
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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CH=CH(CH2)7CO2CH 3

Monocyclic

(q

Bicyclic

CH3(CH2)81~H (CH2)7CO2CH3

CH3(CH2) 7CH=C(CH2) 7CO2CH3

Acyclic

FIG. 1. Some possible dimer acid (methyl ester) structures.

TABLE I

Dimer Acids Feedstock/Structure Relationship (%)

:H2)7CO2CH3
/(CH2)7CO2CH3

Dimer structure

Feedstock Acyclie M o n o c y c l i c Polycyclic

Oleic or elaidic acid 40 55 5
Tall oil fat ty acids 15 70 15
Linoleic acid 5 55 40

T a b l e III s h o w s the r a n g e o f p r o d u c t s o f f e r e d by u n s a t u -
r a t e d fat ty acid dimerizers. The l a r g e s t v o l u m e c o m m e r c i a l
p r o d u c t i s a single-distilled material, i . e . , an e n t i t y from
w h i c h a l m o s t all o f the m o n o m e r h a s been r e m o v e d , with
the finished p r o d u c t containing ca. 80% d i m e r , 20% t r i m e r ,
a n d a t r a c e o f m o n o m e r . Double-distilled d i m e r , t r i m e r , a n d
h y d r o g e n a t e d d i m e r have relatively s m a l l s a l e s o u t l e t s in
1979.

The more i m p o r t a n t physical properties of single-
d i s t i l l e d d i m e r a c i d s are s h o w n in T a b l e IV. All o f the
c o m m e r c i a l p r o d u c t s are l iqu id at 25 C ( e x c e p t m o n o m e r ,
w h i c h is a s l u s h ) . They have l o w v a p o r p r e s s u r e s , are
noncrystallizable, a n d have viscosities r a n g i n g f r o m h i g h l y
m o b i l e to molasses-like, w i t h h i g h e r t r i m e r c o n t e n t s pro-
d u c i n g h i g h e r viscosities.

Monomer, d i m e r , a n d t r i m e r a c i d s are classified a s
n o n t o x i c by ingestion. In a d d i t i o n , they are c o n s i d e r e d
n e i t h e r p r i m a r y skin irritants n o r eye irritants, as t h e s e
t e r m s are d e f i n e d by the F e d e r a l regulations d e a l i n g w i t h
t o x i c s u b s t a n c e s . The b i b l i o g r a p h y for this m o n o g r a p h gives
references c o n t a i n i n g d a t a o n storage, h a n d l i n g a n d s a f e t y
o f d i m e r a c i d s . It also r e f e r s t o the Federal r e g u l a t i o n s
w h i c h p e r m i t u se o f the p r o d u c t s in p a c k a g i n g m a t e r i a l s
w i t h i n d i r e c t f o o d c o n t a c t .

In a n u t r i t i o n a l s t u d y ( u s i n g r a t s ) , it was f o u n d that the
s h o r t term m e t a b o l i c e f f e c t s o f c y c l i c d i m e r s do n o t a p p e a r

TABLE II

U.S. Dimer Acids" Producers

AZS Products
Crosby
Emery Industries
Henkel
HumKo Sheffield Chemical
Union Camp

TABLE III

Commercial Dimer Products

Hum Ko Union
AZS Crosby Emery Sheffield Camp

Single-distilled dimer •
Double-distilled dimer
Hydrogenated dimer
Monomer •
Isostearic acid
Trimer

TABLE IV

Properties o f Single-Distilled Dimer Acids

Intermediate
High dimer dimer ltigh trimer

% Dimer 87 83 75
% Trimer 13 15.5 23.5
% Monobasic acids trace 1.5 1.5
Acid number 190-198 1 9 0 - 1 9 7 189-197
Sap number 1 9 5 - 2 0 1 1 9 1 - 1 9 9 191-199
% Unsap, max 0.5 1.0 1.0
Color, Gardner max 7 8 9
Viscosity @ 25 C, cSt 8000 8500 9000
Pour point , C -10 -4 -4

