
A P R I L  1 9 5 7  S T E V E N S :  N O N I O N I C  S U R F A C T A N T S  1 8 5  

fac tured  reproducibly  to specifications. I t  is possible 
tha t  the effectiveness of the polyoxyethylated glyc- 
erides may  lie in the complexity of the mixtures  
which are obtained in the synthesis. 

Future Developments 
Detergency, emulsification, wetting, and foaming 

are composite propert ies  derived f rom the more fun- 
damental  sur fac tan t  propert ies  of sur face-energy  
lowering, adsorption, solubility, etc. Present  uses for 
nonionics are pr incipal ly  in aqueous systems and 
utilize the composite propert ies  just  re fer red  to. I t  
is ant icipated tha t  new inventions will disclose m a n y  
new uses for  nonionic surfac tants  which will require 
different composites of properties,  including more 
extensive use of these compounds in non-aqueous 
systems. Cases in point are the recent description of 
a process for  using nonionic sur fac tants  as flocculating 
agents for  clays in oil-well-drilling fluids, a n d  the 
discovery of iodophors (18). 

In  the near  fu ture  nonionics will be generally 
recognized as comprising two major  categories of 
products. The larger  tonnage items will become sta- 
ple commodities manufac tu red  to s tandard  specifica- 
tions and available f rom two or more producers.  

Special ty items and patent-protected inventions are 
expected to increase in number  of products  and in 
total  volume. In  most cases these la t ter  types of ma- 
terials will be sold by  companies specializing in 
technical service to specific industries. 
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Sugar Esters I 

LLOYD OSIPOW, FOSTER DEE SNELL, and ARTHUR FINCHLER, 
Foster D. Snell Inc., New York, New York 

p REVIOUSLY REPORTED STUDIES (1) with polyoxyeth- 
ylene condensates have demonstrated that  opti- 
mum sur fac tan t  propert ies  require the presence 

of about two ethylene oxide units for  every three 
carbon atoms in the alkyl chain. One could hope 
tha t  sucrose with 11 oxygen atoms would con t r ibu te  
about  the same hydrophil ic  effect as a polyoxyethyl-  
ene containing an equal number  of oxygen atoms. 
An effective sur fac tan t  derived f rom sucrose would 
then require an alkyl group containing about 16 or 
17 carbon atoms. 

The usual  range  of carbon atoms in the alkyI 
chain of a sur fac tan t  is 12 to 18. Consequently this 
would fit into the well-established framework,  and it 
might  be expected tha t  useful  sur fac tants  would 
result  f rom the chemical combination of f a t t y  acids 
and  sucrose. This  has been demonstrated (3).  Glu- 
cose and sorbitol, on the other hand, contain an  in- 
sufficient number  of oxygen atoms per  molecule. I t  
is necessary to add oxyethylene groups to obtain 
sufficient water-solubility, with an alkyl chain of ad- 
equate size for  surface activity. 

The physiological proper t ies  of the sucrose esters 
are unique. Sucrose monostearate is nontoxic, odor- 
less, and tasteless. I t s  solutions do not sting the 
eyes or cause allergic response when injected intra-  
venously. When  ingested, the sugar  esters hydrolyze 
to fo rm normal  food products.  Not  only are these 
esters assured of a favorable position in food and 
medicinal applications, but  they will create new mar-  
kets in those industries where none previously existed 
for synthetic surfactants .  

Sucrose is the least expensive mater ia l  commer- 
cially available for use as the hydrophil ic  port ion 

of a nonionic surfactant .  When  combined with tal- 
low f a t t y  acids to fo rm sucrose monotallowate, the 
resul t ing product  is cer tainly based on low-cost raw 
materials.  I f  the manufac tu r ing  process is also inex- 
pensive, the sugar  esters will be competit ive in ap- 
plications where their  special physiological propert ies  
are not important .  Consequently our major  effort has 
been directed toward  developing and improving the 
method of manufac ture .  

Alcoholysis Reaction 
As previously described (4), the reaction between 

sucrose and fa t  to fo rm a sucrose ester is a s traight-  
fo rward  a]coholysis reaction. However  there are nu- 
merous complications. Sucrose cannot be heated for 
prolonged periods at t empera tures  exceeding 100~ 
without  caramelizing. At  safe opera t ing tempera-  
tures  the solubility of sucrose in fa t  is negligible. I t  
is necessary to employ a neut ra l  solvent, one which 
does not decompose or enter into the reaction. Di- 
methyl formamide  and dimethylsulfoxide proved to be 
suitable solvents. 

