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Thermal Cycling Resistance and Thermal Expansion of
Carbon Fiber-Reinforced Composites

Donghwan Cho*, Young Seok Ahn*, Byung Il Yoon**
In Seo Park™, Sung Jae Kim** and Woon Seob Han™***

ABSTRACT

The present study suggests a method to examine the thermal cycling resistance by measuring
weight change in the composite material occurring during an exposure to different thermal cycling
conditions above 900°C in air using a modified thermogravimetric apparatus. The thermal cycling
resistance and microstructural behavior depending upon temperature, time, and number of
exposure and the linear thermal expansion for various composites composed of carbon fabric
reinforcement and different matrices were compared and analyzed. The result revealed that
the carbonized composite containing pyrolytic carbons from the CVI process(1C/C+CVI) shows
better thermal cycling resistance and lower thermal expansion than other composites including
the re-carbonized composite(2C/C) under the given thermal cycling conditions. On the other
hand, carbon fiber-phenolic greenbody exhibited worse thermal cycling resistance and higher
thermal expansion and contraction behaviors than any other composite used in this work.
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Fig. 1. An illustration of a thermal cycling apparatus
used in this study.
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Fig. 2. Variations of the percent weight loss as a
function of the number of cycles for a green-
body and five differently prepared carbo-
nized composites exposed to 900C for 5
seconds,
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Fig. 3. Variations of the percent weight loss as a
function of the number of cycles for a green-
body and five differently prepared carbo-
nized composites exposed to 900C for 10
seconds,
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Table 1. A summary of the weight loss rate for a greenbody and five different carbonized composites

at different thermal cycling conditions

Temp. ® 900C 1000C
Time 5sec 10sec 5sec 10sec
Specimen Initial° | Middle® | Initial° | Middle® | Initial® | Middle? | Initial® | Middle®
G/B 2.27 0.17 3.43 1.07 2.72 0.71 3.79 1.34
IC/C 0.04 0.06 0.69 1.19 0.07 0.50 1.60 1.37
IC/C+1M 0.65 0.06 0.99 1,12 0.69 0.47 1.59 1.15
IC/C+2IM 0.74 0.05 1.25 1.19 0.88 0.51 1.86 1.45
IC/C+CVI 0.03 0.00 0.07 0.15 0.14 0.06 0.39 0.85
2C/C 0.04 0.04 0.50 115 0.19 0.41 1.29 1.23

a. Hot zone temperature.

¢ From the slope in the initial curve over 10 thermal cycles.

b . Time exposed to the hot zone.

d: From the slope in the middle of the curve between 40 and 60 cycles.
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Fig. 8. Scanning electron micrographs observed for a greenbody (A), IC/C+1IM (B), 2C/C+C (C) and
1C/C+CVI (D) composites after an exposure of 100 thermal cycles to 1000C for 5 seconds.
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