n , makes i t d i f f i c u l t and c o s t l y t o s e p a r a t e 
p r o d u c t s w i t h r e p r o d u c i b l e p r o p e r t i e s f r o m t h e r e a c t i o n 
m i x . I n a d d i t i o n , a l a r g e p e r c e n t a g e o f t h e o r i g i n a l 
s u c r o s e m o l e c u l e i n e v i t a b l y i s w a s t e d . Some d e r i v a 
t i v e s o f s u c r o s e a r e e d i b l e and m e t a b o l i z a b l e . These 
d e r i v a t i v e s c a n p e r f o r m a number o f u s e f u l f u n c t i o n s 
r e l a t i n g t o o t h e r f o o d s and m e d i c i n e . I n t h e s e u s e s 
s u c r o s e d e r i v a t i v e s must be shown t o be e f f i c a c i o u s 
and n o n - t o x i c t o t h e s a t i s f a c t i o n o f t h e Food and Drug 
A d m i n i s t r a t i o n a u t h o r i t i e s . T h i s r e q u i r e s t h e p e r f o r 
mance o f l a r g e s c a l e a n i m a l and c l i n i c a l t e s t i n g a t 
h i g h c o s t s and much t i m e . N o n e t h e l e s s , t h e p o s s i b l e 
use o f s u c r o s e as an a t t r a c t i v e c o m m e r c i a l raw m a t e r i a l 
had i n t r i g u e d a number o f s c i e n t i s t s f o r a l o n g t i m e . 
One o f t h e s e , Dr. Henry B. Hass f i n a l l y had an o p p o r -

328 

In Sucrochemistry; Hickson, J.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1977. 



24. MARCY Licensing Programs for Inventions 329 

t u n i t y t o e x p l o i t h i s c o n c e p t s when i n 1952, he was 
e l e c t e d P r e s i d e n t o f t h e Sugar R e s e a r c h F o u n d a t i o n , 
now known as t h e I n t e r n a t i o n a l Sugar R e s e a r c h Founda
t i o n , I n c . T h a t y e a r d a t e s t h e b i r t h o f "sucrochem-
i s t r y " , a word c o i n e d by Dr. Hass t o d e s c r i b e t h i s new 
i n v e s t i g a t i v e d i s c i p l i n e . 

B a s i c c h e m i c a l r e s e a r c h , b e s t done i n academic 
i n s t i t u t i o n s o r by c o n t r a c t r e s e a r c h o r g a n i z a t i o n s , was 
needed f i r s t i n o r d e r t o o b t a i n s u c r o c h e m i c a l s o f t h e 
n a t u r e e n v i s i o n e d by Dr. Hass. Thus, e a r l y work i n 
s u c r o c h e m i s t r y was f u n d e d by t h e Sugar R e s e a r c h Founda
t i o n i n s u c h r e s e a r c h l a b o r a t o r i e s . An e x p l o r a t o r y 
p r o j e c t o r i e n t e d t o w a r d s d i s c o v e r i n g t h e f u n d a m e n t a l 
c h e m i s t r y o f s u c r o s e and o t h e r c a r b o h y d r a t e s had been 
s u p p o r t e d p r e v i o u s l y a t t h e M a s s a c h u s e t t s I n s t i t u t e o f 
T e c h n o l o g y f r o m 194
p r o j e c t , however, wa
and t o a p p l y c l a s s i c a l c a r b o h y d r a t e c h e m i s t r y more 
b r o a d l y t o s u c r o s e and i t s c l o s e r e l a t i v e s . None o f 
t h e d e r i v a t i v e s p r o d u c e d and s t u d i e d were f o u n d t o be 
o f p r a c t i c a l i m p o r t a n c e i n l a t e r s u c r o c h e m i c a l s t u d i e s , 
a l t h o u g h a number o f p a t e n t a p p l i c a t i o n s were f i l e d and 
p a t e n t s i s s u e d . Some o f t h e s e s t u d i e s were c o n t i n u e d 
i n s e v e r a l o t h e r l a b o r a t o r i e s d u r i n g t h e e a r l y 1950's, 
and a number o f a d d i t i o n a l s t u d i e s were u n d e r t a k e n t o 
e l u c i d a t e t h e r e l a t i v e r e a c t i v i t i e s o f t h e v a r i o u s r e 
a c t i v e e n t i t i e s , d e t e r m i n e r e a c t i o n k i n e t i c s and t o 
t r y t o make new and p o s s i b l y u s e f u l d e r i v a t i v e s . An 
i n t e n s i v e s e a r c h was u n d e r t a k e n t o f i n d m u t u a l s o l v e n t s 
f o r b o t h h y d r o p h i l i c s u c r o s e and h y d r o p h o b i c r e a c t a n t s . 

S u c r o s e E s t e r s and L i c e n s i n g P o l i c y 

S u c r o s e e s t e r s were t h e s u b j e c t o f t h e f i r s t m a j o r 
s u c r o c h e m i c a l s t u d i e s s t a r t i n g i n 1952. I t was f e l t 
t h a t t h e s e m a t e r i a l s m i g h t be good d e t e r g e n t s , e a s y t o 
p r o d u c e i n e x p e n s i v e l y , n o n - t o x i c and b i o d e g r a d a b l e . 
C o n s e q u e n t l y , a l a r g e e x p e n d i t u r e was made i n s e v e r a l 
l a b o r a t o r i e s and a number o f c o m m e r c i a l l y a t t r a c t i v e 
compounds were p r o d u c e d . B e g i n n i n g i n e a r l y 1955, 
p a t e n t a p p l i c a t i o n s were f i l e d i n t h e U n i t e d S t a t e s 
and o v e r 20 f o r e i g n c o u n t r i e s . These c o n t a i n e d c l a i m s 
b o t h t o p r o d u c t s and p r o c e s s e s . The p a t e n t s t h a t 
i s s u e d were a s s i g n e d t o t h e F o u n d a t i o n and became t h e 
b a s i s f o r t h e f i r s t i n t e n s i v e l i c e n s i n g e f f o r t . 

The m e c h a n i c s o f l i c e n s i n g s u c r o c h e m i c a l s b a s i c a l 
l y i s no d i f f e r e n t f r o m l i c e n s i n g o t h e r c h e m i c a l s . 
However, s p e c i a l p r o b l e m s i n l i c e n s i n g t h e s e m a t e r i a l s 
a r i s e f r o m t h e n a t u r e o f t h e i r c h e m i c a l s t r u c t u r e , 
t h e i r method o f m a n u f a c t u r e , t h e c o m m e r c i a l u s e s t o 
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w h i c h t h e y c a n be p u t and t h e c h a r a c t e r o f t h e p o t e n 
t i a l l i c e n s e e s . 

As t h e s u g a r i n d u s t r y t r a d i t i o n a l l y i s g e a r e d t o 
p r o d u c e s u g a r f r o m a g r i c u l t u r a l raw m a t e r i a l s f o r 
d i r e c t e d i b l e c o n s u m p t i o n , l i t t l e o r no a t t e n t i o n had 
been p a i d by t h e i n d i v i d u a l companies i n t h e i n d u s t r y 
t o t h e c h e m i c a l c o n v e r s i o n o f s u g a r t o s u c r o c h e m i c a l s . 
S i m i l a r l y , s i n c e t h e c h e m i c a l i n d u s t r y had n o t contem
p l a t e d u s i n g , n o r d i d i t have d i r e c t a c c e s s t o s u c r o s e 
as a raw m a t e r i a l , c h e m i c a l c o m p a n i e s , l i k e w i s e , n e v e r 
have d e v e l o p e d s u c r o c h e m i c a l p r o d u c t s i n any a p p r e c i a 
b l e way. Thus, when p r o c e s s e s f o r c o m m e r c i a l l y p r o 
d u c i n g s u c r o c h e m i c a l s became known, n e i t h e r t h e s u g a r 
i n d u s t r y n o r t h e c h e m i c a l i n d u s t r y was i n a p o s i t i o n 
t o u t i l i z e t h e new knowledge  B o t h i n d u s t r i e s r e q u i r 
ed a m a s s i v e e d u c a t i o n a
i n g on. 

I n a d d i t i o n , w h i l e Sugar R e s e a r c h F o u n d a t i o n had 
g i v e n c o n s i d e r a b l e t h o u g h t t o p a t e n t o w n e r s h i p and a 
p a t e n t l i c e n s i n g p o l i c y , f i r m , w e l l t h o u g h t o u t i m p l e 
m e n t i n g p r o c e d u r e s had n o t been e s t a b l i s h e d . Some 
p r a c t i c a l e x p e r i e n c e , however, had been o b t a i n e d f r o m 
t h e p a t e n t i n g and l i c e n s i n g o f a s t e r i l e i n v e r t i n v e n 
t i o n d i s c o v e r e d u n d e r Sugar R e s e a r c h F o u n d a t i o n f u n d i n g 
i n t h e l a t e 1940's. T h i s m a t e r i a l was s u i t a b l e f o r 
i n t r a v e n o u s f e e d i n g , and p a t e n t s had been a p p l i e d f o r . 
Keen i n t e r e s t i n o b t a i n i n g l i c e n s e s was shown by s e v e r 
a l d r u g companies and a l i c e n s e was i s s u e d t o B a x t e r 
L a b o r a t o r i e s i n 1950, 

T h i s l i c e n s e gave t h e F o u n d a t i o n an o p p o r t u n i t y t o 
use a p a t e n t and l i c e n s i n g p o l i c y f i r s t d e v e l o p e d i n 
1947. T h i s p o l i c y s t a t e d t h a t t h e F o u n d a t i o n s h o u l d 
own p a t e n t s r e s u l t i n g f r o m r e s e a r c h work s p o n s o r e d by 
i t , s h o u l d c h a r g e r o y a l t i e s f o r any l i c e n s e under any 
p a t e n t i t owned, and s h o u l d l i c e n s e any r e s p o n s i b l e 
a p p l i c a n t on a n o n - e x c l u s i v e b a s i s . The p o l i c y was 
t h o u g h t t o s e r v e two p u r p o s e s : 1) t o e n s u r e t h a t t h e 
r e s u l t s w o u l d be u s e d t o f u r t h e r t h e i n t e r e s t s o f t h e 
i n d u s t r y and t o b e n e f i t t h e p u b l i c , and 2) t o o b t a i n 
f u l l e x p l o i t a t i o n o f t h e d i s c o v e r y and g i v e ample 
o p p o r t u n i t y t o d e m o n s t r a t e i t s u s e f u l n e s s i n p r a c t i c e . 

The l i c e n s e t o B a x t e r , however, was made e x c l u s i v e 
f o r 4.5 y e a r s and n o n e x c l u s i v e t h e r e a f t e r , u n t i l t h e 
e x p i r a t i o n o f any i s s u e d p a t e n t . The r a t i o n a l e f o r 
t h e l i m i t e d e x c l u s i v e p e r i o d was t h a t s u c h p r o t e c t i o n 
was n e c e s s a r y and d e s i r a b l e t o i n d u c e B a x t e r t o i n v e s t 
t h e s u b s t a n t i a l t i m e and money n e c e s s a r y t o d e v e l o p t h e 
p r o d u c t and c r e a t e a m a r k e t . B a x t e r , s u b s e q u e n t l y r e 
q u e s t e d an e x t e n s i o n o f t h e e x c l u s i v e p e r i o d w h i c h was 
e v e n t u a l l y g r a n t e d f o r e x p i r a t i o n i n December, 1957. 
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The l i c e n s e t h e n became n o n e x c l u s i v e and r e m a i n e d i n 
e f f e c t u n t i l t h e p a t e n t f i n a l l y e x p i r e d i n 1973. 
B a x t e r ' s s t e r i l e i n v e r t p r o d u c t was q u i c k l y a c c e p t e d 
and e n j o y e d i n c r e a s i n g s a l e s volume d u r i n g t h e l i f e o f 
t h e l i c e n s e and t h e p r o d u c t i s c u r r e n t l y w e l l e s t a 
b l i s h e d f o r i n t r a v e n o u s f e e d i n g . 

The p r a c t i c a l e x p e r i e n c e o b t a i n e d f r o m t h e p a t e n t 
i n g and l i c e n s i n g o f s t e r i l e i n v e r t p r o v i d e d a f i r m 
b a s i s f o r t h e e x p e c t e d , more e x t e n s i v e p a t e n t i n g and 
l i c e n s i n g program i n t h e s u c r o c h e m i c a l a r e a . I n 1957, 
t h e F o u n d a t i o n r e v i s e d and r e f i n e d i t s p o l i c i e s as a 
r e s u l t o f a t w o - y e a r s t u d y by a s p e c i a l c o m m i t t e e . 
W h i l e r e a f f i r m i n g t h e m a j o r t e n e t s o f t h e e a r l i e r p o l i 
c y , i t was d e c i d e d t o a d o p t s t a n d a r d l i c e n s e forms f o r 
b o t h d o m e s t i c and f o r e i g n l i c e n s e s  t o p r o h i b i t t h e 
g r a n t i n g o f e x c l u s i v
ment i n n o n e x c l u s i v
and t o p r o v i d e f o r s h a r i n g r o y a l t i e s w i t h i n v e n t o r s i n 
e d u c a t i o n a l i n s t i t u t i o n s b u t n o t w i t h F o u n d a t i o n s t a f f 
members o r employees o f c o m m e r c i a l l a b o r a t o r i e s w h i c h 
may have had f u n d e d s u p p o r t f r o m t h e F o u n d a t i o n . T h i s 
r e v i s e d p o l i c y f i r s t was employed i n l i c e n s i n g t h e s u g 
a r e s t e r s and has g o v e r n e d a l l s u b s e q u e n t p a t e n t i n g 
and l i c e n s i n g by t h e F o u n d a t i o n . I t s t i l l i s i n e f f e c t 
t o d a y . 

The p r i n c i p a l t e r m s o f t h e s t a n d a r d l i c e n s e r e l a 
t i n g t o s u g a r e s t e r d e t e r g e n t s i n c l u d e n o n e x c l u s i v i t y , 
an i n i t i a l n o m i n a l payment on e x e c u t i o n o f t h e l i c e n s e , 
a r u n n i n g r o y a l t y o f 2% o f n e t s a l e s v a l u e o f p r o d u c t s 
p r o d u c e d under t h e l i c e n s e , and a minimum a n n u a l r o y a l 
t y payment. D u r i n g 1956, t h e f i r s t y e a r o f l i c e n s i n g 
a c t i v i t y , f o u r d o m e s t i c and t h r e e f o r e i g n l i c e n s e s were 
c o n c l u d e d even w h i l e most p a t e n t a p p l i c a t i o n s were 
s t i l l p e n d i n g . I n s u b s e q u e n t y e a r s a number o f a d d i 
t i o n a l l i c e n s e e s were o b t a i n e d , b o t h i n t h e U n i t e d 
S t a t e s and i n f o r e i g n c o u n t r i e s , b u t a number o f t h e 
o r i g i n a l l i c e n s e e s t e r m i n a t e d t h e i r a g r e e m e n t s . 

A t t h e p r e s e n t t i m e , 20 y e a r s a f t e r t h e o r i g i n a l 
f i l i n g and t h e y e a r i n w h i c h t h e p a t e n t s e x p i r e , s u 
c r o s e e s t e r s a r e b e i n g p r o d u c e d c o m m e r c i a l l y i n J a p a n 
and F r a n c e u n d e r t h e o r i g i n a l s u g a r e s t e r p a t e n t s . 
R e c e n t l y , a s u g a r company i n E n g l a n d has i n t r o d u c e d 
s u g a r e s t e r s made by a d i f f e r e n t p r o p r i e t a r y p r o c e s s , 
b u t l i c e n s e s f r o m Sugar R e s e a r c h F o u n d a t i o n a r e n o t 
r e q u i r e d . 

The m a j o r l i c e n s e e i n t h e U n i t e d S t a t e s , a f t e r 
s p e n d i n g a g r e a t d e a l o f t i m e and e f f o r t on t e c h n i c a l 
r e s e a r c h and d e v e l o p m e n t and m a r k e t i n g r e s e a r c h , was 
u n a b l e t o o b t a i n Food and Drug A d m i n i s t r a t i o n c l e a r a n c e 
f o r i t s c o n t e m p l a t e d p r o d u c t s and d i s c o n t i n u e d i t s i n -
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t e r e s t i n p r o d u c i n g m a r k e t a b l e p r o d u c t s . 
W h i l e i t s t i l l i s p o s s i b l e t h a t w i d e s p r e a d use o f 

t h e s u c r o s e e s t e r s w i l l d e v e l o p i n t h e U n i t e d S t a t e s 
i n f u t u r e y e a r s , t h e two m a j o r d e t e r r e n t s w h i c h w i l l 
need t o be overcome a r e c o s t s r e l a t i v e t o c o m p e t i n g , 
p e t r o c h e m i c a l l y - b a s e d p r o d u c t s and FDA c l e a r a n c e f o r 
c e r t a i n f o o d and n o n - f o o d u s e s . The l a t t e r p r o b l e m 
a r i s e s as a r e s u l t o f t h e s o l v e n t u s e d i n t h e manufac
t u r e o f t h e e s t e r s . I n J a p a n , b o t h t h e s e f a c t o r s a r e 
l e s s i m p o r t a n t a n d , i n F r a n c e , t h e use i s i n a n i m a l 
f e e d a d d i t i v e s where o n l y s m a l l amounts a r e r e q u i r e d 
and c l e a r a n c e i s n o t n e c e s s a r y . 

I t a l s o has been d i s c o v e r e d t h a t , u n l i k e t h e com
p e t i n g f a t t y a l c o h o l s u l p h o n a t e s , t h e s u g a r e s t e r s hy-
d r o l y z e e x t e n s i v e l y d u r i n g t h e c r u t c h i n g o p e r a t i o n u s e d 
i n f o r m u l a t i n g d e t e r g e n t s
e s t e r s w i t h p r o p y l e n
t h i s p r o b l e m , b u t a d d i t i o n a l r e s e a r c h and d e v e l o p m e n t 
work i s needed t o p r o v e t h i s . 

S u c r o s e B a sed P o l y m e r s and O t h e r D e r i v a t i v e s 

S i n c e s u c r o s e m i g h t seem t o be an i d e a l monomer i n 
p o l y m e r i z a t i o n r e a c t i o n s , a v e r y l a r g e v a r i e t y o f r e a c 
t i o n s o f t h i s t y p e have been i n v e s t i g a t e d i n S ugar 
R e s e a r c h F o u n d a t i o n s u p p o r t e d p r o j e c t s . I n t h e 1940's, 
e t h y l e n e o x i d e was combined w i t h s u c r o s e , b u t t h e p r o 
d u c t s o b t a i n e d d i d n o t l e n d t h e m s e l v e s d i r e c t l y t o 
c o m m e r c i a l d e v e l o p m e n t . The f i r s t i n t e n s i v e e f f o r t s 
t o p r o d u c e p o l y m e r s o c c u r r e d c o n c u r r e n t l y w i t h t h e s u g 
a r e s t e r d e t e r g e n t a c t i v i t i e s i n t h e 1950's. These 
e f f o r t s i n c l u d e d s t u d i e s o f t h e p o l y m e r i z a t i o n o f s u 
c r o s e w i t h u r e a , v i n y l a c e t a t e , p h e n o l and f o r m a l d e h y d e , 
ammonia and h y d r o g e n , melamine and f o r m a l d e h y d e and 
many o t h e r v a r i a t i o n s . 

