
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.

C h e m i c a l s d e r i v e d from fatty a c i d s a m o u n t t o 539
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TABLE I

Forec~t U.S. Production of Major Fatty Chemicals1978-1983 a

Million Percent
pounds of total

Product 1978 1983 1978 1983

Average
annual

growth, %

Amines 200 294 5.3 6.8 8.0
Alcohols 715 935 19.0 21.6 5.5
Acids 1,326 1,600 35.4 36.9 3.8
Esters

Surfactants 230 280 4.0
PIasticizers 30 27 (2.0)
Total 260 307 6.9 7.1 3.4

Glycerin 288 317 7.7 7.3 2.0
Alkanolamides 85 85 2.3 2.0 0.0
Soaps

Metal stearates 100 138 6.6
Sodium and potassium 780 652 (3.5)
Total 88----6 79--"-6 23.4 18.3 (2.4)

Total 3 ,754. 4,328 i00.0 100.0 2.9

aSource: Estimates by C.H. Kline & Co. Includes double counting.

TABLE II

End Uses for Free Fatty Acids and Derivatives a

Million Percent of
End use pounds total

Plasticizers and plastics 179 13.5%
Emulsion polymerization 114 8.6
Rubber compounding 108 8.1
Polishes and other cleaners 102 7.7
Soaps 98 7.4
Food 95 7.2
Intermediate chemicals b 85 6.4
Household detergents 80 6.0
Coatings 70 5.3
Cosmetics 70 5.3
Otherc 325 24.5
Total 1,326.0 100.0~o

aSource: C.H. Kline & Co.
blncludes ore flotation, oilfield chemicals and metalworking

fluids.
Clncludes asphalt, candles, lubricants, paper sizes, specialty

cleaners, and textile scouring.
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FIG. 1 . Relative packaging costs.

m i l l i o n p o u n d s . 11aese derivatives inc lude such specialty
p r o d u c t s as a m i n e s ( w h i c h are f u r t h e r processed into
q u a t e r n a r y a m m o n i u m c o m p o u n d s ) ; detergent r a n g e
a l c o h o l s ( w h i c h are f u r t h e r p r o c e s s e d into aicohol e t h o x y -
l a t e s a n d s u l f a t e d alcohols), alkanolamides; esters, a n d
s o a p s .

F a t t y chemicals are a f a m i l y o f p r o d u c t s that are s i m i l a r
in chemical composition. T a b l e I s h o w s that in 1978 the
p r o d u c t i o n o f f a t t y chemicals was 3.75 b i l l i o n p o u n d s . By
e l i m i n a t i n g f a t t y a c i d s a n d the d o u b l e c o u n t i n g o f f a t t y
a c i d derivatives, t h e r e m a i n i n g 1.9 billion p o u n d s is c o m -
p r i s e d m a i n l y o f alcohol, g l y c e r i n , a n d s o d i u m a n d p o t a s -
s ium soaps. W e estimate t h a t , over the next 5 years, f a t t y
c h e m i c a l p r o d u c t i o n will i n c r e a s e at an average rate o f 2.9%
a y e a r . It is e s t i m a t e d that t o t a l f a t t y a c i d p r o d u c t i o n will
increase at a rate o f 3.8% a y e a r , a n d its s h a r e o f the t o t a l
will slightly i n c r e a s e to 3 6 . 9 % in 1 9 8 3 .

O f the some 25 e n d uses a n d p r o d u c t s that c o n s u m e
fatty a c i d s , t h e r e are l0 m a j o r e n d uses that a c c o u n t for
7 5 . 5 % o f c u r r e n t t o t a l p r o d u c t i o n . The l e a d i n g e n d uses are
s h o w n in T a b l e Il.

