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Friction and wear behavior of carbon material and
C/C composites with similar structure

GE Yi-cheng, YI Mao-zhong, TU Xin-da, RAN Li-ping, PENG Ke, YANG Lin

(State Key Laboratory of Powder Metallurgy, Central South University, Changsha 410083, China)

Abstract: Two kinds of C/C composites with rough-lamination pyrocarbon matrix (RL) or smooth lamination (SL)
pyrocarbon matrix were prepared. The sliding friction behaviors against 40Cr steel ring of the two C/C composites, a high
strength graphite and a pyrocarbon solid material with SL structure used as compared material were investigated. The
wear surface of the samples were observed by SEM. The results show that the PAN-carbon fiber can improve the
frictional stability of C/C composites. Compared with the graphite, the coefficients of friction (COF) of the RL-C/C are
lower under the same load of about 0.08—0.12, and the increasing range of the volume losses are still lower than those of
the graphite. Compared with the SL pyrocarbon material, the COF and the volume loss of the SL-C/C are about
0.02—0.05 and 0.2 mm’, lower than those under the same load. The COFs of most RL-C/C and SL-C/C specimens remain
stable or decrease slightly with time, while those of the graphite and pyrocarbon specimens increase. The thickness of the
integrated friction film of the RL-C/C decreases with load, but the wear surface of the SL-C/C is rough. Tough the wear
surface of the graphite is integrated, the serious abrasive wear make the debris move easily and accumulate on the edge of
the wear trace to form a restacked morphology. On the wear surface of the pyrocarbon material, some loosed debris,
circular worn holes and flake worn out pyrocarbon has been found.
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Table 1 Some properties of four testing materials

. Density/ .
Sample Material . Graphitization/%  Structure
(grem ™)
Rough
A C/C 1.82 80 L.
lamination(RL)
Smooth
B C/C 1.85 23.1 L
lamination(SL)
High
C strength 1.82
graphite
D Pyrocarbon 1.73 26.9 SL
20 mm>12 mm 3 000"
SiC KQ2200E
M2000
Cr 40Cr d40
mm><d16 mm>10 mm 0.42m/s
5h 3
JDX3
JEOL-6360LV
2
2.1
1 4
1(a)
C A
0.08~0.12
0.05 D
B 0.01~0.05 0.06
4 A
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Fig.1 Changing curves of friction coefficient (a) and volume loss (b) with load for samples
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Fig.2 Changing curves of friction coefficient with time for samples A(a), B(b), C(c) and D(d)
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Fig.3 Wear surface morphologies of sample A after friction test under 60 N ((a), (b)) and 150 N ((c), (d)) for 5 h
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Fig.4 Wear surface morphologies of
material B after friction test under 60 N

((a), (b)) and 150 N ((c), (d), (¢))

5 C 150N 5h
Fig.5 Wear surface morphologies of sample C after friction test under 150 N for 5 h
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6 D 60N 150N 5h
Fig.6 Wear surface SEM morphologies of material D after friction test under 60 N (a), (b) and 150 N (c), (d) for 5 h
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