P o l y m e r i c m a t e r i a l s b a s e d on s u c r o s e a l s o have 
been p r o d u c e d by u t i l i z i n g t h e f r e e r e a c t i v e g r o u p s o f 
s u c r o s e p a r t i a l e s t e r s , a c e t a l s and e t h e r s . C o p o l y -
m e r i z a t i o n o f t h e s e d e r i v a t i v e s w i t h o t h e r e s t e r s , a c y l 
o r a n h ydro d e r i v a t i v e s , d i e p o x i d e s , v a r i o u s v e g e t a b l e 
o i l s , and c y a n o e t h y l e t h e r s have p r o d u c e d d r y i n g o i l s , 
t e x t i l e f i n i s h i n g a g e n t s , a d h e s i v e s , and p o l y m e r s s u i t 
a b l e f o r f o r m i n g i n t o f i l m s and f i b e r s . S u c r o c h e m i 
c a l s , s u c h as a l l y l s u c r o s e and s u c r o s e c a r b o n a t e , c a n 
be made t o f o r m h a r d s u r f a c e c o a t i n g s . S u c r o s e - b a s e d 
p o l y u r e t h a n e s have r e c e i v e d a l s o e x t e n s i v e i n v e s t i g a 
t i o n . 

A number o f m e t a l d e r i v a t i v e s o f s u c r o s e have been 
made and t e s t e d as a n t i m i c r o b i a l s , p e s t i c i d e s and f u n g i 
c i d e s . Some o f t h e s e a l s o have been t e s t e d as c h e l a t -
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i n g a g e n t s and as i n t e r m e d i a t e s i n t h e p r o d u c t i o n o f 
o t h e r e t h e r s and e s t e r s . P o l y h a l o g e n a t e d s u c r o s e s 
have been made and t h e i r u s e s p e r se and as c h e m i c a l 
i n t e r m e d i a t e s have been i n v e s t i g a t e d . B o t h o x i d a t i o n 
and r e d u c t i o n o f t h e s u c r o s e m o l e c u l e have been s t u d i e d , 
as w e l l as o t h e r d e r i v a t i v e s o f s u c r o s e , t h e s u l f a t e s , 
p h o s p h a t e s and s u l f o n a t e s . 

Many s u c r o c h e m i c a l s a r e a k i n t o f i n e o r g a n i c chem
i c a l s , p h a r m a c e u t i c a l s and o r g a n i c i n t e r m e d i a t e s . The 
m a j o r economic a t t r a c t i v e n e s s o f s u c r o c h e m i c a l s b o t h t o 
p r o d u c e r and u s e r , however, w o u l d be f o r l a r g e volume 
c h e m i c a l p r o d u c t s , s u c h as d e t e r g e n t s , a n i m a l o r human 
f o o d s , p l a s t i c s , f i l m s o r f i b e r s . F o r t h e s e u s e s , 
s u c r o c h e m i c a l s w o u l d compete w i t h s i m i l a r and a n a l o g o u s 
i n t e r m e d i a t e s and c h e m i c a l s made f r o m p e t r o l e u m  a 
s i t u a t i o n w h i c h p u t
e c o n o m i c a l l y u n f a v o r a b l
p e t i t i o n w i t h p e t r o c h e m i c a l s , s u c r o c h e m i c a l s must have 
s p e c i a l p r o p e r t i e s o r be u s e f u l i n s p e c i a l ways. T h i s 
l i m i t s t h e i r volume o f s a l e s and a t t r a c t i v e n e s s as p r o 
f i t g e n e r a t i n g p r o d u c t s . 

P a t e n t i n g and L i c e n s i n g S u c r o c h e m i c a l I n v e n t i o n s 
t h r o u g h R e s e a r c h C o r p o r a t i o n 

As t h e number and t y p e o f s u c r o c h e m i c a l s r e s u l t i n g 
f rom S ugar R e s e a r c h F o u n d a t i o n S t u d i e s p r o l i f e r a t e d and 
became more complex, t h e c o s t and s t a f f t i m e s p e n t on 
p a t e n t and l i c e n s i n g m a t t e r s a l s o i n c r e a s e d s u b s t a n t i a l 
l y , and t h e need f o r a d d i t i o n a l h e l p became a p p a r e n t . 
C o n s e q u e n t l y , i n 1960, Sugar R e s e a r c h F o u n d a t i o n and 
R e s e a r c h C o r p o r a t i o n , a n o n - p r o f i t , t a x exempt f o u n d a 
t i o n w i t h c o n s i d e r a b l e p r i o r e x p e r i e n c e i n t h e s e a r e a s , 
c o n c l u d e d a p a t e n t a s s i s t a n c e agreement. T h i s a r r a n g e 
ment p r o v i d e d t h a t e v a l u a t i o n , p a t e n t i n g and l i c e n s i n g 
o f i n v e n t i o n s a r i s i n g as a r e s u l t o f Sugar R e s e a r c h 
F o u n d a t i o n s u p p o r t were t o be u n d e r t a k e n by R e s e a r c h 
C o r p o r a t i o n a t i t s e x p e n s e . Any income r e s u l t i n g f r o m 
t h i s a c t i v i t y w o u l d be d i s t r i b u t e d between t h e two 
f o u n d a t i o n s and t h e i n v e n t o r s . The e x i s t i n g l i c e n s e s 
c o v e r i n g s t e r i l e i n v e r t and s u g a r e s t e r s were t r a n s f e r 
r e d t o R e s e a r c h C o r p o r a t i o n and f u t u r e e f f o r t s t o l i 
c e n s e t h e s e and any o t h e r s u c r o c h e m i c a l i n v e n t i o n s were 
t o be h a n d l e d by R e s e a r c h C o r p o r a t i o n . 

E a r l y i n t h e 1960's, however, due t o a p o l i c y 
change a t Sugar R e s e a r c h F o u n d a t i o n , i t was d e c i d e d 
v i r t u a l l y t o d i s c o n t i n u e f u r t h e r g e n e r a l s u p p o r t o f 
s u c r o c h e m i c a l s t u d i e s , a t l e a s t t e m p o r a r i l y . Nonethe
l e s s , s t u d i e s o f a number o f p o l y m e r i z a t i o n r e a c t i o n s 
were c o n t i n u e d i n G r e a t B r i t a i n and Canada, s u p p o r t e d 
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p r i n c i p a l l y by f u n d s p r o v i d e d by i n d u s t r i a l members 
i n t h o s e c o u n t r i e s . The p r o d u c t s and p r o c e s s e s r e s u l t 
i n g f r o m t h e i r work, on e v a l u a t i o n , d i d n o t appear t o 
l e a d t o p a t e n t a b l e o r c o m m e r c i a l l y a t t r a c t i v e p r o d u c t s . 

The l e v e l o f e x p e r i m e n t a l work was i n c r e a s e d some
what i n t h e f i r s t h a l f o f t h e 1970's and p a t e n t a p p l i 
c a t i o n s have been f i l e d on f o u r o f t h e most r e c e n t de
v e l o p m e n t s . Of t h e s e , one p r o b a b l y i s e c o n o m i c a l l y 
i m p r a c t i c a l , one i s m a r g i n a l l y a t t r a c t i v e c o m m e r c i a l l y 
and t h e o t h e r two e v e n t u a l l y may l e a d t o m a r k e t a b l e 
p r o d u c t s . L i c e n s i n g o f t h e s e p r o b a b l y w i l l f o l l o w 
t h e g e n e r a l p a t t e r n p r o v i d e d by t h e s u g a r e s t e r s w i t h , 
p e r h a p s , t h e added f e a t u r e o f a l i m i t e d e x c l u s i v i t y 
t o e n c o u r a g e i n v e s t m e n t o f ad e q u a t e f u n d s and t e c h n i c a l 
s u p p o r t by t h e l i c e n s e e s

R e v i e w i n g t h e
a p p a r e n t t h a t , w h i l
t r i g u i n g s c i e n t i f i c a l l y , t h e f a t e o f s u c r o c h e m i c a l s i n 
t h e m a r k e t p l a c e depends on economic and p o l i t i c a l 
f a c t o r s and c o m p e t i t i o n f r o m p e t r o c h e m i c a l l y - b a s e d p r o 
d u c t s . I f and when p e t r o l e u m becomes s c a r c e and c o s t 
l y as a raw m a t e r i a l , s u c r o c h e m i c a l s d e r i v e d f r o m a 
n a t u r a l , e v e r - a v a i l a b l e a g r i c u l t u r a l s o u r c e p r o b a b l y 
w i l l be a b l e t o f i l l m a r k e t needs q u i t e w e l l . I n t h e 
meantime, t h e s e m a t e r i a l s w i l l f i n d l i m i t e d u s e s i n 
s p e c i a l t y m a r k e t s , p r o b a b l y a t s l o w l y i n c r e a s i n g r a t e s , 
t h u s p r o v i d i n g l i c e n s i n g o p p o r t u n i t i e s f o r t h e i n d u s t r y 
s u p p o r t e d , I n t e r n a t i o n a l Sugar R e s e a r c h F o u n d a t i o n , I n c . 
and l i c e n s i n g , m a n u f a c t u r i n g and m a r k e t i n g o p p o r t u n i 
t i e s f o r t h e s u g a r i n d u s t r y i t s e l f . 

Abstract 
Sucrochemical patents present special licensing pro
blems for several reasons; (1) chemicals based on su
crose usually are complex mixtures rather than pure 
chemical compounds, (2) they frequently can be used in 
foods or for cosmetic formulation thus requiring FDA 
clearances, (3) the same materials can be used for a 
wide range of applications such as animal feeds, human 
nutrition, polymers, coatings, agricultural chemicals, 
wood impregnation, antifungal and antibacterial agents 
and (4) they are costly compared to similar competitive 
petrochemical derivatives. This paper discusses both 
successful and unsuccessful licensing efforts by Re
search Corporation and the International Sugar Research 
Foundation, Inc. over the past 20 years, involving su
crochemicals developed under the long-term research 
program supported by that Foundation. 
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Many c h e m i c a l u s e
have been r e p o r t e d
h o l , g l y c e r i n , u r e t h a n e foam i n t e r m e d i a t e s , d e t e r g e n t s , 
and p l a s t i c i z e r s . These o p p o r t u n i t i e s have been d i s 
c u s s e d i n o t h e r p a p e r s i n t h i s volume, i n t h e ISRF-
p u b l i s h e d book by V a l e r i e K o l l o n i t s c h (1̂ ) / and e l s e w h e r e . 

W i t h t h e r i s e o f o i l and gas p r i c e s t h a t have o c 
c u r r e d r e c e n t l y and t h a t a r e e x p e c t e d i n t h e f u t u r e , 
u p d a t e d c o m p a r i s o n s a r e needed o f c o s t s o f making v a r i 
ous c h e m i c a l s f r o m h y d r o c a r b o n s v e r s u s s u c r o s e . I n 
t h e l o n g r u n , o i l and gas may be i n v e r y s h o r t s u p p l y 
a t any p r i c e . A t t h a t t i m e t h e c o m p e t i t i o n may be 
among s u c r o s e , c e l l u l o s e , and c o a l . T h i s p a p e r a d d r e s 
s e s t h e c o s t o f e t h a n o l p r o d u c t i o n i n some d e t a i l and 
t a k e s a b r i e f l o o k a t a c e t o n e , b u t a n o l , and g l y c e r i n 
f r o m h y d r o c a r b o n s and s u c r o s e , s i n c e t h e s e a r e c a s e s 
where s i g n i f i c a n t volumes o f s u c r o s e m i g h t be u t i l i z e d . 

B e f o r e a c o m p a r i s o n o f h y d r o c a r b o n s and s u c r o s e 
f o r c h e m i c a l use i s made, a l o o k i s i n o r d e r a t t h e 
a l t e r n a t e u s e s o f s u c r o s e . T h e r e i s no p o i n t l o o k i n g 
a t m a r k e t s f o r s u c r o s e as a c h e m i c a l f e e d s t o c k even a t 
a low c o s t i f i t s use as f o o d o r a n i m a l f e e d commands 
a b e t t e r p r i c e . The c o m p a r i s o n a l s o s h o u l d i n c l u d e 
f u e l as w e l l as c h e m i c a l u s e s o f t h e p r o d u c t s made from 
s u c r o s e , s i n c e t h i s use a l s o i s i n f l u e n c e d by t h e i n 
c r e a s e d p r i c e s f o r h y d r o c a r b o n s . I n t h i s c o m p a r i s o n 
t h e v a l u e o f t h e m a t e r i a l t o t h e u s e r must be c o n s i d e r 
ed. As a s t a r t , l e t us compare f o o d and f u e l v a l u e s . 
Sugar a t 2 0 C / l b i n t h e s u p e r m a r k e t s e l l s f o r $ 2 8 / m i l -
l i o n B t u . G a s o l i n e a t 6 2 C / g a l ( i n c l u d i n g t a x e s ) i s 
e q u i v a l e n t t o $ 5 / m i l l i o n B t u . The h i g h e r v a l u e f o r t h e 
su g a r can be a t t r i b u t e d t o t h e f a c t t h a t i t has e x t r a 
v a l u e , namely n u t r i t i o n a l , p r e s e r v a t i v e , and f l a v o r 
v a l u e s . Thus, u n t i l a l l f o o d m a r k e t s f o r s u g a r a r e 
s a t i s f i e d a t a l l p r i c e s down t o t h e f u e l v a l u e , no sug-
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a r w i l l be o f f e r e d t o p r o d u c e f u e l a t t h e f u e l - v a l u e d 
p r i c e . 

Of c o u r s e , once t h e f o o d m a r k e t a t t h e c u r r e n t 
p r i c e i s s a t i s f i e d and p r i c e s d r o p , o t h e r m a r k e t s may 
be a b l e t o use s u g a r b e f o r e t h e p r i c e r e a c h e s t h e f u e l 
p r i c e . A n o t h e r l a r g e m a r k e t t h a t c a n a f f o r d t o pay a 
n u t r i t i o n a l premium i s t h e a n i m a l f e e d i n d u s t r y , w h i c h 
now i s a l a r g e u s e r o f m o l a s s e s . Thus, t h e r e i s a 
h i e r a r c h y o f needs and w i l l i n g n e s s t o pay, i n t h e o r d e r 
f o o d , f e e d , t h e n f u e l s . F u r t h e r c o n s i d e r a t i o n o f 
o t h e r m a r k e t s l e a d s t o t h e e x t e n d e d h i e r a r c h y shown i n 
T a b l e I ( w i t h a p o l o g i e s f o r t h e f o r c e d a l l i t e r a t i o n ) . 
T a b l e I . H i e r a r c h y o f Farm P r o d u c t s Uses 

1. F a r m a c e u t i c a l 10
2. F i r e w a t e r 11
3. F r a g r a n c e 12. F e r t i l i z e r 
4. F l a v o r a n t 13. F r i a b i l i t y a i d , e r o s i o n 
5. F u n c t i o n a l a i d f o r f o o d c o n t r o l , e t c . 
6. Food 14. F u e l 

F l e s h , f o w l , f i s h F o r f a m i l y f l i v e r 
F a t s and o i l s F l y i n g 
F i l l e r s F a m i l y f u r n a c e 

7. Feed F a c t o r y and e l e c t r i -
8. F i b e r c i t y g e n e r a t i o n 
9. F i l m and s h e e t 
I n t e r m e d i a t e between f e e d and f u e l u s e s a r e t h o s e t h a t 
u t i l i z e t h e one, two, and t h r e e d i m e n s i o n a l p r o p e r t i e s 
o f cane f i b e r o r s u c r o s e d e r i v a t i v e s , f o r example, 
r a y o n o r p o l y e t h y l e n e , f i b e r , p a p e r , and C e l o t e x 
b o a r d . The c h e m i c a l and b u l k p h y s i c a l p r o p e r t i e s a r e 
r e f l e c t e d i n u s e s as a c h e m i c a l f e e d s t o c k , f e r t i l i z e r , 
and a i d t o i m p r o v e t h e q u a l i t y o f t h e s o i l , p r e v e n t 
e r o s i o n , and h o l d m o i s t u r e i n t h e s o i l . These a l l 
have a g r e a t e r v a l u e p e r l b t h a n j u s t u s i n g t h e c h e m i 
c a l b o n d i n g e n e r g y r e l e a s e d on c o m b u s t i o n . A l s o , 
t h e r e a r e v a l u e s h i g h e r t h a n t h e n u t r i t i v e v a l u e o f 
f o o d . These a r e r e l a t e d t o h i g h e r p h y s i o l o g i c a l a c t i 
v i t i e s o f t h e m a t e r i a l s u c h a s , use as a d r u g o r 
m e d i c i n e , f l a v o r , o r f r a g r a n c e . The b e v e r a g e use o f 
a l c o h o l , t a x p a i d a t r e t a i l , commands a t l e a s t $ 4 0 / g a l , 
w h i c h i s e q u i v a l e n t t o $ 6 0 / g a l f o r g a s o l i n e . Thus, 
s u c r o s e as a s w e e t e n e r i s w o r t h more p e r l b t h a n c o r n 
s t a r c h , w h i c h p r o v i d e s c a l o r i e s b u t no f l a v o r . Func
t i o n a l a i d s , t h a t i s i n g r e d i e n t s w h i c h i m p r o v e t h e 
p r o p e r t i e s o f f o o d , s h e l f l i f e , o r p r e p a r a t i o n e a s e 
have a premium. S u c r o s e as a p r e s e r v a t i v e i n marmalade 
i s w o r t h more t h a n a f o o d t h a t o n l y p r o v i d e s c a l o r i e s . 
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I t s h o u l d be n o t e d t h a t t h e h i g h e r v a l u e p r o d u c t s 
u s u a l l y a r e s o l d i n s m a l l e r volumes t h a n t h e l o w e r 
v a l u e d p r o d u c t s . F o r e x ample, t h e a n n u a l p e r c a p i t a 
c o n s u m p t i o n i n t h e U n i t e d S t a t e s i s 90-100 l b o f s u g a r 
v e r s u s 2700 l b o f g a s o l i n e . Economic i n c e n t i v e s l e a d 
t h e p r o d u c e r t o f i l l t h e h i g h e s t v a l u e m a r k e t even a t 
low v o l u m e s , t h e n t o " s p i l l o v e r " t o t h e n e x t l o w e r 
p r i c e , l a r g e r volume m a r k e t . F r e q u e n t l y , p r o d u c t d i f 
f e r e n t i a t i o n i s u s e d t o a v o i d l o s s o f t h e premium p r i c e 
i n t h e f i r s t m a r k e t w h i l e g a i n i n g s a l e s volume i n t h e 
s e c o n d . F o r e x ample, a l c o h o l i s s o l d i n b e v e r a g e 
( t a x a b l e and t a x f r e e ) and d e n a t u r e d g r a d e s . 

