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The oxyethylation r e a c t i o n is c o n d u c t e d u n d e r b a s i c
c o n d i t i o n s w h i c h also p r o m o t e s e s t e r interchange r e s u l t i n g
in more o r less r a n d o m a d d i t i o n o f e t h y l e n e o x i d e t o the
h y d r o x y l g r o u p s . T h u s , a 20 m o l e ethoxylate, k n o w n
commercially as p o l y s o r b a t e 20 , can be p i c t u r e d as a sor-
b i t a n m o n o e s t e r w i t h 4 e t h y l e n e o x i d e c h a i n s o f v a r y i n g
length. The t o t a l c h a i n l e n g t h ( w + x + y + x) averages 2 0
u n i t s per m o l e c u l e . The f a t t y a c i d will n o t only be d i s t r i b -
u t e d a l o n g t h e s e chains, but s o m e e t h o x y l a t e d s o r b i t a n
m o l e c u l e s will also c o n t a i n 0 or 2 o r m o r e f a t t y a c i d s p e r
m o l e c u l e . The same type o f e t h y l e n e o x i d e c h a i n l e n g t h
a n d f a t t y a c i d d i s t r i b u t i o n will be e x p e c t e d for the o t h e r

a n h y d r o s o r b i t o l m o i e t i e s in t h e p r o d u c t .
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Tall Oil Fatty Acids
R.L. LOGAN, Union Camp Chemical Division,
1600 Valley Road, Wayne, NJ 07470

A B S T R A C T

A b o u t 1 9 4 9 , w i t h t h e a d v e n t o f effective fractional
distillation, the tall oil i n d u s t r y came o f age, a n d tall
oil f a t t y a c i d s ( T O F A ) , generally any p r o d u c t con-
t a i n i n g 90% o r more f a t t y a c i d s a n d 10% o r less o f
r o s i n , have g r o w n in a n n u a l v o l u m e ever s i n c e , u n t i l
they a m o u n t to 3 9 8 . 8 m i l l i o n p o u n d s a n n u a l p r o d u c -
tion in the U.S. in 1978. Crude tall oil i s a b y p r o d u c t
o f the K r a f t p r o c e s s f o r p r o d u c i n g w o o d pulp from
pine w o o d . Crude tall oil i s a b o u t 50% f a t t y a c i d s a n d

4 0 % r o s i n a c i d s , the r e m a i n d e r u n s a p s a n d r e s i d u e s ;
a c t u a l l y , a n a t i o n a l average recovery o f a b o u t 1-2%
o f tall oil i s o b t a i n e d from w o o d . O n a p u l p b a s i s ,
each t o n o f p u l p a f f o r d s 140-220 p o u n d s b l a c k l i q u o r
s o a p s , w h i c h y i e l d s 7 0 - 1 1 0 p o u n d s c rude tall oil,
y i e l d i n g 3 0 - 5 0 p o u n d s o f T O F A . Separative a n d u p -
g r a d i n g t e c h n o l o g y involves: ( a ) recovery o f the tall
oil; (b ) a c i d refining; (c) fractionation o f tall oil; a n d
occasionally (d) conversion to derivatives. T O F A o f
g o o d q u a l i t y a n d c o l o r o f G a r d n e r 2 c o r r e s p o n d s t o
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TABLE I

Fat ty Acid Analyses

Tall
Oil (%) Soya (%) Linseed (%)

Palmitic and stearic acids 3 5 4
O l e i c acid 48 34 5
Linoleic acid and isomers 46 51 62
Linolenic acid 0 4 24
Miscellaneous acids 3 6 5

a b o v e 97% f a t t y a c i d s w i t h the composition o f 1.6%
p a l m i t i c & s t e a r i c a c i d , 4 9 . 3 % o l e i c a c i d , 4 5 . 1 %
l i n o l e i c a c i d , 1.1% miscellaneous a c i d s , 1.2% r o s i n
a c i d s , a n d 1.7% unsaponifiables.

