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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,
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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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e x a m p l e , ta l lows and g r e a s e s are b y p r o d u c t s of the meat
indus t ry . H o w e v e r , depending upon rendering techniques
u s e d , t h e r e will be varying a m o u n t s o f proteinaceous
mater ials , c o l o r , free f a t t y a c i d , m o i s t u r e and unsaponif i -
ab le material . Bleachable tal low, for e x a m p l e , can be
p u r c h a s e d at a 9 FAC c o l o r and at a 23 FAC c o l o r and s t i l l
be considered bleachable ta l low according to the trading
rules . Because of the variable n a t u r e of the raw mater ials ,
some sources, especially t h o s e containing high percentages
of proteinaceous material , can lead to p r o b l e m s in the fat
sp l i t t ing p r o c e s s i f the high pressure cont inuous spl i t ter is
u s e d . S o m e of t h e s e p r o b l e m s are emuls ions in the fat
sp l i t t ing t o w e r , low conversion o f fat to f a t t y acids , h igh fat
in sweetwater, and subsequent low yields upon dis t i l l a t ion
c a u s e d by reversion of m o n o - and diglycerides to t r i -
glycerides. Al l o f t h e s e glycerides are nondis t i l l ab le in
conventional d is t i l l a t ion e q u i p m e n t and end up d o w n -
g r a d e d to p i t c h .

With the addi t ion of ci ty fat p ickups , the fats from
b u t c h e r shops , meat processing p l a n t s and fast-food c h a i n s ,
we find a n o t h e r very ins id ious c o n t a m i n a n t - p o l y -
ethylene. You are all familiar wi th the u s u a l form of
polyethylene; we pack shor tening, meat scraps, and fats
from meat processing p l a n t s in polyethylene b a g s . H o w e v e r ,
when the bag i s r e n d e r e d a l o n g with t h e fat and i s subse-
q u e n t l y fed to the fat spl i t ter , i t l o o k s l ike a f u s e d , b l a c k ,
p las t i c mass . This p las t i c material a d h e r e s . t o the wai ls ,
in ternals , s p a r g e r ing , and w a t e r dis t r ibutor o f the fat
spl i t ter , causing channeling o f the w a t e r t h r o u g h the fat
l a y e r and al lowing free glycerine to go out wi th the f a t t y
acids . T h i s , t h e n , causes reversion of the f a t t y a c i d s back to
the glycerides and a g a i n adversely a f f e c t s the yield and
qual i ty of the finished f a t t y acids . R e n d e r e r s c o u l d fi l ter
the ta l lows and greases at 7 5 - 8 0 C to r e m o v e the major i ty
of the polyethylene. It i s best to c h e c k i n c o m i n g f e e d s so
that preventive measures can be t a k e n , b e c a u s e the best
m e t h o d of practically and a d e q u a t e l y r e m o v i n g th i s mass i s
to shut d o w n and s c r a p e the s y s t e m free o f polyethylene.
This is very cos t ly .

Cont inu ing to the next step in the s e q u e n c e o f the fat
sp l i t t ing o p e r a t i o n , feed q u a l i t y b e c o m e s a n i m p o r t a n t
considerat ion, and some t h o u g h t s h o u l d be given to pretreat-
mer i t . This may, for e x a m p l e , be as s imp le as se t t l ing or
r e q u i r e w a t e r washing a n d / o r f i l t ra t ion , or more involved
techniques. Using the c o n t i n u o u s spl i t ter , i t i s poss ib le to
a c h i e v e sp l i t s in e x c e s s of 98%. It i s impor tant , h o w e v e r , to
no te that a n y free h y d r o x y l g r o u p left as the m o n o -
glycerides or diglycerides o r as free glycerine, wi l l t i e up a
molecule of f a t t y acid and r e d u c e the yield of d is t i l l ed f a t t y
a c i d . For e x a m p l e 0.1% free glycerine will t i e up ca. 1.0%
o f f a t t y a c i d s as the triglyceride.

