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ABSTRACT
The i m p o r t a n c e o f the f a t t y acid indust ry t o d a y i s

reflected b y the est imated 1978 p r o d u c t i o n in the
U.S. of 956 M lbs., exclusive o f ta l l oil f a t t y acids .
The 1978 U.S. p r o d u c t i o n o f various f a t t y a c i d s as
r e p o r t e d m o n t h l y and annually b y the F A P C of SDA,
is b r o k e n d o w n in to 9 s a t u r a t e d categories, and 5
u n s a t u r a t e d categories, as fol lows: (1) s tear ic and
1 2 7 . 2 M lbs . ( 1 3 . 3 % ) ; (2) h y d r o g e n a t e d a n i m a l and
vegetable a c i d s (2a) 97.3 M lbs . ( 1 0 . 2 % ) , (2b) 158
lbs . ( 1 6 . 5 % ) , (2c) 32 M lbs . ( 3 . 4 % ) ; (3) high palmit ic ,
14.6 M lbs . ( 1 . 5 % ) ; (4) h y d r o g e n a t e d f i s h , 6.5 M lbs .
( 0 . 7 % ) ; (5) laur ie acid t y p e s , 88.8 M lbs . ( 9 . 3 % ) ; (6)
fractionated f a t t y acids , (6a) C10 or l o w e r , 18.5
lbs . ( 1 . 9 % ) , (6b) C12 and CA4 55% 17M lbs . ( 1 . 9 % ) ;
(7) o l e i c a c i d , 1 5 8 . 3 M lbs . ( 1 6 . 6 % ) ; (8) a n i m a l f a t t y
a c i d s o t h e r than oleic, 1 5 6 . 3 M lbs . ( 1 6 . 3 % ) ; (9)
vegetable or m a r i n e f a t t y acids , 0.1 M lbs . ( less than
1%); (10) u n s a t u r a t e d f a t t y acids , 57 M lbs . ( 6 . 0 % ) ;
(11) u n s a t u r a t e d f a t t y a c i d s I.V. over 130 , 24.2 M lbs
( 2 . 5 % ) . R e p o r t e d 1977 f a t t y acid derivative p r o d u c -
t ion from f a t t y a c i d s (not fats and oi ls ) i s 1 , 9 8 0

lbs . The a v e r a g e p r i c e o f f a t t y a c i d s has increased
from 23¢/ lb . to 60¢/1b . wi th in the las t 5 y e a r s .

It i s not too unreasonable to say that f a t t y acid p r o d u c -
t ion i s o l d e r than A d a m , as the process by w h i c h fat i s
metabolized by m e n and animals is the hydrolys is , or
sp l i t t i ng , of f a t t y glycerides. A n i m a l and vegetable fats and
oi l s are o f c o u r s e o l d e r than r e c o r d e d his tory; for centuries
m a n used them in a variety o f ways besides as f o o d s .

V e g e t a b l e o i l s were used by the Egypt ians and Phoeni -
c i a n s for anoint ing t h e i r b o d i e s but not for i l lumina t ion .
A c c o r d i n g to one author i ty , e a r t h e n v a s e s believed to
p r e d a t e the Fi r s t D y n a s t y , a b o u t 3200 B C , were f o u n d to
c o n t a i n f a t t y mater ials . O n e c o n t a i n e d a b r o w n g r a n u l a r
substance ident if ied as pa lmi t i c acid m i x e d with t r i -
pa lmi t in . This p r o b a b l y had original ly been palm oi l w h i c h
had u n d e r g o n e oxidat ion and partial saponif icat ion. An-
o t h e r vase c o n t a i n e d a more granular, p a l e r mass consis t ing
o f stear ic acid wi th a b o u t 30% tris tear in . This had p r o b a b l y
or iginal ly been beef or m u t t o n tal low. T h e s e materials were
p r o b a b l y i n t e n d e d as provis ions for the d e a d . I t ' s an in-
terest ing q u e s t i o n as to w h e t h e r they were m e a n t as food or
as a w a y to " g r e a s e " t h e i r way in to the next w o r l d .

A p p a r e n t l y , the Egypt ians used ol ive oil as a lubricant
for m o v i n g l a r g e stones and o t h e r bui ld ing mater ials , and
according to one author i ty , ax le greases o f that t i m e
consis ted o f a fat m i x e d with l i m e and o t h e r materials and
were used in the Egyptian chariots as e a r l y as 1400 B C .

" I n t r o d u c t i o n to the H i s t o r y of Science," w r i t t e n over
50 y e a r s ago, c o n t a i n s n u m e r o u s r e f e r e n c e s to the use o f
fats and oils in the a r t s , technology, and medicine from the
n i n t h and e i g h t h centuries B C to the m i d d l e ages. H o m e r re-
fers in h is p o e m s to the use of o i l in weaving, and candles
made of b e e s w a x and t a l l o w were k n o w n to the R o m a n s .
The c h a n c e s are that o t h e r s in p r e - R o m a n t i m e s did the
s a m e .