INTRODUCTION

In the S o u t h e r n S t a t e s , pine t r e e s are h a r v e s t e d a f t e r
twenty-five t o t h i r t y y e a r s for the K r a f t p a p e r m a k i n g
i n d u s t r y . A v a l u a b l e b y p r o d u c t o f this p r o c e s s i s c rude tall
oil. In 1 9 0 5 , c rude tall oil was i s o l a t e d in Sweden w h e r e it
was n a m e d " t a U o l j a " w h i c h m e a n s pine oil. The term tall
oil was i n t r o d u c e d t o a v o i d c o n f u s i o n w i t h pine oil w h i c h i s
c o m p o s e d m a i n l y o f 0t-terpineol. In the K r a f t process, pine
w o o d c h i p s are d i g e s t e d u n d e r p r e s s u r e w i t h alkali. This
dissolves f a t t y a c i d s a n d r o s i n a c i d s as s o d i u m s o a p s , a n d
the fats are s a p o n i f i e d , w h i c h l i b e r a t e s the c e l l u l o s e f i b e r s
f o r m a k i n g p u l p . The alkaline w a s h i n g s from the p u l p are
t e r m e d " b l a c k l i q u o r , " w h i c h is partially e v a p o r a t e d so that
the s o d i u m s o a p s o f tall oil f a t t y a n d r o s i n s e p a r a t e as
" b l a c k l i q u o r s o a p . " This p r o d u c t i s s k i m m e d off a n d
t r e a t e d w i t h s u l f u r i c acid t o l i b e r a t e c rude tall oil in ca. 1 to
2% y i e l d , b a s e d o n the w e i g h t o f the w o o d . In 1 9 7 8 , the
d o m e s t i c p r o d u c t i o n o f c rude tall oil e x c e e d e d 8 0 0 , 0 0 0
t o n s .

The term tall oil i s a m i s n o m e r b e c a u s e tall oil is not an
oil but i s a m i x t u r e o f r o u g h l y e q u a l a m o u n t s o f f a t t y a c i d s
a n d r o s i n a c i d s , p l u s ca. 7% o f n e u t r a l materials.

Production Processes

S o o n a f t e r 1930 , d i s t i l l e d tall oil was m a d e c o m m e r -
cially. The p r o d u c t was a m i x t u r e o f f a t t y a c i d s a n d rosin;
a n d t h e r o s i n c o n t e n t was 2 0 t o 35%. This type o f p r o d u c t
was in d e m a n d a s a s u b s t i t u t e for d r y i n g oils f o r c o a t i n g s '
u se d u r i n g W o r l d War II.

A n o t h e r p r o c e s s is a c i d r e f i n i n g , w h e r e the c rude tall oil
i s t r e a t e d w i t h s u l f u r i c acid to improve c o l o r a n d o d o r . The

proportions o f f a t t y a c i d s a n d r o s i n a c i d s are largely u n -
c h a n g e d d u r i n g a c i d refining.

The tall oil i n d u s t r y c a m e o f age in 1949 with the a d v e n t
o f effective f r a c t i o n a l distillation by the Arizona C h e m i c a l
C o m p a n y , a j o i n t v e n t u r e o f A m e r i c a n C y a n a m i d a n d
International Paper. The tall oil f a t t y a c i d s contained less
than 2% o f r o s i n , a n d the r o s i n c o n t a i n e d less than 3% o f
f a t t y a c i d s . T o d a y , m u c h b e t t e r separations are p o s s i b l e ;
b u t , for most applications, it is n o t necessary to r e d u c e the
r o s i n in tall oil f a t t y a c i d s b e l o w I%.

In the fractionation process, c rude tall oil is first d e h y -
d r a t e d , h e a t e d , a n d vaporized, u n d e r r e d u c e d p r e s s u r e .
Pitch i s then r e m o v e d in a stripping t o w e r , a n d the re-
m a i n i n g v a p o r i s f e d into a fractionating c o l u m n . R o s i n is
t a k e n o f f from the b o t t o m o f the t o w e r . A fatty acid
intermediate is d rawn o f f near the top o f the t o w e r , a n d
volatile o d o r b o d i e s are r e m o v e d at the top o f the t o w e r .
Fractionation o f t h e f a t t y acid intermediate, in e i t h e r the
s a m e or a d i f f e r e n t c o l u m n , gives high p u r i t y f a t t y a c i d s ,
d i s t i l l e d tall oil c o n t a i n i n g 20 t o 4 0 % o f r o s i n and h e a d s .

