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Friction and wear properties of carbon/ carbon
composites with different martix carbon

LI Jiang-hong, XIONG Xiang, GONG Qianrming, HUANG Baryun
(State Key Laboratory for Powder Metallurgy, Central South University,
Changsha 410083, China)

Abstract: The quast3D C/C composites with rough laminar (RL) and smooth laminar(SL) pytolytic carbon were
fabricated by needled felt through CVI and impregnation with liquid pitch and resin, and their friction and wear
properties under braking pressure of 0. 6 MPa and worn mechanism were studied. The results show that C/C com-
posites by resin impregnation after CVD with RL have the most stable friction properties and appropriate friction co-
efficient and low oxidation loss, because the friction surfaces have relatively thick and uniform lubricant friction film
and the wear mechanisms are the falling off of part friction film and oxidation wear loss and relatively slight abrasion
wear; C/C composites by resin or pitch impregnation after CVD with SL have unstable friction and wear properties
and higher wear loss owing to the thin and discontinuous friction film, and the wear mechanisms are also the falling
off of part friction film and abrasion wear and larger oxidation wear loss. The higher the density, the more stable the
braking curve, and the higher the friction coefficient and the lower the wear rates. Without the protection of pyro-
lytic carbon, C/C composites by pitch impregnation only have the highest dimension wear rates due to the largely

fracture of fibers and the wear mechanism are mainly abrasion wear and oxidation wear.

Key words: C/C composites; matrix carbon; friction and wear properties; worn mechanism

WK (CIC) BEMEBLRRAYEG MR IEARR  SABIRIFR, BM 1958 FMIRTESEE 1 — ML

O HLUH: BREADIMESLREBE (T 5] 1998] 1817)
ks B #E: 2004 —03 - 15; &37 H#: 2005~ 01~ 12
EZ WA 2001975 7), L, BIBERTST &, 1 H0ioud.
WIRERE: 2570, Hi%: 0731-8830939; E-mail: 1jh138@ mail. csu. edu. cn



5% 15 &5 3 Y]

UL, &5 RRFEAIR C/C Ak B B 4R 1 Ak < 447 -

FRE R ERHILOR, dTHARR SR, &
HItEBE, BURK (KT 2.0 g/ em®) , RIFHI IR
SRR, MEHAEMIR « F# KT FEF P
I A B R R R . IR BESMEINET, &

E B 1M B AR, AR L

TE REKESF . AERFIESRSIMEL, BREAR
R EE . 1% A2 D7 T B e Ah, A
(P B i 4 M B LS 3V I 1 EE A A N
fREE . C/C HEAEMEIMBEEERMERE T ZHER
% . Kimura 25" R EE 520 C/C EAM
BB R S A SRR, AR R B P BRI
(38 T 300, BRI A B T s i T 2 T 3 ol B 4
IR BRAR, LB « Kim 5502 XA [R] 44
B EMEME T 5250, 45 R RIDLH 245 i
PR BE B2 LG % ) [R] 1 454 1 BE 4 R B, Oh W
Lee” FIBFFEHAESE T IX—&518 . Wt R 7.
3D-C/C BEE&MELEAH K 2D-C¢/ C E &M B K
BERE . Chen F5* ) RUUKRETE BB T, K
TN C/C EAEMEHRRTARE, 2
U LB BRI ML AE . R 2, MR B G BR Ak
ARG 8 (AN R i VN o) N ) SN P S
B A s fE, RIZELAMFREEE R EE T
KA, REAR  RINREFHEmE C/CREE
PR R 4 B i v RE' 1Y L (B DA B KR R
BT s T SE B 41, Tt C/ C 2 A ARk S2 b Ak )
R ZE o TR ) BE R B B e S5 AL B I A 2D, A
VE# RGN T AR G5 46 () #fid o « G R « Ui
IR AFEARN C/C EA MBS Br R 2 1 72 1
JEE PR PR M e S B B AL

1 5

1.1 A&

SR bt ) A 7 R PR i AR TR R ¥R 955, €/ C
REMEIRA A LS AW G R ESLE RN . CVD
TUTRUR A CsHe 1ERVE, N2 A%A . C/CBEHM
BB TRUTARAE ZQCJ ~ 250 ~ 12A E.&5 BN S A
DURP R BEAT, MR A S5 0 T R BRI TR 2 AE B
IR BREY i R AT, A S AL EYE ZQS) -
100 ~ 28 BB KN AP R AT .

