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Introduction 

E ARLY RESEARCH on the polymerization of drying 
oils dealt with the prepara t ion  of dimeric and 

tr imeric products  but  there was never a clear under- 
s tanding of the products  formed. Ear ly  patents  of 
De Nordiske Fabr iker  DE-NO-FA report  on the 
prepara t ion  of polymeric f a t ty  acids (16). These 
patents  describe the prepara t ion  of alkali soaps of 
polyunsa tura ted  f a t ty  acids and their polymerization 
m the presence of excess alkali and, presmnably,  
water  under  pressure. These conditions are now 
known to shift  nonconjugated 1,4-dienes to conju- 
gated 1,3-dienes and polymerize them. However,  the 
products  of DE-NO-FA were apparen t ly  not desirable 
enough for commercial exploitation then. Indeed, 
the uniqueness of dimer acids were not appreciated 
in the ear ly 1920's and polyamides were yet to be 
discovered. 

In  1929, Scheiber (35) stated that  the conjugation 
of isolated double bonds was a prerequisi te to heat 
polymerization. Before that  time, much investigation 
had failed to reveal the s t ructure  of the products  in 
heat bodied oil, but Seheiber 's  suggestion has with- 
stood considerable critical investigation. Kappel-  
meier (26) extended Scheiber 's  hypothesis to include 
the Diels-Alder type of reaction between a conju- 
gated and a nonconjugated polyunsatura ted  fa t ty  
a d d  in a rammer  similar to 1,4-pentadiene as re- 
ported by F a r m e r  (1). Wheeler (42) gave this 
hypothesis the status of a theory that  is now gen- 
erally accepted, but it may be incomplete. Bradley 
(7,8) p repared  dimer and t r imer  esters by  heat poly- 
merization of the polyunsatura ted  fa t ty  esters and 
separated these dimer and trimer esters by molecular 
distillation. Bradley  gave a firm foundat ion to the 
development of the technology that  followed. Hill  
and Walker  (25) contr ibuted to this ear ly work with 
a patent  describing prepara t ion  of par t ia l ly  deear- 
boxylated dimer acids and their use to make bodied 
oils. 

Development Work Leading to Commercial Use. In  
December 1939, a p rogram of research and develop- 
ment  on vegetable oils was init iated at the Nor thern  
Regional Research Labora tory  in Peoria. W. J.  
Sparks,  a eoinventor of butyl  rubber  (39), was in- 
itially in charge and directed the original planning. 
He re turned to industrial  research in 1940 before 
laboratory work was initiated. Later,  he found 
potential  uses for dimer acids in a var ie ty  of petro- 
leum products  (88,89,97,98). Labora tory  work at 
Peoria was init iated soon af ter  Sparks  left. The re- 
search and development studies led, first, to commer- 
cial product ion of a polyester as a rubber  substitute 
in 1942 and, secondly, to polyamide resins for use in 
heat-sealing. Af te r  commercial development of poly- 
amide resins and dimer acids was clearly assured in 
the late 1940's, research at Peoria on dimer acids and 
its derivatives (12,53-60,90,103-105,121,125,135) was 
discontinued and researeh along other lines was 
initiated. 

Uniqueness of Dimer Acids. Dimer acids are a 
unique chemical and have no parallel  among other 
commercial chemicals, i.e., no other commercial chemi- 
cal has the same or near ly the same properties.  First ,  
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these acids have good low-letup characterist ics and 
never crystallize. Secondly. they have a compara- 
t ively high tool wt- -560 for the dimers of linoleic 
add.  Finally.  they contain unsatura ted  bonds that  
are difficult to conjugate with either the carboxylic 
group or with one another. Thus, these double bonds 
are reactive toward oxygen and sulfur  under  many  
conditions, but the reaction call be controlled in a 
var ie ty  of ways. These propert ies  that  make dimer 
acids unique are : 

Never crystal l ize--Mol Wt 560 
Distill with difficulty 
Cyclic s t ruc tu re - -h igh ly  flexible 
Soluble in hydrocarbons 
Unsatura ted  but not readily conjugated 
Reactive but easily controlled 

preparatien, Structure, and Mechanism of Formation 

Effect of Heat. Dimer acids were first p repared  in 
a relative pure form by heat polymerization of 
methyl  esters of polyunsatura ted  fa t ty  acids and 
subsequent molecular distillation (7).  In  Figure  1 is 
one of the accepted mechanisms for the formation of 
dimer acids by heat, I isomerizes to conjugation to 
give I I  and I I  reacts with I by a Diels-Alder mecha- 
nism to give I I I .  The reaction rate is first order 
since the change f rom I to I I  is the rate-determining 
step. Wheeler (42) has depicted these reactions 
proceeding as in F igure  2 where N is a noneonjugated 
f a t t y  acid and C is a conjugated f a t ty  acid; sub- 
scripts c and t s tand for cis and tra~s, respectively. 
The eomparat ive rates of reaction of the different 
eonjugated and noneonjugated fa t ty  acids are shown 
in Table I, and these rates support  \ \ ~ee l e r ' s  view of 
the formation of dimer acids. 

Clingman et al. (11) has reported the prepara t ion  
of te t ramethyl  ester of prehnit ie  acid from dimers 
derived f rom a nmnber  of polyunsatura ted esters. 
Sut ton (27) has recently confirmed this work for 
methyl  linoleate but  found evidence for other than 
the Diels-Alder reaction since conjugation was be- 
lieved to be present  in the dimer and Sut ton ' s  condi- 
tions were 1 hr at 300C. Sunder land (38) has 
suggested that  hydrogen exchange may occur in 
dimerization and Sut ton ' s  recent work may  suppor t  
this suggestion. Prehnit ic  acid in the work of Sutton 
and Clingman is elearly indicated as the expected 
benzene-l,2,3,4-tetraearboxylie acid. However, there 
is considerable oppor tuni ty  for confusion since 
"Chenfical  Abs t r ac t s "  (10), Sonntag in Markley 's  
" F a t t y  Ac ids"  (37) and some organic text books 
refer  to prehnit ie  acid as benzene-l,2,3,5-tetraear- 
boxylic acid. Baeyer  (2) assigned this correct struc- 
ture of 1,2,3,5-tetracarboxylie acid to an acid he called 
prehnitic,  and Bamford  and Simonsen (3) and Smith 
and Byrk i t  (36) eonfirmed it. However,  since 
prehnitene is 1,2,3,44etramethyl benzene, Smith and 
Byrki t  suggested that  it was essential to clar i ty to 
call the benzene-l,2,3,4-tetracarboxylie acid, prehnit ie 
aeid. I t  is a suggestion that  could avoid confusion. 
Fiesers (185 followed it but others ha~e not. Some 
argue that  the man who first named the compound 
should have the honor or privilege of having the name 
retained even though the name may become illogical. 
"Chemica l  Abs t rac t s "  has indicated that  in Volmne 
56 it will refer  to the tetracarboxylic acids by num- 
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RtCH=CHCH2CH--CHlt ~ I 
A~ 300 C 

R1CH=CHCH~CHCH2R ~ IT 

Diels-Alder~with I 

~ ~ [  -CH2R~ 1TI" 
Ri i - ~ ~ 1  CH2CH~CHR~ 

Thermal Dimer 

R~ or CH3) 
R 1, CH.~(CH2)4- 

FIG. 1, Format ion  of dimer acids by thermal polymerization 
of linoleie ester. 

ber and not trivial names. Also, let it be elearly 
understood that  at least 3% of the dimer from 
linoleate and 9% of the dimer from eleostearate will, 
on t reatment  with N-bromosuccinimide (NBS),  di- 
ethyl aniline (DEA) ,  and potassium permanganate,  
yield the benzene-l,2,3,4-tetracarboxylic acid, some- 
times called prehnitie acid (Fig. 3). 

For  some years, heat polymerization of methyl 
esters of polyunsaturated fa t ty  acids in the presence 
of catalysts was the preferred method of preparation.  
In addition to the dimer esters, heat gave t r imer  
esters. Although characteristics of the dimerie 
product  closely follow that  of the expected product  
from a Diels-Alder reaction, properties of the t r imer 
acids do not. The dimer acids retain the expeeted 
1 double bond / fa t ty  acid; but  the t r imer  acids react 
as though they had 3 double bonds for every 3 fa t ty  
acid radicals where 2 double bonds are expected. 
Trimers should have only 2 double bonds for every 
3 fa t ty  acids if a second Diels-Alder reaction oc- 
curred. Hydrogen exchange and addition of fa t ty  
acid through active methylene may occur by Sunder- 
land's  mechanism (38). 

Goebel (20) found that thermal dimer acids could 
be prepared by using polyunsaturated fa t ty  acids 
containing smM1 percentages of water  under  high 
pressure. This work is described in the section on 
eommereial production of dimer acids. 

