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A B S T R A C T

While practically all the fat ty a c i d s p r o d u c e d in
the f a t t y a c i d i n d u s t r y are d i s t i l l e d p r o d u c t s , t h e s e
materials are all, at l e a s t t o some d e g r e e , fractionated
f a t t y a c i d s . R a r e l y i n d e e d are t o d a y ' s fat ty a c i d s
s u i t e d f o r any o f the m a n y applications to w h i c h they
are p u t w i t h o u t the q u a l i t y a n d h o m o l o g d i s t r i b u t i o n
improvements w h i c h only fractional distillation can
guarantee. T h u s , this separation is o f vital i m p o r t a n c e
w i t h i n the fat ty acid a n d derivative i n d u s t r i e s .
Fractional distillation is industrially a practical s e p a -
rative m e t h o d for: (a) 16:0 a n d 18:0 f a t t y a c i d s , s u c h
a s t h o s e d e r i v e d from h y d r o g e n a t e d fats a n d oils like
t a l l o w , s o y b e a n , c o t t o n s e e d soapstocks, palm oil a n d
o t h e r s ; (b ) 1 8 : 0 , 2 0 : 0 , 2 2 : 0 , a n d 2 4 : 0 f a t t y a c i d s from
h y d r o g e n a t e d fish oils or h i g h e r u c i c r a p e s e e d oil; a n d
( c ) 8:0, 1 0 : 0 , 1 2 : 0 , a n d 14:0 f a t t y a c i d s from the
h y d r o g e n a t e d f a t t y a c i d s from the l a u r i c oils g r o u p
( c o c o n u t , palm kernel, babas su , e t c . ) . While theoreti-
cally p o s s i b l e u n d e r i d e a l i z e d c o n d i t i o n s in the l a b o r -
a t o r y , it is not practical to s e p a r a t e palmitic, o l e i c ,
heptadecanoic, a n d stearic a c i d s by m e a n s o f frac-
tional distillation

F a t t y a c i d s have been distilled to p u r i f y them for over a
h u n d r e d y e a r s . A s i m p l e distillation or fractionation re-
moves o d o r a n d l o w b o i l i n g u n s a p o n i f i a b l e m a t t e r ( l o w
boilers); triglycerides, p o l y m e r i z e d p r o d u c t s , c o l o r b o d i e s ,
h y d r o c a r b o n s a n d o t h e r b r e a k d o w n p r o d u c t s ( h i g h boilers).
The l o w b o i l e r s pass t h r o u g h the p r o d u c t c o n d e n s e r , the
high b o i l e r s r e m a i n in the still as pitch. E a r l y stills w i t h o u t
the a i d o f v a c u u m illustrate the p r o p e r t y o f f a t t y a c i d s that
m a k e any fractional distillation d i f f i c u l t - h e a t sensitivity.
T e m p e r a t u r e s h i g h e r than 250 to 270 C, a l o n g with t i m e ,
d e c o m p o s e f a t t y a c i d s into a n h y d r i d e s , k e t o n e s a n d h y d r o -
c a r b o n s , o r p o l y m e r i z e u n s a t u r a t e d fat ty a c i d s to d i m e r s ,
trimers, etc.

In the 30s, high v a c u u m s t e a m ejectors ( w i t h a r a n g e o f
1--6 millimeters o f m e r c u r y ) b e c a m e available for com-
mercial installations, w h i c h simplified straight distillation in
that t e m p e r a t u r e s u n d e r 250 C c o u l d be m a i n t a i n e d in the
s t i l l w i t h o u t u s i n g g r e a t q u a n t i t i e s o f injection s t e a m .

