
 
http://www.rasayanjournal.com 

 
Vol.3, No.1 (2010), 127-132 

ISSN: 0974-1496 
CODEN: RJCABP 

 

AMINO TERMINATED UNSATURATED POLYAMIDES                                                                                                                   Dinesh Patel 

AMINO TERMINATED UNSATURATED POLYAMIDES 
AND THEIR APPLICATION AS EPOXY RESIN HARDENER 

 
Dinesh Patel 

Department of Chemistry, Shree P.M.Patel Institute of Post Graduate Studies & Research in 
Science, Anand – 388001, Gujarat, India 

[Affiliated to Sardar Patel University, Vallabh Vidyanagar – 388120,Gujarat, India.] 
E-mail: drdineshpatel@rediffmail.com 

 
ABSTRACT 

Polymerization of β-phenyl glutaconic diethyl ester (GE) with various diamines (DA) at 1:2 molar ratios in 1,4-
dioxane solvent was carried out at reflux temperature. The resultant amino terminated unsaturated oligomers 
(ATUP) were characterized by elemental analysis, number of terminal amino groups, IR spectral studies, number 
average molecular weight estimated by non-aqueous conductometric titration and thrmogravimetry. These ATUP 
oligomers were used to cure epoxy resin, namely diglycidyl ether of bisphenol-A, and studied by differential 
scanning calorimetry (DSC). The unreinforced ATUP products have also been prepared and characterized. Glass 
reinforced composites based on the ATUP epoxy system have also been prepared and characterized.  
Keywords: β-phenyl glutaconic diethyl ester, 1,4-dioxane, differential scanning calorimetry (DSC). 
   
 

INTRODUCTION 
We reported the unsaturated Polyamides based on of β-glutaconic acid1.These polyamides have amide 
and unsaturated double bonds. If such polyamides prepared at higher ratio at diamine, the polymer may 
have amino terminated group. Such terminal NH2 and unsaturated double bond may participated into post 
curing reaction with either epoxy resin or vinyl monomer2. Though epoxy resin is now prime candidate 
for wide industrial application3-6.  The area in which the study on amino terminated unsaturated 
polyamide-epoxy resin curing has not been studied so far. These polyamides mostly contain amide groups 
and many maleimido double bonds in the polymer chains double bonds may play the major role in the 
post-curing of composite materials. The polyamides based on β-glutaconic acid and diamines at an 
equimolar ratio are reported to be thermally stable materials but have less practical importance1. The area 
in which the reaction of epoxy resins and amino terminated (β-glutaconic acid-diamine) oligomers (i.e. 
due to primary secondary amino functionality which can exhibit epoxy curing) has received little attention 
either academically or industrially, in spite of well defined application of polyamides and epoxy resins.  
Hence, the present paper comprises the synthesis and characterization of ATUP oligomers and their 
reaction with epoxy resin, namely diglycidyl ether of bisphenol-A (Scheme-1). The ATUP epoxy curing 
was studied kinetically by differential scanning calorimetry (DSC) as well as by curing of the 
unreinforced resins.  

EXPERIMENTAL 
Materials 
Diamines and β-phenyl glutaconic diester were obtained from SDS Chemicals, India. Commercial epoxy 
(diglycidyl ether of bisphenol-A) resin was obtained from local market.  
Specifications of epoxy resin are as  follows: 

