
w h e r e they are a s o l i d part of a variety o f commercial
operations. They have f o u n d t h e i r w a y into m a n y o p e r a -
t i o n s a n d are f i n d i n g n e w a n d v a r i e d uses in i n d u s t r y d a i l y .
I feel the f u t u r e for f a t t y a m i n e s i s a l m o s t u n l i m i t e d . They
are s u c h a wide variety o f c o m p o u n d s b e c a u s e o f the ex-
t r e m e n u m b e r o f possibilities available in the f a t t y acid
s o u r c e s , b e c a u s e o f the m a n y c h e m i c a l reactions that can be
m a d e , a n d b e c a u s e o f t h e i r p a r t i c u l a r c a t i o n i c n a t u r e . Ask
q u e s t i o n s s u c h a s :

What c h e m i s t r y do I n e e d a n d can a f a t t y a m i n e p e r f o r m
all o r part o f i t?
What s u r f a c e do I n e e d m o d i f i e d a n d wi l l a c a t i o n i c
c h e m i c a l m o d i f y i t?
What e f f e c t do I n e e d to have in a p a r t i c u l a r c a t i o n i c
c h e m i c a l a n d will a certain h o m o l o g d i s t r i b u t i o n ac-
c o m p l i s h i t?
What n e w c h e m i c a l c a n I p r e p a r e w i t h a f a t t y a m i n e a s a
starting m a t e r i a l ?
H o w can I i m p r o v e the q u a l i t y or y i e l d o f any of the
f a t t y a m i n e p r o d u c t s ?
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Synthetic Fatty Acids
H. FINEBERG, Manager o f Technical Information and Planning, Ashland Chemical Co.,
Division o f Ashland Oil Inc., PO Box 2219, Columbus, OH 43216

ABSTRACT

M a n u f a c t u r e of f a t t y a c i d s from p e t r o l e u m a n d
n a t u r a l ga s i s a l a rge i n d u s t r y wor ldwide a n d has
i m p o r t a n t implications in the U.S. Eastern E u r o p e
p r o d u c e s an e s t i m a t e d 1.2 b i l l i o n p o u n d s by air
o x i d a t i o n o f h y d r o c a r b o n s c o m p a r e d to an e s t i m a t e d
956 m i l l i o n p o u n d s o f n a t u r a l f a t t y a c i d s from the
U . S . , in 1978 (exclusive o f tall oil f a t t y a c i d s ) . The
e n o r m o u s p r o d u c t i o n o f S F A ' s in E a s t e r n E u r o p e a n
c o u n t r i e s a n d in Russ i a i s d o n e by c o n t i n u o u s a i r
o x i d a t i o n o f f r e s h a n d r e c y c l e d m i x e d aliphatic
h y d r o c a r b o n s . S i n c e the p r o d u c t s c o n t a i n p r o p o r -
t i o n s o f o d d - n u m b e r e d straight c h a i n a c i d s , they have
not been u s e d e d i b l y , but have b e e n a p p l i e d to the
m a n u f a c t u r e o f i n d u s t r i a l p r o d u c t s s u c h as s o a p ,
l u b r i c a n t s , plasticizers a n d the l i k e . A n o t h e r E u r o -
pean a p p r o a c h ( L i q u i c h i m i c a , Italy) for SFA is the
c a u s t i c f u s i o n ( a n d o x i d a t i o n ) o f b r a n c h e d c h a i n
alcohols p r o d u c e d by carbonylation a n d r e d u c t i o n o f
olefins. A m e r i c a n potential technology is d i v e r s i f i e d
but h a s not yet b e e n translated to p r o d u c t i o n s c a l e ,
p r e s u m a b l y b e c a u s e o f the plentiful s u p p l y o f n a t u r a l
fats a n d oils that i s available.

S y n t h e t i c fat ty a c i d s have i n d e e d c o m e o f age. The
USSR h a s a very l a r g e , thriving s y n t h e t i c a c i d i n d u s t r y .
F r a n c e and G e r m a n y have i m p o r t a n t b u s i n e s s e s . Italy h a s a
l a rge development. The U.S. d o e s p r o d u c e m a n y s y n t h e t i c
a c i d s a n d also d o e s make many derivatives-synthetic
a l c o h o l s a n d n i t r o g e n derivatives, for e x a m p l e , that
formerly r e q u i r e d fat ty a c i d s .

In g e n e r a l , synthetics r e s e m b l e ( n a t u r a l ) a c i d s in h a v i n g
a t l e a s t t w o m a j o r factors in c o m m o n : b o t h c l a s s e s are very
d e p e n d e n t o n b y p r o d u c t s o f o t h e r i n d u s t r i e s a n d b o t h are
very e n e r g y d e p e n d e n t . Agrichemicals are un ique in that

t h e i r f e e d s t o c k s are a n n u a l l y r e n e w a b l e . H o w e v e r , agricul-
ture i t s e l f i s very heavily d e p e n d e n t on p e t r o l e u m a n d gas,
u s i n g in e x c e s s o f 17% o f all the e n e r g y c o n s u m e d in t h e
U.S.