S i m p l e b a t c h distillation ( F i g . 1) u s e d t o d a y for s m a l l
capacity p l a n t s h a s many disadvantages, one b e i n g the
length of t ime f a t t y a c i d s are s u b j e c t e d to the high t e m p e r a -
t u r e s o f the h e a t i n g s u r f a c e . The most o b v i o u s f a u l t i s that
w i t h o u t fractional distillation o r p u r i f y i n g t r a y s , some high
b o i l e r s wi l l get over to the p r o d u c t c o n d e n s e r . This type o f
unit d i s t i l l s the f a t t y a c i d s from an ever i n c r e a s i n g c o n c e n -
t r a t i o n o f f o o t s o r r e s i d u e . D e a e r a t e d f e e d s t o c k is a u t o -
matically f e d in as distillation progresses. When the c o l o r o f
the p r o d u c t c o n d e n s i n g d a r k e n s , b e c a u s e res idue is b e i n g
d i s t i l l e d , feed t o the u n i t is s t o p p e d a n d the t e m p e r a t u r e o f
the still i n c r e a s e d t o recover as m u c h fatty a c i d s a s p o s s i b l e
from the r e s i d u e . P r o d u c t from the c o n d e n s e r i s kept
separate d u r i n g this t ime t o be run a g a i n t h r o u g h the still.
High l o s s e s a n d poor q u a l i t y o f distillate a s c o m p a r e d w i t h
c o n t i n u o u s distillation s t i l l s are c o m m o n d i s a d v a n t a g e s o f
d i r e c t f i r e d o r radiant-heated pot stills.

C o n t i n u o u s straight distillation ( F i g . 2 ) wi l l p r o d u c e a
satisfactory p r o d u c t i f o d o r o r l o w b o i l i n g c o m p o u n d s are
n o t p r e s e n t t o any la rge e x t e n t . This u n i t c o n t i n u o u s l y
distills f a t t y a c i d s u n d e r a u t o m a t i c controls. D e a e r a t e d
f e e d s t o c k is p r e h e a t e d a n d e n t e r s the distillation c o l u m n
a n d is q u i c k l y vaporized by f l o w i n g a c r o s s h e a t e d t r a y s

a i d e d by s t e a m r i s i n g up t h r o u g h the c o l u m n . V a p o r s arc
p u r i f i e d o f high b o i l e r s by t w o s t a g e s o f e n t r a i n m e n t
elimination a n d by w a s h i n g w i t h r e c y c l e d distillate. The
p r o d u c t is c o n d e n s e d o n l o w p r e s s u r e d r o p p a c k i n g by
r e c y c l e d p r o d u c t automatically c o o l e d to a t e m p e r a t u r e
that a l l o w s l o w b o i l e r s a n d s t e a m to pass to the l i g h t e n d
c o n d e n s e r . The l i g h t e n d c o n d e n s e r w o r k s the s a m e w a y a s
the p r o d u c t c o n d e n s e r w i t h t h e t e m p e r a t u r e set to a l l o w
s t e a m to pass t h r o u g h w i t h o u t c o n d e n s i n g .

H i g h b o i l i n g c o m p o u n d s a l o n g w i t h t h e b o t t o m s from t h e
distillation s e c t i o n pass t h r o u g h a d d i t i o n a l h e a t e d t r a y s a n d
a r e b o i l e r t o s t r i p them o f f a t t y a c i d s . This type o f ttnit will
give a g o o d q u a l i t y d i s t i l l e d f a t t y acid but d o e s n o t a t t e m p t
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FIG. 1. Simple batch distillation.
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FIG. 2 . Continuous straight distillation.
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FIG. 3 . Continuous fractional distillation.
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FEEDSTOCKS PRODUCTS

HYDROGENATED
TALLOW

FATTY ACIDS

7 LIGHT ENDS C14-16

41 TRIPLE PRESSED
STEARIC ACID C16.18

52 90% STEARIC ACID

SOYBEAN
FATTY ACIDS 100

130 l.V.
15 LIGHT ENDS C16

85 144 I.V. SOYBEAN
FATTY ACIDS

COTTONSEED 100 ?
FATTY ACIDS

106 I.V.

25 LIGHT ENDS C16

75 130 I.V. COTTONSEED
FATTY ACIDS

FIG. 4 . Partial fractionations.

to fractionate f a t t y a c i d s . D i s t i l l e d f a t t y a c i d s , h o w e v e r , can
be p u t t h r o u g h this u n i t a s e c o n d t i m e , a n d by a d j u s t i n g
r e f l u x r a t i o s a n d t e m p e r a t u r e s s e p a r a t e high a n d l o w b o i l i n g
fractions can be o b t a i n e d w i t h the l o w b o i l e r s c o l l e c t e d in
the p r o d u c t s e c t i o n a n d the high b o i l e r s b r o u g h t o u t the
res idue section.