T e m p e r a t u r e s e m p l o y e d d u r i n g the spl i t ter o p e r a t i o n
also have an i m p o r t a n t e f f e c t upon qual i ty and yie ld .
Highly u n s a t u r a t e d fats , l ike t h o s e from linseed and fish
o i l s , can polymerize to p r o d u c t s w h i c h are nondis t i l l ab le in
conventional f a t t y acid s t i l l s , Use of too much internal
s t e a m can c a u s e emuls ions and c a r r y o v e r of glycerine in the
f a t t y acid sys tem.

T h e use of catalysts to i n c r e a s e the c a p a c i t y of con-
t i n u o u s fat spl i t ters has been demonstrated. Zinc o x i d e has
been c o m m o n l y used at levels up to 0.5% o f the fat f e e d .
Using catalysts l ike z i n c , h o w e v e r , usual ly resul ts in a
compromise. One mus t d e t e r m i n e w h e r e the zinc ends up
and what we do with the zinc soaps . Our e x p e r i e n c e has
been that zinc usual ly ends up in the dis t i l l a t ion p i t c h ,
resul ts in a loss of f a t t y acid y~eld, requires acidulat ion to
r e c o v e r f a t t y a c i d , and may, subsequent ly , resul t in w a t e r
pol lu t ion problems. The use o f catalysts , h o w e v e r , i s
usual ly d i c t a t e d by the e c o n o m i c s o f a particular business
s i tua t ion .

S w e e t w a t e r from cont inuous high pressure sp l i t t ing i s
greatly a f f e c t e d by the q u a l i t y o f the w a t e r fed to the
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FIG. 1. Fa t ty acid processing.
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sys tem. Raw w a t e r containing high levels of minerals , such
as calcium, not only c a u s e s loss of f a t t y acid y i e l d wi th the
f o r m a t i o n of calcium soaps , but in addi t ion , t h e s e soap
s c u m s can c a u s e f i l t ra t ion p r o b l e m s , and i f deionizat ion i s
u s e d , m a y c a u s e foul ing of the deionizat ion beds and
r e q u i r e more f r e q u e n t regeneration of t h e s e b e d s . This
more f r e q u e n t regeneration is a c a u s e o f low glycerine
yie lds and high BOD in the w a s t e w a t e r . One f u r t h e r
no te on glycerine processing: i t i s i m p o r t a n t that the
e q u i p m e n t , including s w e e t w a t e r storage, be kept c l e a n and
free of bacteria. Bacterial c o n t a m i n a t i o n can c a u s e high
glycerine losses in storage, and th i s s i tua t ion i s diff icul t to
d e t e c t b e c a u s e many plants i n v e n t o r y glycerine c o n t e n t of
s w e e t w a t e r b y analyzing a m o n t h l y composite . The losses
show up as low m o n t h l y p r o d u c t i o n yie lds . This can be
o v e r c o m e b y stor ing the s w e e t w a t e r at t e m p e r a t u r e s a b o v e
7 0 C .