One o f the l a r g e r uses of fats in m o d e r n civi l iza t ion, the
m a n u f a c t u r e of s o a p , goes back for centuries. T h e Phoeni -
c i a n s made soap as e a r l y as 600 B C and used i t as a n ar t ic le
o f b a r t e r wi th the Gauls . It is not k n o w n w h e t h e r the
R o m a n s l e a r n e d the use of soap from the a n c i e n t Mediter-
r a n e a n p e o p l e s or the Ce l t i c inhabi tants of Br i tannia who
p r o d u c e d soap from fats and p l a n t a s h e s and gave the

p r o d u c t the name " s a i p o , " from w h i c h the word soap i s
derived.

Soap as both a medicinal and a cleaning a g e n t was
k n o w n to P l iny ( 2 3 - 7 9 AD), who m e n t i o n e d both hard and
soft s o a p , and the c h a n c e s are that s o a p s were k n o w n
considerably p r i o r to P l iny ' s t i m e . According to P l iny , soap
a p p e a r s to have b e e n made by boi l ing goat ta l low with
causticized wood a s h e s to p r o d u c e a soft soap by re-
p e a t e d l y treat ing the p a s t y material wi th sal t or sea w a t e r .
Excavations at Pompei i , d e s t r o y e d in 79 AD, have revealed
at l e a s t two bui ld ings e q u i p p e d as soap factories.

G a l a n , the G r e e k physic ian, r e f e r s to soap as a medica-
ment and body cleansing a g e n t and o t h e r s o f l ike p e r i o d s
m e n t i o n i t as a s h a m p o o .

A c o m p e n d i u m o f arts of the la te eleventh and e a r l y
t w e l f t h centurie~ includes extensive detai l on the p r e p a r a -
t ion and use of o i l colors by the use of l inseed o i l wi th
some type of res in . It was not u n t i l the fif teenth c e n t u r y
that the e f f e c t of driers in l inseed o i l paints was discovered.

A n o t h e r and very different e a r l y use of o i l s was t h e i r
applicat ion on w a t e r s u r f a c e to s u b d u e the w a v e s during a
s t o r m . This p h e n o m e n o n of s u r f a c e tension or extension of
o i l upon the s u r f a c e of w a t e r was invest igated by a H i n d u
mathematician in the m i d d l e t w e l f t h c e n t u r y . It i s in teres t -
ing to no te that m o d e r n science i s s t i l l s tudying t h i s - n o t to
calm r o u g h seas, but to d e c r e a s e or lessen w a t e r evaporation
from reservoirs.

S t i l l pr imi t ive but more m o d e r n civi l izat ions such as
t h o s e of the I n d i a n s of N o r t h and S o u t h A m e r i c a were
familiar wi th many oil-producing p l a n t s and e m p l o y e d
them as f o o d , medicine, cosmetics and i l luminan ts . It has
been r e p o r t e d by researchers that the Indians of P a n a m a
s t r u n g oil-r ich nuts on spl inters o f wood and used them as
candies, and in Brazil and o t h e r p a r t s o f S o u t h A m e r i c a
various species of o i l palm were s imi lar ly u s e d .

From t h e s e e x a m p l e s we mus t c o n c l u d e that man has
been familiar wi th fats and some o f t h e i r properties from
prehis tor ic t imes . Long b e f o r e he had any knowledge o f the
c h e m i c a l n a t u r e of t h e s e substances, he apparently re-
cognized differences in t h e i r properties and e m p l o y e d them
in a variety of w a y s . T h e i r u se as f o o d s was p r o b a b l y
inst inct ive, but o t h e r uses mus t have resulted from observa-
t ion of the properties and b e h a v i o r u n d e r various environ-
m e n t a l condi t ions . M e t h o d s for t h e i r separation mus t have
been devised b e f o r e the dawn of his tory .

Fa ts o f a n i m a l or igin were p r o b a b l y the firs t fats used by
man, and t h e s e were separated from o t h e r animal t i ssue by
h e a t i n g or boi l ing wi th w a t e r . Oi ly frui ts such as ol ives , o i l
palm and a v o c a d o , a n d oil-r ich nuts were p r o b a b l y made to
y i e l d t h e i r o i l s in the same m a n n e r . In the o i l palm bel t of
C e n t r a l Africa, as well as in Brazi l , the natives s t i l l p r o d u c e
o i l b y boi l ing the f r u i t o f the o i l palm with w a t e r a f t e r pre-
l iminary fermentation and m a c e r a t i o n of the p u l p . In the
w e s t e r n hemisphere, the natives o f many p a r t s of C e n t r a i
and S o u t h A m e r i c a p r o d u c e d oi l s from various palm and
o t h e r oil-r ich nuts b y crushing the kernels , roast ing the
c r u s h e d mash and boi l ing i t wi th w a t e r , a practice w h i c h
may s t i l l be used in isolated S o u t h A m e r i c a .

R e c o v e r y of o i l from smal l s e e d s wi th extremely hard
c o a t s required more vigorous m e m o d s o f processing w h i c h
involved cooking, gr inding and pressing m e t h o d s . Bu t again,
t h e s e are o f very a n c i e n t or ig in . T h e H i n d u s m a n u f a c t u r e d
c o t t o n f a b r i c and c r u s h e d cottonseed f o r o i l and cake in the
f i f t h c e n t u r y B C .

