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Fig. 1 Proposed mechanisms of DGEBA cured by 2,4-EMI
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Fig. 2 Isothermal DSC curing curves of DGEBA with Ei +Heize % jLAgﬁ{%iu 2,4-EMI/DGEBA ﬁig%%

various concentrations of 2,4-EMT at 90°C
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Fig. 3 Isothermal DSC curing curves of DGEBA with 2,4-
EMI at various temperatures at phmr=8.9

4-EMI & B i 38 i, o e 5 e 5 4 e T R 0 Y
T B 3 A, P A T 0 O T X Y B R R D, X
BN 2,4-EMI 3 8 5% hu 6, iR S B BT o5 B9
B8 K, BB B 46 18 5 WA . RO B R K B
BT, WK, RN 3R, R BT X Y B

B SEERE T HEREN:
taa(s) = exp{[8969/T,(K}] - 18.74} (1)
ERIEESHEREN, TBHRTWRER, ¥
37 2,4-EMUDGEBA Efbik R Mz H ¥ A
R

dl1)sde = - k,[I][E] (2)
d[A1l/de = E,[1][E] - &, [AL][E] (3)
T < by
d[A21/de = K.[AL][E] (4)
d(Elfdt = - & [II[E] - #,[A1][E] (5)
I =z by

‘d[AZ]/dt = ¥ [A1][E] - k. [A2]{E] (&)
d[Eltd: = - k [I[E] - & [A1][E] -

kLA™ ][E] (7

[aA™] = [1], - [1] - [A1] (8)

A (1], ZoEEw 2 2,4-EMI ¥ B, (E1. (1],

[AVI[A2]#I[A" 14 B H HE . 2,4-EMI. 121

I 12 MR ATEE R ORI, kL kL

ko oral 1:1 M. 1:2 Jn Bl A4 A BRI

HEREH , Heise S &, = k', ERE 2,4



L4 BREE - L84 PREKEELFEREFRDHERD 23

EMI/DGEBA & £ B9 1 iU I 3 1 2 W 4 (3R 1)
EEARESRMEE, (A JBEAT, A #
EEERNAAE—FRN, REZFH L, =
kA" ], 7ESF IR DSC 2k 4k 5 & 0L B B, #1
(9T REA B A B 2,4-EMI/DGEBA £ 7 fi
LRE R AEEBEELD.

In(l - &) =- k.t (9)
Table 1 Activation energies ( E,) and frenquency factors (A ) of 2,4-
EMU/DGEBA system

Adduct reactions Catalytic polymerizations

phmr k. (L/mol-s) k'r(s")
E((kJimol) in(4) E,(kj/mol) In{A) R
8.9 74.00 18.33 69.51 17.16 -(.9988
14.2 74.00 18.33 78.90 20.71 -0.9915
100
80
60
g
3 40 < phmr =8
——— Model without
diffusion effect
20 Model with
diffusion effect
.0 Pt I 1 I 1
0 2 4 6 8 10 12

Time {min)

Fig. 5 Kinetic simulation and comparison with experimental
data of the curing of DGEBA with various concentrations of

2,4-EMI at 110°C
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Fig. 4 Kinetic simulation and comparison with experimenial
data of the curing of DGEBA with 14.2 mol% 2,4-EMI at

varibus temperatures
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Table 2 Parameters a, and € in the model with diffusion effect

T.(C})
phmr  Parameter
90 95 100 110 120
8.9 a, 0.782 0.801 0.823 0,881 0.927
’ ¢ 46.9 488 457  51.2  53.5
14.2 a, 0.761 0.810 0.829 0.878 0.924
' c 483  S51.1 47.0 52,7 515
100
95
S0+
£
3
80
W & versus T by
present paper
EER © o versus T by
reference
70 1 ! I |
90 100 110 120 130
Temperature (°C)

Fig. 6 Relation of a, versus T, and @ versus T, for 2,4-

EMI/DGEBA system at phmr = 8.9
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CURING KINETIC MODEL OF
THE 2-ETHYL-4-METHYLIMIDAZOLE/EPOXY SYSTEM

PAN Pengju, SHAN Guorong, HUANG Zhiming, WENG Zhixue
( State Key Laboratory of Chemical Engineering ( Polymer Reaction Engineering Division) ,
Depariment of Chemical Engincering , Zhejiang University , Hangzhou 310027)

Abstrict The system of bisphenol-A diglycidyl ether type epoxy resin ( DGEBA) cured with 2-ethyl-4-
methylimidazole (2,4-EMI) was studied by means of differential scanning calorimetry (DSC) in isothermal mode.
Analysis of DSC curves indicated that the curing reaction could be separated into two stages, the addition reaction
and the catalytic polymerization, as proposed in the literatures . The catalytic polymerization reaction has an induction
period which decreases with the increasing of curing temperature ( T, ). The rate constants for the catalytic
polymerization stage were calculated from DSC studies. A curing kinetic model separated into two steps by the
induction peried was developed based on the reaction mechanism. The model can predict part of the experimental
results ,but some deviations are observed at the higher values of curing degree () . A critical value of curing degree
{a,) and a diffusion factor were introduced ,and a diffusion controlled curing kinetic model was developed . For the
systems of various concentrations of 2,4-EMI cured in the temperature range of 90 ~ 1207 , the values of «, were
calculated . The studies show that the diffusion factors affect the curing kinetics greatly in the higher values of a.
When the value of e is low, the reaction is controlled by the chemical factors, but it is controlled by diffusion, when
a is high.The value of . is mainly affected by the glass transition of the system. With the increase of T, ,the curing
degree at the glass transition increases and thus the value of a, increases too. ,

Key words Epoxy resin, 2-Ethyl-4-methylimidazole, Curing kinetics, Diffusion



