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ABSTRACT 

A laboratory procedure for synthesizing an alkyl- 
aryl polyamide curing agent for liquid epoxy resins 
from commercially available, low cost materials is 
given. The various chemical reactions required to ob- 
tain the desired end-product are described, and sever- 
al propert ies of  the novel polyamide are listed. This 
agent was found suitable for producing foamed or 
frothed epoxy  products.  

INTRODUCTION 

Use of  dimer acids for the product ion of polyamide 
resins has been known since 1940 (1). However, it was not 
until 1946 that  the first feasible commercial  process was 
disclosed (2). Recently, another type of fat ty acid dimer 
has been described that  depends upon cationic copolymeri-  
zation of a conjugated fat ty  ester with styrene and that  also 
may be used for producing polyamide resins (3-6). 

The work described here is basically a simplification and 
improvement of the lat ter  process. By starting with a com- 
mercially available conjugated linoleic acid, an isomeriza- 
t ion step is eliminated, and, because of  the high conjugated 
unsaturation content of the precursor, the formation of  the 
dimerized product  by reaction with styrene is enhanced 
greatly. In addition, a more reproducible product  is obtain- 
able because the starting material has a uniform fat ty  acid 
co mposition. 

EXPERIMENTAL PROCEDURES 

Esterification 

The precursor is a commercial  material known as 
Pamolyn 380, supplied by Pine and Paper Chemicals De- 
partment,  Hercules, Wilmington, Del. Their Product Data 
Sheet Number 7046 lists the following properties for the 
material: unsaponificables, 1.5%; resin acids, 1.2%; iodine 
number,  154; fat ty acid composit ion (conjugated linoleic 
acid), 76%; linoleic acid, 6%; oleic acid, 17%; and saturated 
acids, 1%. 

Into a reaction flask f i t ted with a stirring device, reflux 
condenser, and dropping funnel, 1 mole Pamolyn 380 and 
2.80 g concentrated sulfuric acid catalyst are added. (The 
amount  of sulfuric acid added represents 1% by wt of the 
to ta l  amount  of  Pamolyn 380.) The mixture is heated slow- 
ly to a temperature of 50 C. Anhydrous methyl alcohol 
(2 moles) present in the dropping funnel is added drop- 
wise to the heated solution. The reaction mixture is 
brought up to a temperature of 80 C and left to react for 
48 hr. The mixture is collected and washed with a 25 ml 
port ion of water and then is extracted with anhydrous 
ethyl ether. The extracted etheral layer is dried over anhy- 
drous magnesium sulfate, filtered, and the ether port ion 
evaporated. The end-product  is collected by distillation at 
180 C under a vacuum of 1 tort .  

Styrenation 

Into a reaction flask fi t ted with a stirring device, reflux 
condenser, and dropping funnel, 1 mole esterification prod- 
uct is mixed with a phosphoric-acid activated bleaching 
earth copolymerizat ion catalyst. (The amount of copoly- 
merization catalyst added represents 2% of  the amount  in g 
of  the esterification product . )  The mixture is heated slowly 
to a temperature of 120 C. Styrene (1 mole)present  in the 
dropping funnel is added dropwise to the heated solution. 

The reaction temperature is maintained at 120 C for 1 tLr, 
heated to 150 C for 1 hr, then to 180 C for 4 hr. The mix- 
ture is collected and filtered to remove the catalyst. 

Amidation 

Into a reaction flask fi t ted with a stirring device and 
reflux condenser, 100 g styrenated product  and 27.2 g 
tetraethylenepentamine (TEPA) are added. At this point,  
the stoichiometric ratio of styrenated product  to TEPA is 
1:1/2. The 27.2 g TEPA represent the first half of the total  
TEPA addition. A Barrett distilling receiver is incorporated 
to collect the methanol side-product. The reaction contents 
are stirred and refluxed at 220 C for 3 hr. During this time, 
samples are removed periodically from the reaction mixture 
to moni tor  the rate and degree of amidation. After 3 hr, or 
when no further amide carbonyl formation is observed, the 
second port ion of 27.2 g TEPA is added to the hot reaction 
mixture. The stoichiometric ratio is now 1:1. The mixture 
is allowed to react for an additional 2 hr at 220 C. During 
this time, reaction samples are evaluated agaiI~ by IR analy- 
sis to ensure complete amidation. If it is observed that the 
maximum amide carbonyl formation is at tained prior to the 
end of the 2 hr, the reaction may be terminated. 

DISCUSSION AND RESULTS 
The esterification procedure achieves nearly 98% conver- 

sion to the methyl ester as determined by recovered prod- 
uct. The ester was prepared since the free acid group possi- 
bly could affect the cationic reaction with styrene. The 
sectional IR spectrum in Figure 1 shows the carbonyl ab- 
sorption of  Pamolyn 380 prior to and following esterifi- 
cation. The esterification of  Pamolyn 380 is noted by a 
shift of  the carboxylic acid carbonyl peak at 5.38 p to the 
ester carbonyl peak at 5.72 p. 

