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SEPARATION OF TALL O I L  HEAD FRACTION 
INTO FATTY A C I D S  A N D  UNSAPONIFIABLES 

A. Koebner ,  
The Retreat, 

S t .  Bees, 
Cumbria.  
CA27 OBY 
England.  

ABSTRACT 

A method is d e s c r i b e d  which  p e r m i t s  r e a d y  and comple t e  
s e p a r a t i o n  of t h e  u n s a p o n i f i a b l e  c o n s t i t u e n t s  from t h e  f a t t y  
ac ids  c o n t a i n e d  i n  t h e  t a l l  o i l  head f r a c t i o n .  The f a t t y  ac ids  
are  c o n v e r t e d  t o  z i n c  s o a p s  which a r e e s s e n t i a l l y  n o n - v o l a t i l e  
and s u r p r i s i n g l y  heat s t a b l e .  They form a low v i s c o s i t y ,  homo- 
geneous  s o l u t i o n  i n  t h e  u n s a p o n i f i a b l e  components .  The l a t t e r  
are t h e n  removed by d i s t i l l a t i o n  i n  vacuo l e a v i n g  z i n c  s o a p s  as 
a low m e l t i n g  r e s i d u e .  These s o a p s  are r e a d i l y  decomposed by 
m i n e r a l  o r  o r g a n i c  a c i d s  t o  f a t t y  a c i d s  and  a n  aqueous  s o l u t i o n  
of t h e  a p p r o p r i a t e  z i n c  s a l t  which  is  r e - c y c l e d  fo r  f u r t h e r  p r e p a  
r a t i o n s  of z i n c  soaps.  

INTRODUCTION 

I n  t h e  p r o d u c t i o n  o f  f a t t y  and  r o s i n  ac ids  from c r u d e  t a l l  

o i l  by f r a c t i o n a l  d i s t i l l a t i o n  two by-p roduc t s  a r i se  which have  

as y e t  n o t  found  a n y  economic u t i l i s a t i o n .  T a l l  o i l  p i t c h  r e p r e -  

s e n t s  some 20% of t h e  c r u d e  t a l l  o i l  p r o c e s s e d  and  w h i l s t  a c o n s i -  

d e r a b l e  body of  l i t e r a t u r e  e x i s t s  on i t s  g e n e s i s  and c o m p o s i t i o n ,  

t h e r e  a re  few p r o s p e c t s  t o  a c h i e v e  a w o r t h w h i l e  p r o c e d u r e  t o  

i s o l a t e  e v e n  some of t h e  i n d i v i d u a l  components  or g r o u p  of comp- 

n e n t s  from t h e  i n t r i c a t e  m i x t u r e  of n a t u r a l l y  o c c u r r i n g  materials 
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41 4 KOEBNER 

and t h o s e  wh ich  r e s u l t  from c h e m i c a l  a n d  p h y s i c a l  c h a n g e s  s u f f e r e d  

d u r i n g  t h e  r a t h e r  s e v e r e  c o n d i t i o n s  of t h e  s e p a r a t i o n  p r o c e s s .  

The o t h e r  by -p roduc t  f r a c t i o n ,  t a l l  o i l  h e a d s ,  r e p r e s e n t s  up 

t o  10% of t h e  t a l l  o i l  p r o c e s s e d .  T h i s  f r a c t i o n  c o n t a i n s  rela- 

t i v e l y  v o l a t i l e  u n s a p o n i f i a b l e  c o n s t i t u e n t s  s u c h  as s a t u r a t e d  and  

u n s a t u r a t e d  h y d r o c a r b o n s ,  k e t o n e s  and some of t h e  a l c o h o l s  p r e s e n t  

i n  t h e  o r i g i n a l  c r u d e  t a l l  o i l  which have  n o t  s u f f e r e d  e s t e r i f i c a -  

t i o n  w i t h  f a t t y  and  r o s i n  a c i d s  d u r i n g  t h e  first to t a l  d i s t i l l a t i o n  

stage. Accord ing  t o  t h e  p r o c e d u r e  a d o p t e d ,  t h i s  head  f r a c t i o n  

c o n t a i n s  50 - 75% f a t t y  a c i d s  and 25 - 50% u n s a p o n i f i a b l e s .  

i s  o f t e n  found  desirable t o  l e a v e  a larger p r o p o r t i o n  of f a t t y  

a c i d s  i n  t h i s  f r a c t i o n  t o  a v o i d  h i g h  r e f l u x  ratics a n d ,  r a t h e r ,  

r e - r u n  t h i s  f r a c t i o n  s e p a r a t e l y  t o  r e c o v e r  more of t h e  f a t t y  acid 

v a l u e s .  However, b e c a u s e  t h e  u n s a p o n i f i a b l e s  b o i l  w i t h i n  t h e  

r a n g e  o f  t a l l  o i l  f a t t y  a c i d s ,  a comple t e  p h y s i c a l  s e p a r a t i o n  i s  

i m p o s s i b l e  and  a m i x t u r e  of e q u a l  p a r t s  of f a t t y  a c i d s  and unsapo-  

n i f i a b l e  matter must  be a c c e p t e d .  