The H e b r e w s possessed o i l mi l l s p o w e r e d b y t r e a d s that
were usual ly o p e r a t e d by prisoners . Sesame, l inseed and
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c a s t o r oils w e r e p r o d u c e d in E g y p t by p r e s s i n g a s e a r l y a s
2 ½ c e n t u r i e s BC, a n d s c r e w a n d w e d g e presses, filters a n d
edge r u n n e r m i l l s w e r e u s e d in R o m e f o r t h e p r o d u c t i o n o f
oil a s e a r l y as 184 BC.

P l i n y t h e E l d e r d e s c r i b e d olive, r i c e , a l m o n d , s e s a m e ,
g r a p e s e e d , w a l n u t a n d palm o i l s , a n d a n o l i v e oil mill w h i c h
r e s e m b l e d t h e edge r u n n e r . This m a c h i n e h a d s t o n e s that
w e r e flat o n t h e i n n e r side a n d c o n v e x o n the o u t e r s i d e .
The G r e e k s a n d R o m a n s are said t o have e m p l o y e d s c r e w
presses, similar t o w i n e p r e s s e s for recovering o l i v e oil, a n d
the wedge p r e s s was u s e d in very e a r l y t i m e s in t h e O r i e n t ,
particularly C h i n a , w h e r e it is still o p e r a t e d .

P r i o r to t h e b e g i n n i n g o f t h e n i n e t e e n t h c e n t u r y , t h e use
o f f a t s a n d oils w a s b a s e d o n e m p i r i c a l k n o w l e d g e a c c u m u -
l a t e d over m a n y centuries, w h i l e t o d a y ' s uses s t e m l a r g e l y
f r o m a k n o w l e d g e o f composition, s t r u c t u r e , p r o p e r t i e s a n d
reactions o f the c o m p o n e n t f a t t y a c i d s .

E a r l y in the e r a o f m o d e r n o r g a n i c c h e m i s t r y S c h e e l e
o b t a i n e d g l y c e r o l by h e a t i n g olive oil w i t h litharge. I n
1 8 1 3 , C h e v r e u l b e g a n h i s r e s e a r c h e s on fats w h i c h h e
d e s c r i b e s in his classic w o r k " r e c h e r c h e s C h i m i q u e sur les
C o r p s G r a s d ' O r i g i n e A n i m a l e . " H e i s o l a t e d b u t y r i c a c i d
from b u t t e r , e s t a b l i s h e d t h e g l y c e r i d e n a t u r e o f fats, a n d
p r e p a r e d stearic, valeric, c a p r o i c a n d i m p u r e o l e i c a c i d s .

I n 1829, Lefevre o b s e r v e d that t a l l o w c o u l d be t r e a t e d
w i t h s u l f u r i c acid to y i e l d f a t t y a c i d s , a n d t h r o u g h t h e f i r s t
half o f the nineteenth c e n t u r y it was l e a r n e d by v a r i o u s
w o r k e r s that s u l f o n a t e d oil c o u l d be p r o d u c e d , that f u s i o n
of o l e i c acid w i t h c a u s t i c soda gave palmitic a n d a c e t i c
a c i d s , a n d e r u c i c a c i d was i s o l a t e d . Berthelot d e m o n s t r a t e d
d u r i n g the 1850s t h e trihydric n a t u r e o f glycerol, a n d
s y n t h e s i z e d t h e f i r s t nonglycerol p o l y h y d r i c a l c o h o l esters.
H e s y m h e s i z e d m o n o - a n d d i g l y c e r i d e s a n d s u g g e s t e d that
n a t u r a l fats consist o f m i x t u r e s o f heteroglycerides r a t h e r
t h a n m i x t u r e s o f homoglycerides.

D u r i n g t h e l a t t e r h a l f o f t h e last c e n t u r y , little p r o g r e s s
was m a d e in the f u n d a m e n t a l c h e m i s t r y o f fats a n d f a t t y
a c i d s , but m a n y u s e f u l analytical t e s t s w e r e d e v e l o p e d
w h i c h wou ld be applicable. A l s o , n e w a n d efficient
m e t h o d s of saponification w e r e i n t r o d u c e d a s was t h e
v a c u u m distillation o f f a t t y a c i d s a n d g l y c e r o l a n d t h e
solvent extraction o f f a t s . T u r k e y r e d oil was p r e p a r e d by
s u l f o n a t i o n o f c a s t o r oil, a n 4 m a r g a r i n e a n d l i n o l e u m w e r e
i n v e n t e d a n d p r o d u c e d commercially.

D u r i n g the l a t t e r n i n e t e e n t h c e n t u r y , fats w e r e not the
s u b j e c t o f investigation by chemists. T h e i r u se in i n d u s t r y
was in f o o d s , soap m a k i n g a n d in the m a n u f a c t u r e o f p a i n t s
a n d varnishes. F r o m the a c a d e m i c p o i n t o f v i ew , they w e r e
not c o n s i d e r e d attractive research materials as they w e r e
not crystallizable a n d f e w crystalline derivatives c o u l d be
p r e p a r e d from t h e m . They w e r e c o n s i d e r e d very s i m p l e
s u b s t a n c e s a n d w e r e a s s u m e d t o p o s s e s s f e w characteristic
c h e m i c a l o r p h y s i c a l properties, a n d f i n a l l y they c o u l d n o t
be s e p a r a t e d into d e f i n i t e c h e m i c a l entities by a n y s i m p l e
m e t h o d such a s crystallization o r distillation.