TABLE V

Reactions of Dimer Acids

Commercial Noncommercial

Polyamidation Sulfation
Amination Sulfonation
Esterification Ethoxylation
Polyesterification Halogenation
Hydrogenation Epoxidation
Soap formation Hydrogenolysis
Isocyanate formation

to be s e r i o u s . The p u r p o s e of this s t u d y was to assess, by
inference, the p o s s i b l e e f f e c t s o n h u m a n m e t a b o l i s m o f
f r i e d ( a n d t h u s p o l y m e r i z e d ) f a t s - a diet c o m p o n e n t w h i c h
A m e r i c a n s i n g e s t at relatively h i g h levels c o m p a r e d t o b o t h
t h e i r o w n h i s t o r y a n d c o m p a r e d to the d i e t s o f t h o s e in l e s s
d e v e l o p e d c o u n t r i e s . It was f o u n d t h a t , for the most p a r t ,
the ring m o i e t y o f d i m e r i s e x c r e t e d r a t h e r than a b s o r b e d
t h r o u g h the i n t e s t i n e . The q u e s t i o n o f l o n g term e f f e c t s was
left u n a n s w e r e d .

M o n o m e r , d i m e r , a n d t r i m e r a c i d s are not f l a m m a b l e o r
c o m b u s t i b l e , a g a i n as t h e s e t e r m s are d e f i n e d in F e d e r a l
regulations. T h u s , the p r o d u c t s do not c o n s t i t u t e a fire
h a z a r d . The c h e m i c a l r e a c t i o n s o f d i m e r a c i d s m a y take
p l a c e at t h e c a r b o x y l f u n c t i o n , at the d o u b l e b o n d , o r at
t h e a - c a r b o n a t o m .

T a b l e V l i s t s t h e c h e m i c a l reactions o f d i m e r a c i d s , in
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TABLE VI

U.S. Consumption o f Dimer-Based, Nonreactive Polyamides
(Metric Tons)

1976 1972

Hot melt adhesives 4500 3600
Printing in ks 3600 3150
Surface coatings 450 900
Other 450 450
Total 9000 8100

TABLE VII

U.S. Consumption of l)imer-Based, Reactive Polyamide Resins
(Metric Tons)

1976 1972

Surface coatings 4500 4050
Adhesives 1350 900
Pot t ing and casting 450 450
Other 900 900
Total 7200 6300

d e c r e a s i n g o r d e r o f c o m m e r c i a l importance, w i t h the o r d e r
b e i n g s o m e w h a t j u d g m e n t a l . By far the most important
reaction, f r o m a c o m m e r c i a l standpoint, is polycondensa-
tion w i t h m u l t i f u n c t i o n a l a m i n e s to form p o l y a m i d e s .

The a n a l y s i s o f d i m e r a c i d s is covered in the b ib l iog-
r a p h y . It has b e e n our experience, a f t e r e x a m i n i n g m i c r o -
distillation, gas l iqu id chromatography a n d p a p e r c h r o m a -
tography, that l iqu id chromatographic t e c h n i q u e s o f f e r t h e
fastest, most a c c u r a t e m e t h o d for analysis o f d i m e r mix-
t u r e s a n d the s h a r p e s t pIant control tool.

In 1977, it was e s t i m a t e d that a n n u a l p r o d u c t i o n of
d i m e r a c i d s was ca. 4 0 MM l b s . / y r , with capacity far in
e x c e s s o f that f i g u r e . R e c e n t m a r k e t g r o w t h h a s b e e n low,
p r o b a b l y in the r a n g e o f 1 t o 3% p e r y e a r .

