
as we l l a s f r o m t h e l i n e r s o f c a n s u s e d by b u t c h e r s h o p s t o
collect fat a n d meat scraps. When t h e s e p o l y m e r s e n t e r t h e
r e n d e r i n g process, they d i s p e r s e in t h e t a l l o w a n d are
d i f f i c u l t to remove. D u r i n g t h e s u b s e q u e n t use o f t a l l o w in
fat splitting, t h e p o l y m e r s are r e p o r t e d to a c c u m u l a t e in t h e
splitting t o w e r s a n d p r e s e n t a h a z a r d t h e r e .

Finally, we s h o u l d take a q u i c k look a t uses that are
m a d e o f t a l l o w . The d a t a for 1976 are g i v e n in T a b l e V, a n d
d o m e s t i c use t r e n d s over t h e past t w e n t y y e a r s a r e s h o w n in
F i g u r e 3 . It i s e v i d e n t that t h e U n i t e d S t a t e s e x p o r t s a l m o s t
a s m u c h t a l l o w a s it u ses at h o m e , a n d , in f a c t , t h e U n i t e d
S t a t e s p r o d u c t represents a b o u t three-fourths o f the w o r l d
t r a d e in t a l l o w . At h o m e , by far t h e largest s i n g l e use f o r
i n e d i b l e t a l l o w is in a n i m a l f e e d s , especially in f o r m u l a t e d
b e e f a n d p o u l t r y f e e d s a n d in pet f o o d s . F a t t y a c i d s a n d
s o a p s c o n s u m e a b o u t e q u a l a m o u n t s . B e f o r e p e t r o l e u m -
b a s e d d e t e r g e n t s b e c a m e p o p u l a r in the 1950s, soap con-
s t i t u t e d the largest s i n g l e use f o r i n d u s t r i a l t a l l o w . With
increasing p r i c e s a n d d e c r e a s i n g availability o f p e t r o l e u m ,
the d a y m a y come a g a i n w h e n t a l l o w wi l l b e c o m e a n
important r a w material b a s e f o r soap-derived detergents.
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New Fatty Acids from Outer Space
H.BROWN, Finetex, Inc. 418 Falmouth Avenue, Elmwood Park, NJ 07407

ABSTRACT

A r e c e n t s p a c e exploration h a s revealed that in the
far r e a c h e s o f o u t e r s p a c e m a t t e r a t t a i n s a s t a t e o f
c o m p l e t e weightlessness. H e r m a n B r o w n , r e p o r t i n g
o n his l a t e s t s p a c e d - o u t v e n t u r e , i n d i c a t e s that
weightless f a t t y a c i d s o b t a i n e d from the Superba
G a l a X y are i d e a l l y s u i t e d for the m a n u f a c t u r e o f
i m p r o v e d f o o d additives. What a magnificent w a y to
p r o v i d e t h e diet-control f o o d s t u f f s o f t h e 21st
C e n t u r y !

(Course Chairman's Note: Ful ly cognizant o f the r e s u l t s

o f O r s o n W e l l e s ' f a m e d r a d i o b r o a d c a s t , w h e r e h e p r o m o t e d
t h e i d e a that the Martians w e r e e n g a g e d in a real e a r t h
invasion, we f i n d i t n e c e s s a r y to s t a t e u n e q u i v o c a l l y : a s far
as w e k n o w , t h e r e are no f a t t y a c i d s in o u t e r space.
F u r t h e r m o r e , i f t h e r e is o r g a n i c m a t t e r w i t h i n t h e

m e t e o r i t e s that e n t e r the e a r t h ' s a t m o s p h e r e , i t i s p r o b a b l y
not in the form o f f a t t y a c i d s . P u b l i c a t i o n o f t h e a b o v e
a b s t r a c t in ou r preliminary p r o g r a m o c c a s i o n e d d o z e n s o f
i n q u i r i e s o n this s u b j e c t . Mr. B r o w n ' s p a p e r a t t h e S h o r t
C o u r s e was a h i l a r i o u s s p o o f o n this s u b j e c t a s we l l as a f e w
o t h e r s . W e inc lude t h e a b s t r a c t h e r e t o c o m p l e t e t h e entire
s t o r y o f " A O C S at T a m i m e n t . " )