The f a t t y a c i d s w e r e k n o w n to c o n s i s t o f a relatively
long s a t u r a t e d o r u n s a t u r a t e d h y d r o c a r b o n c h a i n w i t h a
t e r m i n a l c a r b o x y l g r o u p . It was a s s u m e d that s u c h simpli-
city o f s t r u c t u r e o f f e r e d l i t t l e o p p o r t u n i t y for a p p l y i n g
n e w l y d i s c o v e r e d r e a c t i o n s w h i c h w e r e b e i n g u s e d in
p e t r o l e u m chemistry.

T w o m e n are p r o b a b l y r e s p o n s i b l e m o r e t h a n any o t h e r s
f o r reviving an i n t e r e s t in fat chemistry. T . P . I t i l d i t c h o f t h e
University o f Liverpool a n d G e o r g e S. J a m i e s o n o f the U.S.
D e p a r t m e n t o f Agriculture, b o t h o f w h o m c a r r i e d o u t a wide
area o f r e s e a r c h o n fats a n d f a t t y a c i d s a n d p u b l i s h e d a
s e r i e s o f b o o k s a n d m o n o g r a p h s w h i c h o r g a n i z e d a n d
s y s t e m a t i z e d t h e a c c u m u l a t i n g k n o w l e d g e in t h e f i e l d
( 1 - 3 ) . They investigated m a n y heretofore little k n o w n fats
and clarified t h e c o m p o s i t i o n o f t h e s e a n d more we l l
k n o w n fats a n d c o n t r i b u t e d n e w t e c h n i q u e s o f analyses.

The first q u a r t e r o f the t w e n t i e t h c e n t u r y also s a w the
f o u n d i n g o f n e w scientific societies a n d j o u r n a l s d e v o t e d to

the interests o f sc ient i s t s spec ia l iz ing i n the c h e m i s t r y a n d
t e c h n o l o g y o f fats a n d o i l s a n d t h e i r derivatives. The A O C S
w a s f o r m e d in 1909 a n d what i s n o w publ ished a s the
J o u r n a l o f t h e A O C S was from 1917 t o 1924 p u b l i s h e d a s
the C h e m i s t s ' S e c t i o n , C o t t o n Off Press. F r o m 1924 to
1931 i t w a s t i t l e d Off a n d F a t I n d u s t r i e s , a n d from 1932 to
1947, Oil a n d S o a p .

D u r i n g t h e s e c o n d q u a r t e r o f t h e ~ e n t u r y , s p e c i a l l a b o -
r a t o r i e s a n d i n s t i t u t e s w e r e e s t a b l i s h e d w h i c h w e r e largely
o r exclusively d e v o t e d to r e s e a r c h o n fats a n d o i l s .

D u r i n g the last f i f t y y e a r s , the p r o d u c t i o n a n d utiliza-
tion o f f a t t y a c i d s has g r o w n b o t h in size a n d diversity.
While c l o s e l y a l l i e d w i t h the fats a n d oils i n d u s t r y , it has
b e c o m e t o d a y a separate a n d d i s t i n c t i n d u s t r y . C o m p a r e d
w i t h t h e fats a n d oils i n d u s t r y w h o s e o r i g i n is lost in
a n t i q u i t y , t h e f a t t y a c i d i n d u s t r y i s o f comparatively
m o d e r n o r i g i n g o i n g n o f u r t h e r b a c k t h a n t h e w o r k o f
C h e v r e u l from 1811 to 1825 o n t h e saponification o f fats
a n d t h e isolation a n d identification o f v a r i o u s a c i d s i n c l u d -
i n g s t e a r i c a n d o l e i c . This w o r k c u l m i n a t e d in the i s s u a n c e
o f a F r e n c h p a t e n t t o C h e v r e u l a n d G a y - L u s s a c in 1825 for
t h e separation o f f a t t y a c i d s a n d t h e i r utilization in t h e
m a n u f a c t u r e o f c a n d l e s .

The w o r k w h i c h was t h e bas i s o f t h e F r e n c h p a t e n t was
soon a f t e r a p p l i e d to the p r o d u c t i o n o f s t e a r i n a n d r e d oil,
t e r m s a p p l i e d to w h a t we k n o w t o d a y as c rude stearic a n d
crude o l e i c a c i d s . They r e p r e s e n t e d l i t t l e m o r e than the
separation o f t h e m i x e d f a t t y a c i d o f s a p o n i f i e d i n e d i b l e
t a l l o w into l iqu id a n d s o l i d fractions, o r u n s a t u r a t e d a n d
s a t u r a t e d , by a m e t h o d k n o w n a s p r e s s i n g a n d panning.