W i t h i n e a c h c a t e g o r y t h e r e a l s o i s a h i e r a r c h y . 
Meat i s w o r t h more t h a n f a t s and o i l s , w h i c h i n t u r n 
a r e w o r t h more t h a n s t a r c h y f o o d s , w h i c h p r o v i d e m e r e l y 
c a l o r i e s . I n t h e f u e l
and home h e a t i n g hav
n i n g f a c t o r i e s o r g e n e r a t i n g e l e c t r i c i t y . 

O c c a s i o n a l l y , t h e r e i s an i n v e r s i o n o f t h e o r d e r , 
b u t o n l y i n u n u s u a l c i r c u m s t a n c e s , f o r e x a m p l e , t h e snow
bound c a b i n d w e l l e r b u r n i n g h i s f u r n i t u r e f o r warmth. 
F o r c h e m i c a l u s e s o f s u c r o s e t o r a n k h i g h e r t h a n f o o d 
and f e e d w o u l d r e q u i r e q u i t e a r e v o l u t i o n i n human 
v a l u e s . On t h e o t h e r hand, a t t h e f o o d and f e e d p r i c e 
f o r s u c r o s e , economic i n c e n t i v e s w o u l d be more l i k e l y 
t o l e a d t o t h e use o f s u c r o s e as a c h e m i c a l i n t e r m e d i 
a t e t h a n as a s o u r c e o f f u e l . 

L o o k i n g f u r t h e r a t c h e m i c a l o p p o r t u n i t i e s , a 
s e a r c h was made f o r l a r g e volume c h e m i c a l s t h a t c o u l d 
a f f o r d t h e c o s t o f s u c r o s e as a raw m a t e r i a l . When 
t h e volume o f o r g a n i c c h e m i c a l p r o d u c t i o n i s g r a p h e d 
a g a i n s t p r i c e p e r l b f o r 150 l e a d i n g o r g a n i c c h e m i c a l s 
(2) i n a l o g - l o g p l o t , a n e a r l y s t r a i g h t band i s f o u n d 
as shown i n F i g u r e 1. However, i f t h e t y p e o f c h e m i 
c a l i s c o n s i d e r e d , t h e d i s p l a y no l o n g e r i s a band b u t 
a s e r i e s o f o v e r l a p p i n g p a t c h e s , as shown i n F i g u r e 2. 
H e r e , a h i e r a r c h y c a n be s e e n , s i m i l a r t o t h a t d e s c r i b 
ed p r e v i o u s l y . Most p r i m a r y p e t r o c h e m i c a l s a r e i n 
t h e h i g h v o lume-low p r i c e c a t e g o r y . C h e m i c a l s w i t h 
m a c r o m o l e c u l a r s t r u c t u r e , t h a t i s , p l a s t i c s , r e s i n s , 
and e l a s t o m e r s , a r e i n t h e m e d i u m - t o - l a r g e volume and 
a t a h i g h e r a v e r a g e p r i c e t h a n b a s i c p e t r o c h e m i c a l s . 
M a t e r i a l s w i t h p h y s i o l o g i c a l a c t i v i t i e s s u c h as m e d i 
c i n a l c h e m i c a l s , f l a v o r a n t s , and some p e s t i c i d e s have 
low volumes and h i g h v a l u e s . C h e m i c a l s w i t h o t h e r 
f u n c t i o n a l v a l u e s , s u c h as r u b b e r p r o c e s s i n g c h e m i c a l s , 
p l a s t i c i z e r s , and s u r f a c e a c t i v e a g e n t s , s e l l i n moder
a t e volumes a t p r i c e s between t h e two e x t r e m e s . 

W i t h t h e i d e a o f u t i l i z i n g l a r g e amounts o f s u 
c r o s e and r e l e a s i n g l a r g e amounts o f p e t r o l e u m f o r 
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Figure 2. Price vs. volume, organic chemicals by type, 1974 

o t h e r u s e s , t h e f e a s i b i l i t y o f p r o d u c i n g e t h a n o l , b u t a -
n o l , a c e t o n e , and g l y c e r i n were c h o s e n f o r f u r t h e r a n a l 
y s i s . 

I n d u s t r i a l E t h a n o l 

U n t i l t h e p e t r o c h e m i c a l and n a t u r a l gas boom, i n 
d u s t r i a l e t h a n o l was m a n u f a c t u r e d p r i m a r i l y by f e r m e n 
t a t i o n o f m o l a s s e s . The p r o d u c t i o n o f e t h y l e n e w i t h 
a s e l l i n g p r i c e o f o n l y 3 C / l b combined w i t h i n c r e a s e d 
use o f m o l a s s e s i n a n i m a l f e e d l e d i n t h e U n i t e d S t a t e s 
t o t h e m a n u f a c t u r e o f e t h a n o l p r i m a r i l y by h y d r a t i o n o f 
e t h y l e n e . 

The c u r r e n t market f o r i n d u s t r i a l e t h a n o l e x c e e d s 
700,000 t o n s / y e a r (3). A d d i t i o n a l e t h a n o l i s u s e d 
c a p t i v e l y by some p r o d u c e r s t o m a n u f a c t u r e a c e t i c 
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a c i d and a c e t a l d e h y d e , t h u s l e a d i n g t o a s t i l l l a r g e r 
p r o d u c t i o n t h a n t h e s a l e s f i g u r e s d i r e c t l y a t t r i b u t e d 
t o e t h a n o l . 

The s e l l i n g p r i c e o f i n d u s t r i a l e t h a n o l has r i s e n 
r a p i d l y i n t h e l a s t few y e a r s , r e f l e c t i n g e t h y l e n e 
p r i c e i n c r e a s e s f r o m t h e range o f 3C t o 4C/lb t o IOC 
t o 12C/lb. The p r e s e n t s e l l i n g p r i c e o f e t h a n o l i s 
a p p r o x i m a t e l y $1.15/gal, o f w h i c h t h e e t h y l e n e c o s t i s 
a p p r o x i m a t e l y 50C and t h e non-raw m a t e r i a l c o s t s t o t a l 
65C/gal. The non-raw m a t e r i a l c o s t s i n c l u d e m a r k e t i n g 
c h a r g e s and p r o f i t i n a b u s i n e s s t h a t has many s m a l l 
c u s t o m e r s w i t h s p e c i a l i z e d r e q u i r e m e n t s . 

E t h a n o l from Cane J u i c e . R e s e a r c h c o n d u c t e d by B a t t e l l e 
Columbus L a b o r a t o r i e s f o r t h e F u e l s f r o m Biomass P r o
gram O f f i c e o f t h e
En e r g y R e s e a r c h an
has f o c u s e d on t h e p o s s i b l e m a n u f a c t u r e o f e t h a n o l 
from s u g a r c r o p s . The p r o s p e c t s f o r m a n u f a c t u r e o f 
e t h y l e n e f r o m f e r m e n t a t i o n e t h a n o l i s i n c l u d e d i n t h i s 
r e s e a r c h p r o j e c t . E t h y l e n e p r o d u c t i o n f r o m s u g a r c r o p s 
i s c o n s i d e r e d a l o n g - r a n g e o p p o r t u n i t y b e c a u s e t h e 
p r i c e o f p e t r o l e u m w o u l d have t o n e a r l y t r i p l e b e f o r e 
i t w o u l d b e g i n t o a p p e a r e c o n o m i c a l l y a t t r a c t i v e . 
A c c o r d i n g l y , e t h y l e n e f r o m f e r m e n t a t i o n e t h a n o l i s n o t 
d i s c u s s e d i n t h i s p a p e r . 

The c o n s o l i d a t e d m a n u f a c t u r i n g c o s t s f o r an e t h a n 
o l f e r m e n t a t i o n f a c i l i t y t h a t i s c a p a b l e o f making 
about 70 m i l l i o n g a l p e r y e a r o f 190 p r o o f a l c o h o l i s 
shown i n T a b l e I I . The m a j o r c o s t e l e m e n t i n fermen
t a t i o n e t h a n o l i s t h e s u g a r s o l u t i o n t h a t i s t h e raw 
m a t e r i a l . J u i c e s t h a t c o u l d be e x t r a c t e d f r o m s u g a r 
c a n e , s u g a r b e e t s , and sweet sorghum were i n v e s t i g a t e d 
by B a t t e l l e . S u garcane j u i c e a p p e a r s t o be most prom
i s i n g f o r l a r g e - s c a l e o p e r a t i o n s b e c a u s e t h e c o - o p e r a 
t i o n a l b a g a s s e c an be u s e d t o a c h i e v e f u e l s e l f - s u f f i 
c i e n c y . F o r s m a l l e r s c a l e o p e r a t i o n s , b y - p r o d u c t m o l 
a s s e s may be as good o r b e t t e r b u t t h e p r i c e v o l a t i l i t y 
o f t h i s b y - p r o d u c t c o u l d be a s o u r c e o f c o n c e r n . B a t 
t e l l e e s t i m a t e s t h a t c l o s e t o 15 l b o f f e r m e n t a b l e s o l 
i d s w o u l d be r e q u i r e d t o make one g a l e t h a n o l . A 
r e a s o n a b l y o p t i m i s t i c cane j u i c e c o s t i s a p p r o x i m a t e l y 
6C/lb ( f e r m e n t a b l e s o l i d s b a s i s ) . T h e r e f o r e , t h e 
s u g a r s a l o n e w o u l d c o s t a b o u t 90C/gal o f e t h a n o l . 

The m a j o r c a p i t a l c o s t i s f o r a l a r g e number o f 
f e r m e n t a t i o n t a n k s . T h e r e f o r e , s m a l l e r p l a n t s may 
have n e a r l y as low c a p i t a l c o s t p e r g a l bec a u s e one 
s i m p l y u s e s f e w e r , l a r g e - s i z e f e r m e n t a t i o n t a n k s . The 
ma j o r o p e r a t i n g c o s t i s t h e steam r e q u i r e d t o d i s t i l l 
t h e e t h a n o l and t o p e r f o r m v a r i o u s cane j u i c e c o n c e n -
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T a b l e I I . 
C o n s o l i d a t e d Manufacturing Costs - E t h a n o l P l a n t 

(In m i l l i o n s o f 1976 d o l l a r s ) 

B a s i s : 70 m i l l i o n g a l l o n s of 95 percent ethanol and 224,400 tons 
d r i e d stilläge 

ia 

Annualized C a p i t a l Charges 14.9 

Estimated Operating Costs i n c l u d i n g dénaturant 22.2 

Sugarcane J u i c e 55.

TOTAL 92.

S t i l l a g e By-Product C r e d i t (11.2) 

NET MANUFACTURING C O S T 81.8 

NET M A N U F A C T U R I N G ; C O S T PER GALLON 1.17 

(a) Based on c a p i t a l investment of $127 m i l l i o n , 60% debt, 14% re t u r n 
a f t e r taxes. 

t r a t i o n o p e r a t i o n s . The a v a i l a b i l i t y o f cheap b a g a s s e 
t o a c c o m p l i s h t h i s steam g e n e r a t i o n i s a d e f i n i t e a d 
v a n t a g e f o r s u g a r c a n e . However, b e e t j u i c e o r m o l a s 
s e s may be a c c e p t a b l e i f a s u p p l y o f cheap steam c a n be 
a s s u r e d . A n o t h e r r e l a t i v e l y h i g h c o s t i t e m i s w o r k i n g 
c a p i t a l , b e c a u s e c o n c e n t r a t e d cane j u i c e must be s t o r e d 
d u r i n g t h e o f f s e a s o n and c o n s i d e r a b l e e t h a n o l i n v e n 
t o r i e s a r e r e q u i r e d t o s e r v i c e t h e m a r k e t . 

S t i l l a g e , t h a t i s , s t i l l r e s i d u e and s p e n t y e a s t , 
i s a n u t r i t i o u s a n i m a l f e e d c o n c e n t r a t e . The stilläge 
fr o m t h i s e t h a n o l p r o c e s s does n o t have a c o m p o s i t i o n 
as d e s i r a b l e as t h a t o b t a i n e d f r o m g r a i n e t h a n o l o p e r a 
t i o n s . P r o t e i n c o n t e n t i s l o w and s a l t s c o n t e n t i s 
h i g h . T h i s stilläge was e s t i m a t e d t o be h a l f t h e 
v a l u e o f t h e c o n v e n t i o n a l g r a i n - b a s e d p r o d u c t s . 

The n e t c o s t s a r e c a l c u l a t e d t o be abo u t $ 1 . 1 7 / g a l . 
These c o s t s i n c l u d e a c h a r g e f o r a r e t u r n on e q u i t y o f 
14% a f t e r t a x e s , a s s u m i n g t h a t 60% o f t h e c a p i t a l f o r 
t h e v e n t u r e were b o r r o w e d a t 8.75% i n t e r e s t . M a r k e t 
i n g c h a r g e s and o t h e r p r o m o t i o n a l e x p e n s e s t h a t c o u l d 
add a p p r o x i m a t e l y 35£/gal a r e n o t i n c l u d e d . I f more 
c o n s e r v a t i v e f i n a n c i a l p o l i c i e s were u s e d ( e . g . , 30% 
d e b t and 15% a f t e r t a x e s r e t u r n on e q u i t y ) , t h e manu
f a c t u r i n g c o s t w o u l d r i s e t o ab o u t $ 1 . 3 0 / g a l and t h e 
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s e l l i n g p r i c e m i g h t be c l o s e t o $1.70. 
These p r e l i m i n a r y c a l c u l a t i o n s i n d i c a t e t h a t e t h a -

n o l by f e r m e n t a t i o n o f s u g a r c a n e j u i c e i s c l o s e t o 
e q u i v a l e n c e w i t h e t h a n o l d e r i v e d f r o m p e t r o l e u m o r 
n a t u r a l gas l i q u i d s a t $ 1 . 1 5 / g a l . As d e s c r i b e d above, 
t h e c o m p e t i t i v e n e s s o f s u g a r c a n e w i t h t h e n o n r e n e w a b l e 
r e s o u r c e s depends h e a v i l y on t h e c o s t o f t h e f e r m e n 
t a b l e s u g a r s . I f one had t o p u r c h a s e m o l a s s e s on t h e 
open m a r k e t , t h e v e n t u r e c o u l d be i n deep t r o u b l e d u r 
i n g t i m e s o f h i g h m o l a s s e s p r i c e s , o c c a s i o n e d , p e r h a p s , 
by a c o r n c r o p f a i l u r e . 

The v a l u e o f t h e stilläge i s a n o t h e r c r i t i c a l f a c 
t o r . I f t h i s p r o d u c t c o u l d be upgra d e d t o s e l l more 
c o m p e t i t i v e l y w i t h o t h e r d i s t i l l e r s d r i e d s o l u b l e s , t h e 
economics o f t h i s e t h a n o l p r o c e s s w o u l d i m p r o v e b u t  i f 
t h e p r o d u c t p r o v e d u n a c c e p t a b l e
s i n g e f f e c t w o u l d b

A n o t h e r s e n s i t i v e e l e m e n t i s steam, t h e c o s t o f 
w h i c h i s m i n i m i z e d by e m p l o y i n g b a g a s s e as t h e raw mat
e r i a l . When new vacuum f e r m e n t a t i o n p r o c e s s e s , s u c h 
as t h a t u nder i n v e s t i g a t i o n by t h e U n i v e r s i t y o f C a l i 
f o r n i a ( 4 ) , r e a c h f u l l d e v e l o p m e n t , steam w i l l be u s e d 
more e f f i c i e n t l y and t h e c o m p l e x i t y o f t h e e t h a n o l f a c i 
l i t y and c a p i t a l c o s t c o u l d be r e d u c e d s i g n i f i c a n t l y . 

E t h a n o l f r o m P e t r o l e u m . A t what r e l a t i v e p r i c e w i l l 
s u g a r c a n e r e p l a c e p e t r o l e u m o r n a t u r a l gas l i q u i d s i n 
th e m a n u f a c t u r e o f i n d u s t r i a l e t h a n o l ? A s o p h i s t i c a 
t e d answer t o t h i s q u e s t i o n c a n n o t be g i v e n i n p u r e l y 
economic t e r m s b e c a u s e many b u s i n e s s c o n s i d e r a t i o n s 
a r e i n v o l v e d . F o r e x a m p l e , t h e s t r u c t u r e o f t h e 
c h e m i c a l i n d u s t r y i s s u c h t h a t m a r k e t i n g r e l a t i o n s a r e 
o f g r e a t i m p o r t a n c e . I n a d d i t i o n , l o c a t i o n and d i s 
t r i b u t i o n c o n s i d e r a t i o n s may be o f c o n s i d e r a b l e i m p o r 
t a n c e . A company may a l r e a d y have a w e l l - a m o r t i z e d 
f a c i l i t y t o m a n u f a c t u r e i n d u s t r i a l e t h a n o l f r o m a non
r e n e w a b l e r e s o u r c e . T h e r e f o r e , t h e s w i t c h t o a renew
a b l e r e s o u r c e w o u l d c a r r y a p e n a l t y . Beyond t h e b u s i 
n e s s c o n s i d e r a t i o n s , t h e r e a r e s u c h c o n s i d e r a t i o n s as 
m a i n t a i n i n g l e v e l s o f employment a t e s t a b l i s h e d l o c a 
t i o n s . D e s p i t e noneconomic c o n s i d e r a t i o n s , i t i s 
i m p o r t a n t t o have t h e economic c r o s s o v e r p o i n t s i n 
mind b e c a u s e t h e y a r e t h e s t a n d a r d s a g a i n s t w h i c h modi
f i e d p o l i c i e s a r e compared. 

