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Influence of high-energy ball milling on
structure and performance of Cu-10Cr-0.5A1,0;
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(School of Mechanical and Automotive Engineering, South China University of Technology, Guangzhou 510640, China)

Abstract: Cu-10Cr-0.5A1,05 (mass fraction, %) powder mixtures were pretreated by high-energy ball milling and
subsequently sintered by electric field activated sintering technique. The influence of milling time on the structure and
performance of Cu-10Cr-0.5A1,0; before and after sintering was studied by XRD, SEM, hardness, rupture strength and
conductivity test. The results show that, with increasing the milling time, the Cu grain size decreases and the distribution
of the second phase becomes more uniform, consequently the strength and hardness of the sintered samples increase and
reach 952 MPa and 285 HYV, respectively, after powders milled for 20 h. Because of the grain refinement, the uniform
distribution of second phase and the lattice distortion of Cu phase, the electron scattering in the sintered samples is
enhanced, causing a decrease of conductivity. After 20 h milling, the conductivity of sintered samples decreases to
51%(IACS).
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Table 1 Characteristics of original powders

Powder Puor ity Control element Average powder
% size/pm
Cu 99.5 Al, Pb, Fe, Si 50
Cr 99.9 S, Fe, Si, Pb, Al Cu, C 70
ALO; 99.9 Fe, Pb, S, Cl <0.1

TRFE 1) X AT 0 BT /E D/max-TIA 14 55l X
SR AT BT, IRy 50 kV, FHGE AN
10 (°)/min; JESHMELAE JEOL-6460LA 14t Hi 1 24
B EREAT, nEd R 15 KV, BRI A HX-1000

TG (G BT BT, MAREAr o 9.8 N, R
FITTEA 10 s, REAMRFE AR FEI 7 A s (0 T34
A ) W S i IR A CMITS 105 L5 RS se AL k4T
FL S R IR USR] QI 19 80U 1 T BRI AR A

1.2 AEESMHRTI IR
1.2.1  FREBREE Hl A4 R

¥ ERYIUER A% Cu-10Cr-0.5A1,05 4 LA
THEB 2LV AR ALT RS 120, RJEHEAN
QM-2SP AT A BRI BEAT S AEBR IR o BRI BEA I 3K
MRS GCr15, BREEh RBR(EAE 20 mm). PEK(E
£ 8 mm)FNER(HAE 4 mm)f FE el 1:2:1, BRRHR
HER 10:1, EREEHLELTE Y 226 r/min,  1F AT i
()24 15 min, JEE e AT R [A1354 10 s, EREEAr
TN AR, BT ERRE I R o AR RS,
AN TCATEREVE J i R4 il ] o
1.2.2  REgi e

FERGEEERS, 4 20 g /) Cu-10Cr-0.5A1,0; ¥ A&
AWAER 20 mm. MEH 50 mm [ ALO; P #R L
o, R BRI b gh R T S U . ik
Bk i S8 . AR 120 A, WEfEH
WA 2.7~3.0 kA, HiF N 50 Hz, 25Kk 50%. HHE
I ) (RIS IS TE]) Ky 3~7 min, %2450 4124 30 MPa.
WrHL i, IRFEBEAEZS A 2 100 ‘CRAT, AR5 IEREHURE .

2 FHR51R

2.1 BREXTEEM RIS

B 1 s AN TRIER BE I TR K 1) SEM AR (] 1
AILAUEH: BKEE S h G, EERARKEMAIRIES, If
HAE— AW A RURL 22 J2 S 1) J2 16 A s (O 1
1(b)); £ 10 h HUBRERES J5, EAmARMERIR, HT
FRA A P AR A RO J5E S B S 1 s R AR PR A
PO WAL, R RS I R b R AR SR R R I
RAETWER: £ 15h BRER, S0 AREERR, &
ARBORAR RS — 0 KK 420 h BREE 5, T
ICREAY, B TRIRS A RO 128 W AR s Ry RS T 287D
(RO, A A RIORE R PRI ORISR R /S R HROIR
FRLA R, AR TR RAFISE I, AR P RS
5%57 50 pm, UBIN, R ARRURL LGB 52, Wil 1(e)
fizke LA bgh kW], (ERRES IR, S0h R A
JUSFRR AT B2 A0 BRES B A LM AR UL 22 [T
SHRAE . VA MR WP LR TR I R, ZERR BRI
WA B, SxJE s R sk />, BAT R AP



1330 A G A R

2011 46 H

PE, DAL, F s BRER A BRI IR R AL E R R, A
IR AR RS TR T A0, R, M RSBk
RE M N RA T RGBT, AR T JE IR
FRPFHOR . B BREEI T IE K, AR R
IEANNT SR, BREE B A8 AR AN A1, TR
IR 30 ALO; F1 Cr £E Cu AHH R EU i LA Cr
FE Cu HoSEIL AR [, o028 R 31 1) o (R A AR A5 K
K, TN R RORL S R SRR, AR AR A
PEBRIC R T N AW AR RIS, EE
(1038 B 46 J R T AE BE BRI E N R & BREE )
W, RE SR TWIER, DTl BEEREE I R,
AR BHAS R, MK TR ERES 5, PRI v 15
B, B AR RS ZH .

AERREERLRE R, Cu Al Cr &4 T W B AR I,
KIPHARTEAR R E AR AR Cu Ml Cr AHRE T dil ks W
Ag, TR P A KA A, TR T A R R kL, i
AYNET Cu Fl Cr (R ERESKY R 1) XRD 1 (L ]
DWUFSE TIX— 5l BEERES IR ) ZEH, Cu FI Cr 1)
FISHIERI A IR 55 . tHT ALO; & AR D, 1
VR M AR IR B K73 AR R S 0% v A R 5% 1A Y. ) A
S

B 1 BREEANE N AR R SEM 18
Fig.1 SEM images of composite powders
milled for different times: (a) 0; (b) 5 h;
(c) 10 h; (d) 15h;(e) 20 h
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Fig.2 XRD patterns of composite powders milled for various

times
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Fig.3 Microstructures of sintered milled by
different times: (a) 0; (b) 5 h; (¢) 10 h;
(d) 15 h; (e) 20 h
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Fig.4 Effect of milling time on hardness and bending strength

of sintered specimens
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Fig.5 Effect of ball milling time on conductivity of sintered

specimens
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Fig.6 Fracture surface morphologies of sintered specimen milled by different times: (a) 5 h; (b) 10 h; (c) 15h; (d) 20 h
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