Fat Splitting
N.O.V. SONNTAG, Southland Corporation Chemical Division, First Continental
Bank Building, Suite 400, 5801 Marvin D. Love Freeway, Dallas, TX 75237

ABSTRACT

Fat splitting, particularly the c o n t i n u o u s , high
p r e s s u r e , countercurrent h y d r o l y s i s o f fats a n d oils,
t y p i f i e d by the Colgate-Emery o r m o d i f i e d processes,
represents the technological cornerstone for t o d a y ' s
A m e r i c a n f a t t y acid i n d u s t r y . Internationally, o t h e r
m e t h o d s s u c h as Twitchell o r b a t c h autoclave
" m e d i u m - p r e s s u r e " c a t a l y z e d o r u n c a t a l y z e d splitting
are s t i l l important . All i n d u s t r i a l fat s p l i t t i n g m e t h o d s
have as t h e i r objectives the attainment o f a high rate
o f h y d r o l y s i s together w i t h a high d e g r e e o f com-
pleteness. This objective is achieved, more or l e s s , by
the p r o p e r o p t i m u m b a l a n c e of: (a) u se o f e x c e s s
w a t e r ; (b ) selection o f appropriate c o m b i n a t i o n o f
t e m p e r a t u r e a n d p r e s s u r e to optimize the so lu -
bility o f l iqu id w a t e r in the fat p h a s e s with or w i t h -
out use o f s u i t a b l e "water-in-oil" emulsifiers; (c)
u se o r n o n u s e o f a c i d i c catalyst ( r a r e l y b a s i c

catalysts); a n d (d) removal o f b y p r o d u c t glycerol. Sig-
n i f i c a n t c o n d i t i o n s a n d d e t a i l s in f a t s p l i t t i n g by the
i m p o r t a n t c o m m e r c i a l processes are d e s c r i b e d .

F u n d a m e n t a l l y , fat s p l i t t i n g is g e n e r a l l y r e p r e s e n t e d in
all the t e x t b o o k s as an oversimplified reversible c h e m i c a l
r e a c t i o n c o n s i s t i n g o f a d d i n g H 2 0 to a g l y c e r i d e t o p r o d u c e
g l y c e r i n e a n d t h r e e m o l s of f a t t y a c i d s . F a t splitting, a s
m i g h t be e x p e c t e d , i s far more c o m p l e x than this s i m p l e
r e a c t i o n . S o m e i d e a o f the overall c o m p l e x i t y may be g i v e n
by a c o n s i d e r a t i o n o f the s t e p w i s e n a t u r e of fat h y d r o l y s i s
from triglyceride to d i g l y c e r i d e s to m o n o g l y c e r i d e s to f a t t y
a c i d s a n d glycerol. F o r practical p u r p o s e s , the f o l l o w i n g
f a c t s e n a b l e us t o d i s c o v e r the true n a t u r e o f the fat
s p l i t t i n g reaction: (a) w a t e r i s increasingly s o l u b l e in di- a n d
m o n o g l y c e r i d e s a n d in fat ty a c i d s than in the s t a r t i n g
m a t e r i a l triglycerides; ( b ) h i g h e r t e m p e r a t u r e s a n d p r e s s u r e s
as s h o w n in T a b l e I increase the rate o f h y d r o l y s i s as a
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TABLE I

Influence of Temperatures in the Range 225--280 C on Splitting Time (2)