(1) Epoxy equivalent weight 190-210. 
(2) Viscosity 4-10 P at 25ºC. 
(3) Density at 25ºC 1.16-1.17g cm-3. 
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Plane weave fibers, in the form of E-glass woven fabric (polyester compatible) 0.25mm thick (Unnati 
Chemicals, India) of a real weight 270 g.m-2 were used for composite fabrication. All other chemicals 
used were of pure grade. 
Synthesis of (ATUP) oligomers 
Synthesis of ATUP was carried out by the molar ratio 1:2 of GE:DA. A typical synthesis as follows. 
A well stirred solution of diamine (0.02M) and β-phenyl glutaconic diethyl ester (0.01M) in 1,4-
dioxane(50ml) (1:2 ratio)wasrefluxed. The resultant homogeneous viscous mass was poured immediately 
into a large amount of solvent ether cooled by ice. The ether was decanted and washed twice with more 
ether to remove unreacted diamine. The dried powder was then washed with hot DMF (20ml) to remove 
unreacted β-phenyl glutaconic diester (GE). The ATUP oligomer then air dried. The details about all four 
oligomers are given in Table-1. 
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Composite Fabrication 
The composites were prepared by using E-type of glass fiber. The glass fiber: resin ratio is 60:40 
(30%ATUPs resin + 10%DGEBA). Suspensions of ATUPs (I) were prepared in tetrahydrofuran. In the 
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suspension of above polymer 1% of ethylene dimethyl acrylate (as a cross linking agent) with 0.05% 
benzoyl peroxide (as an initiator) were added and mixed well. The mixture was applied with a brush to a 
200mm × 200mm glass cloth and the solvent was allowed to evaporate. The ten dried prepgregs prepared 
in this way were then stacked one on top of another and pressed between steel plates coated with a 
“Teflon” film release sheet and compressed under 70 psi pressure. The prepgregs stacks were cured by 
heating it in an autoclave oven at 2200C for about 6 hour. The composites so obtained were cooled to 45-
500C before the pressure was released. The composites were then machined to final dimensions.  
Measurements  
The C, H, N contents of all oligomers and their epoxy cure products were estimated using an Elemental 
Analyzer. 
The IR spectra of all ATUP oligomers and their epoxy-cured products were scanned in KBr pellets on a 
Nicollet 760 D spectrometer. 
The number average molecular weights ( Mn ) of ATUP oligomer were determined by a non-aqueous 
conductometric titration method reported earlier7,8. A formic acid- acetic acid mixture was used as a 
titrant. A digital conductivity meter (Toshniwal, India) was used for the titration. 
Curing of ATUP epoxy resin was carried out by differential scanning calorimetry. A Du Pont 900 DSC 
was used for this study. The instrument was calibrated using standard materials of known heat of fusion. 
Curing was carried out using a single heating rate (10ºCmin-1). The weight of the sample for this 
investigation was in the range of 4-5 mg and an empty cell was used as a reference. 
Thermogravimetric analysis (TGA) of all oligomers and their epoxy cure products was carried out on a 
Du Pont thermobalance in air at a heating rate of 10ºCmin-1.  
Composite Characterizations 
All the chemical, mechanical and electrical tests on composites were conducted according to ASTM 
methods (as listed below) using three specimens for each test. 
Chemical Resistance Test 
The resistance against chemicals of the composite samples was measured according to ASTM D 543. The 
chemicals used for the study were H2SO4 (25%v/v), HCl (25%v/v), NaOH (25%w/v), ethanol, acetone, 
DMF and THF. The tests were performed by dipping the composite samples in 100 ml each of the 
reagents for 7 days at room temperature. After 7 days the specimens were taken out from the reagents and 
after drying they were examined for the percentage changes in thickness and weight. The results are 
furnished in Table-4. 
Mechanical and Electrical Testing 
(1) The flexural strength was measured according to ASTM D 790. 
(2) The compressive strength was measured according to ASTM D 695. 
(3) The impact strength was measured according to ASTM D 256. 
(4) The rockwell hardness was measured according to ASTM D 785. 
(5) The electrical strength was measured according to ASTM D 149. 
All mechanical and electrical tests were performed using three specimens and the average results are 
summarized in Table 5. 

