The Korean Journal of Rheology,
Vol. 10, No. 2, June 1998 pp. 106-112

<AFE=E>

106

HISZl= @F7|(Thermal Cycling) A0 =& OEA/ELMT SEME

Hatst oHEY i
. ZIb{Af**

OlM% - HE - HY|2" - Qi E* - 2
B FANe 1EAge)
e PEr1Ed T
~ga/ A7 BEAR A7
(1998 59 29 AH%)

Thermo-Oxidative Stability of Epoxy/Carbon Fiber Composites under
Thermal Cycling Conditions

Sang-Ho Lee, Jae-Do Nam, Ki-Mo Chang* and Kyujong Ahn and Byung-sun Kim**
Department of Polymer Science and Engineering, Sung Kyun Kwan University, Suwon, Korea
*Korea Institute of Aerospace and Technology, Taejon, Korea
**Korea Institute of Machinery and Materials, Changwon, Currently Suk Kwang Co. Korea
(Received May 2, 1998)

(=] oF
4L -1
Y2718 2AE ALY A ZA RS YANEA 2B 2| felHolewe] Fuhehe LEF/E AU 0 wHE BY

89 7z 9 2498E 433 Rde Bolo AUt BYARY HE A8k 29 177°ColA 2417 A F(aging) A7)
Wz
A

2

=~

ZtA)71E BHE 7] (thermal cycle)= B3 52 2] 2 (brittle)dt A dted A= THAXRE] )4 =2 (microcrack)e] LA hct

S & 2 YTt ol 3 AFv|o) W viH A WAL njE A0 Ba(degradation) HHgo] WAE & gl §F BwA

(effective surface areay& F7}A17]1 11, 2U & T3t abho] B5 Goldl| gho 2 Ashi-g-S 714 3lele] Hata gA|He] 27

BaE 7M7) Ao STEnt B3] B A7 s S&(isothermal)?} £4 5 - (dynamic heating) 24-& F712 03wk

Bole d57] 218 siMsh] Hotdd, €571 21& S22 5243 sothermal holding time)o 2 AZHE 5= gl e-
2~

quivalent cycle time(ECT)E AR L, o] & ol &atd @71l A BA 7 &4 7H/ds @48 79E 5 Aot

rir ot

Abstract—Thermal cycling of carbon fiber/epoxy composite systems was investigated to understand the structure and pro-
perty changes induced by the repeated heating/holding/cooling processes up to the glass temperature of the matrix. Col-
lectively comparing two composite systems developed for structural applications and composite-tool applications, the
toughened-epoxy composite system was more resistent to the cycle-induced surface cracking and weight loss. The mi-
crocracks propagating from the surface to the core accelerated the weight loss rate of composite laminates seemingly pro-
viding more oxidative surface area and enhancing oxygen transport. To compare the aging processes by thermal cycling and
isothermal holding in the same axis, the equivalent cycle time (ECT) was developed by the kinetic theories and experimental
results. Using the ECT, the cycling thermal history was converted to the equivalent time required for the equivalent property
change at a specific temperature. According to the ECT analysis of the weight loss, the cycled specimens exhibited much
lower weight loss than the isothermally-aged specimens.
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Table 1. Material properties of TMGP4000 and F584 prepreg systems
TMGP4000 F584

Tensile strength(MPSI) 0.889 2.877
Tensile modulus(MPSI) 8.14 21.4
Short beam shear(MPSI)

Room temperature 0.094 1.713
350°F (200°F in F584) 0.042 1.603

Flexural strength at RT(350°F) 1.152(00.489) -
Flexural modulus at RT(350°F) 7.187(5.756) -

Compressive strength at RT - 2.677
Compressive strength at 200°F(MPSI) - 2.309

Temperature (T)

=

<>

Time (t)

Fig. 1. Typical standard cure cycle exhibiting two isothermal hold-
ing and dynamic heating/cooling stages. Specific conditions
used in this study are. T,=25°C, Tj=177°C, A;>10 hr, At=2
hr, g;=1.67°C/min and g;=-0.45"C/min.
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Fig. 2. Composite weight loss plotted as a function of number of cy-
cles for TMGP4000 and F584.
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Fig. 3. Microcrack length and density variation with number of ther-
mal cycles.
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Fig. 5. Reaction constants from isothermal experiments for (a) TMGP
4000 and (b) F584 system using fourth-order kinetic model e-
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Table 2. Equivalent cyccle time of TMGP 4000 and F584 calculated
at T=177°C for standard cure cycle in Fig. 1

TMGP4000 F584
E(kJ/mol)
253 233

At,, (177°C) 120.0 min 120. min
At (20°C) 0 min 0 min
Aty,,, (20°C— 177°C, 1.67°C/min) 3.87 min 4.20 min
Aty (177°C— 20°C, 0.45°C/min) 14.38 min 15.57 min
ECT for 1 cycle 138.25min ~ 139.77 min
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