To effect at  least 90% conversion of one of the 
reactants  to the sugar  ester, it is necessary to employ 
either a very  large excess of the second reac tant  or 
to remove one or more of the products  f rom solu- 
tion. The use of a large excess of one reactant  would 
require relat ively large equipment  in relat ion to 
product  yield and would not be economical. The 
solubility characterist ics of the sugar  esters are in- 
termediate  between sucrose and fat. There is little 
likelihood of finding a solvent for sucrose and fa t  
f rom which the sucrose ester will precipitate.  Simi- 
la r ly  glycerine will not separate  f rom a solvent for  
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sucrose. One feasible approach is to substitute for  
the fat, a f a t t y  acid ester of a volatile alcohol. The 
product  alcohol can be stripped from the system by 
operating under  vacuum. Methyl, ethyl, or isopropyl 
esters of f a t ty  acids can be conveniently used in the 
alcoholysis reaction. 

With methyl  esters, under  our usual conditions of 
operation, the total quant i ty  of methanol produced 
is about 0.6% o f  the total weight of solution. The 
small quant i ty  of methanol present in the reaction 
mixture at  any given time is difficult to remove effi- 
ciently when the reaction is carried out in multi- 
gallon batches. Under  these conditions the reaction 
rate is determined by the rate at which the methanol 
is removed from the system. Thus we have found 
that  the rate of the reaction can be very  substantially 
increased by recycling the reaction mixture through 
a turbulent-film evaporator, where str ipping of meth- 
anol is very  efficient. The product  methanol and a 
portion of the solvent are distilled from a continu- 
ously-forming film of the solution. 

Comparison can be made between three different 
experiments, where the only differences were in the 
batch sizes and in the type of equipment. All three 
experiments were carried out under  anhydrous con- 
ditions, and each reaction mixture consisted of 6.3% 
methyl stearate, 21.6% sucrose, 0.42% potassium car- 
bonate, and the remainder  dimethylformamide. 

In  a laboratory run  we employed 1.8 liters of solu- 
tion in a three-neck flask, which was fitted with a 
s t i rrer  and a six-plate f ract ionai ing column. After  
three hours at 90~ and appropr ia te  vacuum for 
refluxing, 7.3% of the methyl  stearate had not re- 
acted. Af te r  six hours conversion of the methyl ste- 
arate was complete. 

S tandard  pilot plant  equipment consisting of a 
reaction vessel, agitator, f ract ionat ing column, and 
condenser was employed for 100-gal. batches. In  a 
typical  r un  in which the reaction mixture  was main- 
tained at  90~ and appropr ia te  vacuum for eight 
hours, 6% of the methyl  ester did not react. 

Small pilot plant runs  employing five gallons of 
the reaction mixture continuously circulated through 
a turbulent-film evaporator  demonstrated that the 
methyl ester could be completely reacted at 90~ 
in two hours. Thus, by the use of very  efficient strip- 
ping conditions in the pilot plant, we were able to 
carry  out the reaction more rapidly  than in the labo- 
ratory.  Results are summarized in Table I. 

sucrose esters, decreases when the moisture content 
is raised above zero percentage. Above about 2.0% 
moisture the alcoholysi s reaction is extremely slow. 
This is not entirely unexpected. However, when the 
moisture content is raised to a few hundredths  of 
1.0%, very  lit t le diester or other polyesters of sucrose 
form, while the rate of formation of sucrose mono- 
esters is still satisfactory. When sucrose polyesters 
of f a t ty  acids are already present in the system, they 
react with free sucrose to form sucrose monoesters, 
at a rate which depends upon the water  content. I t  
is most rapid  when the level of water is in the range 
of 0.05 to 0.15% of the entire reaction mixture. 

The following experiments typ i fy  the effect of 
moisture on the alcoholysis reaction. 

A reaction mixture  was prepared consisting of 
112.5 g. of methyl  stearate, 387 g. of sucrose, and 
1,275 milliliters of dimethylformamide. The mixture 
was placed in a three-neck flask fitted with a ther- 
mometer, mechanical stirrer,  and a six-plate frac- 
t ionating column leading to a water-jacketed con- 
denser. Af te r  heating the mixture to 120~ 7.5 g. 
of potassium carbonate were added and the vacuum 
was adjusted for vigorous refluxing of the distillate. 
The reaction was carried out for  1.5 hrs., with sam- 
ples removed each 0.5 hr. for  analysis. Comparison 
is made between three runs which differ in moisture 
content (2) as shown, a) All materials were com- 
pletely d ry  before adding the anhydrous potassium 
carbonate catalyst. Analysis showed 0.01% moisture. 
After  0.5 hr. moisture dropped to 0.00%. b) The 
moisture content was adjusted initially to 0.08%. It  
was rechecked every 15 min. and readjusted to 
0.08%. c) The moisture content was adjusted ini- 
tially to 0.15%. I t  was re turned to that  level af ter  
each 15 rain. of reaction time. 