Ccc ~ ~ Cct ~ . .~ Ctt 

§ 
Dimer Trimer 

/ore. 2. Equil ibria and probable pa ths  followed in format ion 
of dimer and t r imer  acids. 
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T A B L E  i 

C o m p a r a t i v e  R a t e s  of  1 ) i m e r i z a t i o n  of  1 ) i f f e r e n t  C o n j u g a t e d  a n d  
N o n e o n j u g a t e d  F a t t y  E s t e r s  

C o n l p o u n d  

N u m b e r  
of 

C o n j u g a t i o n  : d o u b l e  
,, bonds 

No . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 
No ........................................ i 2 
N o  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ' 2 
No . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  "3 
Y e s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 
Y e s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 
Y e s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 
Y e s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 

c i s ,  t r a n s  
C o n f i g u r a t i o n  

e l s ,  ~ra ila 
('(6", ei.~ 
t r . an~:  t r a n e  

c i s ,  t r a n s  
t r a ~ l s ,  t r a ' r ~  
eis, troth,s, t r a n s  
t r a n s ,  t r a n s ,  t r a n s  

R e l a t i v e  
s p e e d  

0 . 7 4  
1 ,0  
1 .2  
2 , 4  
5 .8  

2 6  
1 7 0  
3 4 0  

Heat polymerization of trienoic fa t ty  esters con- 
form to first order kinetics (30) like linoleie esters, 
but the trienoic gives a somewhat different product  
than dienoic fa t ty  ester. Monoeyclic dilners appear 
to be formed, which rearrange to bicyelic or tricyclie 
dimers, but usually a higher percentage of trimeric 
acids are formed (7,30.42). 

Anthraquinones, sulfur dioxide, and other catalysts 
that give conjugated fa t ty  esters at temp below 300C 
speed this reaction. Excess alkali can also be used 
to convert polyunsaturated acids to salts of dimeric 
fa t ty  acid (31). 

Eft'cot of Clay and Lewis Acids. Lewis acids, such 
as boron trifluoride (15), and clays, such as kaolinite 
and montmorillonite (4), will also catalyze the poly- 
merization of polyunsaturated fa t ty  acids. Boron 
trifluoride gives mainly trimerie or higher polymeric 
fa t ty  acids at 200C in a few rain and the clays sub- 
stantially lower the temp for  heat pol3m~erization. 
Both the Lewis acids (40) and the clays (4) will also 
polymerize oleic acid to give new and different dimer 
acids. Dimer acids from oleic acid with boron tri- 
fluoride give pelargonaldehyde and pelargonic acid 
on ozonization. A possible structure and mode of 
formation are shown in F igure  4. Oleie ester (IV) 
gives a complex V that  reacts with IV to give a new 
dimer VI (41). Although Russian reports support  this 
mechanism, private communications indicate that 
even this dimer may be cyclic. 

Clay reacts as a. dehydrogenating agent but  the 
mechanism of dimer formation has not been reported. 
Clay is apparent ly  used commercially since it per- 
mits preparat ion of dimer acids from oleie, tall, or 
other fa t ty  acids at 220C. 

NBS IR ~ C H z R ~  -] 

'~CH2CH--CHR~ I 
R' __] 

Aromatic Ester 

C02H 

KMn04> ~~~--C02 H 

~ COzH 
C02H 

Prehnitic Acid 
FIG. 3. Conversion of dimer esters to aromatic esters and 

oxidation to prehnitic acid, benzene-l,2,3,4-tetracarboxylic acid. 
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R2CH~CHR ~ 

R2C:~CR 0 

R2CH~CR ~ 
I 

R2CH2CHR 0 

IX 

FIG. 4. 
esters .  

R 2, CH3(CH2)7- 
Suggested f o rma t i on  of d imers  f rom oleie acid or 

Free Radical Dimerizatio~. Free radicals can also 
be used to dimerize and trimerize nnsatm'ated fa t ty  
esters. Har r i son  and Wheeler (24) found that  
di-t-butyl peroxide gave a dehydro dimer s t ructura l ly  
different f rom the dimers produced with heat alone. 
Suggested sequences of reactions for monenoie, 
dienoic, and their mixtures are given in the next  
several figures. With  methyl  linoleate, t ta r r ison and 
Wheeler (24) found that  the products  contained at 
least 1 conjugated system and 4 double bonds. They 
suggested that  the oxy free radical ( T O . )  formed at 
130C removed hydrogen from I to give a free radi- 
cal a t t h e '  3-position of the 1,4-pentadiene system 
( V I I a )  i.e., the 11-position of methyl  linoleate, 
( R 1 C H = C H - C .  I t - C H = C H R  ~ V I I a ) .  They" also 
suggested that  this free radical rear ranged in par t  to 
give V I I  and V I I I ,  which reacted with V i I a  to give 
the dehydro dimer. The author suggests that  V I I  
and V I I I  are not likely to be reactive enough to catch 
V I I a  to form a dimer before V i I a  rearranges to V I I  
and V I I I .  These two free radicals should react either 
with themselves or with each other as par t ia l ly  
indicated in F igure  5. 

The physical propert ies  of the dehydro dimer 
might  bet ter  be explained by behavior of I X  under  
the conditions of its format ion and isolation. A free 
radical like V I I a  is postulated in autoxidation of 
methyl  linoleate, and the oxygen " f r e e  r ad i ca l "  is 
unable to form a hydroperoxide of V I I a  since only 
9- and 13-hydroxystearie acids are isolated f rom the 
reduction of autoxidation products  (5). Thus, the 
initial dehydro dimer of Har r i son  and Wheeler (24) 
probably  has a s t ructure  similar to IX.  On alkali 
isomerization of dehydro dimer, small additional 
amounts of conjugation are formed, and this con- 
jugat ion could result f rom the presence of 5-10~. of 
methyl  linoleate ra ther  than f rom a dimer of V I I a  
and V I I I .  Indeed, on heating at  250C, dehydro 

R 1CH--CHCH2CH-CHR ~ I 

(T042~'130 C 

R ! CHCH--CHCH-CHR o VI"I 

R ! CH_-CHCH--CHCHR o TIT]' 

R I CHCH_--CHCH--CHR o 
I TX 

R 1 CHCH=CHCH--CHR o 
Dehydro Dimer 

~IG. 5. F ree  radica l  reac t ion  to c o n j u g a t e d  d imers  or de- 
hydro  dimers.  

Dehydro 
Dimer 

H / c \  
HC CHR ~ 

I I 
A ~ / C - H  CHR ~ 

250 C' -  R'--CH ' ~ C 4  
, I I 

R -CH .CH 

\c// 
H 

Bicyclic Dimer Z 
]"IG. 6. Cyelizat ion of dehydro dhner .  

dimer gave 10% of monomerie esters, 69% of a new 
bi- or polyeyclie dimer (such as X in Fig. 6), and 
217~. of tr imerie product.  I t  does not appea r  likely 
that  mueh eracking eould have oeeurred but that  the 
previous fractionation of the dehydro dimer was 
probably incoml)lete. 

Such a fraet ionat ion presents some experimental  
difficulties even on a micro or analytical  scale (28). 
Unfor tunate ly ,  these fract ions of dehydro dimer were 
apparen t ly  not analyzed by micro techniques; how- 
ever 10% monomer and 21% t r imer  in the heat- 
t reated dehydro dimer suppor t  the contention that  it 
most likely has structures similar to IX.  Fur ther ,  
the fraetions of molecularly distilled dimer esters 
repor ted by  Harr i son  and Wheeler (24) decreased 
in isolated trans values as the distillation proceeded, 
suggesting the presence of monomerie esters. 

Har r i son  and MeCaleb (23) dimerized methyl  
oleate IV and oleic acid with d-t-butyl peroxide to a 
dimer similar to X I I  and containing 2 double bonds, 
see  Figure  7. I tar r ison and Wheeler (24) dimerized 
mixtures of methyl  oleate IV and linolate I with this 
same reagent to give another dehydro dimer contain- 
ing 3 double bonds and probably  similar in s t ructure  
to X I I I  in F igure  8. They do not mention presence 
of conjugation, but  unsatura t ion was determined by 
hydrogena t ion - -a  method suitable for measuring 
unsatura t ion  in conjugated systems. 

An al ternate explanation for the format ion of 
dehydro dimers fronl methyl  linoleate was suggested 
by Harr i son  and Wheeler (24) based on their experi- 
ment  with oleate and linoleate. They suggested that  
a free radieal could be formed at either position 10 
or 12 with a shift  in the double bonds to 8 or 13, re- 
spectively. This mechanism may  operate, but free 
radicals would not be expected to fo rm so readily or 
be as stable as V I I  and V I I I .  Some of the data 
relat ing to the s t rueture  of dehydro dimer and its 
thermal  derivative may be summarized as: 

R2CH=CHR o ]~ 
1T0-)2~130 C 

CH3(CH2)6CHCH_-CHR o TI" 

CH3ICH2)6~ HCH=CHR~ TTr 
CH3(CH2)6CHCH--CHR 0 

FIG. 7. Free radical  dhner izat ion of  o]eic ester. 
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TABLE II 

Dimer  Acids Formed U s i n g  a Clay Catalys t  at  22OC 

CH3(CHJ6C.HCH=CHR ~ 
I 

R !CHCH=CHCH=CHR o 
FIG.  8. :Free  r a d i c a l  d i m e r i z a t i o n  o f  a m i x t u r e  o f  l i n o l e i e  

and oleic esters. 