M a j o r F o r m s a n d Uses o f F a t t y A c i d s

F a t t y a c i d s are c a t e g o r i z e d as u n s a t u r a t e d a n d s a t u r a t e d
types. U n s a t u r a t e d fat ty a c i d s are a c i d s h a v i n g a c h a i n o f 18
c a r b o n a t o m s with e i t h e r one, t w o , or t h r e e d o u b l e b o n d s .
They inc lude fractions o f tall oil, a n d o l e i c acid a n d a c i d s
d e r i v e d from a n i m a l , vegetable a n d m a r i n e o i l s . U n s a t u r a t e d
f a t t y a c i d s a c c o u n t for 58.4% o f all f a t t y acid p r o d u c t i o n .
Due to t h e i r c h e m i c a l c o m p o s i t i o n , a n d specifically t h e i r
p o i n t o f solidification, a l m o s t all u n s a t u r a t e d fat ty a c i d s are
p r o d u c e d , s h i p p e d a n d u s e d in a l iqu id state. The m a j o r
uses o f tall oil, w h i c h a c c o u n t s for ca. 31% o f all f a t t y a c i d
p r o d u c t i o n , are ore flotation a n d oilfield chemicals, in
dimer-trimer p r o d u c t i o n , a n d in p a i n t s a n d soaps. The
m a j o r i t y , o r ca. 88%, o f tall oil f a t t y acid is u s e d directly
with only 12% converted into o t h e r derivatives.

O l e i c acid a c c o u n t s for a l m o s t 13% o f total fat ty a c i d
p r o d u c t i o n , a n d 84% o f its p r o d u c t i o n is c o n s u m e d
directly. The m a j o r uses are in ozonolysis for the p r o d u c -
tion of pelargonic a n d azelaic a c i d , m e t a l w o r k i n g f lu ids a n d
textiles. Azelaic a c i d i s the only significant g rade of u n s a t u -
r a t e d fat ty acid that i s p r o d u c e d a n d u s e d in s u c h s o l i d
form as f l a k e s a n d p o w d e r s . F i n a l l y , all o t h e r animal,
vegetable a n d m a r i n e f a t t y a c i d s , w h i c h a c c o u n t for 15% o f
t o t a l fat ty a c i d s p r o d u c t i o n , are u s e d as l iqu ids in s o a p s a n d
detergents, l u b r i c a n t s a n d in r u b b e r c o m p o u n d i n g .
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TABLE III

Current Prices of Fatty Acidsa

Type Form Price/1 b.

Azelaic, t e c h . drms, c.l.f.o.b. $0.76
Coconut, distilled b tanks, f.o.b. 0.52

double distilled tanks, f.o.b. 0.54
Castor oil acid, dehydrated d r u m s 0.87
Myristic, pure bags 0.75

tanks 0.72
Oleic acid double distilled b drums 0.48

tanks 0.42
single distilled drums 0.46

tanks 0.38
Paimitic 90% t e c h . bags 0.45tanks 0 . 4 2
Pelargonic b tanks, f.o.b. 0.65
Stearicts.p., d.p., t .p .b bags (ave.) 0.36
Tall oilO tanks 0.21
Tallow distilled b drums, delivered 0.32

tanks, delivered 0.27
hydrogenated flake, bags, delivered 0.34

tanks, delivered 0.34

aSource: Chemical Marketing Reporter, June 4 , 1979 .
bVolume grades.

S a t u r a t e d f a t t y a c i d s a c c o u n t for 4 2 % o f all f a t t y acid
p r o d u c t i o n . They are straight c h a i n a c i d s that are p r o d u c e d
in crystalline f o r m . The l a r g e s t category i s h y d r o g e n a t e d
t a l l o w a n d soya f a t t y a c i d s w h i c h represent 22% o f all f a t t y
acid p r o d u c t i o n . Only 50% o f h y d r o g e n a t e d a c i d s are
c o n s u m e d directly. M a j o r uses are in r u b b e r c o m p o u n d i n g
(as a flake), in e m u l s i o n polymerization, as p o w d e r e d m e t a l
s a l t s in plastics, a s l iqu id e s t e r s in f o o d s a n d as n i t r o g e n
derivatives in specialty h o u s e h o l d cleaners. B a s e d on e n d
use a n d c u s t o m e r s i z e , several o f the s a t u r a t e d g r a d e s are
also s h i p p e d in bulk f o r m , w h i c h m e a n s they m u s t be
l i q u i f i e d f o r h a n d l i n g a n d shipping.