T A B L E  II 
Effect of lYIoisture on the Alcoholysis Reaction at 120~ 

Water Reaction ~fethyl ester, Sugar ester present as 
content, time percentage monoester, 

percentage (hours) unreacted percentage 

0.Ol-O.00 

0.08 

0.15 

0.5 
1.0 
1.5 

0.5 
1.O 
1.5 

0.5 
1.0 
1.5 

6.1 
0.0 
0.0 

14.7 
14.7 
14.7 

22.6 
22.3 
15.1 

62.1 
63.6 
73.2 

78.2 
100.O 
100.O 

91.1 
1O0.0 
100.0 

Effect of Moisture 

One of the most serious problems encountered in 
the manufacture  of the sucrose monoesters was the 
persistent formation of substantial quantities of su- 
crose diesters. Subsequent s tudy demonstrated the 
unique effect of trace quantities of water. The rate 
of alcoholysis reaction, resulting in the formation of 

T A B L E  I 
Unreacted Methyl Es t e r  as a Function of Equipment .  

React ion  Tempera tu re  90~ 

React ion t ime 
(hours )  

Unreac ted  methyl  ester, 
percentage 

F i lm  
evaporator 

5 gallons 

Laboratory Pilot plant 
equipment 100 gallons 
1.8 l i ters  

7.3 ...... 
0 

...... 6.0 

2 ........................................... 0 
3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
6 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
S . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Results presented in Table I I  show that  the con- 
version of methyl  ester to  sucrose ester is most 
rapid and most complete in the absence of water. 
However formation of sucrose monoester occurs to 
a greater extent  with moisture present. 

A reaction mixture was prepared,  which was iden- 
tical to tha t  described above, using anhydrous mate- 
rial. Af te r  carrying out the reaction for  one hour 
at 120~ and the appropria te  vacuum, the reaction 
mixture was divided into three parts. One par t  was 
adjusted to  0.05% water  and a second par t  to 0.10% 
water. The third par t  was anhydrous. The three 
portions were maintained at 95~ for  one hour 
without vacuum. Analytical  data  at the end of this 
period are shown in Table I I I .  

A repeat experiment with 0.1% moisture present 
in the final hour  resulted in 90.0% monoester based 
on total sugar esters. These results suggest that  
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T A B L E  III 

Effect of Mois ture  on Monoester  F o r m a t i o n  a t  95~ 

Mois ture  content,  Sucrose ester p resent  as 
percentage  menoester ,  percen tage  

O.00 83.0 
0.05 91.9 
0.10 85.3 
0.10 ( repeat)  90.0 

sucrose polyesters react with free sucrose to form 
the monoester most rapid ly  in the presence of about 
0.05 to 0.10% water. 

Another  equilibration experiment was carried out, 
using sucrose distearate. The sucrose distearate was 
dissolved in dimethyl formamide, and sufficient sucrose 
was added to provide a rat io of 2 moles of sucrose 
(combined and free.) per mole of stearoyl radical. 
Potassium carbonate was employed as catalyst. The 
reaction mixture  was divided into two parts, and the 
water level was adjusted to 0.15% and 0.30%. The 
mixtures were maintained at 90~ under  atmos- 
pheric pressure, for  three hours. At  the end of this 
period the portion with 0.15% moisture contained 
68.8% sucrose monoester based on total sugar ester 
present. The sample with 0.30% water  contained 
43.6% sucrose monoester on the same basis. 

These as well as other experiments we have con- 
ducted demonstrate that  there is an optimum level 
of about 0.05 to 0.15% moisture required for the 
most efficient preparat ion of the sucrose monoesters 
of f a t t y  acids. 

