Study on Thermal Degradation Behavior of Unidirectional Carbon
Fiber/Epoxy Composite Due to Isothermal Environment
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ABSTRACT

Weight loss experiments have been performed for unidirectional carbon fiber/epoxy laminates under both
isothermal and cyclic thermal conditions. It was found that weight losses were the result of both specimen-

geometry dependent oxidative degradation and volumetric geometry dependent thermal degradation. Thermal

degradation was found to play a major role in the overall weight loss process, and photomicrographs of cross-

sectioned, aged specimens confirmed this fact.

A method to predict the effect of isothermal environment on

the weight loss was introduced and found to be in good agreement with experimental data at temperatures

near Tg (glass transition temperature).
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Table 1 Specimen geometric dimensions and ID.

No. LD. Dimension (mm) |9 between SV
X y z 1 and x
1 Al 41 21 4.06 0 6.4
2 A2 41 21 4.06 90 6.4
3 B1 41 12 4.06 0 72
4 B2 41 12 4.06 90 7.2
5 C1 41 6 4.06 0 8.2
6 C2 41 6 4.06 90 8.2
7 D1 41 21 2.22 0 104
8 D2 41 21 2.22 90 10.4
9 El 41 6 2.22 0 12.5
10 E2 41 6 2.22 90 12.5
11 C3 41 6 4.06 30 8.2
12 C4 41 6 4.06 60 8.2
13 AS 41 21 42 6.4
14 B5 41 12 42 Cross-ol 72
15 cs 41 6 42 | -TOPY ) g5
16 G5 20 6 42 93
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Fig2 Weight variation (%) as a function of time at (a)
170°C and (b) 200°C for Al, Bl, Cl1, D1 and El
unidirectional samples (solid line is predicted curve).
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Table 2 Model parameters determined from the
experimental plot of weight decrease.

170C 180C 190C 200C
n, 0.280 0276 0.276 0.295
n, 0.337 0.302 0277 0.303
n, 0.296 0.275 0.294 0.274
p.| s70x10® | 127x107 | 135x107 | qs6x10*
D,| 159x10° 4.92x10° 1.60 x 10 1.69x10*
D.| 1.65 x 107 6.38x10° 6.92x10° 6.46x10°
v 0.0118 0.0105 0.0116 0.0129
ks 0.00383 0.00669 0.01818 0.02658
k| 227 x 10° 5.33x10°¢ 1.73x10° 2.80x10°
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Fig.3 Comparison of qy, q,, q; and g, at 170°C.
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Fig.4 Weight variation (%) as a function of time at
200°C for C1, C2, C3 (solid line is predicted curve)
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Fig.5 Weight variation (%) as a function of time at
200°C for AS, BS, C5, G5 (solid line is predicted curve)
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