S t e a r i c a c i d , the s e c o n d l a r g e s t s a t u r a t e d fat ty a c i d ,
a c c o u n t s for 10% o f all f a t t y a c i d p r o d u c t i o n a n d 75% o f
its p r o d u c t i o n is directly c o n s u m e d . Principal e n d uses for
stearic acid are in c o s m e t i c s , d rugs a n d pharmaceuticals,
polishes, s o a p s , a n d as an e s t e r in f o o d s . S t e a r i c a c i d i s
generally p r o d u c e d a n d u s e d in p o w d e r a n d f l a k e f o r m .
High p a l m i t i c a c i d g r a d e s w i t h at l e a s t 60% palmitic c o n t e n t
a c c o u n t for less than 1% o f f a t t y a c i d p r o d u c t i o n a n d are
u s e d in f l a k e p r o d u c t i o n o f s o a p s a n d cosmetics.

The last i m p o r t a n t type o f s a t u r a t e d acid i s c o c o n u t oil
w h i c h a c c o u n t s f o r a h n o s t 9% o f all fat ty a c i d p r o d u c t i o n
a n d h a s only 15% c o n s u m e d directly. In l iqu id f o r m , the
m a j o r e n d uses for c o c o n u t oil f a t t y a c i d s are as nitrogen
derivatives in h o u s e h o l d detergents, in s o a p s , in the conver-
sion into a l c o h o l a n d surfactants. C o c o n u t oil is also
fractionated in f l a k e form i n t o l a u r i c a n d m y r i s t i c a c i d ,
u s e d in textiles a n d cosmetics.

FatW A c i d s Packag ing

Packaging s h o u l d be d e s i g n e d t o p r o t e c t the p u r i t y ,
c o l o r a n d stability o f the a c i d s . This may r e q u i r e the use o f
s u c h specialty materials as a l u m i n u m , 304 s t a i n l e s s s t e e l ,
c o a t e d d r u m s , o r plastic-lined s h i p p i n g s a c k s o r cartons.
The m a n u f a c t u r e r m u s t also c o n s i d e r the capacity o f the
package, set up r e q u i r e m e n t s a n d , o f c o u r s e , the filling
costs. In some c a s e s , the m a n u f a c t u r e r will c h o o s e a d d i t i o n a l
packaging t e c h n i q u e s such as s t r a p p e d o r film-stretch
w r a p p e d palletizing. Finally, p a c k a g i n g m u s t meet the
c u s t o m e r h a n d l i n g a n d use r e q u i r e m e n t s , s u c h as for
stacking, m i x i n g a n d p a c k a g e disposal.

F a t t y a c i d s p r o d u c e d a n d u s e d in s o l i d f o r m are more
p o p u l a r l y p r o d u c e d as flakes, p o w d e r s or b e a d s . T h e s e
g r a d e s are typically p a c k a g e d in 50 , 80 o r 100 p o u n d
capacity p a p e r , p l a s t i c or w o v e n bags , 55 g a l l o n m e t a l o r
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FIG. 3 . Producer price indexes of fat ty acids and select pack-
aging products 1968-1978.

f i b e r d r u m s , or in 500 p o u n d or l a r g e r c a p a c i t y bulk b o x e s .
L a r g e r f o r m s s u c h a s bars-slabs o r c a k e s - c h u n k s are typi-
cally p a c k a g e d in 100 p o u n d c a r t o n s o r w o v e n bags . A n d ,
finally, s h i p m e n t s o f s o l i d f a t t y a c i d s in bulk are l i q u i f i e d
a n d s h i p p e d in 4 , 0 0 0 , 6 , 0 0 0 or 8 , 0 0 0 g a l l o n tank w a g o n s ,
o r 4 , 0 0 0 , 6 , 0 0 0 , 8 , 0 0 0 , 1 0 , 0 0 0 or 2 0 , 0 0 0 g a l l o n tank c a r s .