C o m m e r c i a l l y , the p r o c e s s o f fat splitting e m e r g e d in the
m i d d l e o f t h e nineteenth c e n t u r y a s t h e r e s u l t o f d e m a n d
for i m p r o v e d c a n d l e s , m a d e p o s s i b l e w h e n s t e a r i c a c i d was
s u b s t i t u t e d for the w h o l e t a l l o w . Originally it was necessary
t o m a k e a lime soap from t h e fat w h i c h c o u l d be a c i d u l a t e d
to y i e l d t h e m i x e d f a t t y a c i d s . The l iqu id a c i d s , l a r g e l y
u n s a t u r a t e d , w e r e s e p a r a t e d f r o m the s o l i d by pressing. The
stearic acid was u s e d w i t h p a r a f f i n to i m p r o v e the b u r n i n g
q u a l i t y o f t h e c a n d l e s .

The r e d oil o r l iqu id f r a c t i o n w h i c h was p r o d u c e d
s i m u l t a n e o u s l y w i t h the s o l i d s t e a r i c f r a c t i o n f o u n d use as
textile l u b r i c a n t s a n d in t h e m a n u f a c t u r e o f s o a p s for
v a r i o u s textile applications, f o r m a n u f a c t u r i n g g r e a s e s a n d
the p r o d u c t i o n o f s u l f o n a t e d r e d oil.

The original p a n n i n g a n d p r e s s i n g m e t h o d , w i t h m a n y
m o d i f i c a t i o n s a n d improvements, i s s t i l l u s e d extensively,
but d u r i n g the f i r s t h a l f o f this c e n t u r y o t h e r m e t h o d s
i n c l u d i n g d i s t i l l a t i o n a n d s o l v e n t fractionation w e r e i n t r o -
d u c e d for s e p a r a t i o n o f f a t t y a c i d s . I n 1 8 7 0 , the f i r s t
p a t e n t was i s s u e d f o r t h e r e c o v e r y o f g l y c e r o l by distilla-
t i o n , a n d in 1882 g l y c e r o l was r e f i n e d by v a c u u m distilla-
t i o n .

It was a b o u t 1900 that T w i t c h e l l d e v e l o p e d t h e s o o n to
be f a m o u s T w i t c h e l l R e a g e n t f o r s p l i t t i n g fats chemically,
u s i n g hot w a t e r a n d s t e a m in c o n t a c t w i t h the fat in t h e
p r e s e n c e o f a b o u t 1% o f a n a r o m a t i c s u l f o n i c a c i d catalyst.

N o n e o f t h e s e p r o c e s s e s was a p p l i e d o n a la rge s c a l e f o r
the separation o f f a t t y a c i d s u n t i l t h e p r e s e n t c e n t u r y w h e n
i n d u s t r i a l d e m a n d a r o s e f o r f a t t y a c i d s o t h e r t h a n o l e i c a n d
stearic.

In r e s p o n s e to t h e s e d e m a n d s , f a t t y a c i d s from cotton-
s e e d , s o y b e a n , c o r n , c o c o n u t a n d p a l m k e r n e l oils c a m e
into use by the i n d u s t r y . T h e s e p r o d u c t s w e r e unfraction-
a t e d or c r u d e l y f r a c t i o n a t e d m i x t u r e s p r o d u c e d by distilla-
tion in relatively c rude stills. A f u r t h e r d e m a n d a r o s e f o r
relatively h o m o g e n e o u s i n d i v i d u a l a c i d s w h i c h in t u r n l e d
t o t h e development o f i m p r o v e d m e t h o d s o f splitting,
separation, h y d r o g e n a t i o n a n d distillation to p r o d u c e t h e
e n t i r e s e r i e s from C 6 to C 22-

S i n c e the o r i g i n a l s t u d i e s o f C h e v r e u l in 1823 o n saponi-
fication o f a n i m a l fats a n d separation o f f a t t y a c i d s , a n
i n d u s t r y has d e v e l o p e d w h i c h involves investment o f
m i l l i o n s o f d o l l a r s in p l a n t s a n d e q u i p m e n t a n d p r o d u c e s
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TABLE I

Production o f Saturated Animal and Vegetable
In Millions of Pounds

Fatty Acids

1971 1978

1 . Stearic acid 4 0 - 5 0 % 79.5 127.2
2a. ttydrogenated fat ty acid t i ter

60 C max. i.v. 5 rain. 100.5 98.1
2b. Hydrogenated fat ty acid t i ter

>57 C,i.v. <5 99.3 158.5
2c. Hydrogenatedf a t t y acid rain.

70% stearic 21.3 32.3
3. Palmitic min. 60%i.v . 12 max. 5.4 14.7
4 . itydrogenated fish fat ty acids 10.3 6.5
5 . Whole coconut type acids 48.6 88.8
6a. Fractionated short chain CI0 or lower 10.2 18.5
6b. Fractionated lauric or myristic

content 55% 24.4 16.8
Total saturated 399.5 561.4

Product ion of Unsaturated Animal and Vegetable Fatty Acids
In Millions of Pounds

1971 1978

7 . O l e i c acid 126.7 158.3
8 . Animal acids other than o l e i c

i.v. 36 - -80 39.2 156.3
9 . Vegetable or marine acids i.v.

max. 115 4.5 0.1
10. Unsaturated acids i.v. 1 1 6 - 1 3 0 15.0 57.0
11. Unsaturated acids i.v. over 1 3 0 9.9 24.2

Tota l unsaturated 195.3 396.1

close to a billion p o u n d s a year of fatty acids in the United
States.