F a r m e r s w h o raise c a t t l e a n d h o g s n e e d a n i m a l f e e d , the
g r o w i n g o f w h i c h d e p e n d s on fertilizers from n a t u r a l gas.
They also n e e d g a s o l i n e t o run p l a n t i n g a n d harvesting
e q u i p m e n t . The e q u i p m e n t u s e d in a g r i c u l t u r e r e q u i r e s
l a rge investments in e n e r g y : t w e n t y p e r c e n t o f t h e cost o f
t h e s t e e l a l o n e is e n e r g y d e p e n d e n t . F o o d p r o c e s s o r s also
d e p e n d o n g a s o l i n e a n d f u e l oil, all petroleum-derived. In
contrast , t h e w h o l e p e t r o c h e m i c a l i n d u s t r y uses only 6 % o f
the p e t r o l e u m a n d gas c o n s u m e d in the U . S . - p r o b a b l y only
a b o u t 5% o f t o t a l U.S. e n e r g y i f coal i s i n c l u d e d - a n d
m a k e s ca. 50 MM tons o f p r i m a r y petrochemicals.

L e t ' s a t this p o i n t r e v i e w the c u r r e n t f a t t y a c i d i n d u s t r y
t o set the s t a g e for e v a l u a t i n g synthetics. The agrichemical
a c i d s p r o d u c e d in 1978 are s h o w n in T a b l e I. U n s a t u r a t e d
a c i d s ( o l e i c p l u s tall oil ac ids ) t o t a l ca. 58% o f t h e p r o d u c -
t i o n ; c o c o n u t f a t t y a c i d s ca. 9%. S i n c e ca. 85% o f n a t u r a l
a c i d s are b y p r o d u c t s o f o t h e r operations, this m e a n s that
they wi l l p r o b a b l y be p r o d u c e d a n d s o l d at any p r i c e , a t
l e a s t u n t i l o t h e r uses are f o u n d for t a l l o w a n d tall oil. M u c h
o f the t i m e , therefore, a c i d s are s o l d as c o m m o d i t i e s .

S y n t h e t i c s w o u l d use c o n s i d e r a b l y l o w e r p e r c e n t a g e s o f
t h e i r r a w materials than n a t u r a l s i f p r o d u c e d in e q u a l
quantities. T o t a l a c i d s b e i n g ca. 6 0 0 , 0 0 0 t o n s r e q u i r i n g ca.
6 0 0 , 0 0 0 tons o f e t h y l e n e , p r o p y l e n e , a n d p a r a f f i n w a x e s o f
w h i c h over 18,182,000 tons w e r e p r o d u c e d in 1 9 7 8 . T h u s ,
only 3.2% o f t h e s e r a w m a t e r i a l s w o u l d be n e e d e d to
r e p l a c e all n a t u r a l a c i d s .

N o w , w h a t i s the c o m m e r c i a l s t a t u s o f s y n t h e t i c f a t t y
a c i d s ?

The commercially a v a i l a b l e petrochemical a c i d s are
s h o w n in T a b l e II. A b o u t 5 0 , 0 0 0 tons are c o m m e r c i a l in
the U.S. n o w a n d over 5 0 0 , 0 0 0 tons in the USSR a n d
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Stearie
33% Palmitic

Laurie, m yristic
9.4% Caprylic, capric

Oleic

58% Linoleic, linolenic

TABLE I

Agrichemical Acids Production 1978

T o n s Source

Oleie, linoleic
Miscellaneous
(Behenie, ariehidie,
oleie, erucic)

144,530 Tallow and grease
44,600 Soy and palm (tallow)

6,655 Tallow, palm, lauric oils
48,018 Coconut, palm kernel, babassu

8,396 Lauric oils
143,033 Tallow, grease, tail oil,

safflower
25,922 Tall oil, soybean, safflower,

linseed
169,914 Tall oil

11,060 Fish, rapeseed, cottonseed

G r a n d total 602,f28

C5
C6
C7
C8
C9
CI0
C10-20
Cl1.13
C13
C12.15
C16
C16-C19
C18
C I I

TABLE II

Commercial Synthetic Fatty Acids

Neopentanoic (pivalic), isopentanoic, pentanoic
2-Ethyl butyric
Heptanoic
2-Ethylhexanoic, isooetanoie
Pelargonic, isononanoie
Isodecanoic, capric, neodecanoie
Linear-terminal
Linear-terminal and mixed
Iso Tridecanoic
Linear and branched
Iso palmitic
Linear and branched
lsostearic acid, iso octadecanoic
Undecylenic