By far the largest m a r k e t for single- a n d d o u b l e - d i s t i l l e d
d i m e r a c i d s is in the p r o d u c t i o n o f p o l y a m i d e resins. It is
e s t i m a t e d that 70-80% o f d i m e r p r o d u c t i o n is c o n s u m e d in
that application. All six p r o d u c e r s o f d i m e r a c i d s also
p r o d u c e t h e s e n o n n y l o n p o l y a m i d e resins, a s do a n u m b e r
o f c o m p a n i e s w h i c h do not p r o d u c e d i m e r s - L a w t e r ,
C o o p e r Polymers, U S M , C e l a n e s e and R e i c h h o l d , a m o n g
others. T w o c o m p a n i e s , E m e r y a n d U n i o n C a m p , are
vertically i n t e g r a t e d in the s e q u e n c e : tall oil fat ty a c i d s ,
d i m e r p r o d u c t s , p o l y a m i d e s . E m e r y is a j o i n t v e n t u r e
p a r t n e r in tall oil f a t t y a c i d s .

D i m e r a c i d - b a s e d p o l y a m i d e s are d i v i d e d into reactive
a n d nonreactive t y p e s . Nonreactive p o l y a m i d e s are reaction
p r o d u c t s o f d i m e r a c i d s a n d d i a m i n e s in approximately
stoichiometric a m o u n t s . I f m o r e d i a m i n e o r a p o l y f u n c -
tional a m i n e s u c h a s diethylenetriamine is u sed , reactive
p o l y a m i d e s w i t h r e s i d u a l a m i n e functionality are o b t a i n e d .

Nonreactive p o l y a m i d e r e s i n s are t o u g h , f l e x i b l e , with
excellent a d h e s i v e properties. T h e i r m e l t i n g behavior, t h e i r
s o l u b i l i t y in ink vehicles, a n d t h e i r compatibility with o t h e r
r e s i n s make them u s e f u l for hot melt adhesives, particularly
shoe adhesives, a n d for p r i n t i n g i n k s . Nonreactive d i m e r -
b a s e d p o l y a m i d e s are also u s e d for s u r f a c e coa'cings, as
sealants, a n d in textile applications.

Reactive p o l y a m i d e s are l iqu ids and, a s the n a m e signi-
fies, are c a p a b l e o f l i n k a g e w i t h functional g r o u p s that can
chemically r e a c t with a m i n e s . They are u s e d primarily as a
c o m p o n e n t of t h e r m o s e t t i n g e p o x y s y s t e m s , but some
reactive p o l y a m i d e s are also incorporated into p h e n o l i c
resins. Epoxy-polyamide r e s i n s are h a r d , corrosion resistant

a n d flexible; the phenolic-polyamide resins are solvent a n d
heat resistant.

Reactive p o l y a m i d e s are c o n s u m e d , a s e p o x y or phenolic
c u r i n g agents, in s u r f a c e c o a t i n g s for m a r i n e finishes, for
s w i m m i n g pool paints, a n d as p r i m e r s for coatings for
m e t a l s , m a s o n r y , a n d plastics.

Adhesive use o f reactive p o l y a m i d e s i s most familiar in
the c o n s u m e r do-it-yourself t w o - p a r t e p o x y adhesive
package. In the c o n s u m e r a n d in the i n d u s t r i a l m a r k e t ,
t h e s e adhesive s y s t e m s are u s e d for w o o d , g l a s s , m e t a l , a n d
p l a s t i c a s s e m b l i e s . C o m p o s i t e s involving epoxy-polyamide
adhesives have j o u r n e y e d as far as the m o o n a s part of the
s p a c e p r o g r a m .

T a b l e s VI a n d VI1 s u m m a r i z e the recent m a r k e t s t a t u s o f
the reactive a n d nonreactive, d i m e r - b a s e d p o l y a m i d e resins.

T h e r e are t h r e e o t h e r applications of d i m e r a c i d s that
deserve s p e c i a l m e n t i o n . Several million p o u n d s p e r year o f
d i m e r p r o d u c t s are u s e d in o i l f i e l d chemical m a n u f a c t u r e .
T h e s e chemicals are u s e d f o r corrosion inhibition in petro-
l e u m p r o d u c t i o n e q u i p m e n t , m o s t l y as imidazolines.