The formation of the alkyl-aryl intermediate is solely 
dependent upon the cationic copolymerizat ion reaction be- 
tween the conjugated fat ty  acid ester and monomeric sty- 
rene. The process of cationic copolyrnerization is widely 
known. It has been performed in the presence of catalysts, 
such as peroxides, acids, or Friedel Crafts catalysts, and the 
conditions under which the reaction is performed may be 
varied widely, depending upon the desired end-product.  
This particular reaction is, however, enhanced by a cation 
exchanger in the acid form. The idealized styrenation 
reaction product  is shown in equation 1 : 

0 
| l  

CH3-( CH 2 ) 5-CH 2-CH-CH= CH- ( CH 2 ) 7-C-0 CH3 

CH 2 
I 

©-CH o 
CH3-( CH 2 )5-CH2-CH-CH= CH-( CH 2 )7-C-0CH3 

Styrenated conjugated methyl linoIeate 

The styrenat ion reaction to  form the conjugated methyl 
linoleate described here should yield the reaction product  
shown in equation 1. This rationale is based upon the fact 
that fat ty acids undergo diene synthesis with other dieno- 
philic reactants (7). IR spectroscopy was used for ascertain- 
ing the gradual disappearance of the absorption bands of 
the 9, 11 conjugated methyl l inoleate as it was copoly- 
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FIG. l.  Sectional IR spectra comparison of Pamolyn 380 before 
and after esterification with methyl alcohol. 
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FIG. 2. Gel permeation chromatography analysis of products 
from styrenation of conjugated methyl linoleate. A,B = styrene 
oligomers, C = polystyrene, D = methyl linoleate, E = monostyrene- 
monomethyl linoleate, F = monostyrene-dimethyl linoleate, and G = 
distyrene-trimethyl linoleate. 

merized by the styrene monomer.  
It was verified further by studying the copolymerizat ion 

reaction that  two or more conjoint fa t ty  acid esters were 
l inked together between one or more styrene molecules. 
Gel permeation chromatography (GPC) was used in this 
work to define the various oligomeric and polymeric 
styrene-methyl linoleate compounds formed during the 

,i,, 

0 

AMIDE I / 
CARBONYL 

~ I O ~ E  2VIBRATIO N ~/ 

l I I I 
6.05 6.25 6.1~6 6.81 

WAVELENGTH IN MICRONS 

FIG. 3. Sectional 1R spectra of the styrene-methyl linoleate 
copolymer-tetraethylenepentamine reaction product. 

s tyrenation reaction. By regulating the reaction conditions, 
it was possible, as shown in Figure 2, to  synthesize a 
material possessing a structure inherently equivalent to  the 
copolymer product  shown in equation 1. The relative 
amounts of  the styrene-methyl l inoleate molecular combin- 
ations are affected by changing the stoichiometric amount 
of catalyst only (chromatogram II) and by changing the 
amount of catalyst in combinat ion with a change in 
reaction temperature (chromatogram III). Chromatogram I 
depicts the results of a styrene-rich reaction condit ion 
having considerable unreacted monomeric methyl linoleate 
and a high degree of  ohgomeric and polymeric styrene. 

The final step in the synthesis of the fat ty polyamide is 
amidat ion of  the s tyrenated product.  This is accomplished 
by reacting the styrene-methyl l inoleate copolymer with 
the correct s toichiometric  amount of the polyamide,  TEPA, 
as shown in equation 2: 

0 9 
CH3-( CII2 ) 5-¢H2*~H-CH= CH- ( CH2 ) 7-C-0¢H 3 CH3-( CH2 ) 5-CH2-CH-CH~ CH- ( CH2 )7-C-HII-R 

OH2 • 2f12t(_ R ~ ~ 2  
o-!, o ©-~ o .2c.3o. 

- I ,, 
OH3-( CH2 ) 5-CH2"CH-CH= CH- ( CH2 )7-C-OCH 3 OH3-( CH2)5-CH2-CH-CH: CH-( OH2 )7~C-NH-R 

I I J t I J L'--I I k ~  
STYRENE-NETHYk LIKOLEATE TEPA FATTy 
COPOLYMER POLYANIDE METHANOL 

WHERE R : -CH2CH2-NH-CH2CH2-NM-CH2CH2-NH-CH2CH2-N# 2 

Styrene-methyl linoleate copolymer reacted with tetraethylene 
pentamine to form fatty polyamide 