Tempo C

Time to reach equilibrium (rain.) Half life time (min.)
Beef Coconut Peanut Beef Coconut Peanut

ta l low oil oil ta l low oil oil

2 2 5 1 5 6 1 5 8

2 4 0 8 2 8 5

2 6 0 4 7 4 6
2 8 0 3 4 3 3

260 (catalyst 0.2% ZnO) 21 --

1 5 6 6 2 5 8 5 0

8 5 3 4 3 3 2 5
5 3 1 8 2 3 1 6

3 3 8 1 0 1 0

- - 4 . . . . . .

c o n s e q u e n c e of an increase in the so lub i l i ty of w a t e r in all
the fat p h a s e s ( 1 , 2 ) ; (c) d i - and monoglycerides have been
d e t e c t e d in part ial ly sp l i t fats ( 3 . 5 % of e x c e s s c o m b i n e d
glycerol from some autoclave sp l i t fats [F ig . 1 ] , 1 - 3 % from
Twitchel l [ 3 ] , 1 - 2 % in fermentative but n e v e r in saponif i -
c a t i o n reactions) ; (d) the reaction i s reversible (unless
glycerol i s r e m o v e d ) ; r e a c t i o n is s low to s t a r t , fast in the
m i d d l e s tages , and slows down as glycerol concentration
increases as s h o w n in Figures 2 and 3 ( 1 , 4 ) .

Al l industrial fat sp l i t t ing m e t h o d s have as t h e i r o b j e c -
tives the a t t a i n m e n t a high rate of hydrolys is t o g e t h e r wi th
a high d e g r e e of complet ion . This objective is achieved,
more or less , by the p r o p e r o p t i m u m b a l a n c e of (a) u se of
e x c e s s w a t e r , (b) select ion o f appropriate combinat ion of
t e m p e r a t u r e and pressure to opt imize the so lub i l i ty of
l iqu id w a t e r in the fat p h a s e s wi th or w i t h o u t the use of
su i tab le "water-in-oil" emulsi f iers , (c) u se or n o n u s e of
acidic catalyst (rarely bas ic catalysts), and ( d ) r e m o v a l of
b y p r o d u c t glycerol . In connection with the i t e m s ( b ) a n d
(c), the use o f zinc o x i d e ( Z n O ) as a so-called "catalyst" for
m e d i u m p r e s s u r e sp l i t t ings i s more l ikely the applicat ion of
an in s i tu emulsif ier g e n e r a t o r since zinc s o a p s o f f a t t y a c i d s
are o i l - so lub le and f u n c t i o n as emulsif iers to give fat and
w a t e r the oppor tuni ty to come in to c l o s e reactice c o n t a c t .
Sul fur ic acid is ordinari ly considered to be a true acidic
catalyst , but when i t i s used in combinat ion wi th su l fonic
a c i d s in b a t c h Twitchel l sp l i t t i ngs , i t may be a r g u e d that i t s
f u n c t i o n is r a t h e r to depress the so lub i l i ty o f the su l fonic
acid in the a q u e o u s p h a s e and to increase i t s so lub i l i ty in
the o i l p h a s e , w h e r e the l a t t e r funct ions both as an emuls i -
fier and as an acidic hydrolys is catalyst . T h u s , the e x a c t l ine
b e t w e e n the funct ion of catalysts and emulsif iers in fat
sp l i t t ings i s v a g u e and indef in i te i n d e e d .

Signi f icant ly , the ini t ial objective in conventional fat
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FIG. 1. Compos i t ion of unsp l i t fat during the firs t boil in the
TwitcheU spl i t t ing of coconut oil: (A) triglycetides, (B) diglycerides,
(C) monoglycerides and (D) combined glycerol content (3).