S e m i s o l i d a n d l iqu id f a t t y a c i d s s u c h as o l e i c , linoleic,
a n d tall oil a c i d s , are all s h i p p e d as l iqu ids in e i t h e r 55
g a l l o n d r u m s ( l i n e d o r u n l i n e d ) , in tank cars w h i c h m a y be
l i n e d or made o f a l u m i n u m o r jus t p l a i n s t e e l , a n d in
stainless s t e e l o r a l u m i n u m tank w a g o n s .

Product , P a c k a g e and Shipping Costs

R e c o g n i z i n g that p a c k a g i n g p r i c e s vary w i t h the selec-
tion o f m a t e r i a l , the type o f construction a n d c a p a c i t y ,
F i g u r e 1 visually s h o w s the variation in the c o s t / l b , o f
capacity o f a s e l e c t g r o u p o f p a c k a g i n g containers. As s e e n ,
h e a v y d u t y s h i p p i n g s a c k s , r e g a r d l e s s o f c o m p o s i t i o n a n d
construction, g e n e r a l l y cost b e t w e e n 0.3-0.6¢/1b., f o l l o w e d
by p a p e r b o a r d d r u m s , cartons, a n d b o x e s at 0.6-3.0¢/lb.
The most expensive containers u s e d are m e t a l p a i l s a n d
d r u m s at c o s t s r a n g i n g from 5-8¢/lb. o f capacity.

R e v i e w i n g the c o s t s o f s h i p p i n g f a t t y a c i d s b e t w e e n N e w
Y o r k a n d C h i c a g o s h o w s that a 3 0 , 0 0 0 p o u n d u n i t s h i p -
m e n t ( p a c k a g e d in d r u m s , bags o r cartons), c o s t s $ 2 . 6 5 /
h u n d r e d l b . in full t r u c k l o a d s a n d $ 2 . 6 6 / h u n d r e d l b . in
b o x c a r s . N a t u r a l l y , the cost for p a c k a g i n g o f s u c h s h i p -
m e n t s m u s t be a d d e d t o t h e s e r a t e s to c o m p a r e accurately
s h i p p i n g a n d p a c k a g i n g c o s t s with bulk m e t h o d s o f s h i p -
p i n g . When s h i p p i n g by tankcar, a 3 0 , 0 0 0 p o u n d l o a d o f
fat ty a c i d s c o s t s $ 2 . 6 6 / h u n d r e d l b . Tank w a g o n s h i p m e n t s ,
w h i c h have the a b i l i t y t o u t i l i z e v a r i o u s c o n s t r u c t i o n s a n d
several c o m p a r t m e n t s , cost $ 3 . 3 8 / h u n d r e d l b . As y o u
w o u l d e x p e c t , tank w a g o n c o s t s are h i g h e r as they are the
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fastest mode for bulk shipping and o f f e r the c u s t o m e r the
greatest off-loading f lex ib i l i ty .

The c u r r e n t prices for f a t t y acids are s h o w n in T a b l e III.
Prices per p o u n d vary wi th p r o d u c t g r a d e , p a c k a g e type and
m e t h o d of sh ipment . As s h o w n , the prices r a n g e from 20
to 30¢ for the high v o l u m e g r a d e s and up to 50 to 70¢/ lb .
for the l o w e r v o l u m e or special ty grades. It i s interest ing to
no te that the difference b e t w e e n a drum or t a n k c a r ship-
ment generally decreases from 12 to 15¢]1b. in f a v o r o f bulk
sh ipments , and that the p r i c e differential b e t w e e n bags and
t a n k c a r shipments i s only a b o u t 8 to 10¢.