TABLE IV

Commercial Synthetic Fatty Acids
Major Raw Materials

Source

Primary Byproduct of:

propylene
Ethylene
N-Olefins

lso-Olefins
N-Paraffins

Isobutylene
Carbon monoxide Natural gas
Hydrogen Natural gas
Oxygen Air

Ethylene and gasoline
Natural gas, petroleum
Ethylene, petroleum,

natural gas
Gasoline
Kerosene, gas oil, petroleum

wax, lube oil
Gasoline and ethylene

TABLE Ill

Synthetic Fatty Acid Processes

Commercial Potential

Oxidation o f straight chain waxes
Oxidation o f aldehydes
Oxidation o f alcohols
Oxidation of.oleflns
Hydroformylation of olefins (OXO)
Carbonylation of olefins (Koch)
Ozonolysis of unsaturates
Pyrolysis of castor oils
DimerizationrOxidation o f alcohols
Fermentation
Carbonylation of alcohols
Addition of acids to olefins
Oxidation of diols
Addition of HCN to olefins
Addition of aeryionitrite to oleflns
Addition of acrylates to olefins
Teiomertzation of acrylates, formates,

acetates with dienes
Carbonylation of aluminum alkyls

x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x

x
x

C h i n a . C e l a n e s e e x p e c t s t o b r i n g a n 18,200 t o n p l a n t o n
s t r e a m by J a n u a r y 1 9 8 0 . The L i q u i c h i m i c a p l a n t in I t a l y
has b e e n d e l a y e d but i s s t i l l h o p e d to be o p e r a t e d w i t h a
c a p a c i t y o f 9 1 , 0 0 0 t o n s . R u h r c h e m i e ' s c a p a c i t y in Ger-
m a n y i s 3 0 , 0 0 0 t o n s . M o n s a n t o h a s w i t h d r a w n a s c h e d u l e d
5 0 , 0 0 0 t o n n e r . P r o d u c e r s also inc lude E m e r y , E x x o n ,

H o e c h s t , R u h r c h e m i e , H e n k e l , C h i n a , Pechiney U g i n e
K u h l m a n , S h e l l a n d ICI.

A T O C h i m i e m a k e s ca. 500 T / m o . o f heptanoic a c i d
from c a s t o r oil. A j i n o m o t o h a s b e e n c o n s i d e r i n g m a k i n g
lube r a n g e e s t e r s from s y n a c i d s directly from o x i d i z e d
paraffins, i . e . , n o t i s o l a t i n g the free a c i d s at all. H i n d u s t a n
L e v e r is c o n s i d e r i n g a synthetic a c i d p l a n t in I n d i a for soap
r a n g e a c i d s ( C 1 4 - C 18). The USSR a c i d s are straight c h a i n ,
l i n e a r a c i d s h a v i n g 4 t o 2 0 c a r b o n a t o m s a n d c o n t a i n odd-
a n d even-carbon a t o m a c i d s . Many o f the o t h e r a c i d s not
only contain odd- a s we l l as even-carbon-numbered a c i d s
but are nonlinear. There is only one u n s a t u r a t e d acid in t h e
t a b l e a n d it is d e r i v e d from c a s t o r oil. H o w e v e r , t h e r e are
m a n y l iqu id a c i d s that can p e r f o r m in m a n y applications
w h e r e u n s a t u r a t e s are n o w n e e d e d jus t b e c a u s e they a r e
l iqu id .

The m a j o r c o m m e r c i a l processes u s e d are o x i d a t i o n o f
p a r a f f i n w a x e s a n d h y d r o f o r m y l a t i o n o f olefins as s h o w n in
T a b l e III. The USSR a n d C h i n a o x i d i z e straight c h a i n
paraffins f r o m w a x a n d k e r o s e n e w i t h manganese catalysts.
Therefore most o f t h e s e a c i d s are straight c h a i n m i x t u r e s o f
odd- a n d even-carbon n u m b e r e d m o l e c u l e s . The h y d r o -
formylation r o u t e is the bas i s for m a k i n g b o t h l i n e a r
straight c h a i n o d d - n u m b e r e d a c i d s a n d n o n l i n e a r b r a n c h e d
iso a c i d s . M o n s a n t o a n d T e x a c o have p a t e n t e d a n d Mon-
s a n t o , P C U K , a n d C e l a n e s e have extensively p i l o t p l a n t e d
o x o processes t o m a k e l i n e a r n o r m a l a c i d s . Celanese p l a n s
to p r o d u c e high p u r i t y h e p t a n o i c a n d pelargonlc a c i d s over
94% p u r i t y - w a t e r w h i t e . Pechiney U g i n e K u t d m a n in
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TABLE V

Fatty Acid Economics 1979

S y n t h e t i c

Natural Alcohola
Capacity, tons, 22,700 coconut o x i d a t i o n Oxocarbonylation