Composition of Tall Oil Fatty Acids

G o o d q u a l i t y A m e r i c a n tall oil f a t t y a c i d s c o n t a i n at
l e a s t 97% o f f a t t y a c i d s , a n d the f o l l o w i n g data are typical
analyses: 9 7 . 1 % f a t t y a c i d s , 0.9% r o s i n a c i d s , 2.0% u n -
saponifiables (neutrals), G a r d n e r c o l o r 3 , a n d acid n u m b e r
194 .

Typical compositions o f tall oil f a t t y a c i d s , s o y a , a n d
l i n s e e d fat ty a c i d s are s h o w n in T a b l e I. The a b s e n c e o f
linolenic acid in tall oil f a t t y a c i d s has l e d to t h e i r w i d e -
s p r e a d use in a l k y d resin coatings w i t h g o o d resistance to
y e l l o w i n g .

Tall Oil Fractionators

The 1978 c a p a c i t y of the d o m e s t i c tall oil fractionators
i s s h o w n in T a b l e II.

The Pulp C h e m i c a l s Association h a s r e p o r t e d the fol-
l o w i n g statistics for 1978 d o m e s t i c p r o d u c t i o n a n d sales:
194,000 tons tall oil fat ty a c i d s , 2 1 2 , 0 0 0 t o n s tall oil r o s i n ,
a n d 5 8 , 0 0 0 tons d i s t i l l e d a n d acid-refined tall oils.

Uses of Tall Oil Fatty Acids

When the above-mentioned fractionation p l a n t s were
installed d u r i n g the p e r i o d o f 1949 t o 1958, r o s i n was the
most d e s i r e d p r o d u c t for use in p a p e r s i z e . In t h o s e d a y s ,
tall oil f a t t y a c i d s w e r e o f f e r e d as a l o w e r cost replacement
for o t h e r u n s a t u r a t e d a c i d s a n d oils. H o w e v e r , in r e c e n t
y e a r s , the p r i c e o f tall oil f a t t y a c i d s has been m u c h less
d e p e n d e n t u p o n s o y b e a n oil prices. This i s b e c a u s e , a s

TABLE II

Capacity for Tall Oil Fractionation
(from Pulp Chemicals Association)

Tons
Company Locations crude tall oil input

Arizona Chemical Company

Hercules , Inc.

Monsanto-Emery
Re ichho ld Chemicals, Inc.
(Newport Division)
Sylvachem Corporation
Union Camp Corporation
Westvaco Corporation

Panama C i t y , Florida 1 0 5 , 0 0 0
Spring Hill, Louisiana 4 5 , 0 0 0
Franklin, Virginia 6 5 , 0 0 0
Hattiesburg, Mississippi 6 0 , 0 0 0
Portland, Oregon 3 0 , 0 0 0
Savannah, Georgia 65 ,O00
N i t r o , West Virginia 6 5 , 0 0 0
Bay Minette , Alabama 3 6 , 0 0 0
Oakdale, Louisiana 6 0 , 0 0 0
Port St. Joe, Florida 1 0 0 , 0 0 0
Savannah, Georgia 1 0 5 , 0 0 0
Charleston, South Carolina 8 5 , 0 0 0
De Ridder, Louisiana 5 5 , 0 0 0

Tota l 8 7 6 , 0 0 0
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s h o w n in T a b l e III, most tall oil fat ty a c i d u t i l i z a t i o n i s n o w
in c h e m i c a l intermediates w h e r e f a t t y a c i d s are the pre-
f e r r e d r a w materials.

The intermediate chemicals w h i c h a c c o u n t for this
rapidly g r o w i n g s h a r e of tall oil fat ty a c i d utilization are the
f o l l o w i n g (A.-E.).