I t  

A GLC-analysis  of a t y p i c a l  t a l l  o i l  head f r a c t i o n  o f  US 

o r i g i n ,  ( H e r c u l e s  I n c )  T a b l e  1 ,  shows t h a t  w i t h  t h e  e x c e p t i o n  of a 

h i g h  p a l m i t i c  acid c o n t e n t ,  t h e  r ema inde r  of t h e  f a t t y  a c i d  compo- 

s i t i o n  c l o s e l y  r e s e m b l e s  TOFA. 

TABLE 1. 

F a t t y  Acid Compos i t ion  of a Tal l  O i l  Head F r a c t i o n  (USA) by GLC- 
A n a l y s i s  

A c i d s  ( less t h a n  16 ca rbon  atoms) 
P a l m i t i c  a c i d  
P a l m i t o l e i c  a c i d  
Stearic acid 
Olric a c i d  
L i n o l e i c  a c i d  
L i n o l e i c  a c i d  (cis-8, t r a n s - 1 1 )  
L i n o l e i c  a c i d  ( t r a n s  8,  t r a n s - 1 1 )  
U n i d e n t i f i e d  u n s a t .  a c i d s  
E i c c o s a n o i c  a c i d  

8.5% 
35.9% 

1 .O% 
23.1% 
17.8% 
0.4% 
0.4% 
2.9% 
0.1% 

8.5% 
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OIL READ FRACTION 415 

Exper imen t s  h a v e  shown t h a t  a n  e x c e l l e n t  g r a d e  of p a l m i t i c  a c i d  
c a n  be  o b t a i n e d  from a t a l l  o i l  head  f r a c t i o n  f r e e d  from unsapon i -  

f i a b l e s  by p r e s s i n g  a t  room t e m p e r a t u r e , , b y  s o l v e n t  c r y s t a l l i s a t i o n  

and by f r a c t i o n a l  d i s t i l l a t i o n .  

o f t h e s a t u r a t e d  from t h e  u n s a t u r a t e d  component f a t t y  a c i d s ,  unsap.-  

free t a l l  o i l  head  f r a c t i o n  a c i d s  c a n  be u s e d  f o r  many p u r p o s e s  

where s t a b l e ,  l i g h t  c o l o u r e d  f a t t y  a c i d s  are employed. If a 
s l i g h t l y  h i g h e r  c l o u d  p o i n t  would be  found a c c e p t a b l e ,  t h e y  may 

a l so  be  b l e n d e d  back i n t o  t h e  main stream TOFA. 

But  even  w i t h o u t  a s e p a r a t i o n  

Many a t t e m p t s  have  been made, and  r e p o r t e d ,  to  s e p a r a t e  t h e  

t a l l  o i l  head  f r a c t i o n  i n t o  its two components:  F a t t y  a c i d s  and 

u n s a p o n i f i a b l e  matter. 

r e s u l t a n t  p r o d u c t  was n o t  p u r e  enough o r  t h e  cos t  o f  p r o c e s s i n g  

proved t o  b e  too h i g h  for  economic u t i l i s a t i o n .  O the r  p r o p o s a l s  

were found u n a c c e p t a b l e  because  t h e  p r o c e s s e s  c o u l d  n o t  be  s c a l e d  

UP. 

These have u s u a l l y  f a i l e d  because  t h e  

I n  two US p a t e n t s  ( 1 )  ( 2 )  i t  h a s  been s u g g e s t e d  t h a t  t h e  f a t t y  

a c i d s  c o n t a i n e d  i n  t h e  head f ract ion s h o u l d  b e  s a p o n i f i e d  w i t h  a 

c a u s t i c  a l k a l i ,  e i ther  i n  t h e  p r e s e n c e  o r  i n  almost comple t e  a b s e n c e  

of water, t h e  l a t t e r  t o  a v o i d  foaming d u r i n g  t h e  d r y i n g  stage of t h e  