C o n s t r u c t i o n o f a s i m p l e e q u i v a l e n c e d i a g r a m i s 
shown i n F i g u r e 3. 4.2 l b o f e t h y l e n e a r e r e q u i r e d 
p e r g a l o f e t h a n o l m a n u f a c t u r e d by p e t r o c h e m i c a l p r o 
c e s s e s . The c o s t o f e t h y l e n e r e c e n t l y has been a p p r o x 
i m a t e l y 0.010 t i m e s t h e c o s t o f p e t r o l e u m , when t h e 
p e t r o l e u m i s e x p r e s s e d i n d o l l a r s p e r b b l and e t h y l e n e 
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Figure 3. Manufacturing and marketing costs, in
cluding profit, for ethanol 

i n d o l l a r s p e r l b . U s i n g t h i s r e l a t i o n , t h e e t h a n o l 
s e l l i n g p r i c e ( i n c l u d i n g m a r k e t i n g p r o f i t s and c o s t s ) 
can be p l o t t e d on t h e Y a x i s v e r s u s t h e p e t r o l e u m s e l 
l i n g p r i c e as on t h e X a x i s (see F i g u r e 3 ) . T h i s 
s t r a i g h t l i n e can be compared w i t h p o s s i b l e f e r m e n t a -
t i o n - e t h a n o l s e l l i n g p r i c e . F o r example, a d d i n g a 
30% m a r k e t i n g c h a r g e t o t h e $1.17 m a n u f a c t u r i n g c o s t 
i n T a b l e 2, y i e l d s t h e h o r i z o n t a l l i n e a t $1.52, shown 
i n F i g u r e 3. The i n t e r c e p t o f t h e p e t r o c h e m i c a l - e t h a -
n o l l i n e w i t h f e r m e n t a t i o n l i n e o c c u r s a t a p p r o x i m a t e l y 
$ 1 9 / b b l . T h i s e q u i v a l e n c e p o i n t (A) can be compared 
w i t h p o i n t B,which i n d i c a t e s t h a t a t ,the c u r r e n t p e t r o 
leum s e l l i n g p r i c e o f a p p r o x i m a t e l y $ 1 3 / b b l , t h e c o r r e s 
p o n d i n g e t h a n o l s e l l i n g p r i c e i s $ 1 . 1 5 / g a l . A t t h e 
c u r r e n t p r i c e o f p e t r o l e u m t h e m a n u f a c t u r i n g c o s t f o r 
e t h a n o l w o u l d have t o be 88«? t o a l l o w f o r m a r k e t i n g 
c h a r g e s o f 30%. T h i s w o u l d c o r r e s p o n d t o a cane j u i c e 
p r i c e o f 2.5C/lb o f s o l i d s , l e s s t h a n h a l f t h e c u r r e n t 
c o s t . 

n - B u t y l A l c o h o l and A c e t o n e 

A c e t o n e i s an i m p o r t a n t i n t e r m e d i a t e i n t h e s y n t h e 
s i s o f m e t h y l m e t h a c r y l a t e and b i s p h e n o l - A , b o t h o f 
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w h i c h a r e u s e d i n making p l a s t i c s , and i n t h e s y n t h e s i s 
o f m e t h y l i s o b u t y l k e t o n e , m e t h y l i s o b u t y l c a r b i n o l and 
i s o p h o r o n e , whiôh a r e u s e d as s o l v e n t s . I n a d d i t i o n , 
a c e t o n e i s u s e d d i r e c t l y as a s o l v e n t f o r c e l l u l o s e 
a c e t a t e s p i n n i n g and f o r p r o t e c t i v e c o a t i n g s . I n 1975, 
p r o d u c t i o n o f 796,000 t o n s was r e p o r t e d . The m a j o r 
use o f n - b u t y l a l c o h o l i s as a s o l v e n t and i n t e r m e d i a t e 
f o r making b u t y l a c e t a t e and g l y c o l e s t e r s f o r s o l v e n t 
u s e . I t i s a l s o u s e d i n making c e r t a i n p l a s t i c i z e r s , 
amine r e s i n s and b u t y l a c r y l a t e and m e t h a c r y l a t e r e s 
i n s . P r o d u c t i o n i n 1974 was 278,000 t o n s . 

D u r i n g W o r l d War I , a p r o c e s s f o r f e r m e n t a t i o n o f 
m o l a s s e s t o g i v e n - b u t y l a l c o h o l , a c e t o n e , and m i n o r 
amounts o f e t h y l a l c o h o l was d e v e l o p e d by Chaim W e i s -
mann. One l b o f m o l a s s e s i s r e p o r t e d t o y i e l d 0.25 l b 
b u t y l a l c o h o l and 0.1
c a s e w i t h e t h y l e n e p  ga  l i q u i d
f e e d s t o c k l e d t o abandonment o f f e r m e n t a t i o n f o r p r o 
d u c t i o n o f t h e s e c h e m i c a l s . 

A c e t o n e now i s made f r o m p r o p y l e n e by two p r o c e s 
s e s . I n t h e f i r s t , p r o p y l e n e i s h y d r a t e d t o i s o p r o p y l 
a l c o h o l , w h i c h i s t h e n o x i d i z e d t o a c e t o n e . I n p r a c 
t i c e , 1.1 l b p r o p y l e n e y i e l d s 1.2 l b i s o p r o p y l a l c o h o l , 
w h i c h i n t u r n g i v e s 1 l b a c e t o n e . Most new f a c i l i t i e s 
use a secon d p r o c e s s , namely c o p r o d u c t i o n o f a c e t o n e 
and p h e n o l f r o m cumene, w h i c h i s made from p r o p y l e n e 
p l u s benzene. 

B u t y l a l c o h o l can be made fr o m 2 m o l e c u l e s o f 
e t h y l e n e v i a a c e t a l d e h y d e , a l d o l , and c r o t o n a l d e h y d e . 
One l b b u t y l a l c o h o l r e q u i r e s 1.1 l b e t h y l e n e . A l t e r 
n a t i v e l y , p r o p y l e n e c a n r e a c t w i t h c a r b o n monoxide 
and h y d r o g e n t o g i v e a 4:1 m i x t u r e o f n - b u t y l a l c o h o l 
and i s o b u t y l a l c o h o l . One l b o f a l c o h o l r e q u i r e s 0.58 
l b p r o p y l e n e . 

F o r c a l c u l a t i o n p u r p o s e s , b u t y l a l c o h o l f r o m e t h y 
l e n e and a c e t o n e from p r o p y l e n e v i a i s o p r o p y l a l c o h o l 
a r e assumed. One l b o f b u t y l a l c o h o l and 0.4 l b a c e 
t o n e f r o m cane j u i c e a t 6C/lb o f s o l u b l e f e r m e n t a b l e s 
g i v e s a combined m a n u f a c t u r i n g and m a r k e t i n g c o s t and 
p r o f i t o f 36.6C, a s s u m i n g o p e r a t i n g and c a p i t a l c o s t s 
a r e t w i c e t h a t f o r e t h a n o l s i n c e t h e f e r m e n t a t i o n i s 
more d i f f i c u l t t o c o n t r o l , and t h a t t h e stilläge i s 
w o r t h h a l f t h e v a l u e o f g r a i n stilläge. There a r e 
many v i t a m i n s i n t h e stilläge, making i t v a l u a b l e f o r 
n o n - r u m i n a n t f e e d so t h a t t h i s i s c o n s e r v a t i v e . 

A t c u r r e n t p r i c e s , 1 l b b u t y l a l c o h o l s e l l s f o r 
22C and 0.4 l b a c e t o n e f o r 6C o r a t o t a l o f 28C. 
W i t h a c u r r e n t p r i c e o f e t h y l e n e o f 12C and p r o p y l e n e 
a t 8.4<:/lb, and as s u m i n g t h a t p r o p y l e n e r e m a i n s 0.7 
t i m e s t h e p r i c e o f e t h y l e n e and t h a t t h e p r i c e o f e t h y -
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l e n e p e r l b i s 0.12, i t w o u l d be economic t o p r o d u c e 
n - b u t y l a l c o h o l and a c e t o n e f r o m s u c r o s e when p e t r o 
leum c o s t s $ 1 7 / b b l . T h i s assumes a m a r k e t i n g p r o f i t 
and c o s t o f 30% o v e r m a n u f a c t u r i n g p r o f i t and c o s t . 

G l y c e r i n 

A bout h a l f o f a l l g l y c e r i n i s u s e d d i r e c t l y i n 
d r u g s and c o s m e t i c s , t o b a c c o , and f o o d s and b e v e r a g e s 
as a hu m e c t a n t , f u n c t i o n a l a i d , and v e h i c l e . C h e m i c a l 
d e r i v a t i v e s f r o m g l y c e r i n i n c l u d e a l k y d r e s i n s , p o l y -
e t h e r p o l y o l s , and e x p l o s i v e s . I t a l s o i s u s e d as a 
p l a s t i c i z e r i n c e l l o p h a n e . U.S. p r o d u c t i o n i n 1974 
was 175,000 t o n s , a b o u t 60% o f w h i c h was s y n t h e t i c . 
T hree d i f f e r e n t p r o c e s s e s a r e u s e d t o make g l y c e r i n 
s y n t h e t i c a l l y , a l
c e s s i s f a i r l y c o m p l e x
s y n t h e t i c s t e p s (6). N a t u r a l g l y c e r i n i s o b t a i n e d 
f r o m f a t s as a b y p r o d u c t o f soap making and f a t t y a c i d 
p r o d u c t i o n . 

G l y c e r i n c a n be p r o d u c e d f r o m s u c r o s e by fe r m e n 
t a t i o n (7_) o r by hydrogénation. The l a t t e r r e a c t i o n , 
c o n s i d e r e d h e r e , y i e l d s f o u r m o l e c u l e s o f g l y c e r i n f o r 
e a c h m o l e c u l e o f s u c r o s e f r o m h i g h t e s t m o l a s s e s , t h a t 
i s , c o n c e n t r a t e d cane j u i c e . A p l a n t u s i n g t h i s t e c h 
n o l o g y o f 15 m i l l i o n l b p e r y e a r c a p a c i t y was o p e r a t e d 
a t New C a s t l e , D e l a w a r e , u n t i l 1969 by A t l a s Powder 
Company (now I C I - U n i t e d S t a t e s , I n c . ) . 

A q u i c k l o o k a t t h e e c o n o m i c s i n t o d a y ' s m a r k e t i s 
o f i n t e r e s t . I n 1960 when t h e p r i c e o f quota-exempt 
s u g a r was 3 C / l b and s h i p p i n g and i n s u r a n c e from Cuba 
0.5£/lb, t h e p r i c e f o r g l y c e r i n was 29£/lb. I f t h e 
y i e l d was 80% and no b y - p r o d u c t s were s o l d , o p e r a t i n g 
c o s t s , c a p i t a l c h a r g e s , and m a n u f a c t u r i n g p r o f i t were 
17C (assuming m a r k e t i n g p r o f i t and c o s t was 30% o f t h e 
t o t a l m a n u f a c t u r i n g p r o f i t s and c o s t s ) . I n 1969 when 
t h e p l a n t c l o s e d down, p r e s u m a b l y b e c a u s e o f t h e h i g h 
c o s t o f s u g a r , 8.8<:/lb, and l o w p r i c e f o r g l y c e r i n , 
24£/lb, o p e r a t i n g c o s t s , m a r k e t i n g c o s t s , and p r o f i t s , 
i f a ny, were 14C. 

Cane j u i c e c o s t s a b o u t 6C l b and raw s u g a r 12<Vlb 
( i f r e a s o n a b l e p r o f i t i s o b t a i n e d ) . Assuming t h a t 
h i g h - t e s t m o l a s s e s o f t h e d e s i r e d c o n c e n t r a t i o n i s 
a v a i l a b l e f o r 8 * / l b o f s o l i d s , a n d t h a t o p e r a t i n g c o s t s , 
c a p i t a l c h a r g e s , and m a n u f a c t u r i n g a r e d o u b l e t h e 1960 
f i g u r e , t h a t i s , 34$, a c o s t o f 4 4 C / l b b e f o r e m a r k e t i n g 
c o s t s and p r o f i t w o u l d be i n c u r r e d . W i t h m a r k e t i n g 
c o s t s and p r o f i t s , t h e f i g u r e i s 5 7 C / l b . 

S i n c e 0.625 l b o f p r o p y l e n e i s r e q u i r e d t o p r o d u c e 
one l b o f g l y c e r i n , and as s u m i n g 30% m a r k e t i n g p r o f i t 
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and c o s t s , t h e p r i c e o f p e t r o l e u m w o u l d have t o r i s e t o 
abo u t $ 3 5 / b a r r e l f o r t h i s t o be an economic a l t e r n a 
t i v e . 

I f modern t e c h n o l o g y c o u l d r e d u c e t h e c o s t , o r i f 
l a r g e r c a p a c i t y t h a n t h e 15 m i l l i o n l b p e r y e a r f o r t h e 
o l d p l a n t was u s e d , s a y 100 m i l l i o n l b p e r y e a r , t h e 
non-raw m a t e r i a l m a n u f a c t u r i n g s h o u l d be r e d u c e d 24.5%. 
( T h i s assumes a s c a l e f a c t o r o f 0.85, t h a t i s , c o s t 
r a t i o = ( s i z e r a t i o ) 0 - * * 5 ) . T h i s , p l u s an improvement 
i n y i e l d t o 90%, wo u l d g i v e c o s t s o f 46C, v e r y c l o s e t o 
th e c u r r e n t 4 8 C / l b . T h i s c a l c u l a t i o n i s n o t meant t o 
be p r e c i s e — i t i s r a t h e r an i n d i c a t o r t h a t t h i s c h e m i 
c a l may be p r o m i s i n g now o r i n t h e n e a r f u t u r e . 

A g r i c u l t u r a l C o n s i d e r a t i o n s 

The s u g a r i n d u s t r
n o l , b u t a n o l , and a c e t o n e f r o m b y - p r o d u c t m o l a s s e s o r 
use cane j u i c e f r o m s u g a r c a n e d e d i c a t e d s p e c i f i c a l l y t o 
t h i s p r o d u c t . The s e l l i n g p r i c e o f b y - p r o d u c t m o l a s 
ses i s s u b j e c t t o wi d e s w i n g s , d e p e n d i n g on t h e a v a i l a 
b i l i t y o f a l t e r n a t i v e c a r b o h y d r a t e s o u r c e s f o r r u m i n a n t 
n u t r i t i o n . T h i s r o u t e c o u l d be q u i t e a p p r o p r i a t e f o r 
a s u g a r company w i t h a s i z a b l e enough m o l a s s e s o p e r a 
t i o n so t h a t i t need n o t buy m o l a s s e s f r o m o u t s i d e r s . 

A l t e r n a t i v e l y , one c o u l d e n v i s i o n s u g a r c a n e c h e m i 
c a l f a r m s i n w h i c h t h e cane j u i c e w o u l d be d e d i c a t e d 
t o c h e m i c a l p r o d u c t i o n and f a c i l i t i e s f o r c r y s t a l l i z a 
t i o n s u c r o s e m i g h t n o t be i n s t a l l e d . Such farms p r o 
b a b l y w o u l d be needed f o r t h e p r o d u c t i o n o f l a r g e quan
t i t i e s o f e t h a n o l , s u c h as t h e v e n t u r e d e s c r i b e d i n 
t h i s p a p e r . A c c o r d i n g l y , some i n f o r m a t i o n i s p r o v i d e d 
on t h e l i k e l y c o s t o f g r o w i n g s u g a r c a n e . 

The c a p i t a l c o s t o f a 6 4 0 - a c r e f a r m i n F l o r i d a 
t o t a l s a b o u t $1.6 m i l l i o n . The n e c e s s i t y f o r g r o w i n g 
seed cane and l e a v i n g some o f t h e l a n d f a l l o w c o n t r i 
b u t e s t o t h e f a c t t h a t o n l y a p p r o x i m a t e l y t h r e e q u a r 
t e r s o f t h e l a n d i s p r o d u c i n g f o r sh i p m e n t t o t h e c e n 
t r a l p r o c e s s i n g f a c i l i t y i n a g i v e n y e a r . S u g a r c a n e p r o 
d u c t i o n c o s t s i n s e v e r a l t y p i c a l a r e a s a r e shown i n 
T a b l e I I I . O n l y a p a r t o f t h e m i l l a b l e cane i s f e r 
m e n t a b l e s u g a r s t h a t c a n be u s e d t o m a n u f a c t u r e e t h a 
n o l . The c o s t s , i n t e r m s o f f e r m e n t a b l e s o l i d s , a r e shown 
i n T a b l e IV f o r s u g a r c a n e and o t h e r s u g a r c r o p s . When 
th e c o s t o f e x t r a c t i n g t h e cane j u i c e i s added, a l l 
r e g i o n s a p p e a r t o have a c o s t o f f e r m e n t a b l e s u g a r s o f 
a p p r o x i m a t e l y 6 * / l b o f s o l i d s . 

The c e n t r a l p r o c e s s i n g f a c i l i t y t o m a n u f a c t u r e 
e t h a n o l on 70 m i l l i o n - g a l / y e a r s c a l e m i g h t s e r v e an 
a r e a o f 50,000 t o 100,000 a c r e s . I n l o c a t i o n s where 
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TABLE IV. COMPARATIVE RAW MATERIALS COSTS OF SUGARCANE, 
SUGAR BEETS, AND SWEET SORGHUM 

Cents per Pound 
Fermentable Combustible 

Solids Organics 

Sugarcane 
Texas A.6 0.9 
Louisiana 5.4 1.2 
Florida, muck soil 4.2 1.3 
Florida, peat soil 1.4 

Florida, sandy soil 5.
Hawaii 4.

Sugar Beets 
California Coastal Region 4.6 1.0 
Texas High Plains 5.2 1.4 
Southern Minnesota 6.0 1.9 

Sweet Sorghum 
Syrup varieties 3.9 1.1 
Sugar varieties 4.3 1.5 

Source: Battelle's Columbus Laboratories estimates. 

t h e g r i n d i n g s e a s o n i s r e l a t i v e l y s h o r t ( e . g . , L o u 
i s i a n a ) , sweet sorghum m i g h t be grown t o e x t e n d t h e 
seas o n by h a r v e s t i n g t h i s c r o p d u r i n g t h e s e v e r a l 
months t h a t p r e c e d e t h e s u g a r c a n e h a r v e s t . The cane 
d e d i c a t e d t o c h e m i c a l use does n o t need t o be p r o c e s s e d 
as q u i c k l y as t h a t p r o c e s s e d f o r s u c r o s e s i n c e f r o s t 
r e d u c e s s u c r o s e c o n t e n t b u t does n o t a f f e c t t o t a l f e r 
m e n t a b l e s o l i d s t o any g r e a t e x t e n t . T h i s means t h a t 
t h e g r i n d i n g s e a s o n c a n be l o n g e r i n r e g i o n s w i t h f a l l 
f r o s t , w h i c h i m p r o v e s t h e eco n o m i c s by a l l o w i n g a s m a l 
l e r s c a l e m i l l o r t h e s h a r i n g o f a m i l l t h a t now p r o 
duces s u c r o s e . 

Abstract 
Although sucrose technically is suited for making 

a large variety of chemicals, ethyl alcohol, n-butyl 
alcohol, acetone, and glycerin are the ones with large 
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350 SUCROCHEMISTRY 
volume markets. They can be made directly from cane 
juice or high test molasses,saving the cost of crystal-
ization and refining. 

This brief analysis shows that glycerin may be 
economically attractive right now, if made in a large 
size plant. At $17/barrel of oil, it should become 
feasible to make n-butyl alcohol and acetone by fermen
tation of sucrose. If oil prices rise to $19/barrel, 
industrial ethanol becomes attractive. 

Thus, for these chemicals that can be made direct
ly from sucrose,opportunities exist that make a detail
ed feasibility study a worthwhile, next step in the 
commercialization process. 
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An Outsider's View of Sucrochemistry 

B. J. LUBEROFF 
Consultant, The Bassett Bldg., Summit, N.J. 07901 

I n t h i s symposiu
t h e b l o c k , and I s u r e l
been a t r u l y e d u c a t i o n a l e x p e r i e n c e f o r me, and now I 
am an e x p e r t . I d e f i n e an e x p e r t as anybody who h e a r d 
about t h e p r o b l e m a h a l f h o u r b e f o r e I d i d . 