Capital, $MM
Fixed plant 7.6 23.2
Working 5.7 6.0

Raw materials S/Ton S/Ton
C o c o n u t oil @ 1100 1210 - -
C12 Olefin @ 516 -- 484
O t h e r s b - - 2 1 0

25.6
5.3

S/Ton

475
64

1210 694 539

Utilities 36 86 27
Labor-related 35 58 30
Capital-related

Dep., maintenance, tax, Ins. 67 204 226
Profit 117 257 272

Sell., Admin., Res. 150 188 125
Transfer Price, Bulk, FOB 1615 1487 1219

Credit -- -33 c -54 d

Net , S/Ton 1615 1454 1165
e/Lb. 73 66 53

aCaustic oxidation of tridecyl alcohol.
bSyngas, hydrogen, carbon monoxide, caustic soda, sulfuric
cSalt cake @ $75] ton, .136 tons recovered.
dHydrocarbons @ $399/ton.

acid, catalysts.

F r a n c e also i s p r o d u c i n g the p u r e h e p t a n o i c acid via a n oxo
process.

A R u s s i a n p a t e n t c l a i m s 82% y i e l d o f pelargonic a c i d by
c a r b o n y l a t i n g trioctyl a l u m i n u m with C O 2 . I u s e d to
believe that a n air l e a k in a n a l u m i n u m a l k y l p l a n t c o u l d
p r o d u c e a c i d s .

Iso a c i d s ( b r a n c h e d ac ids ) are c o m m e r c i a l l y b a s e d o n
oxo o r K o c h chemistry. R u h r c h e m i e , H o e c h s t , a n d PCUK
convert o l e f i n s to a l d e h y d e s a n d / o r alcohols a n d then
o x i d i z e the a l d e h y d e s o r a l c o h o l s to a c i d s . K o c h c h e m i s t r y
is u s e d by E x x o n t o c a r b o n y l a t e o l e f i n s t o t h e i r neo-acids.
S h e l l in E u r o p e m a k e s t h e i r version of V e r s a t i c a c i d s via
Koch chemistry. PCUK m a k e s the C e k a n o i c a c i d s via o x o
chemistry. Most o f the iso- a n d rico-acids in T a b l e II are
m a d e via the oxo a n d K o c h r o u t e e x c e p t the isostearic
a c i d .

In h y d r o f o r m y l a t i o n c a r b o n m o n o x i d e a n d w a t e r o r
h y d r o g e n are a d d e d to the d o u b l e b o n d o f a n o l e f i n .
UsuaUy the catalysts are c o b a l t o r r h o d i u m types. De-
p e n d i n g o n the catalysts, the p r o d u c t s m a y c o n s i s t o f l i n e a r
a c i d s o r b r a n c h e d a c i d s . Even w h e n u s i n g l i n e a r a l p h a
o l e f i n s this is t r u e . When h y d r o g e n is u s e d r a t h e r than
w a t e r , t h e p r o d u c t s are a l d e h y d e s w h i c h a r e then f u r t h e r
o x i d i z e d to a c i d s . A l c o h o l s are also p r o d u c e d via this
chemistry, a n d they are also f u r t h e r o x i d i z e d to a c i d s .
W a t e r can be r e p l a c e d by m e t h a n o l , a n d the p r o d u c t s will
then be m e t h y l esters.

In Koch chemistry c a r b o n m o n o x i d e a n d w a t e r are
a d d e d t o t h e d o u b l e b o n d s a l s o , but very s t r o n g a c i d s are
u s e d ; e.g., c o n c . H 2 S O 4 in the l a rge e x c e s s e s o r B F 3 .
B e c a u s e o f t h i s , n o m a t t e r w h a t olefin is u s e d , tb,e p r o d u c t s
are a l w a y s h i g h l y b r a n c h e d . Extensive isomerization o f t h e
c h a i n t a k e s p l a c e . The L i q u i c h i m i c a p r o c e s s also i s basicaUy
a n o x o r o u t e . N o r m a l o l e f i n s from n-paraffins are h y d r o -
f o r m u l a t e d t o a l c o h o l s w h i c h a r e then o x i d i z e d w i t h c a u s t i c
s o d a . The M o n s a n t o p r o c e s s r e p u t e d l y c o n v e r t s o l e f i n s t o
a c i d s in o n e step via oxocarbonylation c h e m i s t r y . This
t e c h n o l o g y is c o n s i d e r e d v i a b l e , but M o n s a n t o has n o
i m m e d i a t e p l a n s t o commercialize i t . T h e i r d e v e l o p m e n t

w o r k has c o n c e n t r a t e d o n m i x t u r e s o f C11--C12-C13,
containing 90% l i n e a r , t e r m i n a l a c i d s . They also did w o r k
w i t h ca. 5 0 % l i n e a r a c i d s . It is even p o s s i b l e to m a k e
u n s a t u r a t e d l i n e a r a c i d s o r e s t e r s by cooligomerizing
b u t a d i e n e a n d m e t h y l acrylate.