The synthetic l u b r i c a n t f i e l d utilizes straight a n d
b r a n c h e d c h a i n a l k y l e s t e r s o f r i m e r a c i d s a s b a s e s t o c k s for
i n d u s t r i a l l u b r i c a t i n g oils, particularly gear oils. The esters,
p r o t e c t e d with the appropriate a d d i t i v e package, are
characterized by g o o d l u b r i c i t y , g o o d viscosity characteris-
tics a t both e n d s o f the temperature-use s p e c t r u m , a n d by
surprisingly g o o d high t e m p e r a t u r e o x i d a t i o n stability. It is
e s t i m a t e d that this application n o w c o n s u m e s less than t w o
million p o u n d s p e r year o f d i m e r acids.

One d i m e r nitrogen chemical family, imidazolines, has
a l r e a d y been m e n t i o n e d . D i m e r d i a m i n e s a n d derivatives o f
d i m e r d i a m i n e s have f o u n d s o m e use as corrosion i n h i b i t o r s
a n d as c o m p o n e n t s o f p o l y m e r systems. A g a i n , v o l u m e is
t h o u g h t to be l e s s than 2 MM p o u n d s p e r y e a r .

O t h e r applications of d i m e r a c i d s inc lude use as c o m p o -
n e n t s of p o l y e s t e r resins for s u r f a c e coatings, as s u r f a c e
active agents in the form o f alkali metal s o a p s , as c o m p o -
n e n t s o f p o l y u r e t h a n e coatings, as heavy m e t a l soap greases,
a n d in miscellaneous corrosion inhibition applications.

D i m e r p r o d u c e r s p r e d i c t that m a r k e t g r o w t h rate for
d i m e r a c i d s will r e m a i n relatively flat i f p o l y a m i d e resins
c o n t i n u e to be the m a j o r o u t l e t , a l t h o u g h h o t melt a d h e -
sives b a s e d o n d i m e r s may have s o m e m o d e s t l y increasing
relative cost advantage in the f u t u r e c o m p a r e d t o p e t r o -
chemically b a s e d adhesives s u c h as ethylene-vinyl acetate
copolymers. If, h o w e v e r , d i m e r e s t e r s can carve out a
s u b s t a n t i a l n i c h e as a m a j o r c o m p o n e n t of i n d u s t r i a l
l u b r i c a n t s , the d i m e r a c i d s b u s i n e s s will b e c o m e m u c h more
attractive.

In April, the 1979 list p r i c e , in b u l k , for single-distilled
d i m e r a c i d s was ca. $0.60/1b. L o w r o s i n tall oil f a t t y a c i d s
r a n g e d in p r i c e from $0.25 t o $ 0 . 2 8 5 / l b . , d e p e n d i n g on the
g r a d e . A s s u m i n g d i m e r sale at list a n d a s s u m i n g ca. 60%
y i e l d o f single-distilled p r o d u c t , every 1,000 p o u n d s of
i n p u t r e s u l t s in a b o u t $100 (not c o u n t i n g b y p r o d u c t c r e d i t )
t o cover l a b o r , utilities, c o s t s r e l a t e d to investment, a n d
profit . Sale o f b y p r o d u c t m o n o m e r , o f c o u r s e , adds to this
revenue. M o n o m e r can be h y d r o g e n a t e d a n d s e p a r a t e d into
l iqu id a n d s o l i d (25 C) c o m p o n e n t s , the l iqu id portion
b e i n g c a l l e d isostearic a c i d . lsostearic a c i d , in its t u r n , is
u s e d to m a n u f a c t u r e a l u b r i c a n t for 2-cycle e n g i n e s . It is
also u s e d as an i n t e r m e d i a t e to isostearyl alcohol, w h i c h is a
c o s m e t i c ingredient.

Westvaco Corporation is n o w m a r k e t i n g a d i m e r acid
v a r i a n t - a C2 1 d i c a r b o x y l i c a c i d m a n u f a c t u r e d by r e a c t i n g
the l i n o l e i c a c i d o f tall oil fat ty a c i d s with acrylic a c i d . This
material i s s a id to have application as a s u r f a c e active a g e n t
a n d as a c o m p o n e n t o f p o l y a m i d e resins. V o l u m e is s m a l l
c o m p a r e d to that for d i m e r a c i d s .
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