1.2 AEsfbE AT HINE

I XS A7 5 I ( 002) THT ) JZ 8] BE dooa
{ERRAEA B, FTHACE N Rigaku D/MAX ~
3C B X SFERATHN . PL Cu Ko BE GRS, wEAE

bR . R BT AT 5 AR (20), AR AR B A% A Rt
dooz . A SBWERTHE AN

g= (0.3440- don)/(0.3440- 0.3354) (1)
K g WASWME, %; 0.3440 e KA1
REVEEE, nm; 0. 335 4 Sk BRAR 544 ) 2 1] B,
nm; do2 A (002) [HHZEEEE, nm .

FIFH TR — 2 RO e S0 #VF .

1.3 R R e

76 E P RN ZE /) MM~ 1000 7 B8 52 % 45138
ML EHHAT R AR . WA RS 4ME 75 mm, W
#H 53 mm, BEKRKT 10mm . MXSEWT: ¥
A 25m/s, BHES RN 0.03kg  mes’, KK
0.60 MPa. SEIHLE B LKA ENFEERHXR .
JEEH TR AR () v B A 2K

M= Wri+ ra)F./2 (2)
L M ohJI5E;, BRBEBRNEG F. A8 ro A
WA, ra AAMEEAR

FRE#622 0. 01 mm FRYRE e Ml ok I =338 | 6
AL BRI JE B R AR 4k, B 5 15 31 46 1 BB
B, H N 0.1 mg FE 27 S50 #1 K730 =
RIPBEHEAT G i, BRI EHR .

2 HiREiHe

2.1 AR S5 S R A B I g

15 2 SR e R S 1 B o Al
W, 1 SRR 2R D 't 8l 5 ) 2 D i TR R
K=, 3~ 5 SalAE Rl R Ot A A5 55 2 5 iR
R, B RAH( LB 1(b)) . & 1 FTF8 1
~ 5 SIRMHREAMERERE . R 1A, 1 5555
RO SRS TR E . 1 Sl a SRS
e RN FLI AR R 2 LIRS J= 45 M 0 =, MR J= 454
1 CVI IR S A sl o T A sl it B K/ NI HES ) K AL
BRI LA RN 43 A 55 SRR i T %, AR N
— AR A EE R RS S, KSR ATROR
%[12]

k%%L (3)

P PNEE; c ALEIHE; v RSB AR e
AR L AR ERFS A B .

AL, Ae<L, T L S508 R BRI, B BLA
SRR R, Bl ROTBOR, MIBEK . 5 5k
PR RE R BAWI T R — P A7 sk . T



.+ 448 - hEA SRR 2005 423 H
3 W W AT T e o)
Fig. 1 Microstructures of specimens
(a) —Sample 1; (b) —Sample 2
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Table 1 Basic properties of specimens
Sample Density before Density after Graphitization ~ Thermal conductivity/ Microstructure
o, impregnation/ impregnation/ degree/ (Wem '+ K™ 1 of pyrolytic Technique
(g* em™?) (g* em™?) % N A carbon
1 1.45 1.76 78 55.1 155.9  Rough laminar  CVT+ impregnation
2 1.21 1.85 50 26.9 56.4  Smooth laminar with resin
3 1.34 1.72 58 18.5 49. 4 Smooth laminar CVI+ impregnation
4 1.34 1.88 62 34.8 66.6  Smooth laminar with pitch
5 0.55 1.80 75 57.4 96. 4 Choly Aanespaiion

with pitch

Heat treatment temperature: sample 1, 2 100 C; others, 2300 C.
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Fig. 2 Friction and wear properties of five kinds of specimens

(a) —Average friction coefficient; (b) —Average dimension wear; (c) —Average wear mass loss
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Fig.3 Braking curves of specimens under braking pressure of 0. 6 MPa
(a) —Sample 1; (b) —Sample 2; (¢) —Sample 3; (d) —Sample 4; (e) —Sample 5
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Fig.4 SEM morpologies of worn surface
(b) —Sample 2; (¢) —Sample 4
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Fig. 5 SEM morphologies of wear debris
(a) —Sample 1; (b) —Sample 2; (c¢) —Sample 5
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