1. Four  double bonds/dehydro dimer unit. 
2. Conjugation present  to the extent of one or more 

than one conjugated systenl in dehydro dimer. 
3. Hea t ing  at 250C gives " t h e r m a l "  dehvdro 

dimer with 2 double bonds and no eonjuga}ion. 
4. Monomeric esters present  in molecularly dis- 

tilled dimer and thermal ly  t reated dehydro 
dimer, decreasing trans values in molecularly 
distilled fractions with the amomlt  of or temp 
of distillation, and the high level of ultraviolet 
absorption in the diene region support  belief 
that  dimeric molecules with one or two sets of 
conjugated dienes are present. 

Commerc ia l  Product ion  of  D i m e r  Acids  

Although thermal  polymerization of methyl  esters 
and sodium salts of polyunsatura ted  fa t ty  acids has 
been used commercially, polymerization of f a t ty  acids 
is now the prefer red  method of product ion for dimer 
acids. Goebel (20,21) found tha t  the addition of small 
amounts of water  and the use of high pressures to 
retain the water  and high temp of 300C gave rapid  
conversion to dimers and trimers.  The addition of 
water  prevented or kept at a minimum the side reac- 
tions shown in F igure  9. These dehydrat ion and de- 
earboxylation reactions lower the carboxylie acid con- 
tent  of the oil, and presumably,  convert  some of the 
acids to  ketones. However considerable doubt re- 
mains regarding  the decarboxylation to ketones since 
dehydrat ion or other reactions may  account for most 
if not all of the apparen t  decarboxy]ation (32,33). 

Later,  Goebel and coworkers were able to lower 
temp required for dimerization by using clay as a 
catalyst  (4), to use commercial oleie acid to give good 
yields of dimer acids, and to car ry  out the reaction 
on a continuous basis (22). Proper t ies  of dimer acids 
made using clay catalysts with soybean, tall, and 
eonunereial o]eic acids are given in Table I I .  The 
propert ies  of dimer acids offered for sale in the U. S. 
are shown in Table I I I  (17b-e).  Dimer acids are now 
produced in at least four  different countries and by 
more than four  companies. Acids available in Eng- 
land are repor tedly  p repared  f rom dehydrated castor 
oil (9,34). Also, in the product ion of sebacic acid 
f rom castor oil, some ricinoleie acid is dehydrated 
and polymerized as the soap in the alkaline reaction 
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Proper ty  i S o y b e a n - - D i m e r  Tall - -  l ) imer  Oleic - -  Dimer 

I .  V . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  154 138 130 149 90 114 
Neut ra l  equivalent. . . . .!  293 312 : 292 309 280 300 
Saponif icat ion I 

equiva lent  ............... 285 '296 : 291 293 276 280 
Color (Ga rdne r )  ........ 7 : 6 10 2 8 
Y i e l d - -  r?~ ................... 56.4 45 45 

mixture.  Dimer acids are isolated as an impure  ufix- 
ture frmu the still residues. 

An examination of Table I I  shows tha t  clay cata- 
lysts may dimerize through a meehanisnl tha t  dehy- 
drogentaes. However  the reaction appears  to differ 
f rom the free radical reaction by removing additional 
hydrogen. Since the clays used are acid-activated 
clays, they may behave as I~ewis acids as well as active 
dehydrogenat ing agents. 

A n a l y s i s  o f  D i m e r  Acids  

Deternfination of acid and saponification values of 
dimer acid are usually s t ra ight forward  procedures. 
Methods used commercially have been published 
(17f).  However, acid and saponification values 
usually do not agree. Depending on the conditions of 
formation of the dimer acids, a var ie ty  of explana- 
tions are i)ossible. Peti t  and Cazes (33) report  the 
presence of anhydr ide  groups in dimer acids to ex- 
plain these differences. These authors saponified 
dimer acids in alcohol, removed the unsaponifiables, 
and acidified to obtain acid values approx  equal to 
the untreated monomeric fa t ty  acids. Fur ther ,  they 
found small amounts of monobasic fa t ty  acids present  
that had higher lnol wt than the original f a t ty  acids 
(32) and contained as high as 30 or more carbon 
atoms. 

I. V. is, at  best, a rough approximat ion of un- 
saturat ion in dimer acids. Apparen t ly  the te r t ia ry  
hydrogens in dinler acid will substitute in different 
anlounts depending on length of exposure, the cata- 
lyst used. alnl excess of reagent (60). K a u f m a n ' s  
bromide nunlber is a supermr method, and it is 
usually unaffected by excess of reagent  or prolonged 
exposure to bromiuat ing  reagent. Hydrogenat ion  
with active catalysts appears  to be useful with some 
acids (24). 

Analysis for monomer, dirtier, and tri lner can be 
made by  alembic distillation (12), molecular distilla- 
tion (7,24), and micromolecular distillation (28). The 
best of these methods uses the micro still. Chroma- 
tography  on silieic acid may  eventually be the best 
method by either eolmnn (19) or thin layer  chroma- 
tography.  

Uses for Dimer Acids 

New uses for dimer acids have outs t r ipped the first, 
and continuing, use in a heat-sealing resin based on 

2 RCO2H 

+H2Ol~-H20 

(Rcoho 

d ~-r HO2CR--RCO2H 
Dimer Acid TIT 

�9 -- RCOR § s  

Ketone 

R, unsaturated fatty radical 
:FIG. 9. P r o b a b l e  r e a c t i o n s  i n v o l v e d  i n  c o m m e r c i a l  p r e p a r a -  

t i o n  of dinler acids. 

T A B L E  I i I  

Commerc ally Avai lable  Dimer  Acids 

P "operty 

Acid value 
Sap. va lue  
Neutral  oquivalent  
( ' o l o r - - G a r d n e r  a 
Monobasie acids, 

w t . %  
Dimer acid, wt  % 
Tr imer  acid, wt  % 
Rat io  (mole) 
n~ 
Viscosity centi- 

poises at 25C 

No. 1 

188-193  
194 19S 
292 -298  

8 max 

1.5 max 91 
3 6 / 1  

1.4706 

511ff~ 

No. 2 No. 3 

188-196  186 194 
192-198  191 -199  
2 8 7 - 2 9 9  289-301  

8 max 9 max 

1 max 2 -5  max 
83 75 

5 /1  
1.4704 1.4738 

{ 

650O 6200 

N o .  4 

9 1 - 1 9 9  
89--301 
9 max 

1 max 
75 
25 
5 / 1  

1.4755 

9000 

No. 5 

198 
300 

Dark  
brown 

10 
9O 

o.311 
1.483o 

65000 

a Recen! reports  give color values  considerably lower ( l ighter )  fl)r 
products  s imilar  in dimer- t r imev contents  to Nos. 1-5 .  
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the dimer acids-ethylene diamine polyamide. A look 
at the ever increasing patent  and technical l i terature 
on dimer acids is enough to convince anyone that  
fu r the r  increase in uses and technology is likely to 
follow. When the group at Peoria initiated their 
research, there were only a relatively few papers on 
dimer acids. Indeed, the work on the separation of 
dimer and t r imer  acids had not been published (7). 
Today, over 300 patents and other publications have 
issued and the number is mounting (17a). Any 
article or book (109) is necessarily out of date befo/e 
it is published and nmst omit many references be- 
cause of space or selected reasons. One manufacturer  
has indicated that  a revision of a bibliography on 
dimer acids will be available before the end of 
1962 (17a). 

The derivatives and uses of dimer acid may be 
divided as follows : The acids, their esters, salts( sul- 
furized and borated products, and polymeric deriva- 
tives as additives to control corrosion, improve hibri- 
eating properties, or delay crystallization; as poly- 
esters in rubberlike products, urethane coatings and 
foams, alkyd resins, epoxy coatings, and other 
products;  and polyamide resins in a wide variety 
of products  and uses based pr imari ly  on two types 
of resins, thermoplastic and reactive. Recently, actual 
or suggested use of dimer acids, polyamide resins, or 
their  epoxy combinations has been reported for such 
widely separated items as in racing yachts (113i), 
milady's  shoes (113j), boron derivatives for gasoline 
(73) and pr inted circuits (117). 

Corro.sion Inhibitors. Because of unusual solubilit.v 
par t icular ly  in hydrocarbon systems, low freezing 
point (never crystallizes), and water insolubility, 
dimer acids and many of their derivatives have been 
proposed for a wide var ie ty  of corrosion inhibitors. 
I t  has been reported that  substantial amounts of 
dimer acid are used for  this purpose, but  it is difficult 
to know which of the many patents are actually used. 
However, a few of the various types of dimer products 
prepared  and their  reported advantages can be 
reviewed. 

