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ABSTRACT

phenol (DMP30), 2-methylimidazole (2MI), 2-phenylimidazole (2Phl) and

carbonyldiimidazole (CDI) at 0.6 and 1 phr contents on the curing behavior of
a diglycidyl ether of bisphenol A epoxy resin and dicyandiamide (dicy), a solid curing
agent, was investigated. Obviously, by changing the type and amount of accelerator,
the reactivity and curing behavior of the epoxy/dicy system can be controlled.
Methods: Measuring the viscosity build-up versus time, gelation time measurement
at 110, 120 and 130°C, tack, non-isothermal differential scanning calorimetry (DSC)
and glass transition temperature (Tg) characterization were used to study the reactivity
and curing behavior of epoxy/dicy system.
Findings: The CDI accelerator at 0.6 phr content showed the highest pot-life. The
pot-life of formulations decreased by increasing the amount of accelerator particularly
Keywords: when CDI was used. This difference in pot-life was lower for 2Phl and was not
changed for 2MI. Gel-time data showed that the reactivity of different accelerators
at high temperature was in order: 2MI > DMP30 > CDI > 2Phl. DSC test results
showed that by increasing the amount of accelerator the heat of reaction increased,
curing profile became sharp and glass transition temperature remarkably decreased.
The broadest curing profile of 14°C also was seen for CDI. The DSC results showed
that the reactivity of different accelerators was in order: 2MI > CDI > DMP30 > 2Phl.
In other words, 2Phl showed the lowest activity and the sharpest curing profile and
2MI showed the highest activity with the wide curing behavior. It seems that the CDI
accelerator at 0.6 phr content would be the best accelerator regarding the highest pot-
life at room temperature, high curing rate and maximum glass transition temperature

(T).

Hypothesis: The effects of four accelerators 2,4,6-tris(dimethyl aminomethyl)
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Table 1. Chemical structure and characteristics of materials used in this study.

Material Chemical structure Supplier Characteristics™®
Epoxy resin "°'i" + zeiendnon, Sy EMM: 184-190 g/eq
oo o . Mokarrar
(DGEBA) C/:’;CHCqu,@ﬁ:.@@m}éHCHX%@{;,@,OCH;H,\CHI Viscosity at 25°C: 12-14 Pa.s
NH
Dicyandiamide )k MP: 209-212 °C
Alz Chem
(Dicy) H,N NN Particle size: 10 um
H
OH
H,C CH,
2,4,6- N N MW: 265.4
Tris(dimethylaminomethyl) o o Mokarrar Liquid
phenol (DMP30) _on, BP: 130-135°C
N
I
CH,
° MW: 82.1 g/mol
: 82.1 g/mo
2-Methylimidazole )\ Sigma-
Solid
(2MI) T Aldrich
\ / MP: 142-143°C
N
o /N ' MW: 144.17 g/mol
2-Phenylimidazole N Sigma-
Solid
(2PhI) H Aldrich
MP: 142-146°C
0] MW: 162.15 g/mol
Carbonyldiimidazole )J\
(D) N 4N N /\\N Fluorochem Solid
=/ \—/ MP: 115-122°C

* EMM: epoxy molar mass, MP: melting point, MW: molar weight, and BP: boiling point.
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Table 2. Formulations used in this work to investigate the effect of type and amount of accelerators.

Code
Material
DMP30,0.6 CDL0.6 CDL1 2ML,0.6 2ML 1 2PhL,0.6 2Phl,1
Epoxy resin 100 100 100 100 100 100 100

Dicy 7 7 7 7 7 7 7
DMP30 0.6 0 0 0 0 0 0
2-Phenylimidazole 0 0 0 0 0 0.6 1
2-Methylimidazole 0 0 0 0.6 1 0 0
CDI 0 0.6 1 0 0 0 0
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Fig. 2. The pot-life of different epoxy formulations.
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Table 3. The tack of different formulations of epoxy/dicy/

accelerators.

Code Tack time (month)

DMP30,0.6 8

2PhL0.6 8

2PhL1 4

2MIL,0.6 4

2MIL1 3

CDIL,0.6 8

CDIL1 3
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Fig. 3. The gel time of different epoxy formulations at 110,

120 and 130°C.
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Fig. 4. DSC thermograms of different epoxy formulations.
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Table 4. Effect of type and amount of accelerators on curing behavior of dicy-cured epoxy resin.

Code T_(°C) T, (°C) T . (°C) AT=T_-T AH (J/g) T, (°C)
DMP30,0.6 133 149 176 43 448 88
2Phl,0.6 143 157 178 35 346 98
2MI,0.6 120 143 178 58 392 94
CDIL,0.6 127 149 182 55 327 99
2Phl, 1 137 148 171 34 413 89
2MI,1 116 136 169 53 413 91
CDL1 122 138 163 41 418 92
T,,; initiation, T ; peak, and T,,; final curing temperature.
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