The m a j o r r a w m a t e r i a l s for p e t r o a c i d s are d e r i v e d from
p e t r o l e u m a n d n a t u r a l g a s - m o s t l y b y p r o d u c t s . E t h y l e n e is
m a d e from L P G , a b y p r o d u c t o f the n a t u r a l gas i n d u s t r y ,
a n d n a p h t h a o r gas oil, ca. 2 5 % o f the oil b a r r e l . The r a w
materials for the p e t r o c h e m i c a l p r o d u c t s are s h o w n in
T a b l e IV.

All the m a j o r r a w m a t e r i a l s are 100% e n e r g y r e l a t e d ; a l l
e x c e p t o x y g e n are f u e l s as we l l as f e e d s t o c k s for the a c i d s .
Bu t r e m e m b e r that a g r i a c i d s are fairly d e p e n d e n t o n the
same f u e l s f o r e n e r g y too . I n t e r n a l t r a n s f e r p r i c e s w e r e
e s t i m a t e d f o r coco r a n g e s y n t h e t i c a c i d s ( T a b l e V ) . P l a n t
size is 2 2 , 7 0 0 tons in b r a n d n e w sites. C o s t s are in 1979
d o l l a r s a n d a r e u s e f u l for m a k i n g comparisons. They a r e n o t
i n t e n d e d t o r e p r e s e n t a n y s p e c i f i c p r o d u c e r ' s c o s t s ; r a t h e r
they are m e a n t t o r e p r e s e n t U.S. c o n d i t i o n s a n d s i t u a t i o n s
in g e n e r a l . The s y n t h e t i c s c o v e r conversion of o l e f i n s to
a l c o h o l s a n d o x i d a t i o n w i t h c a u s t i c t o a c i d s p l u s t h e o n e
step d i r e c t o x o c a r b o n y l a t i o n process. It is significant that
55% o f the c o s t s are e n t i r e l y e n e r g y - t h e olefins, c a r b o n
m o n o x i d e p l u s h y d r o g e n , h y d r o g e n a n d utilities. That is in
contrast to the ca. 25% for agri-acids. U s i n g a one-step con-
version o f o l e f i n s d i r e c t l y to a c i d s c a n r e d u c e c o s t s o f pro-
d u c t i o n (the i n t e r n a l t r a n s f e r p r i c e ) c o n s i d e r a b l y u s i n g the
same o l e f i n p r i c e s ( T a b l e V ) . C a p i t a l is h i g h e r than in the
two-step p r o c e s s , but r a w m a t e r i a l s are l e s s . The one-step
p r o c e s s c o s t s a r e $ 1 1 6 5 / t o n vs. $ 1 4 5 4 for the t w o - s t e p
process.

It is o b v i o u s f r o m T a b l e V that synthetics c o u l d be
competitive w i t h $ 1 1 0 0 / t o n c o c o n u t oil. T h e r e are o t h e r
evaluators a r o u n d a n d o t h e r evaluations. S o m e w o u l d f i n d
that a n e w p r o d u c e r m a y lose m o n e y ! T h e r e a r e several
m a j o r f a c t o r s that c a n l o w e r c o s t s f o r all processes: size o f
plants, p r i c i n g t h e r a w m a t e r i a l s at b y p r o d u c t v a l u e s vs.
alternate use v a l u e s , u se o f g o v e r n m e n t f u n d s a t very l i t t l e
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TABLE VI

Use of Fat ty A c i d sa

Detergents and soaps

Rubber

Fat ty nitrogens

Ozonolysis (short chain
and dibasic acids)

Plastic additives

Textiles

Cosmetics

Lubricants

Protective coatings

Intermediates

Paper additives

About 30% (ca. 41% of coc. fat. acids)
Toilet bars
Sulfated and alkoxylated alcohols
Nitrogen derivatives
Sulfated G.M.E.

A b o u t 20%
A b o u t 18%
(CFA 28%)
Quats
Imidazolines
Diamines
Alkylol Amides

A b o u t 10%

Note: About 1[3 of o l e i c acid is used for
ozonolysis - ca. 13% each for cutting
oils, lubes, dimer acids and paints.

A b o u t 9%
Stabilizers - meta l salts, Ba, Mg, Ca, Zn, Cd
Catalysts

A b o u t 5%
Water repellants - meta l salts

A b o u t 5%
(CFA - ca. 60%)
A b o u t 5%
A b o u t 4% - SBO, CSO, LO, Fish, CFO
(About 20% of TOFA)
About 45% of TOFA - dimers, azelaic, pelargonic
CFA alcohols ca. 21% - ca. 6% for all alcohols.

