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Fig.1 SEM images of NG surface(a) and surface(b) and cross section(c) of RG
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Fig. 2 SEM images and EDXS (Energy dispersive X-ray spectroscopy) analysis of C/Cu composites: (a), (d), (g) NCG/Cu

composites; (b), (e), (h) PCG/Cu composites; (c), (), (i) Roland samples
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Fig. 3 XRD patterns of C/Cu composites: (a) NCG/Cu composite; (b) PCG/Cu composite; (c) Roland sample

T A SRR AR B BEAN ) A 1 RE

Table 1 Physical and mechanical properties of C/Cu composites

Sample Density/ (g-crn73) Conductivity/(MS-A™")  Open orosity/% Hardness, HV, Flexural strength/MPa
NCG/Cu composite 5.03 7.84 3.56 35.20 85.98
PCG/Cu composite 5.24 11.78 2.03 37.10 90.02

Roland sample 5.20 10.78 221 38.48 91.62
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Fig. 4 Bending load—bending displacement curves of C/Cu

composites
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(LI 7(a)) o I B4t BURE RN 2 22 e R F R 422 T ¢
RS, ERREBUN,  HANE R4 AR BB 5 R T4
HIF(LE 7(b)F(c))-

Bl 7(d)~(D PR N BRI ) SEM AZ . FH BT 40,
W e 25 R (1 BE BRSNS, B RN R, &I
IR AN 7(d)). 2 2% B B A X T %
RIMAAE R B NG, FB B 55 R T BB B
JEECOL I 7(0)e N GELE AR BESR T4, RIJRER,

Fig. 5 SEM images of bending fracture of C/Cu composites: (a), (b), (c¢) NCG/Cu composites; (d), (e), (f) PCG/Cu composites; (g),

(h), (i) Roland samples
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Fig. 6 Friction coefficient (a) and wear rate (b) after wearing for 3 h of C/Cu composites

B 7 AEAREEMEER 3L EERTMR 3 D KBS SEM 4

Fig. 7 Frictional surface 3D morphologies and SEM images of C/Cu composites after wearing for 3 h: (a) 3D morphology,

NCG/Cu composites; (b) 3D morphology, PCG/Cu composites; (c) 3D morphology, Roland samples; (d) SEM image, NCG/Cu

composites; (¢) SEM image, PCG/Cu composites; (f) SEM image, Roland samples
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IRETFE N B S WRDIR(LE 8(b)), % =2 Rl ke
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244 PEBHER AR

K 9 P A EEHE 3 h Ja BEEEOH B I AR . AL 9
R, 3 TR BE BT A 350 A A5 PR T A% IR
W R R EERE (RO R TR A AR K B LA BRI, Rk
FEREFR BE R, 18 0 5 52 A 44 R B 45 (UL P
9(a)). TMNERELEIRFES 2 2 AR R BRI G, X
B THT M e 5 ety L P (0 55 5 40 Dy 2 VR 6 e
ZLE 9(b)F(c)).
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Fig. 8 SEM images of wear swarf of C/Cu composites after wearing for 3 h: (a) NCG/Cu composite; (b) PCG/Cu composite;

(c) Roland sample

Sliding direction

Furrow

Fig. 9 Friction matching plate optical microstructures of C/Cu composites after wearing for 3 h: (a) NCG/Cu composite;

(b) PCG/Cu composite; (c) Roland sample
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Graphite
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B 10 ROREE Jv A7 sS2A IR TR (78 £1 52 ¥) TEM 4R, XRD #% Al Raman %
Fig. 10 TEM images of NG (a) and RCG (Resin carbon-coated graphite) (b), XRD patterns (c) and Raman spectra (d) of NG and

RCG
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B AL o i S i A 5 e T A

Wetter area

Fig. 11 Droplet experiment contact angle and wetter area of graphite and copper: (a) NG, contact angle; (b) RG, contact angle;

(c) NG, wetter area; (d) RG, wetter area

(@)

J

Pressure ‘direction

CuO/Cu,O

(d)

Cu

(d)

Cu
Cu

' cO
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B 12 A S/ R ARG A I A SRR T B IR v i R R I U e B R

Fig. 12 Schematic diagram of gas moving generated by pyrolysis of phenolic resin layer on graphite surface during sintering in

C/Cu composites: (a) Macrography, NCG/Cu composite; (b) Macrography, PCG/Cu composite; (c) Partial enlarged detail, NCG/Cu

composite; (d) Partial enlarged detail, PCG/Cu composite
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BERS, RN ROR S E] .
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91.62 MPa 1 37.10 HV, H R H — & I 2k 1 W 2245
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Microstructure and properties of pressure-sintered resin
carbon-coated graphite/copper composites

LIU Tan, FANG Hua-chan, LI Jin-wei, ZHU Jia-min, XIAO Peng

(National Key Laboratory of Science and Technology for National Defence on High-strength Structural Materials, Central
South University, Changsha 410083, China)

Abstract: Using electrolytic copper powder, resin-coated graphite powder and silicon dioxide powder as raw materials,
resin-carbon coated graphite/copper composites were prepared by using traditional powder metallurgical mixing, cold
pressure and normal sintered or pressure sintered techniques, respectively. And then, the microstructure, electrical
conductivity, mechanical property, friction and wear performance of these composites were compared with the grounded
brushes prepared by two sintering processes for high-speed trains, France Roland MCXXP brand brushes. The results
show that, compared with normal sintered resin carbon-coated graphite/copper composites, the pressure sintered
resin-carbon coated graphite/copper composites have better connectivity copper matrix, more uniform dispersion of
graphite, and more silica phases are better embedded in the copper matrix. The density, flexural strength, hardness,
electrical conductivity and friction and wear properties are significantly improved, which are similar to those of the
French Roland MCXXP brand brushes.

Key words: pressure sintered; resin coated graphite/copper composite; electrical conductivity; mechanical property;

friction property
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