I assume t h a t my a u d i t o r s a r e a s l i g h t l y h e t 
erogeneous group w i t h a p r e p o n d e r a n c e o f r e s e a r c h 
p e o p l e from t h e s u g a r i n d u s t r y and f r o m academia. I 
t h i n k t h i s c o m p o s i t i o n i s u n f o r t u n a t e b e c a u s e t h e r e a l 
l y f r u i t f u l d i s c u s s i o n s do n o t o c c u r among t h o s e c o n 
c e r n e d w i t h t h e i n t r i c a c i e s o f s u g a r c h e m i s t r y t a l k i n g 
among t h e m s e l v e s . T h i s i s so bec a u s e t h e p r o b l e m i s 
n o t t h e i n t r i c a c i e s o f s u g a r c h e m i s t r y . R a t h e r , t h e 
c h a l l e n g e , as i t has been g i v e n t o me t o d i s c u s s , i s 
"how can more s u g a r be b r o u g h t i n t o c h a n n e l s o f com
merce?" . 

To answer t h i s , I s h a l l p r e t e n d t h a t I am t h e 
D i r e c t o r o f New V e n t u r e s f o r t h e Amazing Sugar Company, 
and s h a r e w i t h y o u , some o f my t h o u g h t s as I p l a y t h a t 
r o l e . 

L i k e L i n c o l n , I f i r s t l i k e t o ask,"Where a r e we?", 
b e f o r e a s k i n g " W h i t h e r ? " . P u t o t h e r w i s e , b e f o r e d o i n g 
R & D , f i n d o u t what b u s i n e s s you a r e i n . Then t r y t o 
f i n d o u t what b u s i n e s s y o u w o u l d l i k e t o be i n . A c c o r d 
i n g t o John H i c k s o n a t t h e I n t e r n a t i o n a l Sugar R e s e a r c h 
F o u n d a t i o n , 98% o f a l l s u g a r s o l d i s u s e d t o sweeten 
s o m e t h i n g . I v e r i f i e d t h i s by c o n s u l t i n g C h e m i c a l 
M a r k e t A b s t r a c t s back t h r o u g h 1973 and f o u n d o n l y one 
r e f e r e n c e t o s u g a r u s e d f o r any o t h e r p u r p o s e ; t h a t 
was making d e t e r g e n t s and t h e o n l y p r o c e s s c i t e d was a 
Ja p a n e s e one. So, i t seems f a i r t o say t h a t t h e b u s i 
n e s s o f t h e s u g a r i n d u s t r y t o d a y , a s i t a l w a y s has be e n , 
i s s e l l i n g s w e e t n e s s . T a b l e I d e p i c t s t h e m a g n i t u d e o f 
th e b u s i n e s s . 
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T a b l e I . W o r l d Sugar P r o d u c t i o n and Consumption 
( M i l l i o n s o f M e t r i c Tons) 

Crop Y e a r 1975/1976* 1974/1975 

S t a r t i n g S t o c k 16.4 16.1 
P r o d u c t i o n 82.0 79.1 
T o t a l S u p p l y 98.4 95.2 
Consumption 80.8 78.8 
C a r r y o v e r 17.6 16.4 

* E s t i m a t e d 

Now, what b u s i n e s s do we want t o be i n ? T r y i n g 
t o answer t h a t , b r o u g h t t o mind a c o n v e r s a t i o n I had 
back i n t h e e a r l y p a r
i n d u s t r i e s were i n
a r e now. I was a t one o f t h o s e s e q u e s t e r e d c o n f e r e n c e s 
t h e y h o l d i n t h e New E n g l a n d woods. Our t o p i c was 
Long Range P l a n n i n g . A f t e r two days I became c o n c e r n 
ed t h a t we had n o t d e f i n e d t h e t i m e frame o f " l o n g 
r a n g e " and e x p r e s s e d t h i s c o n c e r n t o one o f t h e o t h e r 
c o n f e r e e s . He s a i d , "Oh, t h a t ' s e a s y . I n l o n g range 
p l a n n i n g , t h e t i m e frame i s i n v e r s e l y p r o p o r t i o n a l t o 
how d i s m a l l y you v i e w t h e f u t u r e . R i g h t now we're 
c o n c e r n e d a b o u t tomorrow's s u r v i v a l . " 

Table II Major Sweetener Market Estimates (m i l l i o n lbs.) 

Date Honey, Dextrose Corn HFCS Saccharin Sugar Total 
Misc. Syrup 

1975 200 1,081 4,071 950 1,484 21,303 29,089 
1981 200 1,390 5,216 5,000 1,863 21,000 34,669 
1986 200 1,610 6,046 8,000 2,377 20,820 39,053 

Source: Business Communications Co., Inc., Stamford, Connecti
cut, USA. Press Release, Study C-005, "Sugar Substi
tutes and A r t i f i c i a l Sweeteners", published May, 1975. 

C o n c e r n o v e r t h e s u r v i v a l o f t h e c u r r e n t b u s i n e s s 
i s a l w a y s t h e r e . I f you have a p r o f i t a b l e b u s i n e s s , 
you c a n r e s t a s s u r e d t h a t somebody i s g o i n g t o a t t a c k 
i t , e i t h e r by s e l l i n g t h e same p r o d u c t o r by s e l l i n g 
s o m e t h i n g t h a t does t h e same j o b . Those o f you who 
have seen s y n t h e t i c s w e e t e n e r s come and go know e x a c t l y 
what I mean. A t Amazing Sugar we have f o u n d t h e b i g 
g e s t a t t a c k on o u r sw e e t n e s s b u s i n e s s comes fr o m c o r n -
d e r i v e d s w e e t e n e r s ( T a b l e I I ) so we g o t i n t o f r u c t o s e . 
(Now we a r e n o t so s u r e t h a t was a good i d e a . ) We a r e 
n o t making s y n t h e t i c s w e e t e n e r s , s i m p l y b ecause we l i k e 
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t o make o u r own e x e c u t i v e d e c i s i o n s r a t h e r t h a n have 
FDA make them f o r u s . Of c o u r s e , we now may have t o 
go p a r t way and c h l o r i n a t e some s u c r o s e , b u t o u r c u r 
r e n t b u s i n e s s seems t o be h o l d i n g up w i t h o u t much p r o 
d u c t R & D . The p r o b l e m w i t h f o c u s s i n g R & D on do
i n g what you a r e a l r e a d y d o i n g i s t h a t a l m o s t by d e f i n 
i t i o n , t h e r e s u l t s y ou c a n e x p e c t a r e l i m i t e d . We 
s h o u l d do some d e f e n s i v e r e s e a r c h , b u t a t t h i s p o i n t I 
have no r e a s o n t o f e e l t h a t a t Amazing Sugar we a r e n o t 
d o i n g enough. 

R e t u r n i n g t o "what b u s i n e s s do we want t o be i n ? " , 
I am reminded o f a n o t h e r c o n v e r s a t i o n I h a d , t h i s t i m e 
w i t h a n e i g h b o r . He was an a t t o r n e y and I a s k e d him 
i n what a r e a o f t h e law he c o n c e n t r a t e d . "Commercial 
Law," he r e p l i e d . "What i  t h a t " s a i d I  " A n y t h i n g
I can make a buck a t ,
I know o f p a s t R &  c h e m i s t r y  g e
f e e l i n g t h a t i t s o b j e c t i v e s a r e j u s t a b o u t t h a t d i f 
f u s e . I do n o t t h i n k t h a t i s a good i d e a . We p i c k 
a t e v e r y h y d r o x y l group w i t h e v e r y r e a g e n t we can t h i n k 
o f . We have k e p t t o o many o p t i o n s open. We have 
t o g e t some f o c u s . The q u e s t i o n i s where do we f i n d 
t h e f o c u s ? I t h i n k t h a t one o f o u r d i f f i c u l t i e s i s 
t h a t some o f us have t r i e d t o d e f i n e o u r p r o b l e m as 
" L e t us use s u c r o c h e m i s t r y t o i n c r e a s e t h e s a l e s o f 
s u c r o s e " . Thus, we have b u i l t a f a l l a c y i n t o t h e 
whole argument. 

L e t me e x p l a i n by l o o k i n g c l o s e l y a t t h e s h e e r 
s i z e o f t h e s u g a r i n d u s t r y . I t i s BIG. The d o l l a r 
volume o f t h e w o r l d s u g a r t r a d e i s exceeded o n l y by 
t h a t i n p e t r o l e u m , g r a i n and c o f f e e . I n t h e U.S., o v e r 
20 b i l l i o n pounds o f s u g a r i s s o l d a y e a r . As Henry 
Hass has n o t e d , t h a t i s b i g g e r even t h a n e t h y l e n e . 
T h i s i s i m p o r t a n t b e c a u s e , i f any new p r o d u c t i s g o i n g 
t o make even a r i p p l e , s a y l % , i n s u g a r u s e , we a r e t a l k 
i n g a b o u t p e r h a p s 400 m i l l i o n l b / y r o f , f o r example, a 
su g a r d e t e r g e n t . T h a t j u s t a b o u t e q u a l s t h e t o t a l 
a n n u a l t onnage o f a l k y l benzene d e t e r g e n t s s o l d i n t h e 
U.S. t o d a y . A n o t h e r way t o s a y i t i s i f we fo u n d a 
p r o d u c t t h a t u s e d even a t e n t h p e r c e n t o f t o t a l U.S. 
su g a r p r o d u c t i o n i t w o u l d r e p r e s e n t a raw m a t e r i a l c o s t 
o f a b o u t $3 m i l l i o n a y e a r and a p r o d u c t s a l e o f c l o s e 
t o $10 m i l l i o n a y e a r . T h a t i s no g r e a t e r t h a n t h e 
t o t a l a n n u a l b u s i n e s s o f a l o t o f t h r i v i n g , p u b l i c l y 
owned c h e m i c a l companies. 

I s u b m i t , t h e r e f o r e t h a t , t h i n k i n g o f sucrochem
i s t r y as a means t o s e l l s u g a r , i s u n r e a s o n a b l e . 

I p r e f e r i n s t e a d t o i d e n t i f y a m a r k e t . L e a r n a l l 
I c a n ab o u t i t . Then go a f t e r i t m o n o m a n i a c a l l y . 

In Sucrochemistry; Hickson, J.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1977. 



354 SUCROCHEMISTRY 

R & D i s p a i d f o r o n l y b e c a u s e i t i s e x p e c t e d t o 
s a t i s f y a mass human need i n t h e ma r k e t p l a c e , y e t most 
o f us do n o t b o t h e r t o f i n d o u t much abo u t m a r k e t s . 
R & D i s n o t done t o s e l l s u g a r , and i t i s a l s o n o t 
done t o s a t i s f y o u r p e r s o n a l c u r i o s i t y . 

So l e t us f o c u s o u r a t t e n t i o n on some human needs. 
There a r e a few r e a l n e e d s , and t h e r e a r e t h e manufac
t u r e d o n e s . Whether t h e m a r k e t i s r e a l o r s y n t h e t i c , 
you must f i r s t c o n v i n c e y o u r s e l f t h a t t h e marke t i s 
t h e r e and i s b i g enough t o j u s t i f y y o u r e f f o r t . Then 
you must c o n v i n c e some b i l l - p a y e r t h a t y ou a r e r i g h t . 

B a s i c a l l y t h e r e a r e two ways t o i d e n t i f y a m a r k e t . 
One, i s t o go o u t and see what t h e m a r k e t has been do
i n g . What do p e o p l e buy? What do t h e y pay f o r i t ? 
What a r e t h e y u s i n g i t f o r ? What a l t e r n a t i v e s a r e 
t h e r e ? A n o t h e r wa
n e v e r even t h o u g h t a b o u t

F i r s t , i f you a r e g o i n g t o c r e a t e a market t h e r e 
i s no p o i n t i n g o i n g o u t and s e e i n g what t h e ma r k e t i s 
d o i n g . M a r k e t s u r v e y s a r e e x p e n s i v e and d u b i o u s , a t 
b e s t . I n s t e a d , l o o k t o y o u r s e l f and see what k i n d o f 
need you have and make t h e a s s u m p t i o n t h a t e v e r y b o d y 
e l s e has t h a t same need. T h i s i s n o t a new c o n c e p t ; 
you w i l l f i n d i t i n t h e B i b l e , where i t s a y s , "Do u n t o 
o t h e r s what you w o u l d have them do u n t o y ou". 

The Pep P i l l 

I t r i e d t h i s a p p r o a c h when I was t h i n k i n g a b out 
s u c r o c h e m i s t r y and t h i s i s what happened. I s a i d t o 
m y s e l f , " S e l f , what do you need?" S e l f a nswered, 
"Energy!" I do n o t mean g l o b a l e n e r g y , I mean Pep. 
We a l l need Pep. B e i n g a c h e m i s t , I know t h a t Pep 
comes f r o m c a r b o h y d r a t e s and 20% o f o u r c a r b o h y d r a t e s 
a r e e a t e n i n t h e f o r m o f s u g a r . So, why n o t e a t a 
candy b a r ? No, t h a t i s s e l f - i n d u l g e n t , h e d o n i s t i c ! 
The work e t h i c does n o t l e t me e a t candy b a r s , t h e y 
t a s t e t o o good. I n s t e a d , b e i n g modern, I w o u l d f i n d 
more a c c e p t a b l e some s o r t o f p i l l , a Pep P i l l . L e t 
us i n v e n t t h e h a r d , compact, p o r t a b l e , s u g a r p i l l . 
We w i l l c o a t i t so i t w i l l n o t t a s t e good. Then, we 
w i l l p u t i t i n a. d r u g s t o r e - t y p e , p l a i n w r a p p e r , c a l l 
i t s o m e t h i n g s e x y l i k e g-D-glucopyranosyl-ß-D-fructo-
f u r a n o s i d e . l a b e l i t as a l l " n a t u r a l and o r g a n i c " , and 
p r i c e i t h i g h so t h a t i t has " c l a s s " . I n a d d i t i o n t o 
a l l t h e a t t r i b u t e s we have o u t l i n e d , t h i s p i l l w i l l have 
a w o n d e r f u l p l a c e b o e f f e c t . 

We now have a new p r o j e c t , what do we do n e x t ? 
We w r i t e down a l l t h e t h i n g s t h a t c o u l d go wrong. 
These u s u a l l y b r e a k i n t o two c a t e g o r i e s , f a t a l f l a w s , 
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y e s / n o , go/no-go p a r a m e t e r s ; and t h o s e t h a t c a n be 
r e p r e s e n t e d as q u a n t i t a t i v e c o n t i n u a . Among t h e go/no-
go t h i n g s , a r e how FDA w i l l r e a c t t o t h i s new p r o d u c t . 
We a r e p r o b a b l y s a f e t h e r e ; GRAS l i s t a l l t h e way, and 
I doubt t h a t t h e r e i s a p a t e n t b l o c k , A l t h o u g h I am 
s u r e you can t h i n k o f o t h e r c a n d i d a t e d e a t h s e n t e n c e s , 
n o t e t h a t t h o s e we j u s t l i s t e d a r e i n t h e a r e a o f The 
Laws o f t h e L a n d , n o t t h e Laws o f C h e m i s t r y . 

I f you c a n n o t t h i n k o f any f a t a l f l a w s , t h e n e x t 
s t e p i s t h e q u a n t i f i c a t i o n s t e p . U s u a l l y , t h a t i s 
based on some measure o f p r o f i t a b i l i t y s u c h as d i s 
c o u n t e d c a s h f l o w o r r e t u r n on i n v e s t m e n t . I n v e s t m e n t 
i s t h e c o s t o f t h e f a c t o r y , i n t h i s c a s e , a s i m p l e one 
- a t a b l e t t i n g machine and a p a c k a g i n g l i n e . We c o u l d 
even r e n t t h e use o f them w i t h o u t h a v i n g t o make a f i x 
ed c a p i t a l i n v e s t m e n t
L a b o r c o s t s ? Not muc
p r o b l e m . We know t h e y i e l d and t h e c o s t o f s u g a r ... 
I t h i n k . 

I t sounds l i k e we r e a l l y ought t o p r o c e e d . B u t , 
how much do we make? Remember - l o o k t o t h e m a r k e t , 
how much i s b e i n g s o l d ? None - u n l e s s you i n c l u d e 
L i f e S a v e r s . How much c a n we s e l l ? L e t us s e e : two 
p i l l s a day a t a n i c k l e e a c h , X 200 m i l l i o n t i r e d 
A m e r i c a n s , and 1% m a r k e t p e n e t r a t i o n e q u a l s , $40 m i l -
l i o n / y r . Too much; how a b o u t a t e n t h p e r c e n t m a r k e t 
p e n e t r a t i o n ? G u e s s i n g r i g h t i s where t h e r i s k comes 
i n . 

We c o u l d go on l i k e t h i s , b u t I t h i n k you g e t t h e 
message. You must keep s h u t t l i n g b a c k and f o r t h b e 
tween t h e m a r k e t and t h e t e c h n o l o g y . I n t h i s p a r t i c u 
l a r c a s e I chose a p r o d u c t t h a t has p r a c t i c a l l y no 
t e c h n o l o g y , no p a t e n t s , no FDA, so you c a n see e x a c t l y 
what THE p r o b l e m i s . I n t h i s c a s e THE p r o b l e m w o u l d 
be a v e r y good a d v e r t i s i n g campaign. D i d you know 
t h a t a s i n g l e c i g a r e t t e company can spend $30 m i l l i o n 
/ y r i n magazine ads a l o n e ? S i n c e we a r e p a i d by t h e 
m a r k e t , we have t o a b i d e by i t s d i c t a t e s . We have t o 
g i v e t h e p u b l i c what i t w a n t s , o r c r e a t e t h a t want. 
T e c h n o l o g i s t s , even s c i e n t i s t s , have t o be c o g n i z a n t o f 
t h i s and work as c l o s e t o t h e m a r k e t as t h e y d a r e . 
Those who work r e a l l y c l o s e t o t h e m a r k e t a r e c a l l e d 
P r o d u c t Champions o r , i f t h e y s e t up i n b u s i n e s s f o r 
t h e m s e l v e s , e n t r e p r e n e u r s . 

The P r o d u c t Champion and E x c l u s i o n C h a r t 

Good p r o d u c t champions a r e e x t r e m e l y v a l u a b l e . 
They s h u t t l e between t h e m a r k e t and t h e l a b o r a t o r y . 
I n t h e m a r k e t t h e y w i l l l o o k a t d o l l a r volume and u n i t 
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c o s t . One n i c e t e c h n i q u e f o r d o i n g t h a t i s t h e e x c l u 
s i o n c h a r t i n v e n t e d by Herman Z a b e l and k e p t a l i v e by 
Roger W i l l i a m s . F i g u r e 1 i s a r e p r e s e n t a t i v e e x c l u 
s i o n c h a r t . What t h e s e c h a r t s s ay i s t h a t i n a g i v e n 
m a r k e t a r e a , p l a s t i c i z e r s ( i n F i g u r e 1) f o r example, 
c o u l d i n 1970 a c h i e v e a volume o f o v e r 6 m i l l i o n l b / y r 
o n l y i f t h e u n i t p r i c e were b e l o w 2 8 C / l b . I f you p l o t 
t h e l o g a r i t h m o f volume v s u n i t p r i c e i n a g i v e n c a t a -
g o r y o f m a t e r i a l s , you g e t t h e k i n d o f L-shaped p o i n t 
a r r a y t h a t i s c a l l e d t h e E x c l u s i o n C h a r t . Once i n a 
w h i l e , y o u may f i n d a p r o d u c t i n t h e u p p e r r i g h t , e x c l u d 
ed a r e a . When you do, you c a n be s u r e t h a t i t i s 
t h e r e b e cause i t has v e r y u n u s u a l p r o p e r t i e s . T e f l o n 
i s one s u c h . 