sp l i t t ing is to o b t a i n as fast as poss ib le a high so lub i l i ty of
l iqu id w a t e r in the triglyceride fat p h a s e b e c a u s e fat s p l i t -
r ing o c c u r s homogeneously, with very l i t t l e contr ibut ion
from hydrolys is at fat-water interfaces (1). As soon as w a t e r
i s homogeneously dissolved in the fat p h a s e , w e . h a v e
essent ial ly p a s s e d the s low init ial part of hydrolys is and can
e n t e r the relat ively fast p a r t , w h i c h s lows down ul t imate ly ,
only b e c a u s e glycerol concentration bui ldup is permit ted.
If, on the o t h e r h a n d , glycerol is r e m o v e d from the s p h e r e
o f the r e a c t i o n (and t h e r e are innumerable m e t h o d s applied
to achieve this) , we can f o r c e fat sp l i t t ing to the desired
complet ion . From the practical p o i n t of view, al l the
exis t ing processes achieve t h e s e objectives wi th varying
degrees o f success, bu t , from the theoretical p o i n t of v i e w ,
t h e r e are s t i l l a n u m b e r of th ings a b o u t fat sp l i t t ing that
a r e n ' t entirely c l e a r .

Twitchell Process
Twitchel l in 1898 ( 5 , 6 ) p a t e n t e d reagents made from

o l e i c and stear ic acids and sul fur ic acid wi th the capabil i ty
o f hydrolyzing fats and oils to f a t t y acids at a tmospher ic
pressure by boi l ing wi th s t e a m and w a t e r in open ket t les .
Quickly , Twitchel l reagents, made from a r o m a t i c h y d r o -
c a r b o n s and o l e i c a c i d , such as that from m-xylene, were
applied for th i s p u r p o s e .

CH3(CH2)xCH (CH2)yCOOH

CH3 " ~ . ~ x + y = l5
%, SO3H

CH3

L a t e r , alkylbenzene sul fonic a c i d s and o t h e r p e t r o l e u m
sul fonic acids ( t h i r d p h a s e Twitchel l Reagents , in E u r o p e
" K o n t a c k t " r e a g e n t s ) came to be u s e d . The process i s s t i l l
used in E u r o p e (7); in the U.S. t h e r e is l i t t l e e c o n o m i c
ut i l iza t ion of th i s m e t h o d . Essent ia l ly , the process consis ts
o f t h r e e or four successive reboi l ings wi th f r e s h w a t e r
containing r e a g e n t (occasionally s p e n t w a t e r s containing
glycerol are used in p l a c e o f the f r e s h w a t e r ) . T h u s , a
four-step Twitchel l m e t h o d on t a l l o w w o u l d correspond to
the fol lowing t i m e and y i e l d requirements: 1s t bo i l 18 hr,
60% c o m p l e t e ; 2r id boi l 12 hr, 25% c o m p l e t e ; 3rd bo i l , 6
hr, 10% c o m p l e t e ; and 4th bo i l , 4 hr, 5% complete. For a
t h r e e step p r o c e s s the s e q u e n c e w o u l d l ikely be: 1s t bo i l
2 0 - 2 4 hr, 75%; 2rid boi l 12 hr, 15% complete; and 3rd boi l
4 hr, 5% c o m p l e t e . Unless very long t i m e s are involved (or
l a r g e r n u m b e r of reboils wi th c o n s e q u e n t more d i lu t e
glycerol concentrations more cost ly to evaporate), the
sp l i t t ing efficiency i s n o b e t t e r than 95%, s t e a m c o n s u m p -
t ion i s h i g h , but e q u i p m e n t i s c h e a p , al though i t mus t be
corrosion res is tant . A f i n a l w a t e r wash r e m o v e s sul fur ic and
sul fonic a c i d s o r e l se d is t i l l a t ion of the sp l i t acids w o u l d
c a u s e corrosion in the dis t i l l a t ion e q u i p m e n t .

