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Topographical characteristics and wear mechanism of copper-based
powder metallurgy friction materials reinforced by SiC particle

ZHOU Hai-bin, YAO Ping-ping, XIAO Ye-long, ZHANG Zhong-yi,
CHEN Ling-han, GONG Tai-min, ZHAO Lin, ZUO Xiao-ting

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

Abstract: The effects of SiC content on friction and wear properties, the microstructure evolution of friction surface and
sub-surface were investigated. The wear mechanism of copper matrix composite prepared by powder metallurgy method
was revealed. The experimental results show that the friction surface displays a rough morphology with a number of wide
hollows when the material does not contain SiC, which means that severe adhesion is the dominant wear mechanism.
When SiC content is less than 6% (mass fraction), many narrow furrows along with some shallow hollows appear on the
friction surface of the material. When SiC content is more than 6%, the hollows decrease and even disappear with the
increase of SiC content. The furrows become wider and deeper, and the cracks form on the surface and the sub-surface.
The wear mechanism changes from adhesion wear and mild ploughing wear to delamination and severe ploughing wear.
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Table 1 Technical parameters of raw materials

Composition Purity/% Particle size/um
Cu =99 <75
Fe =99 <75
Sn =99 <75
Graphite 99 270-630
SiO, - 75-380
SiC 99 1

&2 MBS 4K
Table 2 Chemical compositions of materials (mass fraction,

o)

Mass fraction/%

Sample No.

Cu Sn Fe C Si0,  SiC
A0 80 4 10 4 2 0
Al 78 4 10 4 2 2
A2 76 4 10 4 2 4
A3 74 4 10 4 2 6
A4 72 4 10 4 2 8
AS 70 4 10 4 2 10

1.2 R A EFRAR I T B

BBest J5 AR I T d 75 mm X 53 mm FRTER
FE, SHEFDENE ] 30CrNiMo 4444, FIH MM-1000
T PR B 0 LR AT PR 45 B 4 Mk e MR (I B R T 0.6
MPa. #3# 6500 r/min. FF)HE 2.5 kgm?®. [FFHR
A& NESE 10 SOy — DM EER g A, IR
fE), Il S HHE, BRI T AR B, FIH]
KYKY-2800 #4714 H 1 Wb S B A < AH 2 Tl B0 M 4% 43 M
JEE AR () BEHR R T TS0 . U 2 THT 485 ) B B8 s T AR

2 HR5WE

2.1 SiC SEXEEREAIRAS I
K 1 B IARTA] SiC 3 i (U 2 B0 R kL2 R
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Fig. 1 SEM images of worn surfaces of materials with different SiC contents (mass fraction): (a) 0; (b) 2%; (c) 6%; (d) 8%
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Fig.3 SEM images of sub-surfaces of materials with different SiC contents: (a) 0; (b) 2%; (c) 6%; (d) 8%
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Fig. 4 Microstructures of friction materials: (a) Without SiC;
(b) With SiC

AR SiC R 4(b)), TRE T
LA ) SiC ORISR T 3834 F T 564k 1 85 1)
D3, PRAE T AMRME sl T )2k Re, o> RS
YETEARTE, i T HmESAE MR BRI e
[, A3AT T R AR T P 1Y) SiC R 7E — e FEHE Tk
T HEAR R 0 B, BRAR T AR X R
B, R ROE SR e R S E 3 T 44k, 1
M) SiC 5 RAR I FEE R 2, A a5 5t
T2 A KB ALB, WK 50 T MR AR (1) 4
MR R TT Y, SRR, SiC F SiOo,
SRR TV T R AL AR B, BUEARL
BUHI NG5, R0 S BRI, AL SRR
T T A B S A RRA N, TEARE A, AR TR RE T8

TESCEMEIRTS, Rv& IR B S 5 = AR B ) S e A kLR
TERGESINIMER G 2. BiE SiC S a s, B
SR ) = AR i AL B e A, A B TR
NUBIR A JZIITES,  FEAEHUOR & 2R .
SiC Frimid @i, #iEAS SiC Z AWK R EE5H
K, MRS EAER SN R-TIER T,
LU AT SIC/EAR T A% BRI R, L 3(d)
TR MK SN R & )2 280 B PR R R8T
NUBR & 2 RGO e, & 2 2 408 0n)
GG Y FLOHASII R0 577 A RFVR 5
(LK 5).

—= Friction flim
— MML

— Base material

A0

Crack extension—ZZ5/ 40

TN,

Surface spalling

Bl5 8% SiC LR JZ B JE V& 1) SEM 18 Je Jo g
Fig. 5 SEM image of separating wear debris of sample

containing 8% SiC (a) and its schematic diagram (b)
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Fig. 6 Friction and wear performance curves of materials: (a)

Friction coefficient vs w(SiC); (b) Linear wear rate vs w(SiC)
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Fig. 7 SEM images of wear debris and EDS spectrum of
flake debris of materials with different SiC contents: (a) 0; (b)
8%:; (c) EDS spectrum of region 4 in Fig. 7(b)
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