(A.) D i m e r A c i d s . Polymerization o f tall oil fat ty a c i d s
u n d e r heat a n d p r e s s u r e with a clay catalyst g i v e s a m i x t u r e
of m e t h y l b r a n c h e d C 18 m o n o b a s i c a c i d s , C36 d i b a s i c a c i d s
( c a l l e d d i m e r a c i d s ) , C54 t r i b a s i c a c i d s ( c a l l e d t r i m e r a c i d s ) ,
plus s o m e h i g h e r a c i d s . The p r o d u c t s are s e p a r a t e d by high
v a c u u m distillation in a thin f i l m .

Hydrogenation o f the m o n o b a s i c a c i d s gives a m i x t u r e of
s t e a r i c a c i d a n d a l iqu id i s o m e r c a l l e d isostearic a c i d .

D i m e r a c i d s are the h i g h e s t m o l e c u l a r w e i g h t d i b a s i c
a c i d s commerciaUy available. They are c o m p l e x m i x t u r e s of
isomers, i n c l u d i n g cyclic s t r u c t u r e s , w i t h r e s i d u a l c a r b o n -
c a r b o n u n s a t u r a t i o n . D i m e r a c i d s are u s e d m a i n l y in the
synthesis of p o l y a m i d e resins, d e r i v e d by r e a c t i o n w i t h
v a r i o u s a m i n e s . The s o l i d thermoplastic resins are e s s e n -
tially n e u t r a l with a wide r a n g e o f m e l t i n g p o i n t s . The
l o w e r m o l e c u l a r w e i g h t r e s i n s are u s e d in solvent-based
flexographic p r i n t i n g inks a n d in thixotropic c o a t i n g s . The
h i g h e r m o l e c u l a r w e i g h t p o l y a m i d e r e s i n s are u s e d as h o t
melt adhesives. L iqu id p o l y a m i d e r e s i n s w i t h reactive a m i n e
g r o u p s are u s e d for c u r i n g e p o x y resins in s u r f a c e c o a t i n g s
and adhesives. The l o n g c h a i n h y d r o c a r b o n s t r u c t u r e o f
d i m e r a c i d s a f f o r d s flexibility in the c u r e d r e s i n composi-
t ion.

D i m e r a c i d s are u s e d in the synthesis o f p o l y e s t e r r e s i n s
o f i m p r o v e d flexibility; e . g . , in oilless a l k y d s u s e d in coil
coatings. O t h e r applications are in h o t melt a d h e s i v e
p o l y e s t e r resins, a n d in s u r f a c e c o a t i n g s b a s e d on oil-
m o d i f i e d a l k y d s , e p o x y e s t e r s o r u r e t h a n e s .

E s t e r s o f d i m e r a c i d s are u s e d in m o d e r n i n d u s t r i a l
l u b r i c a n t s a n d metal-working c o m p o u n d s to p r o v i d e b o t h
l u b r i c a t i o n a n d r u s t prevention.

T r i m e r a c i d s are u s e d as the free a c i d s o r a s a soap or
p o l y a m i d o a m i n e in corrosion inhibitors. The p o l a r c a r b o x y l
g r o u p s are a d s o r b e d onto s t e e l s u r f a c e s , a n d the l o n g c h a i n
fa t ty , h y d r o p h o b i c part o f the t r i m e r a c i d s l i m i t s the a c c e s s
o f w a t e r a n d o t h e r corrosive chemicals. I m p o r t a n t applica-
t i o n s are in oil well d r i l l i n g a n d in p e t r o l e u m refineries.

(B.) A b o u t ten y e a r s ago, H e r c u l e s s t a r t e d p r o d u c t i o n o f
o l e i c a n d linoleic a c i d s w h i c h were o b t a i n e d by solvent
crystallization o f tall oil f a t t y a c i d s . The o l e i c acid fraction
is high q u a l i t y a n d one g r a d e , P a m o l y n 1 0 0 - F G , h a s wide
F D A approval for d i r e c t f o o d contact . The l i n o l e i c a c i d
fraction i s f u r t h e r c o n j u g a t e d a n d u s e d a s a r e p l a c e m e n t for
d e h y d r a t e d c a s t o r oil in s u r f a c e coatings.