A b r o a d , the poss ib i l i ty of us ing a cont inuous TwitcheU
process has been considered (7), also wi th K o n t a c k t c a t a -
lys t s the poss ib i l i ty for u s i n g pressure and a t e m p e r a t u r e of
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150 C w h e r e the relative r e a c t i o n veloci ty i s 1 (150 C):
0 . 0 3 , (100 C ) (8), but n e i t h e r poss ib i l i ty has been developed,
mainly b e c a u s e o f the unavai labi l i ty of su i tab le materials of
construct ion able to withstand the highly acidic condi t ions
prevai l ing. When c a s t o r o i l i s sp l i t by the T w i t c h e U process,
apparently the esterl ide f o r m a t i o n w h i c h o c c u r s s imul ta-
neously r e n d e r s the catalyst less so lub le than u s u a l in the
fat p h a s e ; u n d e r t h e s e condi t ions 45% of the c a t a l y s t was
d e t e c t e d in the a q u e o u s p h a s e (9).

Medium Pressure Autoclave Splitting with Catalyst

Previous ly , th i s was called high pressure sp l i t t i ng , but
wi th the a d v e n t of cont inuous high pressure splitting
m e t h o d s operating at 500 725 P S I G , the term " m e d i u m
p r e s s u r e " ( 1 5 0 - 5 0 0 P S I G ) i s b e t t e r a p p l i e d to i t . It i s the
oldest m e t h o d of fat sp l i t t ing ; p a t e n t s were issued d a t i n g as
far back as 1854 (10) on th i s process. By using m e d i u m
pressures, the need to r e m o v e liberated glycerol as in the
case of the Twitchel l p r o c e s s i s el iminated; one b a t c h
operation generally br ings the efficiency to ca. 95 to 96%
t o t a l sp l i t wi th the use of high w a t e r concentrations
(generally, ca. 30% o f the w e i g h t of the fat e m p l o y e d ) . Zinc
o x i d e is the p r e f e r r e d catalyst ; occasionally calcium o r
magnesium o x i d e s are u s e d , but t h e s e are less effective.
Usual ly , 2 4% of ZnO b a s e d on the w e i g h t o f fat qs u s e d ,
the e x a c t a m o u n t d e p e n d i n g u p o n the m a x i m u m pressure
e m p l o y e d and varying inversely wi th i t .

The autoclaves are b u i l t from corrosion-resistant m e t a l
in the form of ta l l cylindrical vessels w h i c h may be 4 to 6
feet in d i a m e t e r and 20 to 40 feet in height . T h e autoclaves
are well insulated and are e q u i p p e d with lines for the
inject ion of s t e a m , but have no agi ta tors . Generally, de-
p e n d e n t upon the s t o c k c h a r g e d , 6 to 10 h o u r s i s r e q u i r e d
for each b a t c h sp l i t . E x a m p l e s of fat sp l i t by modif icat ions
of the autoclave b a t c h process are c o c o n u t o i l , babassu, and
palm k e r n e l o i l .

Low Pressure Splitting with Catalyst
The exis t ing conventional fat sp l i t t ing processes d e p e n d

upon the establ ishment of o p t i m u m concentrations of
l iqu id w a t e r in the fat p h a s e in o r d e r that hydrolys is may
be in i t ia ted . It is poss ib le to a v o i d the use o f expensive
pressure e q u i p m e n t and sp l i t fats and oils wi th s u p e r -
h e a t e d (gaseous) s t e a m at relat ively low pressures in the
p r e s e n c e o f a catalyst . A p a t e n t issued in 1966 to C a r a d
Corporat ion (11) claims that ta l low at 2 0 0 - 2 8 0 C is 16%
h y d r o l y z e d in 1 0 - 3 0 s e c o n d s in a special ly designed pipe
r e a c t o r wi th zinc o x i d e catalyst . A s e c o n d passage of
the oil p h a s e t h r o u g h the r e a c t o r affords 70% c o m p l e t e
hydrolys is . One w o n d e r s had th i s process been developed in
the e a r l y 1 9 4 0 s w h e t h e r the bas ic fat sp l i t t ing technology
w o u l d have been b a s e d upon the use o f s u p e r h e a t e d s t e a m
r a t h e r than the applicat ion of m e d i u m or high pressure
s t e a m . Cer ta inly , the t i m e o f r e a c t i o n and the cost o f the
e q u i p m e n t r e q u i r e d are advantageous for s u p e r h e a t e d s t e a m
sp l i t t i ng , w h i l e the a p p a r e n t necessi ty for the use o f c a t a -
lys t m i g h t be o v e r c o m e . H o w e v e r , th i s process has not yet
achieved c o m m e r c i a l use.