Pilot  Plant  Studies 

Figure  1 is a schematic drawing showing the com- 
bination of equipment employed in the pilot plant  
preparat ion of the sucrose esters. The reactants, 

2 w a t e r  o u t  

coXd w a t e r  

FIG. :1. Pilot plant equipment for preparation of the sugar esters. 
1. Turbulent - f i lm evapora tor  8. DI~F collector 
2. Packed  ref lux tower 9. Charge  pot  
3. Sur face  condenser  T - - T e m p e r a t u r e  ind ica to r  
4. Steam-jacketed pipe P ~ P r e s s u r e  gage 
5. Reactor  vessel S - - S a m p l i n g  cock 

. Ro ta ry  p u m p  V----Vacuum gage 

. Condensate  collectors F - - F l o w  meter  

T A B L E  IV 

Compar ison  of Opera t ing  Condi t ions  on Fo rma t ion  of Sucrose 
~onoes te r .  React ion  Tempera tu re  90~ 

A 
Equ i l i b r a t i on  w i th  0 .50% wate r  

F i r s t  hou r  .................................................... 
Second hou r  ................................................ 

Fol lowed by s t r i p p i n g  
30 minu te s  .................................................. 
One hour  ..................................................... 

B 
S t r i p p i n g  u n d e r  anhydrous  condi t ions  

3 0 m inu t e s  .................................................. 
F i r s t  hour  .................................................... 
Second h o u r  ................................................ 

Followed by equi l ib ra t ion  w i th  0 .10% water  I 
One h o u r  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I 

S u g a r  Unreac t ed  
ester as methyl  

monoester,  ester, 
percentage percentage 

8 5  
97 

100 
100 

58 
77 
85 

38 
38 

11 
8 

15 
13 

6 

94 6 

solvent, and catalyst are placed in the reaction ves- 
sel (5) in which the conversion f rom non-sugar ester 
to sucrose monoester is carried out. The product  
alcohol and par t  of the solvent are s tr ipped from 
the system in the turbulent-fi lm evaporator (1). The 
product  alcohol and solvent are fract ionated in the 
packed reflux tower (2). The solvent is re turned  to 
the system through (4) while the alcohol is con- 
densed in (3) and collected in vessels (7).  

In  carrying out the reaction in the appara tus  
shown, the sucrose, the solvent, and the non-sucrose 
esters are placed in the reaction vessel. The agita- 
tor is tu rned  on, and heat  is applied to bring the 
mass to about 95~ Af te r  the sucrose and f a t t y  
acid esters have dissolved, the moisture content is 
adjusted to 0.05 to 0.15%, preferably  0.10%, by 
weight based on the total composition. I f  the mois- 
ture  content is initially high, it is lowered by apply- 
ing vacuum and passing the solution through the 
heated turbulent-f i lm evaporator  to str ip off the 
water. The evaporator is maintained at  about 5 ~ 
to 10~ above the pot temperature.  I f  the moisture 
content is low, it is adjusted by the addition of water. 

After  the moisture content has been adjusted to the 
proper  level, the catalyst is added. The pot tempera- 
ta re  is maintained at about 95~ and the evaporator  
is kept a few degrees higher. Appropr ia te  vacuum 
is applied to insure vigorous refluxing. The reaction 
mixture is constantly pumped through the turbulent-  
film evaporator,  f rom whence it gravity-flows back to 
the pot. The volatile alcohol and water are separated 
from the solvent in the fract ionat ing column. The 
alcohol and water are condensed and recovered while 
the solvent is re turned to the reaction vessel. 

Since water  is constantly being removed f rom the 
system, it is necessary to feed in replacement water  
either periodically or continuously. This can be done 
by manual  measurement of the water  content, using 
Kar l  Fischer Reagent (2) or by  the use of automatic 
control devices. I f  the equipment is appropr ia te ly  
sized for the batch, the reaction can be completed in 
about three hours. The solvent is then s t r ipped from 
the system. 

The following is a comparison of results obtained 
with this equipment, using somewhat different oper- 
ating conditions. In both experiments the reaction 
mixture  consisted of the following: 

Sucrose ....................................................................... 3,676 g. 
Methyl stearate ......................................................... 1,069 g. 
Potassium carbonate ................................................ 71.2 g. 
Dimethylformamide ................................................. 13.7 liters 
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In one experiment the reaction mixture was ad- 
justed to 0.10% moisture and allowed to equilibrate 
for two hours at 90~ The mixture was then cycled 
through the evaporator for one hour. In the second 
experiment the anhydrous reaction mixture was first 
cycled through the evaporator for two hours. The 
moisture content was then adjusted to 0.10%, and it 
was allowed to equilibrate for one hour. The pot 
temperature was maintained at 90~ Comparison of 
the results in Table IV reveals that a high ratio of 
monoester to diester is more readily obtained by 
equilibrating with water present, prior to stripping 
of product methanol. 