 
RESULTS AND DISCUSSION 

The objective of the work reported here was to synthesize amino terminanal β-phenyl glutaconic diester-
aromatic diamine oligomers and to use at these for curing of epoxies. It was feared that the large-
molecular-weight diamine oligomer could not cure epoxy resin properly (for example, a higher cure 
temperature may be needed). Hence attempts were made to establish the synthesis of ATUP oligomer 
having low molecular weight and more reactive amino groups. 
The synthesis of ATUP oligomers were performed using amidation process9.Consequently oligomers 
reported here were carried out for shorter periods. It was observed that heating of GE at 120°C did not 
induce addition polymerization. This happened only at elevated temperature or by use of an initiator10,11. 
This indicated that there would be absence of poly-GE species in the ATUP oligomer. The ATUPs 
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produced are soften at 110-130°C depending upon the nature of the oligomer. They are insoluble in 
common organic solvents. The C, H and N contents of all four oligomers (Table-1) are consistent with 
their predicted structure (Scheme 1). All the four oligomers showed the red azo dye test conforming the 
presence of aryl amino groups. This suggests that there are terminal primary NH2 groups in the oligomers. 
A typical IR spectrum of ATUP is shown in the figure 1. Examination of the IR spectra of the oligomers 
reveals that each spectrum comprises the strong bands around 1700cm-1, 1650 cm-1,1050 cm-1 and 730 cm-

1 due to the presence of the amine group12. The bands around 3300 and 3400 cm-1 is attributed to the 
1°NH2 terminal group. The medium bands 2920 and 2850 cm-1 are attributed to the -CH2- group present in 
the polymer chain13. The bands observed in fingerprint region are due to the aromatic moiety of diamine. 
The NH2 value per repeat unit and polymer chain have also been calculated on the basis of 
conductometric titration data14. These are shown in Table-1.  
The TGA data of all oligomers are given in table 1. Examination of TGA data reveals that the oligomers 
start their decomposition around 150°C. The rate of decomposition increase between 200°C and 425°C, 
and all oligomers decompose completely around 625°C are shown in figure 2. 
The cure reaction of ATUP epoxy was studied for stoichiometric ratios of ATUP epoxy namely. Figure 3 
shows a typical DSC trace from 72°C onwards with heating rate of 10°C min-1. The data obtained from 
DSC scans are given in table 2. From the DSC thermograms obtained it was seen that all ATUP-epoxy 
resin cured systems gave a single exothermic peak in the range 68-190°C  depending of nature of ATUP. 
From the DSC thermograms the kick-off temperature (Ti),peak exotherm temperature(Tp) and 
temperature of completion of cure(Tf) were obtained. These data (table 2) reveal that the curing 
temperature of the ATUP-epoxy system depending upon the nature of ATUP oligomers. The kinetic 
parameters such as E (activation energy) and n (order of reaction) were calculated by assuming that the 
curing reaction obeys Arrhenius-type kinetics and that the peak maximum represents a point of constant 
conversion for each heating rate. To obtain information about the properties and temperatures as stated in 
table 2. The unreinforced cured ATUP-epoxy resin samples are dark brown in colour and slightly hard 
materials that form powder under normal hand pressure. They are insoluble in all common organic 
solvents including formic acid. They are swelled little by 25%v/v NaOH. Thermogravimetric analysis of 
all the unreinforced crosslinked materials reveals that they all degrade in a single step and start their 
decomposition at around 300°C. Degradation    becomes faster between 325°C and 500°C. The weight 
loss was about 90% at 650°C in all cases. 
IR spectra of five unreinforced cured products clearly show disappearances of the oxirane ring (910cm-1). 
The inflections at 1170 cm-1 in the spectra of unreinforced product obtained by using a higher proportion 
of epoxy may be due to the ether linkage arising from the homopolymerization of the epoxy resins by 
formation of tertiary amine. However, the homopolymerization of epoxy resins is only possible in the 
presence of tertiary amine catalyst at elevated temperature15.  
The composites were characterized for their chemical resistance test their results are furnished in Table-4. 
The composites were also characterized for their mechanical and electrical tests. Their results are 
furnished in Table-5. The results shows that composites have good chemical resistant property, good 
mechanical and electrical strength.  
The results furnished in Table-2 to 5 it self suggests that these blends give high curing temperature, slow 
degradation of product (i.e. low weight loss), good chemical resistance, good mechanical and good 
electrical strength. The results show that composites can be competitor to commercial   resins. 

 
CONCLUSIONS 

1. Reactive oligomers have been produced at five different molecular weights from the reaction of 
β-phenyl glutaconic diester (GE) with various diamines (DA). 