Historical Pricing-a Review
For many y e a r s the prices of f a t t y acids , as wi th o t h e r

chemical and industrial commodi t ies , varied wi th in a
n a r r o w b a n d . H o w e v e r , the compos i te p r i c e i n d e x for f a t t y
a c i d s increased dramatically by 150% in 1973-74. This
increase o c c u r r e d a b o u t one year b e f o r e the 100% increase
in the p r i c e i n d e x of all chemicals . T h e s e changes over the
las t 8 y e a r s are s h o w n in Figure 2 'a long with an i n d e x of
f a t t y acid p r o d u c t i o n . The r a p i d and high increase for
p r i c e s of f a t t y a c i d s can be generally at t r ibuted to el imina-
t ion of p r i c e controls , and the r a p i d p r i c e increase in such

bas ic f a t t y acid feed stocks as tal low, ta l l oil and c o c o n u t
o i l . As s h o w n , f a t t y acid d e m a n d p e a k e d in th i s p e r i o d
(poss ibly due to false purchasing), and supplying was fairly
constant . We believe t h e s e f a c t o r s are the reasons for the
r a p i d and s u d d e n r i se in f a t t y acid prices.

Figure 3 s h o w s the changes in p r i c e i n d e x of f a t t y acids
a l o n g with several of the containers used in t h e i r sh ipment .
In 1973-74, the p r i c e of f a t t y acids increased at a rate
greater than that for i t s containers . H o w e v e r , since 1 9 7 5 ,
f a t t y acid prices have stabi l ized and are n o w increasing at a
rate much less than the rate for m e t a l and f i b e r d r u m s and
mult iwaU shipping sacks.

Packaging Developments
Several developments in f a t t y acid packaging are: (a.)

corrugated c a r t o n s are less frequently used as the bulk of
so l id f a t t y acid shipments are in flake, p o w d e r or bead
f o r m ; (b.) the packaging of f a t t y a c i d s in 50 and 100 p o u n d
plas t i c sh ipping s a c k s w h i c h are then l o a d e d in to B a n b u r y
m i x e s i s b e i n g evaluated by the r u b b e r indust ry ; and (c.)
t h e r e may be an oppor tuni ty to use 500 to 2 , 0 0 0 p o u n d
capacity bulk b o x e s for the semibulk shipment of f a t t y
acids .

Polymerization-Dimer Acids
E.C. LEONARD, Vice President and Director of R&D, HumKo-Sheffield Chemical,
Division of Kraft Inc., White station Tower, PO Box 348, Memphis, TN 38101

ABSTRACT
D i m e r acids are the commercial p r o d u c t s resul t ing

from clay-catalyzed, h igh t e m p e r a t u r e polymerizat ion
of u n s a t u r a t e d f a t t y acids , usual ly ta i l o i l f a t t y acids .
The p r o d u c t s have been commercial ly avai lable since
the 1 9 5 0 s and now, in al l f o r m s , represent 4 0 - 5 0
mi l l ion p o u n d s per year sales in the U n i t e d Sta tes .
The p r o d u c t s are high bo i l ing , m o b i l e to viscous
l iqu ids . T h e i r mos t i m p o r t a n t chemical p r o p e r t y i s
c a r b o x y l mul t i funct ional i ty , w h i c h al lows conversion
to high p o l y m e r s , m o s t l y polyamides in commercial
practice. Dimer-based polyamides have sizeable appl i -
c a t i o n as h o t - m e l t adhesives and as reactive c o m p o -
n e n t s o f e p o x y res ins . T h e r e are much smaller uses
in o t h e r p o l y m e r sys tems . D i m e r a c i d s are relat ively
n o n t o x i c , and are not flammable. In F e b r u a r y 1 9 7 9 ,
s ingle-dis t i l led d i m e r acids so ld in t a n k c a r quanti t ies
in the r a n g e $0.45-0.55/ lb. T h e r e were s ix p r o d u c e r s
in the bus iness , wi th one a l m o s t entirely a captive
c o n s u m e r .

