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Table 1 Components of composites

Mass fraction/%

Additive Sample Sample Sample Sample

A B C D

Cu 67.5 67.5 67.5 67.5

Sn 1.5 1.5 1.5 1.5
MoS, 3 3 3 3
Flake graphite [ 28 0 0 0
Flake graphite I 0 28 0 0
Flake graphite III 0 0 28 0

Pitch graphite 0 0 0 32"

IR 2 h, JFAE 200~300 MPa MR, )5
FERTEE AR R N Redh . edhiil s 880~910 C,
LR ] 90 min, KEAH, WFERSF 6.75 mmX 10
mm X 4.5 mmo.

UL PR BE A0 A2 TE T F R BE B A5G AL
AT, B AR EE LR RO A ) AR B 1
TR e FON R, BRI E RN 29.52 mm.
WIGAE 30 A [EGSAAE AT, W% h 98.8
Alem?®, He [ B EIE N 1000 r/min(Z3HEh 1.55
m/s), Gk 10 N, HERF 30 min 4 i) 2% (0 i 4% 7 1) 5

(b)

1 AR A G L] 1] L f i) 5
Fig. 1 Friction and wear testing system in energized state (a)

and commutator (b)
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TR IR 25 AT LA BEAT A K 210HR-150
TS R A S5 T P VA A FEE A T 0

2 ZFRE5SH

2.1 #rebtEge

2 FTHN 4 FRRER IR L . Beai® . 4Kk
Ui, FRALR RAERE . sk 2 0L, ERh4i i

WFE A B A C AEREST A MARRUA L T IZAK, K
FEPEREAT SR RE PR/ IN TG K I, B A sk 10
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TH¥TEEH o 1005 R 45 77 (K URE D AERe Sl Ja Wk A e
1 e 4w LA A WY SR K3 v, TR LA U e
FEE.

F2 AFRFERTER

Table 2 Performance of different samples

Green Sintered

Volume  Opening Hardness
Sample density/ density/
shrinkage/% rate/% (HR10/392)
(gem?™)  (gem™)
A 3.89 3.79 -2.0 21.1 54
B 3.87 3.77 -2.35 21.6 51
C 3.63 3.24 -2.52 30.3 49.5
D 3.77 3.86 3.62 15.6 57

12 s b H 4 PPN R A S5 2 BGRRE 2SR
H 2 o] L, 2R ACILIE 2(2)) 1Rl X 3 A7 A0 A 4R
AL, A s A S AR R SR X . T RE BOL A
2(b)) I FLA AR 23 8 A7 58 55 8025 1500 2R DX ks> o
PRLEE R R 300 5 IS 2(c)), B S A A 5 e E
2, FLRECR SR, Sl s W, BEE ARk
BeAG, AR SRR E il SRS 0. TR, 78 ST AR AT
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Fig. 2 Surface morphologies of samples with different graphite: (a) Flake graphite [ ; (b) Flake graphite II; (c) Flake graphite III;

(d) Pitch graphite
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Fig. 3 Section of accumulation of copper and graphite

particles
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Fig.4 Wear rate of samples with different graphites
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Fig. 5 Friction surfaces of samples with different graphites: (a) Flake graphite [ ; (b) Flake graphite II; (c) Flake graphite III; (d)

Pitch graphite
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(b) Element x/%
C 38.59

O 18.09

Mo 1.37

S 7.25

Sn 1.08

Fe 1.63

Cu 31.98

Cu

6 8 10 12
Energy/keV
B 6 HLIlGE X R TS S RENE 7 H
Fig. 6 Morphology of ace ablation area (a) and EDS analysis
(b)
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Fig. 7 XRD patterns of sample C: (a) Before test; (b) After

test
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(b) Element x/%
C 0
(6] 0.67
Cu Sn 1.70
Cu 97.64
Cu
N s N
0 2 4 6 8 10
Energy/keV
(©) Element  x/%
C 20.09
(o] 21.96
Cu Sn 1.02
Cu 56.92
Cu
(0]
S
0 2 4 6 8 10
Energy/keV

8 I C LI f5 1 1) SEM 5 55 RE 1 43 #r
Fig. 8 SEM image of profile of sample C after test (a) and
EDS analysis of zones 4 (b) and B (c)
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Fig. 9 Cu2p spectra of friction surface film on commutator
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Effects of graphite granularity and pitch binder on
properties of copper-graphite brush

LIN Xue-yang, LIU Ru-tie, XIONG Xiang, CHEN Jie

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

Abstract: Copper-graphite brushes were fabricated through powder metallurgy method by flake graphite with different
sizes (graphite I, II, III) and pitch binder. The original phase components and structure morphologies were compared
with the worn sample by using X-ray diffraction and scanning electron microscopy, respectively. The surface components
of counterparts were studied by X-ray photoelectron spectroscopy. The results indicate that physical properties and the
ability to resist the abrasive wear will be worse with the graphite granularity decreasing. However, the arc ablation will be
enhanced. Uniform distribution of copper and graphite can be achieved by adding pitch binder, which improves the
physical and mechanical properties and friction and wear properties. Furthermore, copper oxide generated from friction
interface will reduce the thermal and electrical conductivity and catalyze graphite oxidation, which exacerbates the wear
performance.

Key words: graphite granularity; pitch binder; friction; wear; oxidation
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