T h e growth of production of saturated and unsaturated
acid production during the twenty-six years that the Fatty
Acid Producers' Council has been collecting this data is
s h o w n in Table I. In 1952 production as reported to the
F A P C a m o u n t e d to a total of 365 million pounds. This
has increased at a comparatively steady rate until produc-
tion in 1978 a m o u n t e d to 957 million pounds. T h e s e
figures represent production of animal and vegetable acids
and do not include tall oil fatty acids. While the figures on
this chart from 1952 to 1972 m a y be s o m e w h a t distorted
due to the limitations of space, the g r o w t h flow over these
years could be said to reflect industrial activity. Figure 1
illustrates the parallel of fatty acid production to U.S.
Industrial Production as reported by the U.S. Bureau of
E c o n o m i c Analysis, and to U.S. Chemical Industry Produc-
tion, as reported by the same source. The U.S. Industrial
Production figure includes categories of production in SIC
codes 20 to 39. T h e obvious reason for this parallel is the
fact that fatty acids are used in thousands of products
produced by American industry either as acids or as deriva-
tives. As is also obvious from this figure, w h e n business is
good, generally the production of fatty acids rises. T h e
f a m o u s or perhaps infamous recession of 1975 is reflected
in the sheer drop not only for fatty acid production but for
chemicals as a class and industrial production generally.
While on the subject of production levels, perhaps we
should look at the 1978 production and the b r e a k d o w n of
types of acids that comprises the total as s h o w n in Figure 2.
Total figures for 1978 are c o m p a r e d with only six years
ago. In that time, production has g r o w n from just short of
600 million p o u n d s to almost 960 million p o u n d s or a
growth o f better than 60%. Some categories have grown
more than others but the percentages don't vary much.

The fatty acid industry has a number o f natural products
which they use as raw materials--tallow, coconut off,
soybean off, fish oil, palm oil, and vegetable oil foods. But
the dominant and most important are, o f course, tallow and
coconut off. The latest year for which the Department o f
C o m m e r c e h a s i s s u e d f i g u r e s , 1 9 7 7 , i n d i c a t e s a c o n s u m p -

tion o f t a l l o w in fat ty a c i d p r o d u c t i o n a t 834 m i l l i o n
p o u n d s . This is the s e c o n d l a r g e s t d o m e s t i c use f o r t a l l o w ,
e x c e e d e d only by its u se in a n i m a l f e e d . C o c o n u t oil
c o n s u m p t i o n by the f a t t y a c i d i n d u s t r y in the same y e a r
was 107 m i l l i o n p o u n d s . F r o m this i t m u s t f o l l o w that the
i n d u s t r y h e a l t h t o s o m e e x t e n t relies o n the t a l l o w a n d
c o c o n u t oil markets.

F r o m 1952 t o 1 9 5 7 , t h e p r i c e o f t a l l o w r a n g e d from 4.4
c e n t s / l b t o 7.4 c e n t s / l b , a n d c o c o n u t oil from 13.6 c e n t s / l b
to 19 c e n t s (4). T o d a y i n e d i b l e t a l l o w is q u o t e d (5) at
2 6 - 2 7 c e n t s / l b . C o c o n u t oil h a s r i s e n d u r i n g the same
p e r i o d but n o t at the s a m e r a t e . T o d a y it i s q u o t e d a t a b o u t
4 7 c e n t s . The p e r c e n t a g e o f i n c r e a s e is not as l a rge a s that
for t a l l o w .

The s e l l i n g p r i c e o f the a c i d s h a s e s c a l a t e d over the past
25 y e a r s . O l e i c acid d u r i n g the s a m e p e r i o d o f the fifties
was q u o t e d a t a n average o f 15 c e n t s / l b a n d stearic at 16½
c e n t s (6). T o d a y o l e i c a c i d i s q u o t e d at 4 6 - 5 8 c e n t s a n d
s t e a r i c at 3 6 - 5 0 c e n t s d e p e n d i n g on g r a d e s a n d quantities.
(7).

While r a w material costs are one l a r g e r factor, o t h e r
a s p e c t s m u s t be i n c l u d e d . The first o f t h e s e i s e n e r g y costs.
N o o n e n e e d s t o be t o l d t h a t t h e s e have r i s e n dramatically
in r e c e n t y e a r s . In cold w e a t h e r , the r a w m a t e r i a l s a n d a c i d s
m u s t be k e p t at a t e m p e r a t u r e that p e r m i t s p u m p i n g a n d
h a n d l i n g . In h o t w e a t h e r the reverse h o l d s t r u e in that b o t h
r a w a n d f i n i s h e d p r o d u c t m u s t be at a " h a n d l e able tempera-
t u r e . " T o this cost is a d d e d the t h e r m a l heat r e q u i r e d for
conversion from fat o r oil to the a c i d . A n o t h e r f a c t o r in
c o s t s w o u l d be transportation. Overall the fat ty acid
i n d u s t r y w o u l d p r o b a b l y be c o n s i d e r e d an e n e r g y intensive
i n d u s t r y .