r e s u l t a n t  s o a p s .  Both p r o p o s a l s ,  however,  i n v o l v e  h e t e r o g e n e o u s  

m i x t u r e s  of sod ium s o a p s  and unsap.  components  which,  even a t  tempe- 

r a t u r e s  i n  t h e r e g i o n  of 260 - 28OoC., form v i s c o u s  masses. T h e i r  

e x t r e m e l y  p o o r  h e a t  t r a n s f e r  c h a r a c t e r i s t i c s  s e v e r e l y  h i n d e r  t h e  

p r o c e s s  of d i s t i l l i n g  off t h e  u n s a p o n i f i a b l e s .  Below 260°C. anhy-  

d r o u s  sodium s o a p s  set r e a d i l y  t o  i n t r a c t a b l e  masses which d i s s o l v e  

o n l y  v e r y  s l o w l y ,  e v e n  i n  h o t  water. It h a s ,  t h e r e f o r e ,  been 

proposed (21 t h a t  t h e  d i s s o l u t i o n  and t h e  s p l i t t i n g  of t h e  s o a p s  

t a k e  p l a c e  i n  a s p e c i a l  g lass  l i n e d  p r e s s u r e  v e s s e l  c a p a b l e  of 

w i t h s t a n d i n g  600 p . s . i .  i n t e r n a l  p r e s s u r e .  The d i s a d v a n t a g e s  of 
such  me thods  l i e  i n  t h e  h i g h  t e m p e r a t u r e s  and a l k a l i n i t y  which may 

lead  t o  d e g r a d a t i o n ,  p a r t i c u l a r l y  of t h e  u n s a t u r a t e d  a c i d s ,  t h e  

i n t r a c t a b i l i t y  of t h e  r e a c t i o n  medium and t h e  s p e c i a l  p l a n t  

r e q u i r e m e n t s .  
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DISCUSSION AND RESULTS 

KOEBNER 

The concept of modifying the fatty acids chemically by employ- 
ing the carboxylic function for conversion to an almost non-volatile 
species remains valid. Esterification with higher alcohols o r  

polyhydroxylic compounds, such as glycerol, leads to mixtures of 
esters from which the relatively volatile unsaponifiables can be 
stripped. However, saponification of the stripped esters to acids 
and the recovery of the alcohols appear too cumbersome and unecono- 
mic. Alcoholysis of the stripped partial glycerides with methanol 
provide an excellent route to methyl esters, but their uses in 
industry would be much more limited than that of the parent acids. 

Whilst the soaps formed from alkali metal hydroxides are high 
melting and insoluble in the unsaponifiable constituents of tall 
oil heads, it was found that lead and zinc soaps fulfil both the 
preconditions for easy removal of the unsaps by distillation. 
They are readily soluble in the unsaponifiables and form low vis- 

cosity solutions at temperatures as low as 5OoC.  Zinc soaps freed 
from unsap. matter are also low melting (about 75OC.I and as they 
do not hydrate in water may be readily decomposed by mineral acids 
to fatty acids and metal salts. 

Because of the inherent toxicity of lead compounds development 
work was concentrated upon the use of zinc. The zinc soaps in 
this case, always accompanied by the unsap-components of the tall 
oil head fraction, are readily and conveniently prepared in a 

number of ways: 

1. React tall oil heads with solid zinc oxide, hydroxide, basic 
carbonate or carbonate in a ratio of 2 mols fatty acid to 1 

mol zinc compound by heating at 100 - 160OC. with stirring 
for one half to one hour until all water or  water and carbon 
dioxide, liberated by the zinc soap formation, has been 
removed. A clear, low viscosity solution of zinc soaps in 
unsap. matter is thus obtained. This is suitable for  further 

processing. 
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OIL HEAD PRACTION 417 

2. An aqueous emulsion of sodium soaps and unsap. matter is prepared 
by warming 1 part of tall oil heads with 3 parts of water with 
stirring to 75°C. and adding 5 N caustic soda solution until a 
pH of 9 is reached. 
culated from the AV of the head fraction. With continued 
stirring and maintaining the temperature, nearly saturated zinc 
salt solution, such as chloride, sulphate etc. is then introduced. 
By a rapid process of double decomposition the water insoluble 
zinc soaps are precipitated and form an oily upper phase which 
can be readily separatedfrom the aqueous solution of the approp- 
riate sodium salt. The organic layer is then dehydrated by 
heating before further processing. 