Dimer acid is useful in inhibiting corrosion and 
emulsifications in turbine oils (61) ; in gasoline, kero- 
sene, and heating oils in pipeline and barge ship- 
ments (48,87); in oil well digging (67,85,86); to 
break oil and water  emulsions (63) ;  in gasoline to 
reduce oil free deposits and ash therefrom on the 
pistons of internal  combustion engines; in lubricating 
oils (76) ; and in road oils (78). 

I l lustrat ive of the protection against rusting given 
gasoline is the work of Landis and Baekensto (76). 
Their data show that  dimer acids are superior to 
mixtures of monomerie f a t ty  acid when evaluated by 
a modified ASTM D665-47T test. Scheuman also 
shows that  the addition of dimer acids-lubricating 
oil eompositions to gasoline is advantageous for re- 

TABLE IV 

Comparison of Corrosion Inh ib i t ion ,  P i s ton  l~ing VCeaG and  P i s ton  
Head  Deposi ts  U s i n g  Gasol ine  C o n t a i n i n g  No Addi t ive  or 

Less than  1 %  of a D imer  Acid 0om)os i t ion  

Type of Test I m p r o v e m e n t  with 
dimer  addi t ive  

1 0 %  less wear 

6.7 % less 
13.5 % less 
24 .0% less 

14% less 
3 0 %  less 

~ 5 4  h r  

F i r s t  motor  (Chevrolet)  
P i s ton  r i ng  we~r ( t racer)  .................................... 
P i s ton  head deposits 

(a,) a,t 0 . 2 5 %  addit ive,  oil-free ........................ 
(b) a t  0 .50% addit ive,  oil-free ....................... 

ash ............................. 
Second motor  (DeSoto)  

P i s ton  head deposits  
(e) at  0 . 5 0 %  addit ive,  oil-free ...................... 

ash .............................. 
P~usting modified AST1VI 1)665 ................................. 

VOL. 39 

ducing piston r ing wear, piston head deposits, and 
rusting (87). Table IV gives some of the results he 
obtained. Dimer acids were 0.2-0.6% of a composi- 
tion based on light soh'cnt-refined hydrocarbon-lubri- 
cating oil (100 S.U.S. at 100F) also containing 
benzene, isopropyl alcohol, dihexylphenyl amine, and 
amyl nitrate. For  summer, spring and fall, or winter 
driving, the amounts of isopropyl alcohol were 
varied, as well as the amounts of this mixture added 
to gasoline. 

Compositions based on derivatives of dimer acid 
also inhibit corrosion. Gottshall and Peters (71) and 
others (75) reacted sorbitanoleate with dimer acid 
and used it as a component of a corrosion-inhibitor 
systenl. Thus, the addition of the dimer aeid-sorbitan 
oleate (0.025/(.) to a lubricating oil with 2,6-ditertiary 
butyl-4-nlethyl phenol (1.25%), cocoamine isoamyl 
octyl orthophosphate (0.01%), and dodecenyl suc- 
einic anhydride (0.04%) gave more than a tenfold 
improvement over the base oil alone (72) as shown by 
hours required to reach an acid number of 2, see 
Table V for details. 

Dimer acid gives heavier, more suitable corrosion 
inhibitors for  gas, oil, or other wells where corrosive 
brines shorten life of equipment. When sulfm'ized 
with 10% sulfur at 158-165C the alkyl dimerates arc 
reported to give a corrosion inhibitor and all anti- 
oxidant for hlbricating oils (51). Basic polyamides 
reduce corrosion of metals (70,121.123) ; t reatment  of 
basic polyamide with boric acid is reported to give 
improved products for gasoline (73,74) and, in com- 
bination with stearie acid, to give improved resistance 
to corrosion in lubricating oils (84). 

L,bricants. Dimer acids and their  derivatives not 
only inhibit corrosion in lubricant applications, they 
also improve other properties of lubricating composi- 
tions (49), such as viscosity, index and stability 
(88,95,97), wear (92), pour point (83), and stringi- 
ness of greases (43). 

Dimer acid salts improve the lubricating proper- 
ties of noninflammable hydraul ic  fluids coutainino" 
polynleric alkylene glycols made fronl epoxides, such 
as the polyglycol obtained by polymerizing 0.75 mole 
percent of ethylene oxide with 0.25% propylene 
glycol to obtain a viscosity of 90,000 S.U.S., at 100F 
(92). In a composition of water 62.8%, ethylene 
glycol 11.2%, and polyglycol 25.0%, 1% of sodium 
dimerates substantially improves lubricating" proper- 
ties. Results from a four-ball wear test are given in 
Table VI. Amine salts (47,77,136) as well as calcimn, 
barium, and zinc salts (56), have been studied for a 
var ie ty  of uses. Ahmfinum soaps that  are d ry  and 
free flowing can be prepared using dimer acid (62). 

Dimer acid esters are also useful as bases for 
special lubricating greases. Thus, Morway, Young, 
and Cottle (81) were able to prepare greases using a 
lithium soap mixture of hydrogenated fish fa t ty  acids 
and crotonic acid with different combinations of 

T A B L E  V 

( 'urrosion Jnh ib i t iou  of Sodium Dimera te  in L u b r i c a t i n g  Oil 

Method 

R u s t  p revent ion  test : 
ASTM-D665-53T 

Procedure  A ................................................ i 
Procedure  B ................................................ 

Oxidat ion test : 
AST3f  D493-53T 

After  1.(100 h r - - i r o n  coil ............................ 
Hour s  to acid number  of 2 ........................... 

Test resul ts  

Base  oil P lus  
addi t ives  

Rus ted  Br ight  
Rusted B r i g h t  

Rusted Br igh t  
240 246I) 
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Lubricating Properties of Sodium nimerates  
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T A B L E  V I I  

Formula t ion  and Proper t ies  of Greases with Dimer Esters 

Polyglycol f luid plus  i Wear scar 
additive ])iam. in mm 

No add i t ive  ....................................................................... 1.50 
1 %  Nt~ dimerates  ............................................................. I 0.54 
1 %  Ne~ "castor" dimerates ............................................. i 0.62 
1 %  Na sebacate ................................................................ i 0.71 
Typical  mineral oil ........................................................... i 0.55 

alkyl esters of dimer acids, di-2-ethylhexyl sebacate 
or octyl adipate, and an oxidation inhibitor. With 
these compositions, it was necessary to coot the grease 
rapidly to crystal the soaps properly. One formula- 
tion and properties thereof are shown in Table VII.  

Dibutyt  dimerates can also be used to aid ill 
stabilizing the viscosity of ester lubricants such as 
di-2-ethylhexyl sebaeate and azelate. Table VIII  
shows that heating dibutyl dimerates increases vis- 
cosity, whereas heating the sebacate ester "oil" lowers 
viseosity. By  combining the two materials, a more 
heat-stable oil is achieved (91).  Other reports of 
esters for lubricants include a variety of products 
and compositions (52,80,83,93). 

Dimer polyesters prepared with various glycols can 
be used to improve the viscosity index and pour 
point of lubricating oils. The higher the mol wt, the 
lower the crystallinity, and more linear the polyester, 
the greater is the apparent improvement. Thus, 
dimer glycol-dimer acids polyester (60,64) with a 
melt viscosity of greater than 36.8 poises at 225C 
and a tool wt greater than 33,200 gave a viscosity 
index of 241 in PRL 1801, a special petroleum base 
oil. A comparison of selected polyesters and their 
effect on Winkler and PI~L 1801 are given in Table 
I X  (60).  

The effects of increasing tool wt of dimer acids- 
decamethylene glycol polyester on the viscosities and 
viscosity index of a lubricating oil derived from 
Barusa crude are shown in Table X (96).  When the 
polyester was used at low percentages or combined 
with a pour point depressor, substantial lowering of 
the pour point but increase in viscosity index were 
achieved. The polyester in the experimeutal data 
reported in Table X I  had a tool wt of 9,000 and was 
prepared by solvent purification of a dimer acids- 
decamethylcne glycol polyester of tool wt 22,000 (95). 

Dimer acids reduce the tendency of materials to 
crystallize, such as DDT in cooled or supersaturated 
solutions (72) and solid glycerides in the winteriza- 
tion and subsequent refrigeration of cottonseed oil 
(46).  Dimer acids are also useful in the formulation 
of aluminum greases although lithium soap greases 
have or are replacing aluminum greases to a con- 
siderable extent. The advantage of dimer acids in 
aluminum soap greases is shown in their stringi- 
ness (43).  The aluminum soaps are also excellent 
thickening agents for gasoline (45).  Dimer acids are 
also useful in the preparation of organo-sodium dis- 
persions (82) and in hot-dip t inning of iron for cans 
(66).  
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' (methyl)  
Formulation i A B 

Dimerates .................................................. ! 50 84 (oetyl) 
Octyle adipate  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I 34 
Lithium comple ......................................... 1~ "1} 
Antioxidant ............................................... 