Purification 
After completion of the alcoholysis reaction and 

stripping of the solvent, the sugar ester is separated 
from unreacted sucrose, which is then recycled. Any 
one of a large number of solvents can be used to dis, 
solve the sucrose ester without dissolving the sugar. 
However the sugar recovered by distillation of the 
reaction solvent is finely divided. Even with the aid 
of diatomaceous earth, filtration is difficult and occlu- 
sion of the sugar ester is excessive. The problem 
was resolved by the use of a water-insoluble organic 
solvent in combination with a relatively small amount 
of water. The quantity of water used is such as to 
give a sugar solution containing 50 to 60% sugar. 
At this concentration of sugar the sugar ester is al- 
most completely extracted by the organic solvent. 
When xylene is employed to take up the sugar ester, 
the two phases layer rapidly. The xylene is then 
removed by steam distillation to recover the sugar 
ester. 

Discussion 
Pilot plant studies have demonstrated that the 

sugar esters can be prepared economically, with good 
yield and purity, using a batch operation. Our pilot 
plant equipment is presently being modified for the 
preparation of the sugar esters on a continuous basis. 
In essence, the equipment will then consist of a series 
of surge tanks and evaporators. Make-up water will 
be fed into the surge tanks to maintain the water 
level at 0.10%. The bulk of the solvent will be re- 
moved in the final evaporator, after which the prod- 
uct stream will be blended with xylene and water. 
This mixture will then be led into a liquid-liquid 
separator. The xylene and water layers will be fed 
to separate stills for the recovery of product and un- 
reacted sugar. The latter will be recycled. 

Summary 
Improvements in the method of manufacture of 

the sugar esters are described. The use of a turbu- 
lent-film evaporator for removal of product methanol 
reduces reaction time in batch operation from 15 to 
3 hrs. The presence of trace quantities of water inhib- 
its diester formation and permits recovery of better 
than 90% monoester without extensive purification. 
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Ampholytic Surface-Active Agents 1 
D. L. ANDERSEN, General Mills, Inc., Minneapolis, Minnesota 

C 
L A S S I C A L L Y ~  S Y N T H E T I C  D E T E R G E N T S  have been 

categorized electrochemically as anionic, cati- 
onic, or nonionic according to whether the sur- 

face-active portion (in aqueous solution) is present 
as an anion, a cation, or an unionized molecule. Only 
recently has the term ampholytic surfactant been 
employed to characterize those surface-active agents 
containing both anionic and cationic groups. 

The technology of amphoteric (used interchange- 
ably with ampholytic) surfactants is not new. Prod- 
ucts of this type have been known for many years. 
However, until recently, little practical use has been 
made of this general class of products. And, until 
recently, ampholytic surfactants were not commer- 
cially available. 

With the tremendous technological advances in the 
utilization of synthetic detergents, competition has 
increased markedly in the surfactant field. Much 
more is known about surface-active phenomena such 
as wetting, detergency, and foaming. Application of 
existing products is advancing rapidly. The rela- 
tively unknown and untried ampholytic surfactants 
are attempting to keep pace. The technology of these 
products has advanced to the point where several 
amphoteric detergents are available commercially. 
Research and development are directed toward seek- 

ing out specific areas where ampholytic products may 
have a definite advantage over other types. Currently 
amphoteric surfactants are finding application in such 
divers fields as the shampoo and cosmetic fields, water 
emulsion paints, the textile industry, corrosion inhi- 
bition, industrial cleaning, and many others. 

Chemistry of the Ampholytic Functional Groups 
Fundamentally an ampholytic surfactant contains 

both basic (cationic) and acidic (anionic) groups. 
These products may be "balanced,"  i.e., the number 
of acidic and basic groups are equal, or the product 
may be "unbalanced,"  in which case either the acidic 
or the basic groups are in excess. Typical balanced 
ampholytics are; 

N-alkyl fl-aminopropionic acid, 
RNHCH2CH~COOH 

N,N-dialkyl ethylene diamine diacetic acid, 
R (CH2COOH) NCH:CH2N (CH2COOH)R 

Typical unbalanced ampholytic detergents are: 
N-alkyl fl-iminodiaeetic acid, 

RN(CH~COOH) 2 
N-alkyl NP-carboxymethyl ethylenediamine, 

RNHCH2CH2NHCH2COOH 