While the p r i c e o f r a w materials i s a m a j o r governing
factor, the cost o f p r o c e s s i n g m u s t also be reflected in the
f i n i s h e d p r o d u c t . A s t u d y o f the i n d u s t r y m a d e in 1975 p u t
the c o s t o f processing at 0.45 t o 0.73 c e n t s / l b for splitting,
0.57 c e n t s / l b f o r distillation, a n d 1.66 c e n t s / l b for separa-
tion (8). Inflation h a s p r o b a b l y d o u b l e d t h e s e figures in the
past 4 y e a r s .

The e f f e c t s o f l a b o r costs, w h i l e i m p o r t a n t , p r o b a b l y do
n o t have the s a m e i m p a c t . More a n d m o r e the f a t t y a c i d
i n d u s t r y h a s b e c o m e a u t o m a t e d over the y e a r s . In the early
d a y s w h e n p a n n i n g a n d p r e s s i n g was the m a j o r operation of
a f a t t y a c i d plant , it r e q u i r e d a comparatively l a rge l a b o r
force t o c a r r y o u t the operation. With m o d e r n m e t h o d s o f
p r o d u c t i o n this r e q u i r e m e n t for m a n u a l operation has
d i m i n i s h e d .

A n o t h e r f a c t o r in the fat ty i n d u s t r y i s the automatic
p r o d u c t i o n o f the c o p r o d u c t glycerin. In some w a y s ,
g l y c e r i n m i g h t be said t o be p a r t l y responsible for the
m o d e r n d e v e l o p m e n t o f the fat ty a c i d i n d u s t r y . D u r i n g
W o r d War II, the d e m a n d f o r g l y c e r i n in explosives a n d
s u r f a c e c o a t i n g s p r o m p t e d r e g u l a t i o n s that l i m i t e d the use
o f fat in s o a p m a k i n g p r o c e s s e s in w h i c h g l y c e r i n was not
r e c o v e r e d . T h e s e regulations f o r c e d s o m e s o a p e r s to buy
f a t t y a c i d s r a t h e r than w h o l e fats as r a w m a t e r i a l s f o r t h e i r
p r o d u c t s . In t u r n , the m a n u f a c t u r e r s o f f a t t y a c i d s f o u n d
that by s t a r t i n g w i t h a relatively p u r e f a t t y a c i d , more
u n i f o r m p r o d u c t s c o u l d be p r o d u c e d , a n d the t r e n d h a s
p e r s i s t e d , even t h o u g h the d e m a n d for g l y c e r i n h a s s o m e -
w h a t d i m i n i s h e d . It s t i l l f i n d s applications in h u n d r e d s o f
p r o d u c t s , most n o t a b l y a l k y d resins, t o b a c c o processing,
d rugs a n d cosmetics, u r e t h a n e f o a m s , f o o d s a n d cellophane.
So t h e m a r k e t p r i c e for g l y c e r i n m u s t also be f i g u r e d into
the p r o f i t a n d l o s s p i c t u r e in the f a t t y acid i n d u s t r y .

T h e r e are fifteen p r o d u c e r s o f f a t t y a c i d s ( a n i m a l a n d
v e g e t a b l e ) in the U.S. Bu t to the rest o f the b u s i n e s s com-
m u n i t y , it i s not a s i n g u l a r g r o u p o f c o m p a n i e s w i t h an
i n d i v i d u a l technology s u c h as t h e p e t r o l e u m i n d u s t r y o r the
p h a r m a c e u t i c a l i n d u s t r y . F o r e x a m p l e , t h e r e i s n o com-
prehensive SIC Code classification for t h e f a t t y a c i d indus -
try o r t h e derivative i n d u s t r y , a n d the t a r i f f s c h e d u l e s of
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FIG. 1 . Parallel of fat ty acid production to U.S. industrial pro-
duction.

FIG. 2 . Fatty acid production o f 1978.

t h e U.S. for i m p o r t s o f a c i d s a n d derivatives are t o d a y , t o
s a y the l e a s t , c o n v o l u t e d a n d conflicting.

The c o m p a n y that p r o d u c e s only f a t t y a c i d s a n d f a t t y
a c i d derivatives is the e x c e p t i o n t o d a y , r a t h e r t h a n t h e r u l e .
For t h e most part they are divisions o r subs id i a r i e s o f l a r g e r
corporations. P e r h a p s part o f this i s due t o the s c o p e o f
applications o f the a c i d s themselves a n d the even w i d e r
s c o p e o f derivative applications. It h a s b e e n e s t i m a t e d (4)
t h a t n o one f i e l d o f use represents m o r e than 20% o f the
t o t a l one b i l l i o n p o u n d s c o n s u m e d in 1 9 7 8 . It s h o u l d be
p o i n t e d o u t that t h e f i g u r e s s h o w n f o r p r o d u c t i o n are f a t t y
a c i d s p r o d u c e d f o r m e r c h a n t sale o r captive u s e , a n d do n o t
r e f l e c t a c i d s p r o d u c e d a s part o f a c o n t i n u o u s s o a p m a k i n g
p r o c e s s . This diversity o f m a r k e t s can have its o w n p r o b -
l e m s . The c o s t s o f k e e p i n g a b r e a s t o f u s e s , t e c h n o l o g y , a n d
m a r k e t i n g in all the p o s s i b l e f i e l d s o f application are h i g h
for the d o l l a r v o l u m e involved. Developmental a n d t e c h n i -
cal d e p a r t m e n t s , o p e r a t i n g i n d e p e n d e n t l y o f s a l e s s t a f f s ,
o f f e r n e w f a t t y c h e m i c a l s for e x p e r i m e n t a l u se w i t h the
objective o f b r e a k i n g into n e w m a r k e t s .