2. These oligomers were characterized by a variety of techniques. 
3. The oligomers were used to cure epoxy resin (DGEBA). Reactivity parameters were calculated. 

Reactions were more reactive than their higher molecular weight counterparts. 
4. Preliminary mechanical property testing on the cured blends was carried out. The systems 

exhibited reasonable mechanical properties. 
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5. Optimization of oligomers structure and molecular weight and its reaction with epoxy resins is 
the subject of further work. 
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Table-1: Synthesis and Characterization of ATUP oligomers. 
 

Elemental Analysis Conductometric 
curve titration 

% weight loss from TGA at various 
temperatures 

Oligomer 
sample Yield %C 

Calc. 
(found) 

%H 
Calc. 

(found) 

%N 
Calc. 

(found) 

HClO4 
at first 
break 

in 
titration 
curve, 

X(meq) 

Mn from 
first 

break 
100/(X 
x10-3 ) 

200°C 300°C 400°C 500°C 600°C 

1a 89 73.38 
(73.32) 

5.03 
(4.98) 

10.07 
(10.03) 59.52 1680 11.6 37.7 58 71 92 

1b 86 73.38 
(73.34) 

5.03 
(4.96) 

10.07 
(10.02) 59.66 1676 11.9 37.1 56 73 92 

1c 87 73.97 
(73.90) 

5,47 
(5.43) 

9.58 
(9.54) 57.01 1754 11.4 37.3 53 70 95 

1d 83 77.96 
(77.89) 

5.08 
(5.01) 

7.90 
(7.85) 47.19 2119 11.8 37.9 57 75 91 

 
Table-2: Curing characteristics of ATUP epoxy system at  heating rates 10°C min-1. 

 

Resin 
systems 

Kick off 
Temp.Ti(°C) 

Peak  
Temp.Tp(°C) 

Final  
Temp.Tf(°C) 

Activation 
energy, 

Ea(kcal mol-

1) 

Order of  
reaction 

1a 75 108 155 33.57 1.1 
1b 74 107 154 33.56 1.1 
1c 76 110 153 33.58 1.12 
1d 74 105 157 33.55 1.11 

 
 

Table-3: TGA of unreinforced ATUP epoxy cured materials 
 

% weight loss from TGA at various temperatures Resin 
 systems 

250°C 300°C 400°C 500°C 600°C 
1a 2.6 17 46 58 92 
1b 2.8 19 48 57 94 
1c 2.4 20 45 53 97 
1d 2.9 18 42 56 96 
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Table-4:Chemical resistance properties of ATUP-epoxy rersins 
 

% Change in ATUP-epoxy resins (1a-c) 

1a 1b 1c 1d 

Reagents 
 
 
 Thickness Weight Thickness 

 
Weight 

 
Thickness 

 
Weight 

 
Thickness 

 
Weight 

 
H2SO4 1.14 1.83 1.14 1.86 1.17 1.86 1.12 1.87 
HCl 0.82 1.22 0.86 1.25 0.24 1.27 0.23 1.26 

NaOH 0.72 1.08 0.77 1.15 0.89 1.16 0.85 1.13 
Ethanol 0.25 0.35 0.29 0.36 0.24 0.39 0.27 0.37 
Acetone 0.19 0.28 0.24 0.34 0.26 0.34 0.24 0.35 

DMF 1.09 1.87 0.20 1.92 0.17 1.97 0.16 1.97 
THF 0.53 0.76 0.60 0.80 0.65 0.88 0.62 0.83 

 
 

Table-5: Mechanical  and Electrical ATUP-epoxy resins 
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Composites of  
ATUP-epoxy 

resins 
 

Flexural 
Strength 
(MPa) 

Impact 
Strength 
(MPa) 

Compressive 
Strength (MPa) 

Rockwell 
Hardness    

(R) 

Electrical 
Strength in 

air (kV/mm) 

1a 395 404 394 82 21.6 
1b 398 413 392 84 21.4 
1c 395 417 388 82 21.2 
1d 394 416 386 83 21.8 