Continuous, High Pressure Uncatalyzed
Countercurrent Splitting

High t e m p e r a t u r e s and high pressures and cont inuous
removal of the liberated glycerol wi th a w a t e r s t r e a m are
the features o f the countercurrent, cont inuous high pres-
sure ( 5 0 0 - 7 2 5 P S I G ) fat sp l i t t ing process, s teadi ly de-
veloped since the original work of I t t n e r (12) and Mi l l s
(13) in the p e r i o d 1 9 3 9 - 1 9 4 2 . This process, essent ial ly the
Colgate-Emery process, or modif icat ions of i t , is the mos t
efficient and inexpensive m e t h o d for l a r g e scale p r o d u c t i o n
of s a t u r a t e d f a t t y a c i d s from fats and o i l s , and for the
p r o d u c t i o n o f u n s a t u r a t e d f a t t y acids generally b e l o w IV
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FIG. 2 . Autoclave splitting of ta l low with 60% water: 1 . 220 C
(322 PSIG) with 0.5% NaOH as a catalyst ; 2. 185 C (148 PSIG),
0.5% ZnO; 3 . 200 C (210 PSIG) 0.5% NaOH;4. 185 C (148 PSIG),
0.5% NaOH; 5 . 185 C (148 PSIG), no catalyst; 6 . 170 C (100 PSIG),
0.5% NaOH; and 7 . 140 C (38 PSIG) 0.5% NaOH; (1).
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FIG. 3 . Maximum hydrolys is in fat splitting as a funct ion of the
glycerol content of the aqueous phase: (A) Twitchell splitting of
palm kernel oil (1); (B) autoclave splitting of ta l low (4); and (C)
autoclave splitting of coconut oil (1).

levels of 120 (fish-derived) or 140 ( s o y a , e t c ) . The h e a r t of
the sp l i t t ing s y s t e m is a t o w e r 20 to 48 i n c h e s in diameter,
60 to 80 feet h igh of so l id type 316 sta inless s t e e l or
I n c o n e l to w i t h s t a n d the operating pressures, generally over
700 PSIG a n d well insula ted . The fat i s i n t r o d u c e d by a
s p a r g e ring a b o u t 3 feet from the b o t t o m with a high
pressure feed p u m p . W a t e r i s i n t r o d u c e d near the top of t h e
c o l u m n at a r a t i o o f 4 0 - 5 0 % o f the weight of the fat . The
fat rises t h r o u g h the h o t glycerol-water col lect ing sect ion at
the b o t t o m o f the c o l u m n and passes t h r o u g h the oil-water
i n t e r f a c e in to the c o n t i n u o u s p h a s e , the oil l a y e r in w h i c h
hydrolys is t a k e s p l a c e . D i r e c t inject ion of high pressure
s t e a m quickly raises the t e m p e r a t u r e to 260 C . Pressure i s
maintained at 7 0 0 - 7 2 5 P S I G . The cont inuous , c o u n t e r -
c u r r e n t h igh pressure p r o c e s s sp l i t s fats in 98 99% ef-
ficiency in only 2 3 h r wi th l i t t l e or n o discolorat ion of
the f a t t y acids and an efficient u se of s t e a m . It is N O T
applicable in its high t e m p e r a t u r e , h igh pressure modifica-
t ion to sp l i t t ing of heat sensi t ive triglycerides such as t h o s e
containing conjugated d o u b l e b o n d s , unconjugated sys tems
c a p a b l e of t h e r m a l conjugat ion, hydroxy-containing fats
and oi l s l ike c a s t o r o i l or h y d r o g e n a t e d c a s t o r o i l , f ish o i l s
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c o n t a i n i n g p o l y u n s a t u r a t e d a c i d s with 4 o r m o r e d o u b l e
b o n d s , a n d , in f a c t , s o y b e a n oil o f I V g r e a t e r t h a n a b o u t
140 ( a n d c o n t a i n i n g 7 - 9 % l i n o l e n i c a c i d ) . F o r t h e s e o i l s ,
h y d r o l y t i c m e t h o d s at l o w e r t e m p e r a t u r e s are r e q u i r e d .