CHEMTECH 

Figure 1. Exclusion chart for plasticizers, 1970 data 
(Source: Roger Williams, CHEMTECH, Oct. 1973, 

593) 

N o t e : 1970 d a t a , a f t e r Roger W i l l i a m s CHEMTECH, 
Oc t . 593, 1973. 

T h i s t e c h n i q u e w i l l h e l p you d e c i d e w h i c h p r i c e / 
volume r e l a t i o n s h i p you want t o go a f t e r . Do you want 
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a s m a l l volume s p e c i a l t y p r o d u c t t h a t commands a h i g h 
u n i t p r i c e ? O r , a r e you s h o o t i n g f o r commodity v o l u m e s ? 

One way you can d e c i d e i s t o l o o k a g a i n a t s u g a r . 
W i t h s u g a r a t 15C/lb, e a c h c a r b o n atom i s g o i n g t o c o s t 
you a b o u t 30C/lb and s e l l f o r p e r h a p s 60C/lb. T h a t i s 
a b o ut t w i c e what t h e c a r b o n atoms c o s t i n b a s i c p e t r o 
c h e m i c a l s , a t p r e s e n t . As t h e s o u r c e f o r p e t r o c h e m i 
c a l s i s d e p l e t e d , t h e p r i c e r a t i o w i l l r e v e r s e " b e c a u s e 
s u g a r i s a r e n e w a b l e r e s o u r c e . On t h e o t h e r hand, you 
may be a n x i o u s t o g e t i n t o b u s i n e s s now. W i t h a new 
p r o d u c t , "now" means f i v e y e a r s minimum f r o m c o n c e p t t o 
s a l e s . Thus what you w i l l have t o do i s f i n d some
t h i n g t h a t i s a b l e t o command 60C/lb f o r c a r b o n , o r 
e l s e use t h e oxygen t h a t i s i n s u c r o s e f o r some u s e f u l 
p u r p o s e . The r u l e o f thumb I have u s e d , i s t h a t e v e r y 
u n i t p r o c e s s , f o l l o w e
e v e r y c h e m i c a l c o n v e r s i o n
t i o n s t e p , c o s t s as much as t h e raw m a t e r i a l s f e d t o i t . 
Thus, i f you f e e d s u c r o s e i n t o a p r o c e s s w i t h s o m e t h i n g 
e l s e t h a t a l s o i s w o r t h 15C/lb, use a l l o f i t i n y o u r 
p r o d u c t , and t h e n p u r i f y what i s made, you a r e t a l k i n g 
a p p r o x i m a t e l y , a b o u t a 30C/lb p r o d u c t . T h a t c o u l d i n 
1970, be a h i g h volume p l a s t i c i z e r i f t h e y i e l d s a r e 
r i g h t and t h e r u l e o f thumb i s n o t t o o f a r o f f . 

Figure 2. Exclusion chart for surface active agents, 
1970 data 

In Sucrochemistry; Hickson, J.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1977. 



358 SUCROCHEMISTRY 

I t seems t o me t h a t we have t o do two t h i n g s : one 
i s t o f i n d some c l a s s o f p r o d u c t t h a t i s s e l l i n g i n a 
volume a r e a , o f i n t e r e s t , f o r between 25 and 5 0 C / l b . 
The o t h e r , i s t o make s u r e t h a t t h e k i n d o f use p r e 
s e n t s a d v a n t a g e s t o m a t e r i a l s t h a t have a l o t o f oxygen 
i n them. How a b o u t s y n t h e t i c d e t e r g e n t s ? F i g u r e 2 
i n d i c a t e s t h a t i n 1970 t h e c r i t i c a l p r i c e was 1 5 C / l b . 
We j u s t have d e c i d e d t h a t we c a n n o t make a s y n t h e t i c 
d e t e r g e n t o u t o f s u g a r f o r 1 5 C / l b . B u t what i s t h e 
c r i t i c a l E x c l u s i o n P r i c e f o r d e t e r g e n t s t o d a y ? May
be, a f t e r we l o o k , we w i l l d e c i d e t o be s a t i s f i e d w i t h 
a r e l a t i v e l y s m a l l volume, s p e c i a l t y p r o d u c t . Maybe 
n o t ! A r e we l o o k i n g a t s u r f a c e a c t i v e a g e n t s f o r 
wash day use o r i n s p e c i a l t y u s e s ? Do we know t h o s e 
m a r k e t s ? What m i g h t some o t h e r p r o d u c t s be? 

One c a n n o t go t h r o u g
coming up w i t h a fe
Some, maybe a l l , may be o l d . I have n o t done any s o r t 
o f l i t e r a t u r e s e a r c h , b u t , I e x c u s e t h a t by p o i n t i n g 
o u t t h a t o l d i s n o t n e c e s s a r i l y bad. Look what i s 
h a p p e n i n g t o c o a l and w i n d m i l l s . (Look what my w i f e 
p a y s f o r a n t i q u e s . ) So h e r e a r e a few, m a r k e t - d i r e c 
t e d i d e a s on s u c r o c h e m i c a l s t h a t o c c u r r e d t o me. 
How a b o u t : 

- P h o s p h a t e e s t e r s f o r p l a s t i c i z e r s . 
I f enough p h o s p h o r u s i s added t h e y 
w i l l be p o l y m e r c o m p a t a b l e and a l s o 
i m p a r t f l a m e p r o o f i n g p r o p e r t i e s . 

- Bromo woops! T h a t ' s t o o e x p e n s i v e 
O.K., c h l o r o e s t e r s f o r t h e same 

p u r p o s e . 
- How a b o u t m o n o - a c r y l a t e s t h a t c o u l d be 

k n i t i n t o p o l y m e r s as dye s i t e s , a n t i 
s t a t i c s , s o l u b i l i z e r s and f l o c c u l a t i n g 
a g e n t s . 

- Then t h e r e a r e f i b e r i n t e r m e d i a t e s . 
T h a t i s a g r o w i n g m a r k e t so l e t us t a k e 
a c l o s e r l o o k a t an e x e m p l a r y p r o j e c t 
t h e r e . 

P o l y e s t e r f i b e r s have been one o f t h e f a s t e s t 
g r o w i n g segments o f t h e c h e m i c a l i n d u s t r y . I t i s w e l l 
known t h a t on h o t d a y s , s y n t h e t i c s , i n g e n e r a l , c o u l d 
be more c o m f o r t a b l e , i . e . , h y d r o p h i l i c , l i k e c o t t o n . 
Oxygen i s h y d r o p h i l i c and s u g a r has l o t s o f t h a t . Can 
a f i b e r be made o u t o f s u g a r ? I t h o u g h t t h a t maybe 
one could,when I l e a r n e d t h a t s u c r o s e c o u l d be c o n v e r t 
ed t o h y d r o x y m e t h y l f u r f u r a l . The k i n d o f c h e m i s t r y 
t h a t o c c u r s t o someone w i t h a m a r k e t o r i e n t a t i o n i s i n 
F i g u r e 3. As can be s e e n , one has t h r e e d i o l s , t h e 
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u n s a t u r a t e d one and b o t h t h e e i s and t r a n s v e r s i o n s o f 
t h e s a t u r a t e d one. They c o u l d be r a t h e r f a s c i n a t i n g 
t h i n g s . Not o n l y c o u l d t h e y o f f e r a l i t t l e e x t r a 
h y d r o p h i l i c i t y b u t t h e y a l s o have a c e r t a i n k i n d o f 
r i g i d i t y i m p a r t e d by t h e c y c l i c s t r u c t u r e , t h a t c o u l d 
be i n t e r e s t i n g i n a f i b e r . G o i n g down t h e l e f t s i d e 
o f t h e F i g u r e you w i l l see t h a t you ca n a l s o make d i -
c a r b o x y l i c a c i d s . What c o u l d be n i c e r ? Here i s a 
p o l y e s t e r , a l l made f r o m s u g a r . On t h e r i g h t s i d e i s 
th e i n t e r m e d i a t e p r o d u c t , t h e d i a l d e h y d e s . These 
c o u l d be u s e f u l i n c r o s s l i n k i n g c o t t o n t o make i t 
c r e a s e - r e s i s t a n t . 

SUCROSE 

t 

a l l e i s and/or trans 

Figure 3. Fiber precursors from sucrose (Source: Private communication from both 
former and present associates of Merk and Co.) 

S o u r c e ; P r i v a t e c o m m u n i c a t i o n f r o m b o t h f o r m e r and 
p r e s e n t a s s o c i a t e s o f Merck and Company. 
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L e t us i m a g i n e f o r t h e moment t h a t we a r e t a l k i n g 
a b o ut a p o t e n t i a l 30C/lb p r o d u c t . A d i p i c a c i d p r e s e n t 
l y l i s t s f o r a r o u n d 40C/lb. Butylène g l y c o l i s a r o u n d 
30C, c a p r o l a c t a m i s a r o u n d 60C, e t h y l e n e g l y c o l a r o u n d 
25C. These a r e s p o t p r i c e s so one s h o u l d t r e a t them 
w i t h c a u t i o n . However, i t l o o k s as t h o u g h we a r e n o t 
t o o f a r o u t o f t h e b a l l p a r k . Maybe one c o u l d make 
a f i b e r i n t e r m e d i a t e f r o m s u g a r . 

As i s u s u a l l y t h e c a s e , somebody t h o u g h t o f i t 
l o n g b e f o r e I d i d . As a m a t t e r o f f a c t , t h e r e was a 
s u b s t a n t i a l e f f o r t i n t h i s d i r e c t i o n g o i n g on 20 y e a r s 
ago a t Merck. I t a l k e d w i t h some o f t h e p e o p l e who 
were i n v o l v e d i n t h a t p r o j e c t t o see how e v e r y t h i n g 
came o u t , b e c a u s e , t o my kn o w l e d g e , no one was making a 
f i b e r i n t e r m e d i a t e f r o m s u g a r  The f i r s t t h i n g t h e 
Merck group d i d wa
t h e c h e a p e s t s o u r c e
t h o s e days i t was a b o u t 2C/lb. More i m p o r t a n t , e t h y 
l e n e was t h e n s e l l i n g f o r 4C and i t has been a good i n 
dex o f p e t r o c h e m i c a l p r i c e s . So, s u g a r , p e r c a r b o n 
p e r pound, was a b o u t h a l f t h e p r i c e . Today, as we 
have s e e n , t h e r a t i o i s r e v e r s e d , b u t we have no g u a r 
a n t e e i t i s g o i n g t o s t a y t h a t way. 

Me r c k ' s f i r s t j o b was t o make t h e h y d r o x y m e t h y l 
f u r f u r a l . They g o t a bunch o f p a t e n t s on t h a t p r o c e s s 
w h i c h , i n c i d e n t a l l y , now a r e abo u t t o e x p i r e . U n f o r 
t u n a t e l y t h e y c o u l d n o t g e t t h e y i e l d much o v e r 0.4 
pound/pound o f s u c r o s e . I gue s s t h a t i s n o t t o o s u r 
p r i s i n g . We want a p r o d u c t w i t h a 5-membered r i n g 
and o n l y h a l f o f t h e s u g a r m o l e c u l e has i t . T h a t 
b r i n g s us t o an i n t e r e s t i n g p o i n t . F r u c t o s e was i n a 
d i f f e r e n t p r i c e b a l l p a r k i n t h o s e days t h a n i t i s t o 
day. Maybe t h i s a n t i q u e i s w o r t h a s e c o n d l o o k . 
Anyway Merck, even w i t h y i e l d s up t o 60%, p r o c e e d e d 
b e c a u s e p r i c e s t r u c t u r e s i n t h o s e days were d i f f e r e n t 
f r o m what we now have. They made most o f t h e p r o d u c t s 
shown on t h e c h a r t , c h a r a c t e r i z e d them t o a c e r t a i n e x 
t e n t , even d i d some s m a l l s c a l e use t e s t s . They g o t 
t h e f i r s t s t a g e i n t o a p i l o t p l a n t and had r e a s o n a b l y 
good s u c c e s s . 

Merck even f o u n d some u n p l a n n e d u s e s f o r some o f 
t h e s e m a t e r i a l s . F o r exa m p l e , t h e d i o l i s a good s e l e c 
t i v e s o l v e n t f o r s e p a r a t i n g a r o m a t i c s f r o m p a r a f f i n s , 
an a r e a where t h e Udex p r o c e s s has been so s u c c e s s f u l . 
The d i o l p r o p i o n a t e e x h i b i t e d f u n g i s t a t i c p r o p e r t i e s . 
Merck even made some i n t e r e s t i n g d i a m i n e s i n c l u d i n g t h e 
one f o r n y l o n 6-6. The whole e f f o r t came t o a m i l l i o n 
and a h a l f 1960 d o l l a r s . To d u p l i c a t e t h i s work t o d a y 
w o u l d p r o b a b l y c o s t o v e r $3 m i l l i o n . What happened? 
"Merck d e c i d e d t h a t i t had more a t t r a c t i v e u s e s f o r i t s 
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c a p i t a l t h a n i n v e s t i n g i n t h e c a p t i a l r e q u i r e m e n t s ne
c e s s a r y t o c o n t i n u e t h i s p r o g ram and as s u m i n g t h e r i s k s 
i n v o l v e d i n a t t a i n i n g l a r g e volume u s e s f o r h y d r o x y -
m e t h y l f u r f u r a l . " I am n o t ab o u t t o c r i t i c i z e t h a t de
c i s i o n , b u t i t does i l l u s t r a t e t h e p o i n t a b out coming 
t o a d e f i n i t i v e d e c i s i o n as t o t h e d i r e c t i o n y o u r b u s i 
n e s s i s g o i n g t o t a k e b e f o r e b r o a d e n i n g y o u r r e s e a r c h 
e f f o r t s . 

When Merck t e r m i n a t e d t h i n g s , t h e y were n o t even 
c l o s e t o a f i b e r p r e c u r s o r . B e i n g a b l e t o make a 
monomer, o r a p o l y m e r , o r even a f i b e r f r o m t h e p o l y m e r 
a t l a b o r a t o r y s c a l e does n o t i m p r e s s f i b e r p e o p l e much. 
They want t o see enough p o l y m e r t o be a b l e t o r u n i t 
t h r o u g h s e m i - c o m m e r c i a l s p i n n i n g equipment. T h a t 
means t h a t somebody has t o b u i l d n o t o n l y a good s i z e d 
monomer p l a n t , b u t
b e f o r e you even kno
a c c e p t a b l e . I n c i d e n t a l l y , t h e r e i s an i n t e r e s t i n g new 
h i g h oxygen f i b e r o u t w h i c h seems t o have a v o i d e d t h a t 
p r o b l e m and w h i c h may g i v e you some i d e a s . Cyanamid 
i s making p o l y g l y c o l i c a c i d i n t o f i b e r s , b u t t h e i r 
f i b e r s a r e b e i n g u s e d f o r s o l u b l e s u r g i c a l s u t u r e s . 
I t i s a s m a l l m a r k e t i n t o n s , b u t a g i g a n t i c one i n 
d o l l a r s . Maybe Cyanamid w i l l now t u r n t h e i r a t t e n t i o n 
t o m a k i n g d i s p o s a b l e c l o t h i n g o u t o f p o l y g l y c o l i c a c i d . 
T h i n k o f t h e p o s s i b i l i t i e s i n b a t h i n g s u i t s ! 

I hope you have g a i n e d an a p p r e c i a t i o n o f how d i f 
f i c u l t i t i s t o t a k e s o m e t h i n g f r o m c o n c e p t i n t o com
merce. I t i s n o t j u s t a m a t t e r o f s o p h i s t i c a t e d chem
i s t r y o r good e n g i n e e r i n g . I t i s a l o t o f p e o p l e w i t h 
d i f f e r e n t o r i e n t a t i o n s w o r k i n g t o g e t h e r and a l l g o i n g 
i n t h e same d i r e c t i o n . J u s t keep i n m i n d , i f you a r e 
a m a r k e t i n g p e r s o n , you a r e n o t g o i n g t o be a b l e t o 
have much t o m a r k e t u n l e s s y o u r t e c h n i c a l p e o p l e make 
i t f o r y o u . By t h e same t o k e n , i f you a r e a t e c h n i c a l 
p e r s o n , y ou a r e n o t g o i n g t o be a b l e t o s e l l much un
l e s s t h e r e i s somebody o u t t h e r e k e e p i n g a c l o s e eye 
on t h e m a r k e t . T h i s , t h e n , i s t h e p r i m a r y message I 
w o u l d l i k e t o convey. An e x e r c i s e i n s u g a r c h e m i s t r y 
i s j u s t t h a t , an e x e r c i s e i n r e s e a r c h , b u t i t i s n o t 
n e c e s s a r i l y good b u s i n e s s . B u s i n e s s i s o u t t h e r e i n 
t h e m a r k e t p l a c e . Take a l o o k a t i t sometime. You 
m i g h t f i n d some f a s c i n a t i o n , you c e r t a i n l y w i l l f i n d a 
l o t o f s u r p r i s e s . 

E p i l o g u e 

P e r m i t me j u s t a n o t h e r c o u p l e o f m i n u t e s t o a d d r e s s 
t h e q u e s t i o n o f why I was w i l l i n g t o t a l k a b o ut s u g a r 
i n an a r e a where I have no e x p e r t i s e . The answer i s 
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s i m p l e I S u g a r , I f e e l , i s a b e l l w e a t h e r o f t h e renew
a b l e r e s o u r c e economy t h a t i s ahead o f u s . I n t r o p i c 
a l c l i m a t e s s u g a r cane grows 4 t i m e s f a s t e r t h a n any 
o t h e r c e l l u l o s i c c r o p ; t w i c e as f a s t i n t e m p e r a t e c l i 
m ates. N a t u r e u s e d c r o p s l i k e t h i s one t o make a l l 
t h e n a t u r a l gas and o i l and c o a l t h a t we have. N a t u r e 
u s e d t h e whole p l a n t . C o u l d we somehow f i g u r e o u t how 
t o do t h a t ? C o u l d we f i n d a bug t h a t c o u l d do i t f o r 
u s ? C o u l d we t r a i n i t t o do i t i n a t i m e frame t h a t 
i s c l o s e r t o o u r p e r c e p t i o n o f how d i s m a l t h e f u t u r e i s , 
r a t h e r t h a n t o g e o l o g i c t i m e . I f we c a n n o t do t h a t , 
c o u l d we b u r n t h e w h ole s u g a r c a n e , n o t j u s t t h e b a 
g a s s e ? C o u l d we do i t i n s u c h a way t h a t w o u l d g i v e 
back t h e m i n e r a l a s h , e s p e c i a l l y t h e p h o s p h o r u s , i n a 
way t h a t c o u l d be r e a d i l y r e s t o r e d t o t h e p l a n t a t i o n ? 
Have we t h e r i g h t s u g a
u s e , o r s h o u l d we b
t h e s p a c i n g o f o u r p l a n t s and t h e h a r v e s t i n g c y c l e i n 
t h e optimum way f o r g r o w i n g s u g a r f u e l ? A r e we i r r i 
g a t i n g i n t h e b e s t way we know? Or, s h o u l d we r e a l l y 
go back t o w i n d m i l l s ? We have l e a r n e d a l o t about 
a e r o d y n a m i c s s i n c e t h e w i n d m i l l was l a s t l o o k e d a t s e r 
i o u s l y . 