Sizing agents

aMuch of this data is derived from Hull and Co., "Fatty Acids of North America" s t u d y
published in December 1975.

c o s t , a n d government regulations. T h e s e cost estimates
a s s u m e 100% sale o f p r o d u c t on d a y one o f s t a r t - u p a n d
excellent l u c k for start-up. T h e s e are b r a n d n e w p r o c e s s e s
a n d p r o d u c t s vs. agri-acid p r o c e s s e s w h i c h are we l l ex-
p e r i e n c e d a n d agri-acids w h i c h are well k n o w n . Cost/per-
f o r m a n c e will have a m a j o r i n f l u e n c e on t h e i r relative
values. N a t u r a l a c i d s are, o f c o u r s e , linear, even-carbon-
n u m b e r e d , terminal c a r b o x y a c i d s . The s y n t h e t i c s for
w h i c h the c o s t s are given are o d d c a r b o n s , a n d are n o t
entirely l i n e a r .

C F a c i d s t o d a y are ca. 79¢/1b. C e l a n e s e projects 55¢ for
heptanoic, 6 3 ¢ f o r pelargonic, very competitive w i t h the
a b o v e .

U s e s o f n a t u r a l f a t t y a c i d s a n d w h e r e petrochemicals fit
are s h o w n in T a b l e V I .

The s i n g l e b igges t u se o f n a t u r a l s i s in soap a n d d e t e r -
g e n t s ' m a n u f a c t u r e . S y n t h e t i c s have a l r e a d y a b s o r b e d m u c h
o f this territory; in the USSR synthetic a c i d s are l a rge
v o l u m e r a w materials for s o a p s a n d plasticizers. Metal s o a p s
for protective coatings a n d p l a s t i c s ' a d d i t i v e s a l r e a d y have
la rge s y n t h e t i c i n r o a d s . L u b r i c a n t s use all the s y n t h e t i c
a c i d s they c a n g e t ; the C e l a n e s e a c i d s will go into t h e s e
m a r k e t s . U g i n e K u h l m a n ( P C U K ) p r o d u c e s t h e m a l r e a d y
a n d so d o e s the U S S R .

F a t t y n i t r o g e n derivatives c o n s u m e an e s t i m a t e d 18% o f
agrichemical a c i d s in the form o f q u a t e r n a r i e s , i m i d a z o l i n e s ;
alkylolamides, d i a m i n e s . Most o f t h e s e derivatives axe
v u l n e r a b l e to petrochemicals. A s a m a t t e r o f f a c t , most
f a t t y n i t r o g e n s d o n ' t r e a l l y r e q u i r e f a t t y a c i d s for t h e i r
m a n u f a c t u r e ; s o m e are a l r e a d y b e i n g m a d e from p e t r o
alcohols a n d olefins. D e t e r g e n t a n d plasticizer a l c o h o l s
w h i c h w e r e o n c e m a d e from fats n o w are ca. 7 5 % d e r i v e d
from e t h y l e n e a n d olefins. Most l iqu id a n d p h o s p h a t e free
d e t e r g e n t s are b a s e d on petroalcohols. R u b b e r additives,
m a i n l y s o - c a l l e d r u b b e r grade stearic, are k n o w n to be a b l e
to use petroacids. Most p a p e r a d d i t i v e s uses c o u l d be

r e p l a c e d by synthetics.
The real restraint for a n i m m e d i a t e l a rge v o l u m e p e t r o -

acid i n d u s t r y is p r o b a b l y the relatively s m a l l v o l u m e s o f
p r o d u c t s r e q u i r e d , the s l o w g r o w t h , p l u s the b y p r o d u c t
n a t u r e o f m u c h of the n a t u r a l a c i d p r o d u c t i o n - t a l l o w from
b e e f a n d tall oil from p a p e r p r o d u c t i o n . The e c o n o m i c s o f
petrochemicals r e q u i r e l a rge p l a n t s , l a rge volume.;, f e w
p r o d u c t s . That is w h y we see really l a rge p e t r o acid p l a n t s
so far only in c o u n t r i e s w h e r e b e e f a n d p a p e r are not b ig
e n o u g h i n d u s t r i e s .

In the U.S. we see high p r i c e d synthetics such a s pel~r-
g o n i c a c i d , h e p t a n o i c , pentanoic, octanoics, decanoics. E t h y l
Corporation's d i m e t h y l alkylamines are replacements for
s o m e n a t u r a l a m i n e s . They are m a d e from olefins. The uses
for u n s a t u r a t e d a c i d s that d e p e n d on the presence o f the
d o u b l e b o n d s - s u c h a s ozonolysis a n d d i m e r i z a t i o n - s e e m
relatively s e c u r e w i t h p r e s e n t k n o w - h o w . However, l iqu id
n i t r o g e n derivatives (a m a j o r use for u n s a t u r a t e s ) can be
o b t a i n e d from b r a n c h e d a c i d s a n d alcohols. L iqu id a m i d e s
can be o b t a i n e d from b u t a d i e n e a n d f o r m a m i d e . Pelargonic
a n d heptanoic a c i d s can be s y n t h e s i z e d as d e s c r i b e d .