Enzymatic Fat Splitting
Lipolytic e n z y m e s s u c h as t h o s e o b t a i n e d f r o m c a s t o r

b e a n s have b e e n u s e d in the past t o s p l i t fats ( 1 4 ) , but this
t e c h n i q u e i s inefficient ( b e s t conversions a p p r o x i m a t e only
90%), s luggish a n d not especially easy t o h a n d l e as a u n i t
operation. In p r o c e s s , the m e t h o d was a b a t c h o p e r a t i o n
s u i t e d only f o r fats l i m i t e d to a m e l t i n g p o i n t o f 4 0 C , a n d
c o n s u m e d from 2 4 - 4 8 h r for completion. H o w e v e r , this
t e c h n i q u e , in the case o f very sensitive fats a n d oils s u c h as
c o n j u g a t e d c o m p o n e n t s or t h o s e containing up to four o r
five d o u b l e b o n d s ( f r o m fish oil) may be the only o n e o f all
the m e t h o d s c a p a b l e o f g e n e r a t i n g f a t t y a c i d s from tri-
g l y c e r i d e s w i t h m i n i m a l s t r u c t u r a l c h a n g e s (see M.E.
S t a n s b y ' s paper). A l t h o u g h c a s t o r oil h a s b e e n s p l i t in the
past by this m e t h o d , it is n o l o n g e r s p l i t this w a y t o d a y ,
r e c o u r s e b e i n g m a d e to o t h e r less d r a s t i c h y d r o l y s e s than
m e d i u m o r high p r e s s u r e splitting techniques.

A l t h o u g h e n z y m a t i c s p l i t t i n g has h a d little v a l u e in the
past as an i n d u s t r i a l m e t h o d o f fat splitting, its u se in the
l a b o r a t o r y for t h e d e t e r m i n a t i o n o f fat a n d oil s t r u c t u r e h a s
b e e n very i m p o r t a n t . Pancreatic l i p a s e h a s b e e n d i s c o v e r e d
t o preferentially h y d r o l y z e the 1- (or 3-) p o s i t i o n s o f
g l y c e r i d e s ( 1 5 ) . U n d e r c o n t r o l l e d c o n d i t i o n s the specificity
m a y be m a d e a b s o l u t e (16,17). A l r e a d y , h u n d r e d s o f fats
a n d oils have b e e n investigated w i t h this t e c h n i q u e ; m u c h
triglyceride s t r u c t u r e d e f i n i t i o n h a s a c c r u e d . More recently,
the discovery that the l i p a s e from the s e e d o f Vernonia
anthelrnintica is c a p a b l e o f preferentially h y d r o l y z i n g the
2-position o f fats a n d otis, f i r s t e s t a b l i s h e d w i t h trivernolin
oil i t s e l f ( 1 8 ) , a p p e a r s to be a u s e f u l discovery. I m m e d i a t e l y
it was e s t a b l i s h e d that the un ique keto s t r u c t u r e o f this oil
was not responsible for the s p e c i f i c positional h y d r o l y s i s ,
for pancreatic l i p a s e h y d r o l y z e d it to the e x p e c t e d 1,2-di-
g l y c e r i d e s (19) i n d i c a t i n g that the n o r m a l 1 - o r 3-hydrolysis
h a d i n d e e d o c c u r r e d . It r e m a i n s to d e t e r m i n e i f the 2-posi-

tion specificity for this lipase is characteristic o f o t h e r
fats a n d o i l s .
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Hydrogenation of Fatty Acids
R.C. HASTERT, Catalyst Department, Harshaw Chemical Co.,
23800 Mercantile Rd., PO Box 22126, Beachwood, OH 44122