Properties 
Dropping point ........................................ I 382F 425F 
Penetrations 77F.mm / 10 i 

Worked (60 strokes)  ............................ I 210 ~ 295 
Worked  (50,000 strokes)  ..................... 235 i 335 

%Vater w a s h i n g - - %  loss ........................... None I 5 

Polyesters 
Polyesters derived from dimer acids were among 

the first dimer products prepared and used commer- 
cially. These polyesters arc viscous liquids to rubbery 
solids that resemble natural rubber in some proper- 
ties. Although soluble in petroleum hydrocarbons, 
they can be vulcanized with sulfur or crosslinked 
with oxygen to give insoluble products. Hydrogen- 
ated dimer acids would, of course, be slower to 
oxidize or crosslink with sulfur. Low nml wt poly- 
esters react with isocyanates to give foams; adhesion 
and flexibility of alkyd resins are improved when 
dimer acids form a part of tlle polyester chain, and 

T A B L E  V I I I  

Effect of Heat on Vis(.os ty of l ) imer  Esters  and Blends 

:' Heating 
('ore posil ion hr  at 

55oF 

AI Dibutyl  dimerates .............................. 6 
B. Blend X a ........................................... 6 
C. Blend X plus 70 ~ 

dioctyl azelate ................................ 6 
D. Blend of 20r A, 10% X, and 

70e~ dioctyl azelate ....................... 964 
E. Same as D . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Change in viscosity 
( ( 'ent is tokes)  

210F l l 0 F  

11---)26 77- ,130  
470-)55  4 ,700-)395 

7.9-> 7.4 32.9-)32.8 

7.2--+5.4 31-)26 
7.2-)6.8 31--437 

Blend of 40c?~ p o v b u t y l  methacrylate and 60% dioctyl sebacate. 
Octyl groups in these esters were 2-ethylhexyl. 

t r imer acids react with epoxy resins to form poly- 
esters that have superior electrical properties. 

Polyester Rubbers. The reaction of dimer acids 
with ethylene glycol to give polyesters and their 
curing to give rubber substitutes was studied exten- 
sively by a research team at the Northern Laboratory 
and their many cooperators (54,60). The Peoria 
scientists showed that dimer acid could be reacted 
with ethylene glycol, or an excess of ethylene glycol, 
to give sticky rubbery polyesters. If this polyester 
was cured with sulfur and/or  rubber accelerators or 
if the polyesterification was carried to gelation and 
then cured with sulfur and rubber accelerators, a 
rubberlike product suitable for jar rings, grommets, 
and gaskets was obtained (53,54,57,60). Approx 
2-3 M lb were used for this purpose in the U. S. in 
1942.-43. 

By use of a technique that is now well-known 
Cowan and Wheeler (58,59) were able to react pure 
dimer acids with an excess of ethylene glycol to give 
superpolyesters. The later part of the reaction is 
definitely a glycolysis reaction wherein ethylene 

T A B L E  I X  

Effect of Dimer Polyesters on Viscosity and Cloud Point  of Oils 

Polymer  from 

Dimer  esters and dimer glycols ........................................... 
D imcr  esters and dimer glycols ........................................... 

Dimer esters and othylene glycol ........................................ 
Dimer  acids and d~camethylene glycol (84)  ...................... 

Mol wt Base oil 

13,200 i ~,Vinkler 
33,200 P R L  1801 

8,910 i ~,Vinkler 
12.000 ! VCin kler 

% Addi t ive  

10 
4.5 

6 
12 

Kinematic viscosity 
centistokes at 

210F 100F 

4.02 12.91 
4.18 12.29 

2.61 7.26 
J 7.65 52.29 

Viscosity 
index 

223 
241 

200 
]63 

Clou d 
test 

- -65C 
--70 

Cloudy 
+ 1 3  
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T A B L E  X 

Effec t  of .'Viol }Vt of n i m e r  Po lyes t e r  on Viscos i ty  I n d e x  

N ~  w t o f  % P o l y m e r  V i s c o s i ~  
polyester  in  oil i00~ 

...... 0 158 
5350 6 295 
8400 fi 374 
9400 6 434 

T H E  J O U R N A L  O F  T H E  A M E R I C A N  O I L  C H E M I S T S '  S O C I E T Y  V O L .  3 9  

T A B L E  X~[ 

Fffee t  of D i m e r  Po lyes te r s  on Viscos i ty  I n d e x  and  P o u r  P o i n t s  of a 
M ix tu r e  of 9 0 %  IAg'ht L u b r i c a t i n g  0i l  and  1 0 %  

(S .U .S . )  Viscos i ty  Pa ra f f in i c  B r i g h t  Stoeks 

2 1 0 F  index  % of polyes ters  i P o u r  point,  F Viscos i ty  index  

45 116 () . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [ J-~30 101 
59.3 i 1:t5 I .................................................................. ! - -20  127 
68.3 i 127 5 .................................................................. () 145 
77,6 ~, 141 19;" -~ 1 %  of pour  depressor .  .................... ! --:~0 127 

glycol or its derivatives are removed from the re- 
action under  reduced pressure and in the presence of 
an aleoholysis catalyst  such as ealcimn oxide. The 
reaction may  be visualized as shown in F igure  10 
where n equals 1-4. I f  about 30 mole percent excess 
of ethylene glycol is used, n might  average 2-5 before 
the acid value drops near ly  to zero. By the continued 
glyeolysis of polyester X I V  and removal of ethylene 
glycol, polyesters with tool wt as high as an estimated 
25,000 were achieved, i.e., where x + 7 = 40 to 43. 
Vulcanization with sulfur  and rubber  accelerators 
gave products  comparable in many  tests to Buna S 
at its stag'e of development in 1942. War t ime  secrecy 
orders prevented publication of the work until  later. 
The glyeolysis reaction with ethylene glycol to pre- 
pare  superpolyesters (tool wt > 10,000) was ap- 
pa ren t ly  discovered independent ly  by three different 
groups;  one group worked with terephthalic  acid in 
England (94), another  with sebaeic and other acids 
at  Bell Telephone Laboratories (68), and the th i rd  
at Peoria. 

The propert ies  of these polyester rubbers are smn- 
marized in Table X I I .  Note that  the linear polyester 
of highest mol wt gave the best rubberl ike product .  
The effect of giving a cure with diisoeyanate and 
subsequent vulcanization (Number  4) is compared 
with vulcanization of similar polyesters. This exam- 
pie was one of the ear ly polyester-urethane rubbers. 
Number  3 was p repared  in a jacketed mixer under  
reduced pressure, and Number  5 was cured with 
sulfur  and accelerators before molding to give a mill- 
able produce suitable for  molding. 

Polyurethane Fo,ams. Dimer polyesters proved to 
be superior or lower in cost to adipic polyesters for  
many  uses, bu t  polyethcr  foams based on polyols 
f rom ethylene and propylene oxides are repor ted to 
have captured the ma jo r  pa r t  of the market  (44). 
Potyethers are more than  10% lower than  dimer acid 
polyesters in cost of ingredients to make the s tar t ing  
polyols and the polyethers give near ly  comparable 
foam densities and other properties.  Dimer foams 
are repor ted to be superior  in padding  for clothing. 
Dimer  polyesters have the following advantages  over 
adipic polyesters:  1) lower loss of water  for some 
tool wt of polyester, 2) less polyol required since 
dimer contains t r imerie  funct ional i ty  and higher 
tool wt, 3) dimer polyester is eompatible with di- 
isocyanates, and 4) dimer acid reacts with polyols 
without loss of acid or polyol (61a). Characteristics 
of a t y p i e a l  polyester of low mol wt used to make 
urethane foa.Ins are:  

Dimer  acids ...................... 78.6% by wt (1 mole eq.) 
Diethylene glycol ........... 21.4% by  wt (1.7 nlole eq.) 
Fins] acid value ............... 1..8 
Final  hydroxyl  value ..... 74.0 
Viscosity (25C) cp ........ 13,000 

A typical  one-shot technique is : A mixture  of lecithin. 
catalysts, and water  is s t i rred until  a clear solution 
is obtained. A polyester is added and mixed 
thoroughly for several rain, ttlen tolylene diisoeymlate 

is added, rap id ly  mixed for several see, and poured 
into a waxed mold. After  30 rain, the mold is s t r ipped 
away leaving the foam which can eontinue to cure 
at 70--75F overnight.  Proport ions  of the reactants  
and resul tant  foam densities are given in Table X I I I .  
The main reactions are shown in F igure  11. Diiso- 
cyanate reacts with the hydroxyl  groups of the poly- 
ester to form a polyurethane XV. In  the presence of 
water,  a side reaction occurs to give an amine end 
to the growing chain and carbon dioxide for foanl- 
ing XVI .  The isocyanate reacts with the amine to 

Glycolysis Reaction 

niT1 +(n+I)HOCH2CH20H (Catalyst)~ 

HOCH2CH20 {~CR--RCO2CH2CH20~ H 
II 

I N  

c,o_  cR-Rco,c.,c,,o . ~ HOCH2CH20 

+ Ix-n)HOCH2CH20H 
Fro. 10. Preparation of high molecular polyesters by a 

glyeolysis reaction. 

give a substi tuted urea  with an isocyanate ending 
X V I I .  I t  can react with water, polyester, or amine. 