A l t h o u g h T a b l e V indicates that p e t r o a c i d s c o u l d be
very competitive t o d a y w i t h s h o r t c h a i n a c i d s - c o c o n u t
r a n g e or heptanoic o r p e l a r g o n i c - t h i s d o e s n ' t necessarily
m e a n the petrochemical i n d u s t r y wi l l t ry to c o m p e t e in the
w h o l e f a t t y acid r a n g e . C o c o n u t oil i s a primary p r o d u c t
a n d so is c a s t o r oil from w h i c h h e p t a n o i c acid i s o b t a i n e d ,
so synthetic's f u r t h e r p r o s p e c t s are b e t t e r in t h e s e areas.
H o w e v e r , c o c o n u t oil is u s e d m a i n l y a s a f o o d fat t h r o u g h -
o u t the w o r l d , a n d p r i c e s are not a f f e c t e d m u c h by U.S.
u s a g e .

T h e r e are s o m e s i g n a l s that i n d i c a t e synthetics will
b e c o m e more i m p o r t a n t to i n d u s t r y . The f u t u r e relation-
ship o f the c o s t s f o r the t w o t y p e s o f a c i d s is h a r d t o
forecast, t l o w e v e r , present indications are that r a w m a t e r i a l
p r i c e s for b o t h will go up by a f a c t o r o f two. This c o u l d be
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i n t e r p r e t e d a s a s l i g h t p i t c h in f a v o r o f agri-acids. H o w e v e r ,
s y n t h e t i c a c i d s a n d derivatives a r e a l r e a d y q u i t e i m p o r t a n t
in t h e m a r k e t p l a c e a n d have a c h a n c e o f b r e a k i n g t h r o u g h
into m u c h l a r g e r v o l u m e s . A n o t h e r f a c t o r i s the e f f e c t o f
T S C A on n e w p r o d u c t innovation! The l a t e s t e s t i m a t e s
are that ca. $ 2 3 5 , 0 0 0 o f t e s t i n g wi l l be n e e d e d t o c o m m e r -
cially i n t r o d u c e a b r a n d n e w p r o d u c t ! T h a t ' s a restraint o f
l a rge m a g n i t u d e a n d wi l l have an e f f e c t .
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ABSTRACT
The f u n c t i o n o f several of the c o c o - b a s e d alkanol-

a m i d e a d d i t i v e s in d e t e r g e n t s t o d a y varies d e p e n d i n g
u p o n the p a r t i c u l a r p r o d u c t . It c o u l d be f o a m -
b o o s t i n g , foam stabilization o r a variety o f o t h e r
s u p p l e m e n t a r y effects. T r a c i n g the development o f
t h e N i n o l d e t e r g e n t t h r o u g h t o the a d v e n t o f the
" s u p e r a m i d e s " is illustrative o f the k i n d o f p r o g r e s s
that has b e e n m a d e in the utilization o f this type o f
f a t t y acid derivative in the l a rge d e t e r g e n t i n d u s t r y .

The designation a d d i t i v e is a bit d i f f u s e . W h e t h e r a given
c o m p o u n d is an " a d d i t i v e " or, in f a c t , a principal c o m p o -
nent c a n d e p e n d on its f u n c t i o n o r o f t e n o n the l e v e l a t
w h i c h it is p r e s e n t in a fu l l y f o r m u l a t e d p r o d u c t . The
c o m p o u n d s d i s c u s s e d here fall into the l a t t e r category.
They are additives, but at the s a m e t ime they p o s s e s s all
of the e l e m e n t s w h i c h q u a l i f y them as s u r f a c t a n t s in t h e i r
o w n right.

Let us beg in w i t h alkanolamides. The g e n e r a l f o r m u l a
for t h e s e c o m p o u n d s is:

o R" R'"
-N -¢3-  :-OH

In this general f o r m u l a , w r i t t e n in a m a n n e r s u g g e s t i n g a
p a t e n t application,

R = alkyl
R' = hydrogen, alkyl or hydroxyalkyl
R" and R'" = hydrogen or alkyl.