What has a l l t h i s t o do w i t h s u c r o c h e m i s t r y ? 
D e s p i t e what I s a i d about s u c r o c h e m i c a l s n o t making a 
r i p p l e i n s u g a r m a r k e t s , we must keep i n mind t h a t , no 
m a t t e r what k i n d o f a c t i v i t y we a r e i n , we a r e g o i n g 
t o have t o make s u r e we have c o n t i n u i t y o f b o t h m a t e r 
i a l and e n e r g y . U n t i l r e c e n t l y , p e t r o l e u m f i l l e d b o t h 
r o l e s , b u t t h i n g s a r e c h a n g i n g r a p i d l y , p e r h a p s more 
r a p i d l y t h a n any o f us wants t o r e a l i z e . I t v e r y w e l l 
may be t h a t t h e economy o f t h e f u t u r e i s g o i n g t o have 
t o r e l y on r e n e w a b l e r e s o u r c e s f o r b o t h e n e r g y and ma
t e r i a l s . I have a s u s p i c i a n t h a t s u g a r c a n e , o r some
t h i n g c l o s e t o i t , l i k e l y i s t o be t h e k e y t o t h a t f u 
t u r e economy. B e a r i n mind t h a t p e t r o c h e m i c a l s use o n l y 
5% o f a l l t h e o i l we pump. I t w e l l may be t h a t s u c r o 
c h e m i c a l s w i l l t a k e o n l y 5% o f a l l the, s u g a r c a n e we 
grow, b u t I can see us g r o w i n g one wha l e o f a l o t more 
s u g a r c a n e t h a n most p e o p l e e v e r t h o u g h t o f . When 
t h a t happens s u g a r c o u l d r e a l l y become che a p , r e l a t i v e 
l y . Now, t h a t i s Long Range P l a n n i n g . And t h a t , i s 
t h e c h a l l e n g e . Do e n j o y i t . 

Abstract 
There is great appeal today in using sugar, or any 

other renewable resource, to make things. However one 
always has grave doubts about replacing an established 
raw material with an untried one. These doubts become 
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compelling when raw material consumption is so large as 
to be a significant fraction of world sugar production, 
or when the new raw material supplier is "strange" or 
when the new raw material does not "look" like the cur
rent one. This characterizes the problem. 

Although sucrochemistry has fascinated generations 
of chemists; their accomplishments have not resulted in 
introducing "significant" amounts of sucrochemicals in
to channels of commerce. Why this is so is ascribed, 
in part, to failure of chemists to think in terms of 
Market Pull . Instead they have been addressing mar
kets naively, if at all, while pursuing that egocentric 
fascination which we call Raw Materials Push. Another 
portion of the failure is ascribed to reluctance of 
sugar firms to learn about markets other than their 
traditional one. Effort
such circumstances ca
Waste Disposal Project. Rarely do they work. Illus
trations of some that have and have not are presented. 
We wi l l focus on how to capitalize on Market Pull 
thinking and on assessing advantages and disadvantages 
- real and perceived - that sucrose offers in specific 
markets. 
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Hopes in a Sucrochemical Future 

A. J. VLITOS 
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The University, Whiteknights, P.O. Box 68, Reading, Berks, RG6 2BX, England 

I t i s a v e r y d i f f i c u l
some o f t h e p a p e r s g i v e
d r a w i n g t o g e t h e r t h e 'Hopes i n a S u c r o c h e m i c a l F u t u r e 1 . 
O b v i o u s l y a t a s k o f t h i s s o r t c a n n o t be done l i g h t l y 
f o r i t s h o u l d i n c l u d e some o f t h e h i s t o r i c a l p e r s p e c 
t i v e . I w o u l d l i k e t o b e g i n f i r s t o f a l l by p a y i n g 
t r i b u t e t o t h e r e m a r k a b l e f o r e c a s t i n g done by Dr. Hass 
i n t h e e a r l y days o f t h e Sugar R e s e a r c h F o u n d a t i o n . 
F o r , n o t o n l y was i t Dr. Hass who c o i n e d t h e t e r m 
" s u c r o c h e m i s t r y " b u t , i n f a c t , he l a i d t h e ground work 
w h i c h l e d t o t h i s Symposium w h i c h we have been a t t e n d 
i n g t h e s e p a s t t h r e e d a y s . 

I t must be most s a t i s f y i n g t o Dr. Hass t o have 
n o t e d t h e b r o a d expanse o f t h e s u c r o c h e m i s t r y i n t h e 
p a p e r s p r e s e n t e d i n t h e p a s t f o u r s e s s i o n s . B u t , i t 
i s i m p o r t a n t t o remember t h a t a l l o f t h i s work was done 
on a v e r y s m a l l b u d g e t , b y t o d a y ' s s t a n d a r d s an e x t r e m e 
l y s m a l l b u d g e t . I am s u r e Dr. Hass w o u l d a g r e e w i t h 
t h i s . I n d e e d i t i s a t r i b u t e t o t h e e a r l y F o u n d a t i o n 
management t h a t so much was a c h i e v e d , n o t o n l y w i t h so 
l i t t l e money, b u t i n su c h a s h o r t t i m e . 

P r o f e s s o r Hough showed us t h a t t h e p o t e n t i a l f o r 
m o d i f y i n g t h e s u c r o s e m o l e c u l e i s a l m o s t l i m i t l e s s . 
I n f a c t , when one c o n s i d e r s t h e number o f i t e m s t h a t he 
has d e s c r i b e d t o u s , I t h i n k P r o f e s s o r Hough c o u l d work 
t h e r e s t o f h i s l i f e s y n t h e s i z i n g t h e numbers o f com
pounds t h a t a r e p o s s i b l e . 

Not o n l y has P r o f e s s o r Hough g i v e n us some i n t e r 
e s t i n g c h e m i s t r y , he h a s , i n f a c t , t r a i n e d a g e n e r a t i o n 
o f s u c r o s e c h e m i s t s , s e v e r a l o f whom f o l l o w e d i n t h e 
program, i n c l u d i n g , Dr. Khan, who gave a v e r y e l o q u e n t 
p a p e r on t h e a c e t a t e s o f s u c r o s e , and P r o f e s s o r H a l l , 
who showed us how n.m.r. s p e c t r o s c o p y c a n be used t o 
i d e n t i f y and p r o b e s u c r o c h e m i c a l s . Someone, n o t o f t h e 
Hough s c h o o l , P r o f e s s o r A v e l a , gave us a v e r y i n t e r e s t -
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i n g p a p e r and a v e r y good p a p e r , on how t o pr o d u c e t h e 
c h e l a t e s , and use t h e s e c h e l a t e s t o e f f e c t d i r e c t sub
s t i t u t i o n s o f h y d r o x y l s i n t h e s u c r o s e m o l e c u l e . 

One i s bound t o b e l i e v e t h a t t h e c h e m i s t r y i n a l l 
o f t h e s e p a p e r s p r o v i d e s o p p o r t u n i t i e s t o be e x p l o i t e d 
i n t h e f u t u r e . T h i s , t h e n , was t h e f i r s t s e s s i o n 
t h a t had t o do w i t h f u n d a m e n t a l c h e m i s t r y . 

I n t h e s e c o n d s e s s i o n , we s h i f t e d f o c u s t o t h e 
a p p l i c a t i o n s o f t h i s s u c r o c h e m i s t r y , t h e s o - c a l l e d , u s e r 
t e c h n o l o g y . O b v i o u s l y , t h e s u r f a c t a n t s , s u r f a c e c o a t 
i n g s , s u c r o s e - b a s e d u r e t h a n e s , a l l a r e r e c e i v i n g a 
good d e a l o f a t t e n t i o n . 

We h e a r d a b o u t some new s u c r o s e e s t e r s u r f a c t a n t s 
f r o m Dr. P a r k e r o f T a t e & L y l e , and t h e s t a g e o f t h e 
dev e l o p m e n t s o f o l d e r e s t e r s f r o m Mr  K o s a k a o f t h e 
Ryot o group and f r o

P r o f e s s o r B o b a l e
c h e m i s t r y forms t h e base o f t h e p y r a m i d o f e s s e n t i a l s 
i n t h e e x p l o i t i n g o f s u c r o c h e m i s t r y by b u i l d i n g up u s e -
a p p l i c a t i o n s . He a l s o e s t a b l i s h e d some o f t h e p a r a 
m e t e r s t o be c o n s i d e r e d i n f u r t h e r d e v e l o p m e n t o f s u r 
f a c e c o a t i n g s e s t e r s . 

The p r o d u c t i o n o f s p e c i a l t y c h e m i c a l s v i a fermen
t a t i o n s o f s u c r o s e was shown t o h o l d a g r e a t p r o m i s e by 
t h e s e v e r a l p a p e r s i n d i c a t i n g t h e f e a s i b i l i t y o f su c h 
p r o c e s s e s f o r s o l v e n t s , gums and p r o t e i n s u p p l e m e n t s . 

I t was o b v i o u s f r o m t h e s e and e s p e c i a l l y f r o m 
Dr. Weaver's and fr o m P r o f e s s o r B o b a l e k ' s p a p e r s t h a t , 
b e c a u s e o f t h e f o u n d a t i o n o f good r e s e a r c h i n s u c r o 
c h e m i s t r y i n t h e p a s t , t h e s u g a r i n d u s t r y now i s i n a 
much b e t t e r p o s i t i o n t o e n t e r t h e e n e r g y r a c e . Through 
t h i s work, i n f a c t , we c a n b e g i n t h e r a c e w i t h a b i t o f 
a head s t a r t . U n f o r t u n a t e l y , t h e r e have been t o o many 
s t o p s and go's i n t h e s u c r o c h e m i c a l p r o g r a m s , p a r t i c u 
l a r l y t h o s e s u p p o r t e d by t h e Sugar R e s e a r c h F o u n d a t i o n , 
as w e l l as e l s e w h e r e . Because t h i s has been t r u e i n 
t h e p a s t ; t h e r e has emerged c o n s i d e r a b l e s k e p t i c i s m 
a b o ut s u c r o c h e m i s t r y . The r e v i e w s by Dr. Sheppard and 
Dr. L u b e r o f f d i s p l a y e d some o f t h a t s k e p t i c i s m , and 
some o f i t i s j u s t i f i e d . I t seems i m p o r t a n t , t h e r e 
f o r e , t o t r y t o r a t i o n a l i z e t h e arguments f o r and 
a g a i n s t s u g a r as a p o s s i b l e s u b s t i t u t e f o r p e t r o c h e m i 
c a l s i n i n d u s t r i a l c h e m i s t r y . What a n t a g o n i s m s a r e 
l i k e l y t o come up? S u c r o c h e m i s t r y meets q u e s t i o n s 
w h i c h e s s e n t i a l l y a r e economic. One n o t e s t h a t , i f 
t h e r e i s t o be a s i g n i f i c a n t i n c r e a s e i n t h e amount o f 
cane s u g a r t h a t i s t o be p r o d u c e d , i t i s bound t o come 
a t a ma r k e t p r i c e w h i c h i s h i g h e r t h a n t h e p r e s e n t 
w o r l d p r i c e . S i m i l a r l y , t h e r e w i l l be i n c r e a s e d p r e s 
s u r e s on s u g a r p r o d u c e d f r o m b e e t s . F a r m e r s i n Europe 
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a l w a y s a r e demanding h i g h e r p r i c e s f o r t h e i r c r o p . 
One n o t e s , t h e r e i s bound t o be i n c r e a s e d p r e s s u r e 
f r o m m a i z e , e s p e c i a l l y on t h e C o n t i n e n t . As new 
m a i z e v a r i e t i e s a r e i n t r o d u c e d i n E u r o p e , t h e r e i s 
l i k e l y t o be p r e s s u r e f o r even h i g h e r b e e t p r i c e s . 
T h i s , i n t u r n , w i l l r e s u l t i n h i g h e r s u g a r p r i c e s . 

B u t , what i s t h e i m p o r t a n t k e y , one w o u l d b e l i e v e , 
i s i n t h e l o n g r u n d i f f e r e n t i a l between t h e i n c r e a s e d 
p r i c e s f o r s u g a r and t h e i n c r e a s e d p r i c e s f o r p e t r o 
c h e m i c a l s . I t seems r e a s o n a b l e t o c o n c l u d e t h a t 
p e t r o c h e m i c a l p r i c e s w i l l i n c r e a s e more r a p i d l y t h a n 
s u g a r p r i c e s , and t h a t t h e r e w i l l be enough s u g a r a t 
c o m p e t i t i v e p r i c e s t o compete — i n c e r t a i n , s p e c i a l t y 
c h e m i c a l m a r k e t s . Now, I have s t r e s s e d t h a t , i n t h e 
s h o r t t e r m , s u c r o s e w i l l compete w i t h p e t r o c h e m i c a l s 
o n l y i n s p e c i a l t y c h e m i c a l
w i t h t h e p r e v i o u s s p e a k e r
s h o r t t e r m , m a j o r m a r k e t s f o r s u g a r t h a t a r e g o i n g t o 
match o r even a p p r o a c h t h e s c a l e o f m a r k e t s i n f o o d s , 
t o w h i c h t h e i n d u s t r y has been accustomed. The new 
o p p o r t u n i t i e s a r e g o i n g t o be i n s p e c i a l t y m a r k e t s f o r 
h i g h p r i c e d c o m m o d i t i e s . 

Y e t , i t s h o u l d be s t a t e d t h a t s u c r o s e w i l l n o t be 
c o m p e t i n g w i t h e t h y l e n e ; i t w i l l be c o m p e t i n g w i t h 
e t h y l e n e d e r i v a t i v e s w h i c h , i n f a c t , c o s t more t h a n 
e t h y l e n e by f a c t o r s o f two o r t h r e e . 

Now, t h e s e c o n d q u e s t i o n p u t b e f o r e you c o n c e r n s 
i n v e s t m e n t s by t h e o i l i n d u s t r y , t o be made i n new 
e t h y l e n e p l a n t s and i n t h e A m e r i c a n p l a n t s t o e x p l o i t 
c o a l r e s o u r c e s . How w i l l t h e s e a f f e c t t h e c h a n c e s o f 
s u c r o s e c h e m i s t r y ? The i n t e r e s t i n g p o i n t h e r e i s t h a t 
t h e c a p i t a l i n v e s t m e n t i n an e t h y l e n e p l a n t t o d a y i s 
r o u g h l y f o u r t i m e s what i t was i n t h e e a r l y 'TO's. 
These e t h y l e n e p l a n t s a r e n a p t h a c r a c k i n g p l a n t s . 
A r e c e n t s t u d y by a E u r o p e a n e t h y l e n e p r o d u c e r i n d i c a 
t e d t h a t he w o u l d have t o s e l l e t h y l e n e a t about £450 
t o £600 p e r t o n by 1985, n o t even a l l o w i n g f o r i n f l a 
t i o n , t o o b t a i n a d e c e n t r e t u r n on h i s c a p t i a l i n v e s t 
ment. So e t h y l e n e i s g o i n g t o be v e r y e x p e n s i v e . 
Whether s u g a r i s g o i n g t o be t h a t e x p e n s i v e o r n o t , can 
n o t p r e s e n t l y be p r e d i c t e d p r e c i s e l y b u t , e i t h e r way, 
t h e s u g a r p r o d u c e r s w o u l d n o t mind v e r y much. 

As f o r e x p l o i t a t i o n o f c o a l i n t h e U.S., t h i s a l s o 
i s bound t o i n v o l v e heavy c a p i t a l i n v e s t m e n t s . One 
d o u b t s v e r y much t h a t t h e p e t r o c h e m i c a l s w h i c h r e s u l t 
f r o m a new c o a l e x p l o i t a t i o n w i l l be any l e s s e x p e n s i v e 
t h a n o i l - d e r i v e d p r o d u c t s . 

The t h i r d q u e s t i o n t o ask i s w h e t h e r t h e c h e m i c a l 
i n d u s t r y i s g e a r e d t o h a n d l e c a r b o h y d r a t e f e e d s t o c k s 
as s t a r t i n g m a t e r i a l s . The answer i s t h a t t h e r e a r e 
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few, i f any, m a j o r c h e m i c a l companies w h i c h a r e s e r 
i o u s l y d e v e l o p i n g a l t e r n a t i v e c h e m i c a l f e e d s t o c k s . 
One o r two s m a l l e r companies have e x p r e s s e d i n t e r e s t 
i n s u c r o s e c h e m i s t r y , b u t t h e s e m a i n l y , a r e f o r 
s p e c i a l t y c h e m i c a l a p p l i c a t i o n s . One may a s k how 
many s u g a r companies have c o n s i d e r e d s e r i o u s l y d i v e r s i 
f y i n g i n t o t h e c h e m i c a l f i e l d . E i t h e r a l o n e o r i n 
p a r t n e r s h i p w i t h a c h e m i c a l company, a r e t h e y w i l l i n g 
t o d e v e l o p t h o s e s u c r o s e c h e m i c a l s w h i c h seem economi
c a l l y v i a b l e t o d a y and l i k e l y t o become even more so i n 
t h e f u t u r e ? 

One may c o n c l u d e t h a t t h e r e a r e two p o t e n t i a l weak
n e s s e s i n t h e p r e s e n t s u c r o c h e m i s t r y p rograms. The 
program i s u n l i k e l y t o c o n v i n c e t h e g i a n t s i n t h e chem
i c a l i n d u s t r y t o a d o p t  what i s f o r them,a new t e c h n o l 
ogy, as w e l l as an
i n d u s t r y , i t s e l f , seem
p e r t i s e o r t h e e n t r e p r e n e u r s h i p t o e n t e r t h e c h e m i c a l s 
m a r k e t s . T h i s may sound r a t h e r p e s s i m i s t i c , b u t p e r 
haps i t i s r e a l i s t i c . 