Alkyd Resi~s ~ d  Oil-Base Coatings. One of the 
first a t tempts  to use dimer acid in protectix'e coatings 
was its incorporat ion into synthetie oils, long oil 
alkyds, and into glycerol and pentaerythr i to l  esters 
of soybean and linseed f a t ty  acids modified with 
lnaleic anhydride  (22,55). This work showed that  
dimer acids improved water  and alkali resistance and 
dry ing  rate. The advantages established by Goebel 
and Moore (69), who extended this earlier work to 
include a wide var ie ty  of alkyd resins and varnishes, 
may  be summarized as: 

Increased viscosity 
Lengthened set-to-touch time (nlore 

uni form coatings) 
I lnproved through-dry  
El iminated wrinkling and resoftening 
hnproved  varnishes (better  water  and alkali 

resistance) 
Bet ter  alkyds (improves flexibility) 

T A B L E  X I I  

Polyes ter  R u b b e r s  f rom D i m e r  Acids  and  E thy lene  Glycol 

Polyes ter  
n/1 ] f f lb~r  

D i m e r  acids  

Po lyes te r  

Est .  mol wt  

Tens i l e  s t , ' e n ~ h  
Elongat ion  
Tens i le  produ ~.t 

P u r e  

L i n e a r  

25,000 

2,100 
5()(~ 

( 0 ,500 

P u r e  

L i n e a r  

14,()()1) 

2,21)1) 
375 

,R,541(~ 

3 5 %  
T r i m e r  

D r y  
~eI 

No. 5 

.~50 
14(i 

1 ,_'2(u) 

4 5 

35c?[ 3 5 %  
T r i m e r  T r i m e r  

B r a n c h e d  S t i cky  
gel 

4.600 3,500 ( ? )  
Cured  wi th  
d i i socyana te  

890 32o 
330 1 ~ 1  

2,940 570 
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TABLI~  X l l I  
F o a m  P r e p a r a t i o n  

I n g r e d i e n t s  P a r t s  by w t  P a r t s  by wt  

Polyester .  ....................................................... 1,000 I I m  ) 
Dal~co ............................................................ { 6.7 o 
N-ethylm( rpho l ine  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  / 0 67 

26.5 I W a t e r  ............................................................ ] 16.7 
Tolylene d i i soeyana te  .................................... ~l 386 ~ 267 
Lec i th in  ......................................................... 67 ( ] )  I 67 
F o a m  density,  l b / c u  f t  ................................... 1.75 i 4.o 

X HO2CR--RCO2H + X H2NRANH2 ~-- 

HO CR--RCO2NH RAN 180 C "- 

Poly(acid-amine) salt TV1]T 

Much other work has also been reported (50) in- 
eluding penetrat ing seals for wood (79). 

Tr#ner Acids. Trimer acids react with epoxy 
derivatives to give flexible polyester resins with low 
dielectric eonst and with low loss and dissipation 
factors. Since a ter t iary  amine is used as a eatalyst, 
it will continue to catalyze the reaction of the epoxy 
groups to form polyethers when less than the stoMli- 
ometric amounts of trimeric acids are used. Thus, a 
variety of polymeric products can be obtained (65b). 
Other epoxy products, such as epoxy soybean oil, 
have also been studied for  their potential utility. 

P o l y a m i d e  R e s i n s  

The first work on polyamides was carried out by 
Carothers (101) and led to the commercial produc- 
tion of synthetic fiber, nylon. Carothers also extended 
his studies to include polyamides frmn mixtures of 
di- and tribasic acids. Bradley (100) extended this 
research to include mixtures of dimer and tr imer 
acids. However, before Bradley 's  patent  issued in 
1945, workers at Peoria effected research and develop- 
merit studies that  led to the eommereiN production 
and use of polyamide resins during and shortly af ter  
World  W a r  II.  Some of the unique properties of 
polyamides were ree%mized early in 1941 and led to 
a series of patents and publications (103-105,108,121, 
125,135). Although much of this work has proved 
valuable and helpful in connnercial developnlent of 
moisture-proof coatings, replacements for shellac, 
pr int ing inks, and adhesives, the first continuing 
commercial use was for heat-sealing glassine paper  
(115). The ethylene diamine polyanfide from soy- 
bean dimer acids (nfixture of dimer and tr imer)  and 
ethylene diamine melts at 110-114C and adheres to 
nmst surfaces. Its sealing temp is among the lowest 
available in commercial resins that  adhere to and 
seal glassine paper, and the resin does not easily stick 
to itself (block) under" pressure at 150-160F. Thus, 
its first use was to heat-seal candy bars, part icular ly 
chocolate bars where low temp was important.  Since 
that time, a number of companies have extensively 

OCN-~-NCO + HOReOH 
Polyester 
H 0 RI'O ~ONH-r CO-OReO~ H 

HOReOCNH-r + H20 ~ HORpOCNH-r 

HORpOCNH-r + COz'~ TTT 

HOReOCNH-r + r 

HORpOCNH-r (J)-NCO TTn 
i~ io .  11.  R e a c t i o n  o f  d i i s o e y a n a t e s  w i t h  p o l y e s t e r s  a n d  w a t e r .  

+ x . ,o  

Polyamide 11"II 

H2NRANH2 - Alkylene di or polyamine 
]diG. 12.  P o l y a m i d e  p r e p a r ' , ~ i o n  t h r o u g h  s a l t  f o r m a t i m ~  a n d  

s u b s e q u e l d  d e h y d r a t i o n .  

studied the preparat ion and use of these polyamide 
resins. 

Preparations. Polyamidc resins are readily prepared 
from either dimer acids or esters. The diamine may 
be added dropwise to the hot dimer acid or ester in 
an apparatus  for making resins (103,108). This 
method of addition permits ready removal of the 
water or alcohol formed. No large amount of volatile 
amine is added at any one time, and the volatile 
anline is readi ly retained. The dianfine can be added 
al l  at once to the acid if proper  equipnlent is avail- 
able. The reaction may be writ ten as in Figure  12. 
The dimer acid reacts with diamine to form a salt 
X V I I I  that  loses water to give a polyamide XIX .  
By varying the amounts of dinler, trinler, and other 
dibasie acids, the composition thereof, and the 
amount  and kind of di- or polyanfine, a wide variety 
of products can be made. A part ial  list of these 
polymers and their melting ranges are shown in 
Table XIV. The properties of some commercially 
available products are shown in Table XV (113d,e). 
One other polyamide of low mp can be made from 
dimer diamine (130,135). 

Solubility. Polyanfide resins containing dimer 
acids exhibit somewhat unusual solubility properties. 
Whereas polyamides are usually only soluble in 
molten phenol, the dimer acid-ethylene diamine poly- 
amide is soluble in isopropyl, butyl, and higher 
alcohols and in certain chlorinated hydrocarbons. I t  
is not soluble in most other solvents ordinari ly used. 
Its solubility apparent ly  depends on the ability of 
the soh'ent to form hydrogen bonds. Alcoholic solu- 
tions permit the addition of hydrocarbon solvent and 
polyamide up to certain definite limits. When the 
amount of alcohol becomes lower than that  necessary 
to hydrogen bond with the amide linkages, viscosities 
of the solution increase and a gel or precipitate forms, 

T A B L E  X I V  

Polyai~fides f r o m  T h e r m a l  D i m e r  Acids  wi th  M i x t u r e s  of D i a m i n e s  and  
wi th  :P~rtial  R, ep lacement  of n i m e r  Acids  wi th  Othe r  D ibas i c  Acids 

D i a m i n e  (mole ra t io  I Other  d ibas ic  acid  or d i amine  
of d ianf ines)  (mole ra t io  of d imer  to o ther  

: dibasic  acid  or  of d i a m i n e s )  

HeN (CH. ,CH. ,NH)  oH ......... : H.,N (CHo)  sNH., ( 1 / 1 )  
H:oN ( CH ~ CH ~ N H ) ~ H  ......... I H.2N (CH~)..NH,_] ( 1 / 1 )  
H~N ( C H , C H : N H )  oH ......... H2N ( C H 2 C H e N H ) a H  ( 1 / 1 )  
H~_NCH2OHeN H2 ................ Sebaeic ( 1 / 1 )  
H oNCttzCH2NIt.o ................ Sebacic  ( 2 / 1 )  
H2NCH,_,CHo_NH 2 . . . . . . . . . . . . . . . .  ~ Sebacic  ( 4 / 1 )  
H 2 N O H 2 C H o N H  ................. Sebacic ( 8 / 1 )  
H_oNCH2(JIXI~NH~ ................ Maleic (4 / '1 )  

