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Fig.1 Schematic of experimental apparatus
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Fig.2 Cross-section morphologies of the samples: (a) the macro
morphology, (b) the substrate, and (c) the sample after 7 h

treatment
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Fig.3 XRD patterns before and after ball milling: (a) the raw
powder and the samples after 5, 7 and 9 h ball milling;
(b) the raw powder over 38.0°~45.0% (c) the sample
treated at 7 h over 38.0°~45.0°
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Fig.4 SEM images of the surface of composite layer after ball

milling for 7 h: (a) surface microstructure and (b) high

magnification morphology
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Fig.5 SEM and EDS result of the cross-section composite layer
after ball milling for 5 h: (a) cross-section microstructure,
(b) EDS line scan of the composite layer, (c) local
magnification in the composite layer, and (d) local

magnification of the interface
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Fig.6 SEM and EDS result of the cross-section composite layer
after ball milling for 7 h: (a) cross-section microstructure,
(b) EDS line scan of the composite layer, (c) local
magnification in the composite layer, and (d) local

magnification of the interface
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Fig.7 SEM images of the cross-section composite layer after

ball milling for 9 h: (a) cross-section microstructure and

(b) local magnification of the interface
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Fig.8 Schematic of the formation mechanism of the composite

layer on substrate

WA IO RA S, 542 Rk B MR EZ) 3000 MPa
(6 AR HO TR 25 56 A BRI R ), 20 0
{5 4 1 (820 MPa). W UKL ¢ A\ REZE R K FLRE |
BRmsl Cu SRR RERE . AR, mE o di3. 47
A FE R OB FE A AT, R S R T 4
MERS I, T R0t 7 — R R L4 T 30k
P RE

WSRO S5 Bk 2 IR 4 A DAL & %,
[ W-Cu L 4 X SR B & R T 2. TE
REBRES M T, 0 T 5 09 A UKL 4R 3 71 9 e
AT, 7 T R R A R R, TV A A,
(R T RHAII B Al . R, BSER I3 Al B 4L S H

4000
—m—After ball milling for 7 h
3500 =

3000F
2500
2000

1500

Microhardness,HV g 0s/MPa

1000

500

1 1
0 50 100 150 200 250

Distance from the Surface, d/pm

K19 BREE 7 h 5 sl T S 1R 2 4 A P
Fig.9 Distribution of micro-hardness of the cross-section at

milling time of 7 h



4

TELUEESE: Cu RN & &0l % W BKBE IR S & 2 KT 7T

945+

F 51 R GRS T, N 2 B BRE 7 aE B R A
TERT, 3G EG A O JE B BV E TR, s 1 4
SR RURL A BE A (AR L B, AE s R L a0 1 1 o
BURL 5 SRR 45 6 5 B A R R A R K BUH

3 & i

1) RN & A TT %, AR RIZRG T
. B SEAE S RN W BRIE SRR SR

2) UKL 5 A5 IR K )& BEAE — E BRI 6] A A
BB KB, 2 J5 AN TR A BRI 8] B 5 I s n . R
T35 224 S 4K TR % IS [ B 03 SR = PA) 3 o UL AT 22 £
[ 45 5 0mE, IFAE—ERRE EXE W R S
HEZEEFRS TR,

£ 3 3k
[1] Lu K. Science[J], 2010, 328: 319
[2] Wang Biwen(=F % %¢), Wang Tao(F ¥), Wang Zhutang(E#t

References

). Copper Alloy and Processing Technology (44 4= &% 3 m
THA)[M]. Beijing: Chemical Industry Press, 2007: 1

[3] Selvakumar N, Vettivel S C. Materials & Design[J], 2013, 46:
16

[4] Revesz A, Takacs L. Surf Coat Technol[J], 2009, 203: 3026

[5] Chen C, Ding R D, Feng X M et al. Surf Coat Technol[J],
2013, 236: 485

[6] Romankov S, Hayasaka Y, Shchetinin | V et al. Mater Sci Eng
A[J], 2011, 528: 3455

[7] Romankov S, Hayasaka Y, Shchetinin | V et al. Appl Surf
Sci[J], 2011, 257: 5032

[8] Tao N R, Wang Z B, Tong W P et al. Acta Mater[J], 2002, 50:
4603

[9] Hu Yongzhi(#7k &), Shen Yifu(iL LAEL), Li Bo(Z= 1#) et al.
Rare Metal Materials and Engineering(#% 4 &g # k5 L
F£)[J], 2013, 42(1): 171

[10] Suryanarayana C. Prog Mater Sci[J], 2001, 46: 1

Fabrication of W Particle Reinforced Composite Layer on Copper Substrate via
Mechanical Alloying

Shen Yifu, Deng Ruixiang, Chen Cheng, Feng Xiaomei, Han Linxuan, Tian Jingming, He Chunfeng
(Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)

Abstract: High-energy planetary ball mill was applied to fabricate W particle reinforced composite layer on the surface of pure copper
substrate. Scanning electron microscopy (SEM), X-ray diffraction (XRD), energy dispersive X-ray spectroscopy (EDS) and
micro-hardness test technique were used to investigate the microstructure and mechanical properties of the coatings prepared with
different milling time, and then the mechanism of the formation of the coatings was studied. The results show that the thickness of the
particle reinforced layer reaches the maximum within a certain milling time at the selected milling parameters. However, the bonding
between reinforcing particles and the substrate could be enhanced through appropriate extension of milling duration, which would
simultaneously facilitate the densification in the composite layer.
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