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C/C composites modified by B, Si and their friction and
wear properties
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Abstract: The low density C/C composites were modified by B and Si using reaction melt infiltration (RMI), chemical
vapour deposition (CVD) and impregnation and in-situ reaction. The results show that the modified ceramics are
successfully added in the matrix carbon as SiC or ¢c-BN. The C/C-SiC modified by RMI has high friction coefficient
which reaches 0.30—0.90. The friction coefficient of C/C-SiC modified by CVD changes in 0.20—0.36, while the
composites modified by c-BN using impregnation and in-situ reaction hold the lowest friction coefficient, which is
0.10—0.20. The wear surfaces of the RMI-modified composites are very rough without any integrated friction film, while
the wear surfaces of the other two composites are compacted and integrated.
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Table 1  Modification processes and properties of C/C

composites
Densi
ensity of . . Final
., C/Cbefore Modification  Followed .
Material . . . . density/
modification/ process densification 3
o3 (grem ™)
(grem )
A 1.33 RMI - 1.82
B 1.62 CVD - 1.73
Fmp.regnatlo_n and CVI
C 1.33 in-situ reaction of 1.77
of carbon
c-BN
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Fig.3 Changes of friction coefficients of materials A(a), B(b) and C(c) with time under different loads and changes of friction
coefficient with loads at 5 h(d)
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Fig.4 SEM images of worn surface of material A under different loads: (a), (b) 60 N; (¢), (d) 150 N
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Fig.5 Morphologies of worn surface of
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Fig.6 Morphologies of worn surface of material C under different loads: (a), (b), (c), (d) 60 N; (e), (f) 150 N

CUEAERETORORE R 1T, BEA R BRARA R BE BT, it
SEPIRRRDRH EE R D BORLG BEHEI se . A, R
FIAN/INE . R R B AR ) C/C HAaM R AT
B IR BRI

3 e

1) i RMI B RER C/C MR I BE 32 N S v
TR A 2 S AR DT RNR 5= R A [ W R 7] C/C IR
PRI SiC AN c-BN [ITEE BE 38 R B0 %) LA o

2) KM CVD [ C/C SARPNE g/ N A B
1) SiC Al ¢-BN B EAHE M C/C B AMEREAT S
MOBHR SR, B R h e R i) BRI, R B AR
1) BE BRI

REFERENCES

[1] SAVAGE G. Carbon-carbon composites{M]. London: Chapman
& Hall Press, 1992: 323-361.
[2] MOHAMED S, ALY-HASSAN H. Comparison of 2D and 3D

carbon/carbon composites with respect to damage and fracture



EBCE S WE

Rk, S

B. Si s/ R AR I BRI BRI

1263

(3]

[4]

(3]

(6]

(7]

(8]

(9]

resistance[J]. Carbon, 2003, 41(5): 1069—-1078.

BRI, S, iz, AL RS C/C LEHE
PE PR EERUREE B RE M (D). R E A 8 ), 2004, 14(8):
1405-14009.

GE Yi-cheng, YI Mao-zhong, HUANG Bai-yun, LI Li-ya.
Influence of lubricationon tribology properties of C/C
composites[J]. The Chinese Journal of Nonferrous Metals, 2004,
14(8): 1405—1409.

BB, Gkrh. WIRERBHUEMIRIZEN C/C AR EE
FEME R, EAT A SR SR, 2007, 17(4): 586-590.

GE Yi-cheng, YI Mao-zhong. Effect of sol-impregnation
anti-oxidation coating on sliding friction characteristics of C/C
composite[J]. The Chinese Journal of Nonferrous Metals, 2007,
17(4): 586—590.

CHEN J D, CHEN J H, JU C P. Effect of humidity on the
tribological behavior of carbon-carbon composites[J]. Wear,
1996, 193: 38—47.

YEN B K. Influence of water vapor and oxygen on the tribology
of carbon materials with sp2 valence configuration[J]. Wear,
1996, 192: 208-215.

YEN B K, ISHIHARA T. An investigation of friction and wear
mechanisms of carbon-carbon composites in nitrogen and air at
elevated temperature[J]. Carbon, 1996, 34(3): 489—498.

WA, KA, It M, SR, SRR T AR AL A
C/IC HEM B RS2 (], AR, 2007, 21(7):
150—155.

XIN Wei, ZHANG Hong-bo, YIN Jian, ZUO Jin-lii.. Effect of
adding B,C into the preforms on oxidation behavior of
carbon/carbon composites[J]. Materials Review, 2007, 21(7):
150-155.

A, Bk, LRI, 22 A1, S, I AL X MSI
Hl%% C/C-SiC LAM AL ) EVEREHIE R[], AR
4, 2006, 23(5): 34-38.

RAN Li-ping, YI Mao-zhong, WANG Chao-sheng, PEN Ke,
HUANG Bai-yun. Influence of adding Al on the microstructure
and mechanical properties of C/C-SiC composites fabricated by

[10]

(1]

[12]

[13]

[14]

[15]

[16]

MSI[J]. Acta Materiae Compositae Sinica, 2006, 23(5): 34-38.
KRENKEL W, BERNDT F. C/C-SiC composites for space
applications and advanced friction systems[J]. Mater Sci Eng A,
2005, 412(1/2): 177-181.

I, Sk, Br . C/C HARXT RMI-C/C-SiC E &4k
ALEEm]. hEA S AR, 2005, 15(8): 1208-1213.
RAN Li-ping, YI Mao-zhong, CHEN Bin. Influence of different
C/C performs
fabricated by RMI[J]. The Chinese Journal of Nonferrous Metals,
2005, 15(8): 1208—1213.

MM, B8 FH, sR4LBE, B, C/C-SIC BEEEHIBIAEH
BRI HII]. B (< s 24, 2005, 15(5): 667674,
XIAO Peng, XIONG Xiang, ZHANG Hong-bo, HUANG

on microstructure of C/C-SiC composites

Bai-yun. Progress and application of C/C-SiC ceramic braking
materials[J]. The Chinese Journal of Nonferrous Metals, 2005,
15(5): 667—674.

SEGHI S, FABIO B, ECONOMY 1J. Carbon/carbon—boron
nitride composites with improved wear resistance compared to
carbon/carbon[J]. Carbon, 2004, 24(5): 3043—-3048.

SEGHI S, LEE J, ECONOMY J. High density carbon
fiber/boron nitride matrix composites: Fabrication of composites
with exceptional wear resistance[J]. Carbon, 2005, 33(2):
2035-2043.

B Bk, DR, BN, C/C HAANS C/C-Cu 5 A b R EE 1
AT NIRRT RAFEEAR, 2008, 202): 10-15.

YANG Lin, YI Mao-zhong, RAN Li-ping. Effect of C/C perform
on tribsological behavior of C/C-Cu composites[J]. Acta
Materiae Compositae Sinica, 2008, 20(2): 10—15.

HIEE, Zrkh, THIE, SR, B Bk AFEBSA
F C/C-Cu EHFEHEREERILAE]. PRI EM: H
RELERR, 2007, 38(4): 595—601.

RAN Li-ping, YI Mao-zhong, WANG Chao-sheng, YI Zhen-hua,
YANG Lin. Wear behavior of C/C-Cu composites under different
loads and couple parts[J]. Journal of Central South University:
Science and Technology, 2007, 38(4): 595—601.

(4RiE  FHBL)