The reaction between the amine and the eopolymerized 
fat ty acid ester is interesting, since TEPA has both primary 
and secondary amino groups. Both may be considered as 
potential  reaction sites with the ester group in forming this 
amide. The secondary nitrogens possess a greater basicity 
and are, therefore,  expected to have greater reactivity with 
the ester group than the primary amine-nitrogens.  The 
point being made is that  the greater the degree of secondary 
amine reaction with the ester, the greater the amount  of 
free primary nitrogens; conversely, the more primary amine 
nitrogens that  react with the ester, the greater the amount  
of free secondary amine nitrogens. Since greater epoxy- 
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TABLE I 

Typical Properties for Alkyl-Aryl Polyamide Derived Using 
Synthesis Procedure Described 

Property Value 

Refractive index at 25 C 1.5236 
Molecular weight (VPO) a (g/mole) 1,000 
Amine value b 440 
Viscosity, CPS c at 25 C 5,000 

a v P o  = vapor phase osmometry. 
bAmine value represents the determination of total amine nitro- 

gen within the compound and does not differentiate between pri- 
mary, secondary, or tertiary amines. 

cCPS = centipoise. 

amine  cross l inking r eac t ion  is ach ieved  wi th  p r imary  amine  
n i t rogens  t h a n  w i t h  s e c o n d a r y  amine  n i t rogens ,  the  m a n n e r  
in  which  the  amines  reac t  wi th  the  es ter  g roup  will deter-  
mine  t he  even tua l  reac t iv i ty  o f  t he  p o l y a m i d e  wi th  epox ide  
groups.  

I t  was d e t e r m i n e d  t h a t  t he  ra te  of  add i t i on  o f  the  TEPA 
to  the  s t y r e n e - m e t h y l  l ino lea te  c o p o l y m e r  was an  impor -  
t a n t  f ac to r  in  govern ing  t he  s t r u c t u r e  of  t h e  po lyamide .  I R  
analysis  was a useful  t o o l  for  m o n i t o r i n g  t he  progress  o f  the  
reac t ion .  The  IR  s p e c t r u m  of  the  f a t t y  po lyamide  der ived 
f rom the  r eac t i on  b e t w e e n  the  c o p o l y m e r  and  t he  poly-  
amine  is s h o w n  in Figure 3. The  s t r u c t u r e  of  the  amide  can 
be co r re la t ed  t o  the  amide  1 c a r b o n y l  a b s o r p t i o n  at 6 .05 # 
and  the  amide  2 v ib ra t ion  appear ing  in t he  6 .46 ~t region.  
The  sec t ions  o f  the  s p e c t r u m  no t  p i c t u r e d  were r ep resen ta -  
t ive of  the  s t ruc tu re s  i n h e r e n t  to  t he  c o p o l y m e r  and  the  
r e m a i n i n g  R-group o f  t he  po lyamine .  

Lis ted in  Table  I are some  typ ica l  p roper t i e s  for  the  
alkyl-aryl  p o l y a m i d e  derived using t he  synthes i s  p r o c e d u r e  
descr ibed.  

The  p r o d u c t  was f o u n d  to  be qu i t e  soluble  in  l iquid  
e p o x y  resins and  readi ly  conver t s  t h e m  i n t o  hard ,  in fus ib le  
compos i t i ons  by  the  cur ing m e c h a n i s m  of  t he  amine  and  
amide  groups  wi th  ox i rane  l inkages.  In add i t i on  to  cur ing 
e p o x y  resins,  t he  alkyl-aryl  p o l y a m i d e  has  t he  capabi l i ty  of  
s tab i l iz ing  cells o f  air w h i c h  have  b e e n  wb_ipped i n t o  a mix-  
tu re  o f  the  p o l y a m i d e  and  a l iqu id  e p o x y  resin.  This 
p r o p e r t y  makes  the  mater ia l  su i tab le  for  use in  the  prepara-  
t i on  of  f o a m e d  or  f r o t h e d  c o m p o u n d s .  A typica l  fo rmula -  
t i on  used for  pa t ch ing  ex te rna l  voids in  m o l d e d  rigid ure- 
t h a n e  foam par ts  or  fill ing cells in  pape r  h o n e y c o m b  is 
given in Table  II. 

TABLE II 
Formulation and Processing Parameters for 

Foamed Patching Compound 

Components Wt ,.(g) 

Epon resin 826 110 
Versa mide 140 74 
Alkyl-aryl polyamide 15 
Phenolic microballoons 35 
Cab-O-Sil, M-5 4 

Mixing conditions a Time (min) 

Resin and amides b 
92 rpm 1 

170 rpm 1 
Resin, amines, and filler b 

92 rpm 1/4 
170 rpm 1 

Properties Values 

Density (lb/ft 3) 22 
Hardness (Shore A) 96 

aUsing a Hobart Kitchen Aid mixer. 
bMixing temperature = 100 F. 

In add i t i on  to the  above  app l ica t ion ,  t he  p o l y a m i d e  
m a t e r i a l  w a s  e m p l o y e d  successful ly  as a cata lys t -  
c ross l inking agent  in  rigid u r e t h a n e  f o a m  systems.  
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