The amount of alkali required may be cal- 

3. A particularly attractive procedure is the use of zinc acetate 
in the preparation of zinc soaps. When (as under 1 . )  the tall 
oil forerun fraction is heated from 100 to 160°C. with the 
equivalent amount of solid zinc acetate tri-hydrate,acetic 
acid and water distils and can be recovered almost quantita- 
tively. This procedure requires 1 - 2 hours. This 
distillate can be used at a later stage to decompose the zinc 
soaps freed from unsap. matter. In this stage free fatty 
acids and a new saturated aqueous solution of zinc acetate 
are obtained as easily separable phases. The metal acetate 
solution may be re-cycled to form further zinc soaps. This 
variation allows the process to be operated without by-product 
inorganic salts which may cause environmental problems in their 
disposal. 

From the mixture of zinc soaps and unsap. constituents thus 
obtained the latter can be readily stripped by vacuum distillation. 
Complete removal of unsaps. is achieved at temperatures in the range 
of 200 - 225°C. and vacua from 1 - 10mm Hg. It was found to be 
particularly advantageous to use live steam injection to expedite 
the stripping. Unsap. contamination in the fatty acids can be 
reduced to the 1% level. 
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4 18 KOEBNER 

In contrast to the high melting point and viscosity of alkali 
metal soaps, zinc soaps, due to their low melting point and vis- 
cosity, can be readily handled and pumped. 
rather than alkali metal soaps also overcomes one of the greatest 
disadvantages associated with the splitting of aqueous sodium 
soaps. When brought into contact with hot dilute mineral acids 
these soaps hydrate rather than decompose, forming gelatinous 
masses which resist even treatment with open steam for nany hours 
before finally breaking down to fatty acids. Obviously, such 
processing conditions are highly corrosive and foaming adds a 
further problem during this operation. 
soaps on the other hand, proceeds almost instantaneously at 9 5 O C .  

when mineral acid or acetic acid is slowly added to a stirred two- 
phase mixture of molten zinc soaps and water. This easy decompo- 
sition permits the use of stoichiometric proportions of the 
reactants without the local build-up of high acid concentrations. 
The reaction can be controlled by pH measurement of the aqueous 
phase. As zinc soaps are completely insoluble in water, no foam- 
ing problems are encountered. 

The use of zinc soaps 

The decomposition of zinc 

As zinc soaqs arenot "salted out" of aqueous solution by high 
electrolyte concentrations, as is the case with sodium soaps, it is 
possible to reduce the aqueous phase of the splitting stage to 
achieve near saturation in respect of the salt being formed. This 
is a considerable advantage when the resultant solution has to be 
treated either for disposal or recovery. Reference has already 
been made to the recycle of zinc acetate. It is obviously bene- 
ficial here to reduce the amount of water which has to be removed 
by distillation prior to the reuse of zinc acetate. 

The recovered acids are somewhat discoloured but can be readily 
purified by distillation or, if desired, by fractionation. Total 
distillation on a laboratory scale yields a very pale coloured 
product, free from the characteristic odour which might indicate 
its origin, in 95% yield. This is also the yield over the process 
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OIL HEAD FRACTION 419 

as a whole. The relatively mild conditions do not bring about 
any change in the fatty acid distribution from the crude head 
fraction to the finished product. The small distillation residue 
observed is probably due to some polymerisation under the rather 
unfavourable batch distillation conditions employed and is no 
larger than that encountered during the distillation of similar 
highly unsaturated fatty acids. If it were found possible, as 
previously suggested, to blend the forerun fatty acids, once they 
have been freed from the contaminating unsap. matter, with the 
main TOFA-fraction, the crude acids from the zinc treatment step 
could be introduced into the appropriate stage of the main tall 
oil separation process, thus saving a separate distillation stage. 

Traditionally, low value tall oil fractions such as pitch 
or the head fraction have been used as fuel, often after being 
blended together to reduce viscosity and setting points. Whilst 
attempts have been made to isolate some of the interesting com- 
pounds or groups of compounds from the very complex mixture of 
tall o i l  heads unsaponifiables, nothing of real interest has 
as yet been achieved. The ready availability of the unsaponi- 
fiable fraction from the zinc process which occurs as a pale 
amber coloured oil, might provide some future stimulus for 
further investigations. The author has shown that by addition 
of maleic anhydride ( 3 )  to some of the highly unsaturated species 
contained in the unsaps., complex acids are obtained with proper- 
ties which may make them suitable for the preparation of paper 
sizes. Obviously, the heat value of the unsap. fraction is by 
no means diminished by the recovery of the fatty acids, and the 
residue may yet continue to serve as fuel. 

The process described in this paper has previously been 
published. ( 4 )  
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