F a t t y a c i d s in t o d a y ' s m a r k e t s find t h e i r w a y into
t h o u s a n d s o f uses a n d p r o b a b l y most o f t h e s e uses are via
derivatives. The diversity o f e n d use applications i s partially
e x p l a i n e d by the relatively l o w cost o f c o m m e r c i a l f a t t y
a c i d s , t h e i r physiological compatability w i t h a n i m a l s a n d
h u m a n s , availability o f r a w materials and the h i g h l y f u n c -
t i o n a l s u r f a c e activity o f the derivatives. F o r e x a m p l e ,
g r e a s e i s m e r e l y p e t r o l e u m oil u n t i l 1% t o 5% o f f a t t y a c i d
s o a p i s added ; r u b b e r c o m p o u n d s do n o t v u l c a n i z e p r o p e r l y
u n t i l a b o u t 1% o f s t e a r i c acid i s added ; 0 . 1 5 % o f a f a t t y
acid-derived e m u l s i f e r in b r e a d m i n i m i z e s variations in
t e x t u r e a n d v o l u m e a n d p r o v i d e s antistaling properties.
N i t r o g e n derivatives o f f a t t y a c i d s are even m o r e d r a m a t i c
in t h e i r s u r f a c e active p r o p e r t i e s - 0 . 2 5 % o f a f a t t y a c i d
a m i n e p r o v i d e s corrosion resistance in s e c o n d a r y oil re-
covery a n d only p a r t s p e r m i l l i o n o f a f a t t y a c i d q u a t e r n a r y

m a i n t a i n c o n t r o l o f s u l f a t e - r e d u c i n g b a c t e r i a in the s a m e
p r o c e s s . A very s m a l l a m o u n t o f f a t t y a c i d a m i n e will
f u n c t i o n a s a n a d d i t i v e in a u t o m o b i l e g a s o l i n e , a n d an
equa l ly s m a l l q u a n t i t y o f a f a t t y a c i d q u a t e r n a r y will s o f t e n
a n d r e n d e r s t a t i c free 8 0 p o u n d s o f d r y l a u n d r y .

E x p a n s i o n o f the f a t t y acid derivative m a r k e t h a s over
the y e a r s t e n d e d to c h a n g e the n a t u r e o f the f a t t y a c i d
i n d u s t r y from fat splitters t o c h e m i c a l c o m p o u n d e r s . It h a s
b e e n e s t i m a t e d , in one s t u d y , that t h e r e are 26 o r 27
sharply d e f i n e d e n d uses for fat ty a c i d s a n d s e v e n m a i n
c l a s s e s o f derivatives. In 1952 w h e n the F A P C s t a r t e d
c o l l e c t i n g its d a t a o n p r o d u c t i o n a n d d i s p o s i t i o n o f f a t t y
a c i d s , 14% o f a n n u a l p r o d u c t i o n was u s e d captively by t h e
r e p o r t i n g c o m p a n i e s . I n 1978, 3 0 % o f p r o d u c t i o n was
r e p o r t e d a s b e i n g u s e d captively to m a k e derivatives. O r ,
m o r e specifically, in 1952 the captive use was 51 m i l l i o n
p o u n d s , in 1 9 7 8 , 290 m i l l i o n p o u n d s .

What in e s s e n c e i s a n o l d i n d u s t r y c o n t i n u e s to g r o w a n d
s e r v e m a n y v a l u a b l e a n d d i v e r s e speciality e n d uses t o d a y .
N e w uses c o n t i n u e t o be f o u n d . R a w m a t e r i a l s are r e p l e n -
i s h a b l e a n d p r o b a b l y wi l l be e x p a n d e d ; they are o f t e n
b y p r o d u c t s a n d o f t e n interchangeable. The i n d u s t r y h a s
g r o w n a n d s h o u l d in f u t u r e c o n t i n u e to g r o w a n d f i n d n e w
o u t l e t s .
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ABSTRACT
V e g e t a b l e oils that are i m p o r t a n t t o the c h e m i c a l

i n d u s t r y inc lude b o t h e d i b l e a n d i n d u s t r i a l o i l s , w h i c h
c o n t r i b u t e 24% a n d 13.5%, respectively, c o m p a r e d t o
55% for t a l l o w , t o the preparation o f s u r f a c t a n t s ,
coatings, plasticizers, a n d o t h e r p r o d u c t s b a s e d on

fats a n d o i l s . N o t only the oils themselves but also the
f a t t y a c i d s r e c o v e r e d from s o a p s t o c k r e p r e s e n t a
several b i l l i o n p o u n d r e s o u r c e . C o c o n u t oil is
i m p o r t e d t o the e x t e n t o f 700-1,000 m i l l i o n p o u n d s
per y e a r . I ts uses are d i v i d e d a b o u t equa l ly b e t w e e n
e d i b l e a n d i n d u s t r i a l applications. S a f f l o w e r oil h a s a
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