Mel t ing  
r a n g e  

0 

80 -87  
75-81  
4 9 - 4 8  

1 8 8 - 1 9 6  
1 6 4 - 1 7 5  
1 4 6 - 1 5 5  
1.22-129 
1 3 0 - 1 3 5  
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T A B L E  X V  

C o m m e r c i a l  : P o l y a r n i d e  R e s i n s  

S o f t e n i n g  
p o i n t ,  C 

1 8 0 - 1 9 0  
1 0 5 - 1 1 5  
1 0 5 - - 1 1 5  

9 0 - 1 0 0  

4 3 - 5 3  
4 3 - - 5 3  
4 3 - - 5 3  
4 3 - - 5 3  

V i s c o s i t y ,  
p o i s e s  

T y p e  

T h e r m o p l a s t i c  
A 9 0 0  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
B 9 3 0  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
O 9 4 0  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
D 9 5 0  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

R e a c t i v e  
A 1 0 0  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
B 1 1 5  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C 1 2 5  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
D 1 4 0  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

3 - 4  ( 2 0 0 C )  
3 0 - 4 5  ( 1 5 0 C )  
1 5 - 3 0  

7 - 1 5  

1 0  ( 1 5 0 C )  
35 (75C) 

8 
5 

Amine 
No.  

3 8 
3 8 
3 - 8  
3 - 8  

8 8  
2 1 6  
3 0 6  
3 7 7  

see Figure  13. Thus, when the alcoholic content of 
35% polyamide solutions in butyl  alcohol-toluene is 
dropped below 10% alcohol (curve 2), getation will 
Occur. 

Let us assume that  the alcohol fornls a cyclic struc- 
ture  with amide linkages, through hydrogen bonds 
like X X  in Figure  14 (103). Then, for every amide 
group, one equivalent of alcohol will be necessary for 
any given linkage to be soluble in the second solvent, 
such as toluene. The concentration of butyl  alcohol 
necessary to maintain solution of polyanfide resin in 
toluene is approx equivalent to the potential amide 
groupings. Each polymeric linkage contains two 
potential  amide groups and has a tool wt of 584 
(equivalent weight of 292). Each linkage should re- 
quire 2 equivalents of alcohol for  solvation. At  a 
10% concentration, or 0.09 equivalent of butyl  
alcohol or 0.11 equivalent of isopropyl alcohol, gela- 
tion occurs in 0.12 equivalent solution of polyamide 
resin. 

The viscosities of the isopropyl alcohol-toluene and 
butyl  a]cohol-toluene solutions undergo rapid change 
when the concentration of alcohol drops below 20%. 
If, as in XX,  the alcohol forms a cyclic s t ructure 
with amide linkages, the nitrogen atom still retains 
electrons that  can bridge with hydrogen. 20% con- 
centration corresponds to 0.22 equivalent of iso- 
propyl  alcohol, 0.18 equivalent of butyl  alcohol, and 

10 

" 6-- 1 ~2 
I 

4 -- t •  / 

~T ~x '~ S. S~ 

o1 I' i I' I 
100 80-20 60-40 40-60 20-80 100 

n-Butyl Solvent Composition, Hydrocarbon 
Alcohol % by Volume 
~IG. 13. u of a 35% polyamide solution at 25C with 

changes in composition of solvent where hydrocarbon was 
petroleum ether (Curve 1) or toluene (Curve 2). 

VoL. 39 

R 3 
I 

H-0  

0 H 
I- II I H - I  

H OLCO RRC--.N.CH 2C H 2N~-H 

R 3 Alkyl group such as butyl 
Fro. 14. Suggested hydrogen bonding in alcoholic solutions 

of polyamides. 

0.24 equivalent of electron donor groups. The shape 
of the viscosity curve is indicative of an enormous 
change in solubility behavior, and the suggested 
hydrogen bonding of alcohols appears to be a satis- 
factory explanation. Wi th  petroleum hydrocarbons, 
which do not have high dilution rates, the polyamide 
resin formed gels at approx 20% alcohol content 
(Fig. 13, curve 1) or 2 equivalents/amide linkage. 
This gelation is also support ing evidence for the 
hydrogen bonding of polyamide resin with alcohols. 

Although insoluble in water, polyamide resins can 
be dispersed in water  in the form of t iny  discrete 
particles generally called suspensoids (133,138,139, 
140). The particles can be given either a positive or 
negative charge to assist ill making a continuous coat- 
ing when they are spread onto paper, glassine, wood, 
or other support.  The charge is imparted by the ions 
used in the dispersing agents. Thus, a cationic sus- 
pensoid can be changed to an anionic suspensoid by 
the addition of another dispersing agent. No solvents 
are necessary to make the suspensoids. Other com- 
ponents can be suspended in combinatiou with the 
polyamide resin, such as toluene sulfonamides, para- 
ffin wax, and hydrogenated resin esters (13~). 

Imidazoli)~e Formation. Another  facet of poly- 
amide chemistry results when basic polyamides are 
heated at 285-315C. At these temp the basic amine 
group will react  with the carbonyl of the carboxyi 
group as shown in Figure  15. At  these high temp, a 
free amine group in an amide will react with the 
carbonyl of the amide to give an imidazoline. I f  a 
five or six nmnbered r ing can form, it does so to give 
the imidazoline XXI .  I f  the amide has formed at the 

o 
II A 

RCNHCH2CH2NH2 285 C '~- RC__NH 
o 

II A 
R-C-H(CH2CH2HH2)2 285 C"- RC HCH2CH2HH2 

XXI 

O ~CH2~H2 
il 

R--C--N(CH2CH2NH2)2 RC NCH2CH2NH2 

I 285 C "~ 
R-C-N(CH2CH2NH2)2 RC NCH2CH2NH2 

II I 
NCH2CH2 

Xlll  

FIG. 15. Imidazoline formation in amides and polyamides. 
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T A B L E  XVl 

Changes in Epoxy-Poly.amide Res in  wi th  Increased  ]midazol ine  
Content  o:f Po lyamide  Res ins  

Imidazol ine  Brookfield 
in 

poIyamide viscosi ty 
% Poises 

42 675 
61 565 
61 565 
71 285 
71 281 

a l~eaetiou wi th  epoxy resin 
epoxy equivalency of 185. 

React ion 
proport ions  a 

3 0 - 7 0  
30--70 
40--60 
30 -70  
4 0 - 6 0  

Proper l ies  

Heat  F lexured  
dis tor t ion s t rength 

terap C t)si 

59 9.400 
64 8.90(I 
64 10,000 
72 8,900 
56 8,000 

bisphe,nol A plus  el) ichlorohydrin h a v i n g  

more basic of the amine groups of diethylenetriamine, 
an imidazoline ring will form but  a free amine will 
remain, XXI I .  I f  the acids are dibasic, a difunc- 
tional amine forms X X I I I .  I t  can react with dimer 
acids to give a polyamide and with an epoxy resin 
to give a erosslinked resin. 

I f  a triamine such as diethylenetriamine is used, a 
free amino group still remains and is reactive toward 
epoxy resins and other resins (129). As the imidazo- 
line content increases, the viscosity of the polyamide 
decreases, the heat distortion temp of the resultant 
epoxy-eured-resin increases, and the flexural strength 
is changed as shown in Table XVI.  The lower vis- 
cosity of the imidazoline derivative permits greater 
lati tude in formulation. Less viscous polyamides can 
be used to mix with the epoxy resins to give more 
suitable and more uniform products. 

Compatibility. Polyamide resins are compatible 
with a wide var ie ty  of commercially available resins 
and plasticizers from Acryloid A-10 to Zirex, and 
Abolyn to zinc stearate. In  general, they are con> 
patible with alkyds, bodied oils, phenolics, rosin 
esters, epoxy resins, phenol modified eoumarone- 
indene, and polystyrene. Of course, any generaliza- 
t iou regarding compatibility has to be qualified since 
under  special conditions and with modified products 
eompatibilities will vary. For  specilc information, 
you are referred to the manufac turer ' s  bulletin 
(113b). I f  your  needs go beyond this detailed infor- 
mation, you might wish to consult the supplier or 
experimental ly determine compatibility. The sup- 
plier 's  charts show pr imari ly  compatibilities at 10, 
50, and 90% polyamide, and, thus, represent  limits 
only. For  example, the best composition for shellac 
of 3 0 ~  polyamide resins (124) is not shown, but  the 
charts can be very  useful to anyone working with 
these resins. 