Those i n t h e s u g a r i n d u s t r y w i l l have a p o s s i b i l i 
t y i f t h e y c a n f i n d some e f f e c t i v e means o f e f f e c t i n g 
c o o p e r a t i o n w i t h t h e c h e m i c a l i n d u s t r y , p e r h a p s i n 
j o i n t v e n t u r e s o f t h e t y p e d i s p l a y e d i n t h e R y o t o Com
pany, o r g a n i z e d between D a i N i p p o n Sugar and M i t s u b i 
s h i C h e m i c a l s . I t i s t h i s s o r t o f l i n k and j o i n t 
v e n t u r e , t h a t seems t o be t h e way most l i k e l y r e a l l y t o 
d e v e l o p and e x p l o i t t h e f u n d a m e n t a l s u c r o c h e m i s t r y f o r 
w h i c h t h e I n t e r n a t i o n a l S u gar R e s e a r c h F o u n d a t i o n has 
been p a y i n g f o r t h i s t h i r d o f a c e n t u r y . 

However, i t w o u l d be a m a j o r m i s t a k e t o o v e r l o o k 
t h e p o t e n t i a l s o f s u c r o c h e m i s t r y j u s t b e c a u s e i t s 
c o m m e r c i a l v i a b i l i t y has y e t t o be r e a l i z e d . One must 
keep i n mind t h e r e was a t i m e when p e t r o c h e m i c a l 1 s o r 
p e t r o l e u m ' s m a j o r m a r k e t s were i n p a t e n t m e d i c i n e and 
cough d r o p s . One c a n be c o n v i n c e d t h a t t h e s u g a r 
c h e m i s t r y , t h e s u b j e c t o f t h i s Symposium f o r t h e p a s t 
few days d e f i n i t e l y w i l l l e a d t o some o f t h e s p e c i a l t y 
p r o d u c t s o f t h e l a t e '80s o r e a r l y '90s. 

On t h i s o p t i m i s t i c n o t e , I w o u l d l i k e t o r e m i n d 
you o f O s c a r W i l d e ' s a p t p h r a s e t h a t , " I t ' s d a n g e r o u s 
t o p r o p h e s y , e s p e c i a l l y a b o u t t h e f u t u r e " . 

Abstract 
It is timely to be thinking about a "sucrochemical 

future" at a time when there is considerable concern 
about shortages of conventional sources of energy. 
For sucrose represents a unique substance - one of the 
major products resulting from the conversion of solar 
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to chemical energy by higher plants. This fact is 
going to be of increasing significance because, in the 
long run, it is the products of photosynthesis which 
may have to replace our diminishing supplies of fossil 
fuels. Thus,when one looks into the "sucrochemical 
future" it is to anticipate the use of sucrose and 
other sugars as chemical feedstocks or as fermentation 
substrates to produce a vast array of chemical products 
which today depend almost entirely upon petrochemical 
feedstocks. 

This paper discusses those processes based on su
crochemistry which stand the best chance of competing 
economically with petrochemicals both in the short- and 
long-term. Special emphasis is placed on the use of 
sucrose to produce sucrose surfactants employing simple 
techniques or, at th
ogies. 
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Discussion 

Q u e s t i o n : Dr.
and l i c e n s i n g program
i n t o t h e o t h e r programs o f p a t e n t i n g and l i c e n s i n g t h a t 
R e s e a r c h C o r p o r a t i o n c a r r i e s on? A r e t h e l i c e n s i n g 
t erms t y p i c a l , o r a r e t h e y u n u s u a l ? How do you com
p a r e t h e ISRF program w i t h t h o s e c a r r i e d on f o r o t h e r 
p e o p l e ? 

Dr. M arcy; I t a l l depends on what k i n d o f t e c h 
n o l o g y you a r e t a l k i n g a b o u t . The g e n e r a l t erms i n 
t h e I S R F - t y p e o f l i c e n s e a r e v e r y s i m i l a r t o t h e gen
e r a l t e r m s i n any o t h e r l i c e n s e s . As I m e n t i o n e d 
i n my t a l k , t h e r e i s no b a s i c d i f f e r e n c e between l i 
c e n s i n g s u c r o c h e m i c a l s and o t h e r t y p e s o f c h e m i c a l s . 

T h i s l e a d s one t o compare, t h e n , t h e f i n e s t r u c t u r e 
o f a l i c e n s e . I f one i s t a l k i n g a b o u t a p h a r m a c e u t i 
c a l , o r a d r u g , o r some f i n e c h e m i c a l , t h a t has a r e l 
a t i v e l y l i m i t e d m a r k e t , g e n e r a l l y t h e r o y a l t y r a t e s 
a r e h i g h e r ; a common arrangement i s 5 t o 10 p e r c e n t o f 
t h e n e t s a l e s p r i c e o f t h e p r o d u c t i n t h e f i n a l p a c k 
aged f o r m . R o y a l t i e s a r e c o l l e c t e d on t h e package as 
w e l l as t h e m a t e r i a l . W i t h s u g a r e s t e r s , and i n t e r 
m e d i a t e and heavy c h e m i c a l s , n o r m a l l y t h i s i s n o t p o s 
s i b l e . H e r e , t h e r o y a l t y r a t e i s b a s e d on t h e n e t 
s a l e s v a l u e o f t h e p r o d u c t i n b u l k f o r m t o w h o l e s a l e r s . 
These r o y a l t y r a t e s may r u n from 3 t o 7 p e r c e n t . 

I t h i n k t h a t t h e o r i g i n a l f i g u r e f o r s u g a r e s t e r 
l i c e n s e s , two p e r c e n t , was on t h e low s i d e ; i t c o u l d 
have been up t o f i v e p e r c e n t . N o n e t h e l e s s , t h e 
Ja p a n e s e l i c e n s e e came back a f t e r a few y e a r s and s a i d 
t h a t t h e y t h o u g h t two p e r c e n t was t o o h i g h , and so t h e 
r o y a l t y r a t e s were r e d u c e d , u s i n g a s l i d i n g s c a l e down
war d , b a s e d on t h e volume o f p r o d u c t s . T h a t i s ano
t h e r u s u a l way o f d o i n g i t . 

I n t h e e l e c t r o n i c s and e l e c t r i c a l i n d u s t r y , g e n e r -
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a l l y r o y a l t y r a t e s r u n l o w e r . They r u n f r o m 0.5 p e r 
c e n t up t o f p e r h a p s , t h r e e p e r c e n t . I n t h e m e c h a n i c a l 
a r t s a r e a , l i c e n s e r a t e s w i l l be i n t h a t same r a n g e . 
I t i s more d i f f i c u l t t o l i c e n s e m e c h a n i c a l d e v i c e s on 
a p e r c e n t a g e o f s e l l i n g p r i c e b a s i s , as m e c h a n i c a l de
v i c e s f r e q u e n t l y a r e components o f a l a r g e r p i e c e o f 
m a c h i n e r y . I n t h i s s i t u a t i o n i t i s p r e f e r a b l e t o s e t 
t h e r o y a l t y on a c e n t s p e r u n i t b a s i s . I do n o t t h i n k 
t h a t i s a p p l i c a b l e i n l i c e n s i n g c h e m i c a l s . 

Q u e s t i o n ; Dr. M a r c y , you m e n t i o n e d t h a t you have 
f o u r ISRF p a t e n t a p p l i c a t i o n s i n p r o c e s s a t t h e moment. 
Would you t e l l what t h e y a r e ? 

Dr. M a r c y : W i t h p e r m i s s i o n f r o m ISRF I w o u l d be 
p l e a s e d t o . 

Mr. S a r a u l t : You have my p e r m i s s i o n . 

Dr. M a r c y : One c o v e r s t h e i n v e n t i o n s and d i s c o v e r 
i e s o f Mr. F a u l k n e r , o f t h e P a i n t R e s e a r c h A s s o c i a t i o n , 
who d e s c r i b e d h i s work on s u r f a c e c o a t i n g s u c r o s e r e s 
i n s ( C h a p t e r 1 3 ) . A s e c o n d c o v e r s t h e d i s c o v e r i e s and 
i n v e n t i o n s o f Dr. P o l l e r i n t h e m e t a l l o - s u c r o s e d e r i v a 
t i v e a r e a ( C h a p t e r 1 1 ) . A t h i r d c o v e r s i n v e n t i o n s and 
d i s c o v e r i e s o f Dr. G a r d n e r , whose work has n o t been 
d i s c u s s e d a t t h i s symposium. H i s t e c h n o l o g y i n v o l v e s 
a s u c r o s e - b a s e d p o l y m e r i c m a t e r i a l f o r use i n dimen-
s i o n a l l y s t a b i l i z i n g wood. The f o u r t h one c o v e r s 
P r o f e s s o r Hough's work on c h l o r o s u c r o s e s ( C h a p t e r 2 ) . 
A p p l i c a t i o n s c o v e r i n g a l l o f t h e s e i n v e n t i o n s a r e be
i n g f i l e d i n t h e U n i t e d Kingdom f i r s t and t h e n , w i t h i n 
t h e " c o n v e n t i o n y e a r , " i n t h e U n i t e d S t a t e s and i n 
p e r h a p s 15 t o 20 c o u n t r i e s a r o u n d t h e w o r l d . 

Q u e s t i o n : What i s t h e a p p r o x i m a t e w o r l d use o f 
s u c r o s e e s t e r s ? 

Dr. M a r c y : I do n o t have t h a t i n f o r m a t i o n a v a i l 
a b l e . As I m e n t i o n e d , t h e r e a r e two m a j o r l i c e n s e e s , 
one i n J a p a n and one i n F r a n c e . The s a l e s o f t h e s e 
m a t e r i a l s can be a p p r o x i m a t e d f r o m t h e r e p o r t s o f t h e 
r o y a l t y payments, w h i c h , a g a i n o n l y w i t h p e r m i s s i o n 
f r o m ISRF may I d i s c l o s e . 

Mr. S a r a u l t : You have my p e r m i s s i o n . 

Dr. Marcy: L a s t y e a r ' s r o y a l t y payment was $35 -
$40,000. A t a two p e r c e n t r o y a l t y r a t e , s a l e s o f 
a b o ut $2,000,000 w o u l d be i n d i c a t e d f o r t h e s e two coun-
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t r i e s . The s u c r o s e e s t e r p a t e n t s e x p i r e d t h i s y e a r , 
so t h i s y e a r ' s r o y a l t i e s a r e n o t r e a l l y i n d i c a t i v e . 
I n a d d i t i o n , T a t e & L y l e i s m a r k e t i n g an e s t e r i n t h e 
U n i t e d Kingdom, and t h e r e a r e s m a l l amounts o f s u g a r 
e s t e r s m a n u f a c t u r e d by o t h e r p r o c e s s e s t h a t a r e m a r k e t 
ed i n some o t h e r c o u n t r i e s , p a r t i c u l a r l y i n B e l g i u m , 
H o l l a n d and Germany. B u t , t h e s e a r e m i n o r . As f a r 
as I know, t h e r e a r e no s a l e s i n I t a l y , t h e U n i t e d 
S t a t e s and Canada. I n o t h e r c o u n t r i e s o f t h e w o r l d , 
as f a r as I know, t h e r e a r e no s a l e s . 

Someone more f a m i l i a r w i t h t h e a c t u a l m a r k e t i n g o f 
e s t e r s may have some a d d i t i o n a l i n f o r m a t i o n . Do y o u , 
P r o f e s s o r V l i t o s ? 

P r o f e s s o r V l i t o s  No  I d t hav  f i g u r e s

Dr. M arcy; Doe  anyon y
f a c t u r e and s a l e o f s u g a r e s t e r s i n t h e E a s t e r n b l o c 
c o u n t r i e s ? 

Dr. H i c k s o n : The R u s s i a n s have some p a t e n t s on 
su g a r e s t e r s . 

Dr. M a r c y : P a t e n t s a r e n o t e q u i v a l e n t t o s a l e s , 
u n f o r t u n a t e l y . 

Q u e s t i o n : What i s t h e c o s t o f w o r l d w i d e p a t e n t 
c o v e r a g e , and does t h e c o s t go up o v e r t h e y e a r s ? 
And, i s i t an e c o n o m i c a l t h i n g t o do, u n l e s s you a r e 
a b s o l u t e l y c e r t a i n t h a t t h e p r o d u c t s have r e a l commer
c i a l p o s s i b i l i t i e s ? 

Dr. M arcy: One i s n e v e r a b s o l u t e l y c e r t a i n a b o u t 
a n y t h i n g . T h e r e f o r e , i n t h i s a r e a , as w i t h any c h e m i 
c a l r e s e a r c h , y o u have t o make some v a l u e judgments. 
These m a t e r i a l s and t h i s work t h a t has been done w i t h 
ISRF money a r e s t i l l q u i t e b a s i c . Much a d d i t i o n a l 
f u n d i n g has t o be expended f o r f u r t h e r r e s e a r c h and 
de v e l o p m e n t . I f you add t o t h i s t h e money t h a t one 
wo u l d have t o spend t o g e t Food and Drug A d m i n i s t r a t i o n 
c l e a r a n c e s on some o f t h e s e p r o d u c t s , you r e a c h i n t o 
t h e m i l l i o n s o f d o l l a r s b e f o r e y o u even g e t on t h e 
m a r k e t . V a l u e judgments on w h e t h e r o r n o t t o spend 
money f o r p a t e n t i n g c a n be a f f e c t e d by t h e s e f a c t o r s . 
My p e r s o n a l f e e l i n g i s t h a t t h e c o s t o f p a t e n t i n g i s 
r e l a t i v e l y s m a l l compared t o t h e c o s t o f f u r t h e r r e 
s e a r c h and deve l o p m e n t and m a r k e t r e s e a r c h . G e n e r a l l y 
s p e a k i n g , p e o p l e t e n d t o f i l e f o r p a t e n t s and p r o s e c u t e 
them f a i r l y q u i c k l y , w i t h v e r y l i t t l e a s s u r a n c e t h a t 
t h e y a r e g o i n g t o have any c o m m e r c i a l p r o d u c t s . 
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You a l s o had a q u e s t i o n a s k i n g i f p a t e n t c o v e r a g e 
c o s t s more as t i m e goes on. P r a c t i c a l l y a l l o f t h e 
c o u n t r i e s o f t h e w o r l d t h a t have p a t e n t systems have 
a n n u a l m a i n t e n a n c e f e e s , o r w o r k i n g r e q u i r e m e n t s f o r 
k e e p i n g p a t e n t s i n f o r c e . I n some c o u n t r i e s , t h e f e e s 
a r e p r o g r e s s i v e l y g r e a t e r e a c h y e a r d u r i n g t h e l i f e o f 
t h e p a t e n t , and sometimes t h e y e s c a l a t e v e r y r a p i d l y . 
T h e r e f o r e , what one does i s t o f i l e f i r s t , a t a r e l a 
t i v e l y low c o s t , and t h e n t r y t o g e t t h e p r o d u c t on 
m a r k e t as soon as p o s s i b l e . I f t h e p r o d u c t s a r e v a l 
u a b l e c o m m e r c i a l l y , t h e y w i l l pay f o r t h e added c o s t s 
o f m a i n t e n a n c e . I f t h e y a r e n o t b e i n g u s e d commer
c i a l l y i n a g i v e n c o u n t r y , s i m p l y do n o t pay t h e m a i n 
t e n a n c e f e e s , and t h e p a t e n t becomes abandoned. I n 
t h e U n i t e d S t a t e s and Canada t h e r e a r e no m a i n t e n a n c e 
f e e s , a l t h o u g h t h e
t h e s e c o u n t r i e s , t h
n a l f i l i n g and p r o s e c u t i o n c o s t s . 

A U.S. p a t e n t a p p l i c a t i o n o f t h e s o r t t h a t one 
w o u l d f i l e i n t h e c a s e o f s u c r o c h e m i c a l s p r o b a b l y w o u l d 
c o s t i n t h e o r d e r o f $2,000 t o $3,000, j u s t f o r t h e 
f i l i n g . T h i s c h a r g e c o v e r s t h e a t t o r n e y who d r a f t s 
and f i l e s t h e a p p l i c a t i o n and t h e f i l i n g f e e s . F i l i n g 
i n o t h e r c o u n t r i e s , once f i l i n g has been a c c o m p l i s h e d 
i n one c o u n t r y , i s s i m p l e r and l e s s c o s t l y p e r c o u n t r y , 
e x c e p t f o r t r a n s l a t i o n c o s t s . T r a n s l a t i o n c o s t s a r e 
f a i r l y h i g h i n J a p a n , b u t i n a F r e n c h - s p e a k i n g o r 
German-speaking c o u n t r y , t h e c o s t i s on t h e o r d e r o f a 
few h u n d r e d d o l l a r s p e r p a t e n t . F i l i n g i n 15 m a j o r 
c o u u t r i e s a r o u n d t h e w o r l d w o u l d c o s t f r o m $10,000 t o 
$15,000. 

Q u e s t i o n : Would you t e l l u s , r o u g h l y , what i s t h e 
breakdown o f t h e $10,000 t o $15,000; what f r a c t i o n does 
R e s e a r c h C o r p o r a t i o n pay and what f r a c t i o n d e v o l v e s 
upon ISRF? 

Dr. M a r c y : The agreement between R e s e a r c h C o r p o r a 
t i o n and ISRF c a l l s f o r R e s e a r c h C o r p o r a t i o n t o e v a l u 
a t e i n v e n t i o n s t h a t a r e s u b m i t t e d t o R e s e a r c h C o r p o r a 
t i o n by ISRF, and make a d e c i s i o n as t o w h e t h e r i t i s 
w o r t h w h i l e t o go f o r w a r d w i t h p a t e n t i n g and l i c e n s i n g . 
I f we d e c i d e i n a p o s i t i v e d i r e c t i o n , t h e n we u n d e r 
t a k e t o g e t p a t e n t c o v e r a g e , a n d m a i n t a i n t h o s e p a t e n t s ; 
t o h a n d l e any i n t e r f e r e n c e s , o r i n f r i n g e m e n t s t h a t 
m i g h t come up d u r i n g t h e l i f e o f t h e p a t e n t ; and t o 
c o l l e c t t h e r o y a l t i e s , a l l a t o u r e x p e n s e . ISRF i s 
c h a r g e d n o t h i n g f o r t h i s s e r v i c e . I f and when income 
i s r e c e i v e d , however, t h e agreement c a l l s f o r R e s e a r c h 
C o r p o r a t i o n t o s h a r e i t w i t h t h e i n v e n t o r ( a t w h a t e v e r 
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p e r c e n t a g e t h e i n v e n t o r i s d e s i g n a t e d t o g e t , by ISRF) 
and ISRF. A f t e r t h e payment t o t h e i n v e n t o r , t h e d i s 
t r i b u t i o n between t h e two o r g a n i z a t i o n s i s 50:50. 

Dr. Weaver: By t h e t i m e t h e s e p r o c e e d i n g s a r e pub
l i s h e d , P r o c t o r and Gamble w i l l have d i s c l o s e d t h a t t h e 
s u c r o s e o c t a e s t e r o f a h i g h e r f a t t y a c i d , s u c h as s t e a 
r i c , w i l l i n h i b i t t h e d e p o s i t i o n o f c h o l e s t e r o l . I t 
b o g g l e s t h e mind what m i g h t happen t o s u g a r e s t e r p r o 
d u c t i o n f i g u r e s i f e ven one gram o f o c t a e s t e r o f s u 
c r o s e were p u t i n t o e a c h p i n t o f C r i s c o . 
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