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Tribological behaviour and mechanism of C/C-SiC-Fe composites at
different braking speeds

XIAO Peng, LI Zhuan, XIONG Xiang, FU Mei-rong

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

Abstract: C/C performs were prepared by densification of needled carbon fiber felts with CVD. The C/C-SiC-Fe braking
composites were manufactured by infiltration of moltening Si and Fe into the obtained C/C performs. The tribological
characteristics of C/C-SiC-Fe composites at different braking speeds were investigated. The worn surfaces of C/C-SiC-Fe
and the wear debris were examined by SEM. The results show the brake of C/C-SiC-Fe composites at high speed is stable.
The coefficient of friction rises to the maximum of 0.53 at braking speed of 12 m/s firstly and then falls with increasing
braking speed. The wear rates have similar change at the beginning but increase rapidly to the maximum of 3.3 X

10 %cm®/(N'm) at braking speed of 24 m/s. The wear mechanism changes from abrasion, adhesion to fatigue and
oxidation with increasing braking speed.
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1.1 CIC-SiC-Fe ##} 9% &

LA 5] 7 £ 24 A4 Bk TRRIA (JR UG 25 BE 2 0.6
glem®), KL SAHDIRNE (CVD) I % 2% 5 N
1.13 g/em’ ) C/C ZFLAK, SR 545 2 300 CHIX C/C £
FUAREAT A S A A 3 J5 S5 5 e by R R s i ¥
C/C ZALAMHI45 C/C-SiC-Fe #lZh#1 kL. 75 CVD %
T2, BLC3He A RN, Hy AR, 761000 C
DU JERRE T2, DLAiE 99.3%. Fife 40 um
FIRERY AR, 405 99.0%. Fift 80 um fRIIE SR kK
JEIE, T 1650 CHRMTRIBSLK
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25X 7 mm, LA 25 mmX25 mm [E R EEREE . %84
KH d300 mm (WS RRIABE . SEBACPE R T e, 1l
77 1.50 MPa, JUARHESE 100 CHER, WHATHE >
WA 8. 12 164 20 Fl 24 m/s, WHATEEES 44 1800 m.
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2.1 MBI RBRLE

C/C-SiC-Fe #KL1) XRD #4H 5 H1 4k BRI A
REANER 1A 2 kil AR 1 A0 2 WA, Bl it
it Kol N AT B-SiC FeSi Hil FeSiyo
C/C-SiC-Fe MEHUFFLFK (e) K 7.8%, FLER AT LAk /bl
B R AR, I B IR (o) A )
PE(an), i e R Bl AL T DR

C/C-SiC-Fe M EHM OB mI &l 1 . H

F 1 C/C-SiC-Fe #EHK XRD #IAH 7 HT
Table 1 XRD analysis results of C/C-SiC-Fe composites

(mass fraction, %)
p-SiC
48.60 34.60 4.20 12.60

Carbon FeSi FeSi,

%2 C/C-SiC-Fe MEHAFEAERE
Table 2  Essential properties of C/C-SiC-Fe composites

Densi Open porosit Thermal Impactive
/(e’:mt}_,;) pe 5; oSty diffusivity, strength,
PRE ° aem®s")  a/(kIm?)

2.39 7.80 0.18 10.45

Bl 1@ UEH, JCgiAm i i BAS B HiAn, gt
G BT 2% WH R € ok B T A R IR R, IR R
S-SiC Mt A W(HD FeSi A FeSi, [RIR A A1
H PRI R FLER . C/C 22 FLAAR P BR 2T 4 SR 0] 11 2 K
FUBROILIE 1(a)) Rtk 2T 4E AR A B 22 2T 4[] (L 1(0)) )
WOWSLB) A A T B4R AT SiC FeSi & FeSiso

Bl 1 C/C-SiC-Fe M BHI RMIEH & e il 23 4
Fig.1 SEM images and energy dispersive analysis of
C/C-SiC-Fe composites: (a) Macrograph; (b) Micrograph

2.2 EEEEBRIERES T
C/C-SiC-Fe MR} {52 B 53 11 fit Il 1) 0 0 5 A5 4k
ISR 2 Fiono I 2 a0, 3l B SR (8 m/s)
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Fig.2 Relationship between friction properties and braking

speeds of C/C-SiC-Fe
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ALKl 4% A1 DRl PR 58 3 T A7 7K IS T A5 PR ER PR 452 LA
HOn g, BB ALY 1.2X 10 Sem®/ (N'm); 4H15)
TR 12 m/s I, PEIEDNHOL 25 KA 0.59, £REE
R B A 3.1 X 10 fem®/(N-m); 3 5
16 F1 20 my/s B, PEEEDRECR G BE it s 3 v A 4k 2k |
Th, MRFRE AR . [N EARBIZDHE 20 m/s 15 1) 28
BEN20(0.46) A1 8 my/s B HziT, (HILEE R E (2.4 X
10 8em?®/(N-m)) 21 8 m/s P45 2241 5l 3 5 7k 5]
24 m/s B, PEEEDREGIE— DI R 0.41, (HEZEEHI&
HEFFEIHK 3.3X10 em®(N'm). MWE 2 Hici]F
H, 5 C/C-SiC HIsh AR, C/C-SiC-Fe M EHE
AR BN () BE BRI S5 i 0.1 o, T B
HAAZEA K PRI B e Bl 131 20 0 P8 A2 A0 1 D PR
VA TR ok B 3 T B 5 S T 3Rt e

23 FIFAKEHES

ARSI N C/C-SiC-Fe #1443 th 2% i B
3 .t 3 nrg, RIS, iR,
B B Id R e, iR AR . 5 C/C-SiC
HIEh AR B M LT, C/C-SiC-Fe #EHEAT
TSN PR prit e, IO mnd B iy
NP AR C/C-SIC B AR SR B IR SR

24 EEREREBHHESH
Kl 4 Fros AR BDI % R C/C-SiC-Fe #4kEE #2
KB HOEI. HE 4@)nT5, 7EHsEER 8 m/s

B3 AFHIZEE T C/C-SiC-Fe I3 Lk
Fig.3 Braking curves of C/C-SiC-Fe at different braking
speeds
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B4 SIS C/C-SiC-Fe MRS SEM 5 ¢ 4 xilf) EDAX i
Fig.4 SEM images of C/C-SiC-Fe worn surfaces at different braking speeds and EDAX pattern of point 4: (a) 8 m/s; (b) 12 m/s; (c) 16
m/s; (d) 20 m/s; (e) 24 m/s; (f) EDAX pattern of point 4

4 ’ u 1 - { %
f . e ¥
'C;‘}t“ AN
B 5 AR C/C-SiC-Fe MBS 5 ¥ SEM 14
Fig5 SEM images of C/C-SiC-Fe wear debris at different braking speeds: (a) 12 m/s; (b) 24 m/s
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2) C/C-SiC-Fe I A5 DA K B 1 5l 52 (1 8 e
SeTbEnnJa A%, AdlshE A 12 m/s B, BB K
fE 0.59; Bl HIZNH B 4w, Lotk BB e T
S BRAR s AE ARSI 24 my/s i), 2R IR SR
T4 3.3 X 10 em’/(N-m).
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