B e c a u s e all fractionating t r a y s have a p r e s s u r e drop o f
from 1 - 2 m m , a n d fatty a c i d s are heat sensitive, frac-
t i o n a t i n g s t i l l s are l i m i t e d t o ca. 2 0 - 3 0 t r a y s , d e p e n d -
i n g o n the v a p o r p r e s s u r e o f the f a t t y a c i d s to be s e p a r a t e d .
Any m o r e t r a y s w o u l d c a u s e p r e s s u r e in the r e b o i l e r sec-
tion to be h i g h e r than 3 0 - 5 0 m m . The vaporization
temperature at h i g h e r a b s o l u t e p r e s s u r e s may e x c e e d the
d e c o m p o s i t i o n t e m p e r a t u r e s o f the fat ty a c i d s . B e c a u s e o f
this limitation to get high p u r i t y f a t t y a c i d s from t w o to six
fractionating s t i l l s may have to be u s e d for c o n t i n u o u s
operation.

F i g u r e 3 s h o w s a fractionation s y s t e m for c rude o r
d i s t i l l e d f a t t y a c i d feedstocks. The l o w b o i l i n g f r a c t i o n is
c o n d e n s e d o f f the top o f the first still, a n d the high b o i l i n g
fraction from the b o t t o m o f the fractionation still is sent to
a s e c o n d s t r i p p i n g still. The high b o i l i n g p r o d u c t is d i s t i l l e d
a n d c o n d e n s e d o f f the top o f the s e c o n d still.

Nonvolatile i m p u r i t i e s originating in the c rude f e e d s t o c k
o r t r a c e s o f n i c k e l c a t a l y s t from h y d r o g e n a t e d feedstocks,

FEEDSTOCKS PRODUCTS

HYDROGENATED
TALLOW

FATTY ACIDS
100 ~ 8 LIGHTENDS C14.16

20 90% PALMITIC
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FISH
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FIG. 5 . Full fractionations.

a l o n g w i t h p o l y m e r i z e d materials f o r m e d in the fractionat-
ing still, are t a k e n o u t the b o t t o m as r e s i d u e .

Fractionation s t i l l s are a l m o s t a l w a y s c u s t o m d e s i g n e d to
su i t available f e e d s t o c k s a n d p r o d u c t requirements. With
l a u r i c type f a t t y a c i d s from c o c o n u t o r palm k e r n e l oils, up
to 3 0 t r a y s can be u s e d for h i g h e s t p u r i t y fractions b e c a u s e
o f the h i g h e r volatility a n d g r e a t e r stability o f the s h o r t
c h a i n s a t u r a t e d a c i d s . Long c h a i n f a t t y a c i d s from fish oils
a n d high e r u c i c c o n t e n t r a p e s e e d oil have m u c h l o w e r v a p o r
p r e s s u r e s a n d w o u l d n e e d l o w p r e s s u r e drop p a c k i n g o r a
l i m i t e d n u m b e r o f fractionating t r a y s to keep the r e b o i l e r
b e l o w the decomposition temperature.

M o l e c u l a r stills o r thin film stills are u s e d for s i m p l e
distillation o f heat sensitive p r o d u c t s o f l o w volatility but
c a n n o t p e r f o r m c l e a n separations that r e q u i r e more than
one equ i l i b r ium s t a g e .

F i g u r e s 4 a n d 5 s h o w commercial p r o d u c t s that can be
o b t a i n e d from fractional distillation stills.

Interrelationships in Fatty Acid Processing
E. FRITZ, Process Development, Union Camp Chemical Div.,
PO Box 570, Savannah, GA 31402

ABSTRACT
E x a m p l e s are p r e s e n t e d o f the e f f e c t o f each

p r o c e s s i n g step o n the q u a l i t y , y i e l d a n d t h r o u g h p u t
in t h e f a t t y acid p r o c e s s i n g s c h e m e . T h e s e e x a m p l e s
s e r v e to illustrate the i m p o r t a n c e o f s e e m i n g l y u n -
i m p o r t a n t p r o c e s s v a r i a b l e s u p o n t h e e c o n o m i c s in-
v o l v e d in f a t t y a c i d processing.

F a t t y a c i d s are s e l d o m s o l d o r u s e d a s a c rude p r o d u c t .
They are more f r e q u e n t l y p r o c e s s e d t h r o u g h a series o f u n i t
o p e r a t i o n s a n d processes. T h e s e are d e p i c t e d in F i g u r e 1 . A s
in m o s t series o f processes, the operation o f each h a s a n
e f f e c t u p o n s u b s e q u e n t o n e s .

Most o f ou r r a w materials are 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 a s s u c h , are generally v a r i a b l e in q u a l i t y . F o r
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