ABSTRACT
Catalytic h y d r o g e n a t i o n i s a vital p r o c e s s f o r b o t h

the e d i b l e fats a n d oil a n d the i n d u s t r i a l f a t t y c h e m i -
cal i n d u s t r i e s . The similarities a n d d i f f e r e n c e s
b e t w e e n the fat a n d oil a n d f a t t y acid h y d r o g e n a t i o n s
in e q u i p m e n t , p r o c e s s i n g conditions, a n d catalysts
e m p l o y e d are o f s o m e i m p o r t a n c e s i n c e b o t h are u s e d
in the v a r i o u s operations. G e n e r a l l y , the catalytic
h y d r o g e n a t i o n o f f a t t y a c i d s is c a r r i e d o u t in c o r r o -
sion-resistant e q u i p m e n t ( 3 1 6 S S ) , w h e r e a s f o r fats
a n d oils w h i l e 3 1 6 S S is d e s i r a b l e , 3 0 4 S S o r even b l a c k
iron s u f f i c e . The s p e e d of h y d r o g e n a t i o n varies
radically w i t h the c o n t e n t o f i m p u r i t i e s in b o t h fat
a n d oil a n d f a t t y a c i d feedstocks. Especially d e t r i -
m e n t a l for b o t h h y d r o g e n a t i o n s are soap a n d su l fur
contaminants, p r o t e i n a c e o u s materials left in the oils
from poor refining, etc. F a t t y a c i d s from vegetable oil
soapstocks are especially d i f f i c u l t t o h y d r o g e n a t e .
S o y b e a n - a c i d u l a t e d s o a p s t o c k m u s t usua l ly be
d o u b l e - d i s t i l l e d for g o o d r e s u l t s ; c o t t o n s e e d s o a p -
s t o c k s f r e q u e n t l y triple-distilled in o r d e r that they

c a n be h y d r o g e n a t e d b e l o w i o d i n e v a l u e s o f 1 . F a t t y
a c i d h y d r o g e n a t i o n effectiveness is m e a s u r e d by
achieving a l o w i o d i n e v a l u e a s fast a n d as economi-
cally a s possible. V a r i a b l e s that i n f l u e n c e h y d r o g e n a -
t i o n effectiveness a r e r e a c t o r d e s i g n , h y d r o g e n p u r i t y ,
f e e d s t o c k q u a l i t y , catalyst activity and operating
conditions.

INTRODUCTION

History and Background
The origin o f v a p o r p h a s e h y d r o g e n a t i o n i s usua l ly

t r a c e d t o S a b a t i e r a n d his associates (1). In 1897 they w e r e
ti'ying to make n i c k e l carbor~yl by the a d d i t i o n o f e t h y l e n e
to nickel. The e x p e r i m e n t was " u n s u c c e s s f u l . " Analysis o f
the g a s e o u s res idue r e v e a l e d e t h a n e r a t h e r than n i c k e l
c a r b o n y l . The n i c k e l h a d s e r v e d a s t w o catalysts. It f i r s t
d e c o m p o s e d s o m e o f the e t h y l e n e t o form c a r b o n a n d
h y d r o g e n a n d then h y d r o g e n a t e d the r e m a i n i n g e t h y l e n e
to e t h a n e .

H y d r o g e n a t i o n in the l iqu id p h a s e is generally c r e d i t e d
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