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Cure kinetics of the resin system for CFRP pressure vessel with ultrathin metallic liner

HU Zhachui, DU Shanyi, WANG Rongguo* , HE Xiacdong
(Centre for Composite Materials & Structures, Harbin Institute of Technology, Harbin 150001, China)

Abstract, The non-isothermal differential scanning calorimetry (DSC) technique was used to study the cure kinetics
of the resin system for the CFRI® pressure vessel, The activation energy of the resin system was estimated by the
isoconversional method. The reaction mechanism was assumed to subject to an autocatalytic equation. The interval
method presented in this paper was used to establish a cure kinetics model for the resin system. According to the
temperature test during the curing process, the result calculated using the cure kinetics model shows a good match
with the experimental data, which indicates that the cure kinetic model established by the interval method can

present a necessary sub-model for simulating the temperature and residual stress fields of the CFRP pressure vessel

with an ultrathin metallic liner,
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Fig, 1 Wrinkle oecurring in the liner of CFRP pressure vessel
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Fig.2 DSC curves of the resin system at different heating rates
BiRMEA R EDS DSCHEARIG, WKF

Mezw2BL. HE ¢ HARERTRUSER
B ATAMER RIS, I 3 FTn, REMAXRY

%] FRAAREXETHECRIBESENRER

Table 1 Curing characteristic temperature and reaction heat of the resin system at different heating rates

Heating rate/ Onset Peak Final Total heat of Mean value/
(Crmin~1) temperature, C temperature/ T temperature/ T reaction/(Jeg~1) (Jog™h
2.5 78,10 106. 67 135. 31 355,12
5 83, 10 119. 48 141. 17 376, 94
363. 87
10 89, 30 138. 14 165, 98 357. 44
20 116. 41 158,51 191. 93 365. 98
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system at different heating rates
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Table 2 Activation energy and pre-exponent factor in each interval of interval method
Conversion B, 050 0, 075 0. 100 0. 200 0. 300 0, 400
Activation energy/
41, 144 43, 880 45. 600 44. 699 47,385 49. 207
Friedman (kJ+mol ™1}
analysis Pre-exponent factor/
20,00 1. 444 2.188 1,299 2.613 4,157
X104 57t
Conversion 0. 500 0. 600 0700 Q. 800 0. 509 0,900
Activation energy/
45788 50. 234 49, 267 46. 860 41, 747 41,747
Friedman (kJ*mol™?)
analysis Pre-exponent factor/ .
4, 644 4,678 3. 449 1, 4624 0.317 0.317
X10—% 57!
%3 Malek EEBHFLR. KAAEFRAEY
Table 3  Activation energy, pre-exponent factor and the value of exponent obtained by Mslek method
. Mean value of
Heating rate/  Activation energy/  Pre-exponent factor/ Exponent  Mean value  Exponent Mean value
pre-exponent
(Cemin~1) (kj+smol™1}) K10~ 571 of m n of n
factor/ X 1074 571
2.5 6,233 0. 6809 1,0398
5 4.233 0. 4377 0.9282
51,234 3. 604 Q. 8747 11124
10 4, 067 0. 5641 1.1712
20 7.883 1, (161 1. 3103
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Fig, 6 Comparison of experimental curve with calculated curves
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