The next step in the processing o f t a l l o w f a t t y a c i d , i s
so l id- l iquid separat ion. Technological a d v a n c e s in r e c e n t
y e a r s have al l but el iminated the tradit ional pressing
m e t h o d s of separating so l id from l iqu id f a t t y acids . Most of
the processes in use t o d a y are e i t h e r solvent separat ion,
us ing e i t h e r m e t h a n o l or a c e t o n e , o r the a q u e o u s sys tem,
ut i l iz ing d e t e r g e n t w e t t i n g techniques. Each p r o c e s s has i t s
s t rengths and weaknesses. Whi le solvent sys tems give good
separations and q u a l i t y of both p r o d u c t s , they are e n e r g y
intensive and are potential s o u r c e s of a i r and w a t e r pol lu-
t i o n . Glycerides in the feed to solvent sys tems can c a u s e
p r o b l e m s with f i l t ra t ion w h i c h can r e s u l t in p a r t i a l b l inding
of the c lo th , r e d u c e d fi l t ra t ion r a t e s , diff icul ty in cake
w a s h i n g and poor p r o d u c t qual i ty . T h e firs t ins ta l la t ions o f
the a q u e o u s s y s t e m had some difficult ies in obta ining a 0 to
5 ° t i t e r o l e i c and a stear ic acid wi th a n i o d i n e v a l u e u n d e r
15 . This high i o d i n e v a l u e stearic, w h e n hydrogenated,
p r o d u c e d a noneutect ic s tear ic acid a n d did not have the
same crystal l izat ion properties as a e u t e c t i c s tear ic con-
ta ining ca. 55% palmi t i c to 45% stear ic a c i d . This e a r l y
shortcoming o f the a q u e o u s p r o c e s s has r e p o r t e d l y been
improved in l a t e r ins ta l la t ions a n d now is c a p a b l e o f pro-
d u c i n g good qual i ty o l e i c and stear ic acids .

Cont inu ing in the processing s e q u e n c e to the h y d r o g e n a -
t ion o f f a t t y a c i d s , m a n y processing p r o b l e m s e n c o u n t e r e d
can frequently be t r a c e d to a raw m a t e r i a l s o u r c e . O n e o f
the mos t c o m m o n p r o b l e m s f o u n d i s poisoning o f the
n i c k e l catalyst wi th residual s o a p s and sulfur c o m p o u n d s
f o u n d in feedstocks. P r e t r e a t m e n t o f the f a t t y a c i d s wi th
s p e n t n i c k e l catalyst , o r bleaching with clays, are f r e q u e n t l y
used as m e a n s of removing o r r e d u c i n g the e f f e c t o f t h e s e
poisons .

Besides b e i n g a hydrogenation catalyst , n i c k e l also i s an
o x i d a t i o n catalyst b e i n g more effective in concentrations o f
only a few ppm. N i c k e l r e a c t s wi th f a t t y acid d u r i n g
hydrogenat ion, f o r m i n g so lub le n i c k e l sa l t s w h i c h s e r v e as
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an o x i d a t i o n catalyst , especially w h e n h e a t e d to a high
t e m p e r a t u r e in the p r e s e n c e o f air. T h e r e f o r e , i f you t h i n k
you have r e m o v e d al l of the n i c k e l by f i l t ra t ion , you are
p r o b a b l y w r o n g . S o m e p l a n t s r e m o v e t r a c e s of n i c k e l by
u~ng sequestering a g e n t s such as c i t r ic acid or phosphor ic
a c i d . I n c o m p l e t e r e m o v a l o f n i c k e l a f t e r hydrogenation has
an a d v e r s e e f f e c t upon c o l o r s tab i l i ty of 'd is t i l led f a t t y
acids .

Trans-isomer f o r m a t i o n d u r i n g sp l i t t ing and d u r i n g
selective hydrogenation p r o d u c e s ela id ic acid from the o l e i c
a c i d . Ela id ic acid has a high t i t e r and can resul t in the
p r o d u c t i o n of high i o d i n e v a l u e stear ic acid or high t i t e r
o le ic a c i d .

E x p o s u r e o f unsaturated f a t t y a c i d s to a i r at elevated
t e m p e r a t u r e s can c a u s e c o l o r and c o l o r s tab i l i ty p r o b l e m s
and odor s tab i l i ty p r o b l e m s by the f o r m a t i o n of peroxides.
T h e r e f o r e , i t is i m p o r t a n t to have a good d e a i r a t o r in the
feed l ine to the dis t i l l a t ion t o w e r . T r a c e s o f a i r in s t e a m
sparging d u r i n g dis t i l l a t ion has the same adverse e f f e c t . It i s
also very i m p o r t a n t to p r o t e c t the finished dis t i l l ed f a t t y
a c i d s in storage by blanket ing the t a n k s wi th i n e r t gas
in o r d e r to e x c l u d e air. Overheating u n s a t u r a t e d f a t t y acid
can p r o d u c e t h e r m a l d i m e r f o r m a t i o n , and t h e s e h i g h e r
m o l e c u l a r w e i g h t a c i d s end up in p i t c h .