INTRODUCTION
Polymerized f a t t y acids , a l o n g with f a t t y e s t e r s ,a m i n e s

and a m i n e derivat ives, amides , a lcohols , and meta l l ic
stearates, are i m p o r t a n t commercial f a t t y acid derivat ives.
D i m e r acids i s the g e n e r a l term applied to p r o d u c t s ob-
t a i n e d by the i n t e r m o l e c u l a r r e a c t i o n of two or more
molecules o f u n s a t u r a t e d f a t t y a c i d s or u n s a t u r a t e d f a t t y
acid esters . For the mos t p a r t , the unsaturated f a t t y acids
used commercial ly in m a n u f a c t u r e are t h o s e w h i c h have
18-carbon a t o m s and are mixtures of o le ic and l ino le ic

acids . As a resul t , the f inished p r o d u c t s are m o s t l y 36-
c a r b o n ent i t ies . In commercial p r o d u c t s , the d e g r e e of
fractionation determines the level of t r i m e r and h i g h e r
ol igomers , as well as the t r a c e percentages of u n p o l y -
m e r i z e d , or structural ly a l t e r e d , 18-carbon, monocarboxyl ic

acids .
T h e r e have been a variety o f structures suggested for

d i m e r acids . Dimerizat ion of unsaturated f a t t y acids has
been claimed to lead to cycl ic structures by a Diels-Alder
reaction, and to l i n e a r dimers and h i g h e r ol igomers by a
free-radical r o u t e involv ing h y d r o g e n transfer, part icularly
in the p r e s e n c e of o x y g e n . Clay-catalyzed dimerizat ion of
unsaturated f a t t y acids a p p e a r s to be predicated on car-
b o n i u m ion r e a c t i o n involv ing d o u b l e bond isomerizat ion,
acid catalysis , h y d r o g e n transfer, and c h a i n branching.
S o m e idealized poss ib le structures for d i m e r acid m e t h y l
esters are s h o w n in Figure 1. T a b l e I relates final p r o d u c t
structure to the type of f a t t y acid precursor.

In the U n i t e d Sta tes , in the 1970s , ca. 80% of the
feedstock for d i m e r acid industrial p r o d u c t i o n h a s been ta l l
o i l f a t t y acids . The firs t serious experimental work on ta l l
o i l f a t t y acid dimerizat ion b e g a n in N o r w a y in the s e c o n d
d e c a d e of th i s c e n t u r y . This led to the realization that
unsaturated f a t t y acid dimerizat ion c o u l d easi ly resul t in an
inexpensive, c a r b o x y l reactive, di funct ionai , noncrystal l ine,
nonvola t i le chemical en t i ty .

L a t e r , the N o r t h e r n Regional Research Laboratory o f
the USDA was one o f several research groups that
developed d i m e r a c i d s chemistry . Marketing of d i m e r a c i d s
b e g a n at the end o f the 1940s . In 1979 US manufacturers
are l i s ted in alphabetical o r d e r in T a b l e II.

The manufacturing process for d i m e r a c i d s s e e m s to be
q u i t e s t a n d a r d t h r o u g h the indus t ry . A fairly typical set of
reaction condi t ions , t a k e n from publ ished literature are 4%
montmor i l lon i te clay catalyst at 230 C for 6 to 8 hr and
final ly bleached with 2% clay and H 3 P O 4 .

Literature c i t e d in the bibl iography o f th i s p a p e r covers
commercial p r o c e d u r e s as well as noncommercial techniques
w h i c h have been applied to dimerization-reaction
i n d u c e d at relat ively low t e m p e r a t u r e by c o r o n a discharge
as an e x a m p l e o f the latter. Fract ionat ion of the p r o d u c t s
a f t e r dimerizat ion is generally done by some form of
wiped-f ' t im evaporation or molecular d i s t i l l a t ion .
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