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Study on the Curing Kinetics of the Novel Latent Epoxy
Resin Systems
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Abstract: The curing processes of 51 epoxy resin with two types of curing agents, such as a modified 2- ethy:-4-methylimidazole
(MIM) and a microcapsule type curing agent with MIM as the core material ( MIC), were studied in detail by the nom-isothermal
differential scanning calorimeter (DSC) technique respectively, and the kinetics of the curing processes were analyzed by Kissinger and
Crane equations, based on which the relationship between the curing kinetic parameters of the curing systems with the storage lives of the
curing agents at om temperature were discussed in detail. Compared with I 51/ MIN sysem at different heating rates, it was found that
I 51/ MIC system exhibited lower exothermic heat, the same reaction order (0. 89) , higher apparent activation energy, higher frequency
factor and longer storage life at room temperature.
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Tab. 1 Themodynamics parameters of the E-51/MIM and E- 51/ MIC curing reactions at different heating rates

E51/MIM E-51/MIC
@/ (K*min™ )
Ti/ K T,/K /K~ AH/(Feg )  T/K T,/K /K - AH/(Jog ")
335.94 37197 379.85 539.06 358.67  386.08  428.09 481. 26
5 348.56  383.15  386.08 562.36 360.79  398.27  433.33 515. 94
10 347.77  397.46  404.82 527.51 363.11  410.36  446.51 512. 46
15 344.49  406.13  430.95 536. 63 368.53  421.14  458.35 481. 26
20 35472 415.60  444.43 496. 08 360.95  430.51  487.69 485. 16
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Kissinger L E, T, @ :
din( ¥ T;)/d(1/T,) = — EJ/R (1)
R T, DSC
., In(@T;) /T,
3 ) In( ¥T;) /T, ,
Yum= — 6. 104X + 5. 6792  Ymic= — 6. 5079X + 6. 0406,
Ry Rinc 0.9968  0.9916, Kissinger
, - Eaum/R - Eauc/ R - 6. 104 - 6.5079,
Ewm  Ewc 50. 8kJ/mol  54. 1kJ/ mol
DSC , E- 51/ MIC
-8.8 35
o ¥y =—6.1074.X+5.6792 304 YW=-6_892&\’+19.627
- R =0.9968 R= 09975
961 231
& o MIM 5 . o MIM
s -100 o MIC = o MIC
£ 104+ 1.5 4
-1089 T,,.=-6.50791+6.0406 104 Fige=-73226X+20.62
R*=0.9916 R*=0.9934
112 . . 05 —
22 24 26 28 22 23 24 25 2.6 2.7 2.8
10‘37;"/}\'" 10'3TF"/K"
3 (T /T, 4 n® /T,
Fig. 3 Ksinger s plot of In( &/ T ) versus /T, Fig.4 Crane s plot of In @ versus /7,
Crane [ (n), Crane :
d(In D)/ d(1/T,)= - [E/( nR)+ 2T, ] (2)
(2) . EJ/(nR) >2T,, Crane d(In ©/d( /T, )= - Eda/(nR)
., o (UT,) 4
s h® (1/T,) ,
Yum= - 6.8928X + 19.627  Ywmc= — 7.3226X + 20. 062, Rim  Riic
0.975  0.9934, Crane
, - Eanw/(nR) - Euuc/(nR) - 6.8928 - 7.3226,
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Kissinger (A = [ @uexp ( E/RT, )]/RT? ) Arthenius
(K= Aexp(= E/RT))™ (4)
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Tab.2 The curing kinetic parameters of k- 51/ MIM and E-51/MIC systems at different heating rates

. E-51/MIM 51/ MIC
@/ (K*min )
T,/K 107°A K, T,/K 107 °A K,
3 371.97 1.80 0.13 386. 08 2.73 0.13
5 383. 15 1.75 0.21 398.27 2.55 0.20
10 397. 46 1.83 0.39 410. 36 2.97 0.39
15 406. 13 1.89 0.56 421. 14 2.82 0.55
20 415. 60 1.71 0.70 430. 51 2.57 0.70
2 , E51/MIM , E-51/MIC
[14]
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