U n r e m o v e d bleaching c l a y s in p r o d u c t s that are subject
to l a t e r h igh t e m p e r a t u r e operat ions may c a u s e trans-isomer
f o r m a t i o n . An o p e r a t o r k n o w i n g that an o l e i c acid contains
clay a f t e r h a v i n g been clay b l e a c h e d and fi l tered, and
k n o w i n g that the p r o d u c t has to be dis t i l l ed and the clay
will be r e m o v e d in the r e s i d u e cut , may d e c i d e to d i s t i l l the
o l e i c acid containing c l a y . T h e finished o l e i c acid m e e t s
all specif icat ions e x c e p t for ti ter . What h a p p e n e d ? O l e i c
acid (cis-9-octadecenoic a c i d ) t h a t has been clay b l e a c h e d
but given a poor f i l t ra t ion can be catalyt ical ly c o n v e r t e d to
ela id ic acid (trans-9-octadecenoic acid). S i n c e ela id ic acid
has a h i g h e r mel t ing p o i n t than oleic, the resul t ing p r o d u c t
had a h i g h e r than n o r m a l ti ter .

F o r m a t i o n of "posi t ional" isomers d u r i n g selective
hydrogenation gives an o l e i c acid that p r o d u c e s by o z o n o l y -
sis an azelaic acid that i s of altered composi t ion and of
radically different p o l y m e r propert ies . Consider, i f you wi l l ,
that you are given the job o f improving the p r o c e s s to
p r o d u c e azelaic acid and pelargonic acid by ozonolysis of
o l e i c a c i d . Commercial o le ic a c i d , as you k n o w , contains
5 - 1 0 % l ino le ic acid (cis,cis,9,12-octadecenoic a c i d ) . Linole ic
acid when subjected to ozonolysis will give azelaic acid and
c a p r o i c acid and uses 2 m o l e s of o z o n e per m o l e of l ino le ic
a c i d . This is t w i c e the a m o u n t of o z o n e i t t a k e s to cleave
ole ic acid w h i c h has only one d o u b l e b o n d . This i s a w a s t e
of o z o n e . T h e r e f o r e , y o u d e c i d e to r e m o v e th i s p o l y u n -
saturated m a t e r i a l by selective hydrogenat ion. The hy-
d r o g e n a t e d p r o d u c t contains only t r a c e s of polyun-
saturates, and only a s l igh t increase in saturates was ob-
served. T h e p r o d u c t upon ozonolysis gave not only azelaic
a c i d , but also many o t h e r d ibas ic acids . T h e s e m i x e d dibas ic
a c i d s gave a p o l y m e r wi th radically different propert ies , as
e x p e c t e d , than one from " p u r e " azelaic a c i d . What
h a p p e n e d ? T h e p r o b l e m lies in the hydrogenation s t e p .
Hydrogenation catalysts are also isomerizat ion catalysts

causing shi f t s in the d o u b l e bond up and down the c h a i n .
T h u s , a f t e r a partial hydrogenat ion, the cis-9-octadecenoic
acid is c o n v e r t e d in to cis and trans posi t ional isomers from
near the c a r b o x y l g r o u p al l the w a y out to near the end of
the c h a i n .