(C.) E p o x i d i z e d e s t e r s o f tall oil f a t t y a c i d s are u s e d as

TABLE III

Domestic Utilization of Tall Oil Fatty Acids in 1978
(from Pulp Chemicals Association)

T o n s % of Total

Intermediate chemicals 73,000 49
Surface coatings 34,000 23
Miscellaneous 20,000 13
Surfactants 14,000 9
Flotation 8,000 6

Total 149,000

plasticizer-stabilizers for vinyl. The tall oil f a t t y a c i d is
generally p r e t r e a t e d to r e m o v e p h e n o l i c i m p u r i t i e s , s u c h as
d i m e t h o x y s t i l b e n e , in o r d e r to a v o i d a pink coloration.

(D.) A b o u t five y e a r s ago, Westvaco p i o n e e r e d the
p r o d u c t i o n o f a C 21 d i b a s i c a c i d m a d e by the a d d i t i o n o f
a c r y l i c a c i d to the linoleic p o r t i o n o f tall oil f a t t y a c i d s . The
u n r e a c t e d o l e i c a n d e l a i d i c a c i d p o r t i o n s w e r e then s t r i p p e d
off. The t w o c a r b o x y l g r o u p s d i f f e r in reactivity a n d unique
surfactants, a n d o t h e r p r o d u c t s have b e e n m a d e .

(E.) L o w cost b y p r o d u c t s o f tall oil fractionation,
i n c l u d i n g h e a d s a n d p i t c h , have traditionally been b l e n d e d
t o g e t h e r a n d u s e d in the flotation of p h o s p h a t e a n d iron
o r e s . In one s t a g e o f the beneficiation p r o c e s s , t h e f a t t y
a c i d s are u s e d w i t h o u t f u r t h e r processing; but in a s u b s e -
q u e n t s t a g e , they are u s e d as a m i d o a m i n e derivatives o f the
f a t t y a c i d s .

U n i o n C a m p i s o l a t e s the p a l m i t i c acid in tall oil h e a d s by
m e a n s o f solvent crystallization. The p u r i t y is sufficiently
high for conversion t o l o w o d o r isopropyl p a l m i t a t e for use
in cosmetics.
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THE F A T T Y ACIDS INDUSTRY-AN OVERVIEW

F a t t y a c i d s , d e r i v e d from tall oil a n d fats a n d oils
represent a 1.3 b i l l i o n p o u n d i n d u s t r y w i t h s h i p m e n t s
currently v a l u e d at $320 m i l l i o n a y e a r . Twenty-one
p e r c e n t o f the f a t t y a c i d p r o d u c t i o n i s c o n v e r t e d i n t o
o t h e r c h e m i c a l derivatives by the f a t t y a c i d s p r o d u c e r .
A n o t h e r 19% is s o l d o n the m e r c h a n t m a r k e t t o i n t e r m e -
d i a t e m a n u f a c t u r e r s o f o t h e r chemical derivatives. The
r e m a i n i n g 60% o f p r o d u c t i o n i s sold a s free f a t t y a c i d s for

d i r e c t u se in a wide variety o f e n d u s e s .
The d i r e c t c o n s u m p t i o n o f f a t t y a c i d s , w h i c h r e p r e s e n t s

over 800 m i l l i o n p o u n d s a y e a r , is in s u c h c o n s u m e r
p r o d u c t a r e a s a s c o s m e t i c s , d rugs a n d p h a r m a c e u t i c a l s , a n d
specialty soap a n d detergents. F a t t y a c i d s are also directly
c o n s u m e d in m a n y i n d u s t r i a l u ses a n d p r o d u c t s i n c l u d i n g

m e t a l w o r k i n g f l u i d s , offf i e l d chemicals, p a i n t s , plasticizers
a n d plastics.
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