Uses of Polyamide Resins 

Polyamide resins have unusual  adhesion, resistance 
to corrosion, flexibility, chemical resistance, and other 
properties tha t  can be enhanced by reaction with 
epoxy compounds and resins. Thus, polyamides can 
be used alone or in combination with epoxys depend- 
ing on the specific properties desired. Protective 
coatings for a var ie ty  of materials (102,104,106,107, 
110,112,114,119,120,12.1,124,126,132) is a pr imary  
market. Other uses include structural  adhesives for  
autobody repair  (111) and other items (107,128), 
sealers for cans (116), masking tapes (118,122), addi- 
tives for corrosion resistance (121,135), control of 
shrinkage of wool (99), and nongelling inks (113e, 
141). 

Thixotropic Paints. A polyamide resin, such as 
one of the thermoplastics, can be used to prepare 
thixotropic paints. By proper  heating with a bodied 
off, alkyd resin, or other resinous product  containing 
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ester groups, a thixotropie additive is obtained (137). 
The basic groups of the polyamide react with the 
ester or acid groups in an alkyd resin or varnish to 
give a gel-forming resin. By varying the proportions 
of this additive in the paint and the amount of poly- 
amide used in making the additive, " g e l "  paints of 
varying thixotrophy can be obtained. The polyamide- 
ester gel can be used in atnounts of 10-50% of the 
total vehicle. These paints are known as the no drip, 
no spot, no splat ter  paints (102). These paints have 
been marketed in the U.S., Australia, Canada, Eng- 
land, and other countries. 

Polyamide-Epoxg Resins. Although polyamide 
resins have found some utility in surface coatiuo's 
and adhesives without modification, the reactive 
resins and their combination with epoxy resins have 
given versatili ty and superiori ty in many uses (106, 
107,110,113e-h,116,118-120,122,123,126,127,128,131). 
In  the curing of epoxy resins, a polyamine is used as 
a catalyst, a crosslinking agent, and an integral par t  
of the final resinous product.  The reactive poly- 
amides are condensation products of an excess of 
pol.vamine, such as diethylene triamine and dimer 
acids, and contain variable amounts of amine groups. 
The epoxy resin (diepoxide) reacts with the amine 
groups in the pol3"amide resin in a manner  similar 
to the scheme shown in Figure  16. The resulting 
product  X X I V  has both amine and alcohol groups 
and the remaining epoxy groups can react with either 
the amine or alcohol group to give a erosslinked 
polymer X X V  depending on the functionali ty of the 
polyamide and the proportions of reactants used. 
Some amine groups are retained and continue to aet 
as eatalyst and as a corrosion inhibiting group in the 
finished resin (70,121). Such combinations are use- 
ful in casting and laminating; s t ructural  adhesives; 
patching and scaling compounds; and protective 
decorative coat ing .  

For  specific applications, reference to the bulletins 
available from suppliers of polyamide and epoxy 
resins is suggested. A partial  list is found in refer- 
enees 113b-h. 

Coatings from Polyamide-Epoxy Resins. Gloss re- 
tention of epoxy-polyamide coatings is good and is 
superior to most amine-cured epoxy resin eoatings. 
Solventless coatings can be obtained by using a liquid 
polyamide such as reactive polyamide D and a liquid 
epoxy resin. These combinations of epoxy-polyamide 
resins are used for a wide variety of coatings such as 
maintenance coatings for metals wherein the basic 
polyamides are also corrosion inhibitors (106) 
primers for  metal (110) ; enamels for metals, plastics 
and wood; cleat' varnishes for marine use; and pipe 

H2NRpNH2 + CHz--CHRCH-CH2 
No/ \o / 

Basic Diepoxide 
Polyamide 

r 

H 
HTNRpNCHRCH-CH2 ~ Crosslinked 

] NO / Resin 
CH20H 
TTIT TIT 

FIG. 113. Basic polyamide reaction with epoxy resins or com- 
pounds to give a erosslinked produet. 
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masonry, paper, cellophane, Mylar, and glassine 
coatings. 

Five-year exposure tests and use have shown that 
these epoxy-polyamide resin coatings have unusual 
resistance to corrosion to salt spray, to chemical 
fumes par t icular ly  acid, and to tide water exposures 
where electrolytic action gives alkaline reactions. 
Even without corrosion inhibiting pignients, the 
epoxy-polyamide resins give ahnost as good per- 
formances as with them. Thus, the polyaniide resins 
aid as a corrosion inhibitor. Surfaces of several 
epoxy-polyamide white enamels showed no checking. 
apparent  erosion, or rusting af ter  five years of ex- 
posure (114). Genamides are also usefui in coatings 
(112,113h). 

Both dea r  and pigmented coatings can be pre- 
pared based on epoxy-polyamide compositions. 

Concrete Topping. The patching, repairing, and 
resurfacing" of eoncrete has always been a trouble- 
some and difficult operation. By use of sand-filled 
epoxy-polyamide resin blends, such operations can 
be done readily. Tenacious bonds are formed in layers 
as thin as ~ 6  in. to �88 in. thick even to uncured or 
damp concrete (134). Old floors tha t  are not  pow- 
dered but  are cracked can be made like new by add- 
ing only ~ 6  in. to ~ in. of polyamide epoxides 
combined with sand or other filler. Equipment  need 
not be removed. Rapid repair  of highways in warm 
weather (70F or above) is also very  effective. 

Cast6lg and Laminating Resins. Reactive resins C 
and D are also useful in casting and laminating for 
tools, dies, etc. (113f, g,129). By using a proper  
nlold-release agent, such as polyethylene or silicone 
greases, dies and tools can be readily made. The life 
of such dies is less than many metallic dies, but  they 
are much cheaper to fabricate if only a limited nunl- 
ber of parts are needed. Tools and repairs niade with 
epoxy-polyamide resins have unusual strength and 
durability. Since the imidazolines are less viscous 
than nlost of the reactive polyamides, they nlay 
have advantages in laminating as well as other uses. 
Genamides (113h) have lower viscosities. 

Effect of Ingested Products~Toxicity (?) 

In  the past 20 years, considerable research has been 
carried out on the nutri t ional  aspects of fats. This 
work has included studies on the adduet-forming, the 
nonadduet-forming monomerie, and the polymeric 
fa t ty  acids present  in heat-polymerized soybean, lin- 
seed, and safflower oils. Crampton et al. (13,14) 
showed that  nonadduct-forming monomers from the 
ethyl esters of heat-polymerized linseed oil killed rats 
when fed at 10 and 20% levels in the diet. Pol3nnerie 
esters from linseed oil re tarded growth. With poly- 
merized soybean esters, the polymeric fract ion killed 
most of the rats fed at 10 and 20% levels. The same 
fractions from sunflower oil did not prove toxic, but 
fractions at the 10 and 20% levels adversely affected 
growth. More recently, Bottino (6) reported that  poly- 
meric esters from methyl linoleate were weakly toxic 
but  that  their  effects could be counteracted by the 
addition of a good quali ty vegetable oil. Bott ino also 
studied absorptions showing that  the polymeric fa t ty  
esters were absorbed to a mueh lesser extent than the 
adduet- or nonaddnct-forming esters. 

The presence of nonadduct-forming esters in heat- 
polymerized linoleate had been reported by others 
(29). Undoubtedly, heat polymerization produces 
toxic products and evidenee is convincing that  the 

nonadduct-forming mononlers are toxic. However, 
the failure of these workers to examine their poly- 
meric fractions carefully for nonadduet-forming 
monomers suggests the polymeric fractions may not 
be toxic at all. We have seen earlier that dimer acid 
may contain from 1-10% of monomeric nlaterials 
(24). Since the nonadduct-forming esters are higher 
boiling than the adduct-forming esters, it is most 
likely that Cranlpton's and Bott ino 's  polymerie fa t ty  
acids contained appreciable amounts of the non- 
adduct-fornling fa t ty  acids and gave nmre adverse 
reactions than expected. More work is certainly 
needed to establish the relative toxicity of these two 
fractions. 

According to reports published by one manufac- 
turer  of polyamide resins, resins similar to the 
thermoplastic resins described in Table XV1 were 
nontoxic to rabbits at high levels of dosage (113a). 
A resin similar to resin C was tested and was rela- 
tively nontoxic by the oral or skin route in albino 
rats and rabbits, respectively. The mean lethal close 
was greater than 8.0 g/kg. A mild redness occurred 
on the skin of the rabbits at the exposure site, but no 
signs of toxicity appeared. 

Summary 

Dimer adds  are products fornled by the combina- 
tion of two nmleeules of unsaturated fa t ty  acids, such 
as oleic or linoleic. They have properties that are 
unique among commercial and other dibasic adds,  
and they impart  unusual properties to their deriva- 
tives. Dinler acids are good corrosion inhibitors for  
petroleum products and impart  this proper ty  to sonic 
derivatives. Their salts, simple esters, and polyesters 
improve the lubricating properties of hydraulic 
fluids, turbine, motor, and others oils and greases. 
Alkyd resins and varnishes containing dimer acids 
have better flexibility, more controlled drying, and 
superior water and alkali resistance. Dimer acid- 
polyamide resins are widely used as heat-sealing 
adhesives and as components of special epoxy-resin 
combinations. 
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