Loss of polyunsaturates d u r i n g c e r t a i n sp l i t t ing o p e r a -
t i o n s a f f o r d s a high l i r to le ic acid that polymerizes s l o w e r
and yields a d i m e r acid of a d i f f e r e n t structure. In o r d e r to
thermally dimerize a f a t t y a c i d , that f a t t y acid mus t be
polyunsaturated. Commercial f a t t y a c i d s f i t t ing th i s de-
scr ipt ion are s o y b e a n , l inseed, f ish and ta l l off. S o y b e a n o i l ,
for e x a m p l e , contains 5 - 1 1 % l ino len ic acid w h i c h p o l y -
merizes at a f a s t e r ra te than e i t h e r o le ic or l ino le ic acids .
When some of th i s l ino len ic acid i s r e m o v e d as p o l y m e r
d u r i n g sp l i t t i ng , i t then c a u s e s the resul t ing f a t t y acid to
polymerize at a s l o w e r rate and to give a d i m e r wi th s o m e -
what less dicycl ic unsaturated structure.

Up to now, we have c o n c e n t r a t e d on a n i m a l and vege-
t a b l e fat . H o w e v e r , a n o t h e r very i m p o r t a n t feedstock for
the f a t t y acid indust ry is ta l l o i l . Tal l o i l is also a b y p r o d u c t
and varies in q u a l i t y as do the a n i m a l and vegetable f a t t y
acids . C r u d e ta l l o i l , for e x a m p l e , varies in acid n u m b e r
from 120 to 180 , depending upon the s o u r c e of w o o d ,
c l imat ic condi t ions d u r i n g g r o w t h , and processing condi -
t i o n s during acidulat ion. T h e yield o f f inished f a t t y acids
and rosin a c i d s i s direct ly r e l a t e d to the acid n u m b e r of the
f e e d . The l o w e r acid n u m b e r indicates a h i g h e r percentage
of neutrals , mos t o f w h i c h are nondis t i l lable . High so l ids
c a u s e d by high residual b l a c k l i q u o r from the sul fa te
paper-making p r o c e s s resul t in foul ing of heat exchangers
wi th s o d i u m sulfa te and l ign in d u r i n g d is t i l l a t ion . S o m e
processors use a soap-washing p r o c e s s to r e d u c e the c o n c e n -
t r a t i o n of b l a c k l iquor to i m p r o v e the qual i ty o f the c r u d e
ta l l o i l . The use o f s p e n t a c i d s containing chlorides used in
the paper-bleaching process may c a u s e severe corrosive
condi t ions unless s t e p s are t a k e n to insure low residual
chloride c o n t e n t o f the c r u d e ta l l o i l .

Jus t a few w o r d s a b o u t materials o f construct ion for
f a t t y acid processing. The use of a l u m i n u m is acceptable for
f a t t y acid storage and transfer l ines . H o w e v e r , i t i s i m -
p o r t a n t that w a t e r and caust ic cleaners be kept out of the
system b e c a u s e each can c a u s e severe corrosion. Whi le 304
sta inless s t e e l i s a c c e p t a b l e for storage o f the f a t t y acids , i t
is r e c o m m e n d e d that 316 sta inless steel be used for the
heating coi ls and agitator as t h e s e are subject to h i g h e r rate,.
of corrosion c a u s e d by high t e m p e r a t u r e s and veloci ty
effects. H i g h e r temperatures used in processing, especially
in d i s t i l l a t ion , may r e q u i r e the use o f h i g h e r al loy s tee ls .
S h o r t c h a i n f a t t y a c i d , in particular, at t h e s eh i g h e r t e m p e r -
a t u r e s , may r e q u i r e steels wi th h i g h e r m o l y b d e n u m con-
t e n t s . This is especially true in d i s t i l l ing ta l l o i l f a t t y acids .

One additional po in t : be sure that t h e r e are no c o p p e r or
b r a s s valves , inser ts , bushings or o t h e r e q u i p m e n t in c o n t a c t
wi th f a t t y acids . T r a c e a m o u n t s o f t h e s e sal ts resul t in a
g r e e n cast to the f a t t y a c i d s and c o l o r ins tab i l i ty problems.
Also , even t h o u g h c a r b o n s t e e l may be used to s t o r e f a t t y
acids at a low t e m p e r a t u r e and not c o r r o d e the equipment ,
t r a c e a m o u n t s of iron s o a p s also c a u s e c o l o r s tab i l i ty
problems.
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