T h e r e are t h r e e i m p o r t a n t s t r u c t u r a l e l e m e n t s . F i r s t i s
the acyl g r o u p d e r i v e d f r o m the - l o n g c h a i n - f a t t y a c i d ,
principally c o c o n u t f a t t y a c i d f o r ou r p u r p o s e s . This p l a c e s
the l e n g t h o f the f a t t y a c i d c h a i n a t 1 2-14 c a r b o n a t o m s .
The s e c o n d is the a m i d e g r o u p i n g , involving an o x y g e n , a
c a r b o n a n d a n i t r o g e n a t o m . F i n a l l y , the t h i r d e l e m e n t is
the p r e s e n c e o f at l e a s t one 2-hydroxyalkyl g r o u p w i t h a
b a c k b o n e w h e r e a h y d r o x y l g r o u p is s e p a r a t e d from an
a m i d e n i t r o g e n by t w o c a r b o n a t o m s .

The m a n n e r in w h i c h all t h r e e o f the s t r u c t u r a l e l e m e n t s
are c o m b i n e d is o f interest a n d gives us s o m e i n s i g h t into

the s p e c i a l properties o f a l k a n o l a m i d e s w h i c h m a k e t h e m so
i m p o r t a n t as a c l a s s o f c o m p o u n d s . Not u n l i k e many o t h e r
commercially i m p o r t a n t developments, t h e i n s i g h t a f f o r d e d
by the c o n s i d e r a t i o n o f s t r u c t u r e s h o u l d m o r e p r o p e r l y be
r e f e r r e d to as h i n d s i g h t . The f i r s t c o m m e r c i a l p r e p a r a t i o n
of a l k a n o l a m i d e s , a s we s h a l l see, was m a d e w i t h o u t b e n e f i t
of d e t a i l e d s t r u c t u r a l considerations.

I n e x a m i n i n g the s t r u c t u r a l e l e m e n t s , we no te in the f i r s t
p l a c e that the a m i d e l i n k a g e i s a s s o c i a t e d w i t h a s t r u c t u r a l
rigidity, a s e v i d e n c e d by relatively high m e l t i n g p o i n t s . The
f r a m e w o r k f o r this a s s e r t i o n i s a c o n s i d e r a t i o n o f the s e r i e s
o f a c e t i c a c i d , a c e t y l c h l o r i d e , a c e t a t e e s t e r s a n d a c e t a m i d e ,
not t o m e n t i o n o t h e r 2 - c a r b o n c h a i n derivatives s u c h a s
e t h y l a l c o h o l o r the e t h y l h a l i d e s . E x c e p t f o r a c e t a m i d e , all
o f the 2 - c a r b o n derivatives are l iqu ids or g a s e s .

The l o n g c a r b o n c h a i n o f the acyl g r o u p is also a s s o -
c i a t e d with a c e r t a i n m e a s u r e o f r i g i d i t y a n d e l e v a t e d
m e l t i n g p o i n t s , but m u c h less so t h a n t h e a m i d e g r o u p .
More importantly, t h e c h a i n c o n f e r s a g o o d m e a s u r e o f
w a t e r i n s o l u b i l i t y . T w o o f the t h r e e s t r u c t u r a l g r o u p i n g s ,
t h e n , w o u l d make f o r a r i g i d , w a t e r i n s o l u b l e m o l e c u l e .

With the i n t r o d u c t i o n o f a n h y d r o x y l g r o u p in the t h i r d
s t r u c t u r a l e l e m e n t , w a t e r s o l u b i l i t y is e n h a n c e d . H y d r o x y l
g r o u p s are p o w e r f u l water-solubilizing g r o u p s t h r o u g h
h y d r o g e n b o n d i n g w i t h w a t e r m o l e c u l e s . The a b i l i t y o f
h y d r o x y l g r o u p s to c o n f e r w a t e r s o l u b i l i t y t h r o u g h this
m e c h a n i s m is d i m i n i s h e d w h e n the p o s s i b i l i t y e x i s t s to
form h y d r o g e n b o n d s w i t h i n the s a m e m o l e c u l e or w i t h
a n o t h e r m o l e c u l e . When this i s p o s s i b l e - a n d t h e r m o -
d y n a m i c a l l y p r e f e r r e d - crystallinity r a t h e r than w a t e r
s o l u b i l i t y i s p r o m o t e d . F i v e - a n d s i x - m e m b e r e d ring s t r u c -
t u r e s are " t h e r m o d y n a m i c a l l y p r e f e r r e d , " a n d internal
h y d r o g e n b o n d i n g o f t e n t a k e s p l a c e w h e n the r e s u l t i n g
s t r u c t u r e i s a s i x - m e m b e r e d r i n g .

Internal h y d r o g e n b o n d i n g of a l k a n o l a m i d e s w o u l d l e a d
to a s e v e n - m e m b e r e d r i n g , w h i c h is d i f f i c u l t to f o r m :

...H - ON
-c_

R - C --C--

i
A h y d r o g e n b o n d i n g a r r a n g e m e n t involving t w o m o l e c u l e s
o f a l k a n o l a m i d e s l e a d s to an e i g h t - m e m b e r e d r i n g , also
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