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Fig. 1 Microstructures of C/ C composites under polarized light
(a) —RL, as deposited; (b) —RL, heat-treated; (c¢) —SL, as deposited; (d) —SL, heat-treated
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Table 1 Thermal and physical properties of two different types of C/ C composites

Specimen _— Optical Bulk density/ Apparent d o)/ L/ m Graphitization Thermal conductivity,
code texture (g*am™?) hardness, HRA nm ‘ degree, g/ % A/ (Wem™ oK™
A As deposited RL 1. 66 87.2 0.34459 5.9 8.85
A Heat- treated RL 1. 66 56.9 0.338 88 16.6 59. 6 45.43
B As deposited SL 1.70 80. 1 0.34463 5.0 2.50
B H eat-treated SL 58. 4 0.34172 8.4 26. 5 10. 88
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Table 2 Mechanical properties of C/ C composites

Specimen Optical State Density Bending strength, Bending modulus, Shearing strength, Shearing modulus,
code texture . 0/ (g*an ) 0y/ MPa E s/ GPa 0/ MPa E ¢/ GPa
C SL As deposited 1.63%0.02 133.70 17.33 13. 56 0.71
D SL Heattreated 1. 68 £0. 03 109. 45 15.07 9.48 0.52
E RL As deposited 1. 46 0. 03 145. 06 17.71 13. 66 0.59
F RL Heat treated 1. 58 +0. 01 91.09 12. 74 12. 68 0.54
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Fig. 2 Braking curves of two C/ C composites after different treatments
(a) —RL, as deposited, 60 MPa; (b) —RL, heat-treated, 60 MPa; (¢) —RL, heat-treated, 100 MPa;
(d) —SL, as deposited, 60 MPa; (e) —SL, heattreated, 60 MPa; (f) —SL, heat-treated, 100 MPa
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Table 3 Characteristics of braking curves after different treatments
Fig. Density, Optical Stat Braking pressure, Mean friction Characteristics of
code O/ (g*em™?) texture e p/MPa coefficien M braking curves
Quick response of initial moment peak, rela
2(a) 1. 64 RL As deposited 60 0.27 tively smooth braking curve and no dilatory
end
Undesired response of initial moment peak,
Ab) ki R Heak- treatedl & 036 steady braking curve and slight dilatory end
2(0) 164 RL Hear treated 100 0.31 Good response o.i initial moment pf.:ak smooth
and steady braking curve and no dilatory end
2(d) 1. 80 SL As deposited 60 0.31 Very unsteady braking curve
2e) 120 S Heat treated 60 0.38 Bad response of initial moment peak and umr
steady braking curve
Relatively steady braking curve, undesired
2(f) 1. 80 SL Heattreated 100 0.32 response of initial moment peak and obvious

dilatory end
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Table 4 Wear properties of C/ C composites

Specimen Densit}/é Microstructure State Braking ~ Mass wear rate of unit Dimension wear rate of unit
code (g*em™ ") pressure/ MPa time and unit surface area/ mg time and unit surface area/ Pm

A 1. 64 RL As deposited 60 48.79

A 1. 64 RL Heat-treated 60 9.71 1.46
A 1. 64 RL Heat-treated 100 14.21 1.82
G 1. 80 SL As deposited 60 44. 67

G 1. 80 SL Heattreated 60 9.36 0.75
G 1. 80 SL Heat-treated 100 10. 39 0. 88
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Fig. 3 Microstructures of friction surface of specimens
(a) —RL, as deposited, exterior; (b) —SL, as deposited, exterior;
((¢) —RL, heat-treated, middle; (d) —SL, heattreated, middle
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Microstructure and properties of C/ C
composites prepared by thermal gradient CVI process

TANG Zhong-hua, ZHANG Harpo, ZOU Zhr qiang
(State Key Laboratory for Powder Metallurgy, Central South University, Changsha 410083, China)

Abstract: With the carbon fiber integrated felts used as preforms, two different types of carborr carbon( C/C) composites, namely, rough
laminar (RL) structure materials and smooth laminar ( SL) structure materials were fabricated by thermal gradient CVI process. The mi
crostructure and thermal and physical properties of the materials under different conditions were investigated by means of optical microscopy, X-
ray diffractometer, hardness tester, thermal conductivity tester respectively. Furthermore, the mechanical, frictional and wear properties of the
materials were also investigated. It is shown that the effects of microstructure of pyrocarbon on the mechanical and frictional properties outweigh
by far the effects of bulk density on the corresponding properties when the bulk density amounts to a certain degree. It is also shown that, the
frictional properties of both as deposited RL structure material and heat-treated one are obviously superior to those of the SL structure material,

which implies that the decisive factor in determining the frictional behavior of C/ C composites turns to be the microstructure of pyrocarbon.

Key words: performs; themal gradient CVI; C/C composites; frictional and wear properties
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