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of high thermal conductivity carbon/
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Abstract : Porous carbon/carbon (C/C) composites prepared by pitch-based carbon fiber and mesophase
pitch were densified by chemical vapor infiltration (CVI) and precursor impregnation process (PIP).
After different heat temperature treatment ( HTT ), the unidirectional C/C composites and
bidirectional C/C composites were obtained. The microstructure of C/C composites was investigated
by SEM, XRD, and the thermal conductivity was analyzed based on the thermal conductivity
mechanism. The results show that unidirectional C/C composites and bidirectional C/C composites
have dense structures and excellent thermal conductivity along the fiber axis. After 3000 C
treatment, the structure of graphite flat layers become more distinct and the graphitization degree is
increased by 18. 84 %, leading to higher thermal conductivity. Furthermore, the thermal conductivity
in X direction and Y direction of the bidirectional C/C composites can be calculated from that of
unidirectional C/C composites in X direction and Z direction.
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Table 1

Basic parameters of C/C composites

Volume fraction of

Sample Structure

Direction of C; axial and

Density/(g « em™3)  Open porosity/ %

Ci/% ratio of Ci(X + Y)
17 Unidirection 60 X direction 1. 90 4.79
2% Bidirection 60 X.,Y directions (1 : 1) 1.92 4.72
3% Unidirection 60 X direction 1. 94 5.82
4% Bidirection 60 X,Y directions (2 : 1) 1.93 6.02
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Fig. 1 Schematic diagrams of thermal diffusion coefficient test (a) and test directions (b)
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Fig. 2 SEM images of unidirectional C/C composites (a) and bidirectional C/C
composites (b) after heat treatment at 2300 C (1),3000 C(2)
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Fig. 3 XRD patterns of C/C composites (a)10°-80°;(b)25. 5%-27°
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Table 2 Microstructure parameters of C/C composites

after different heat treatment temperatures

HTT/C 20/(%) dooz /nm L./nm g/ %
2300 26. 360 0.33782 35.16 71. 86
3000 26. 489 0. 33620 46. 96 90. 70
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Fig.4 Thermal conductivity of C/C composites in X direction
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Table 3 Thermal conductivity of C/C composites (17 ,27)(W « (m+« K) 1)
Thermal conductivity/(W « (m + K) 1)
Sample HTT/C 4 - y
25 C 100 C 200 C 300 C 400 C
17 (X direction) 2300 465.03 440. 28 393.79 351.21 318.16
3000 667.27 594.09 505.43 437.07 386. 90
1% (Z direction) 2300 16. 15 15. 84 15. 26 14. 27 13. 20
3000 25.34 23.26 20. 62 18.19 16. 43
27 (X direction) 2300 259. 64 248. 50 223.97 201.61 182. 80
3000 344.63 305.01 265.98 231. 36 205.97
F4 BMEELZC/CEEGHBQ )X BIARMMITEEW: (m-K)™')
Table 4 Calculated value of bidirectional C/C composites (27 ) in X direction (W« (m « K) ")
HTT 2300 C HTT 3000 C
Test - -
Relative Relative
temperature/ C Measured Calculated o Measured Calculated o
deviation/ % deviation/ %
25 259. 64 240. 590 7.34 344.63 346. 305 0. 49
100 248.50 228.060 8.23 305. 01 308. 675 1. 20
200 223.97 204.525 8.68 265.98 263.025 1.11
300 201.61 182. 740 9. 36 231. 36 227.630 1.61
400 182. 80 165. 680 9.37 205.97 201. 665 2.09
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Table 5 Thermal conductivity of C/C composites
(3%, 47 )(W e (m-K) 1)

(m-K)™")

Thermal conductivity/(W « (m « K) 1)

Sample — -
25 C 300 C
3% (X direction) 508. 64 369. 96
3% (Z direction) 31.68 24,41
4% (X direction) 343.71 253.54
4% (Y direction) 193.19 142. 47

F6 WMEERC/CESHBMAT)SHRAEMM
HHEEW: (m-K)™')
Table 6 Calculated value of bidirectional C/C
composite (47 )(W e+ (m+ K) ")

Test Test Relative
Measured  Calculated
direction temperature/ C deviation/ %
X direction 25 343.71 349. 325 1.63
300 253.54 254.772 0.49
Y direction 25 193.19 190. 500 1. 39
300 142. 47 139. 588 2.02
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