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Fig. 1 XRD patterns of Cu-10%Sn-5%Bi alloy after milling with 450 r/min for different milling time
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Table 1 Lattice constant of Cu in Cu-10%Sn-5%Bi alloy with

450 r/min milling speed for different milling time
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Fig. 2 Change of lattice constant of Cu in Cu-10%Sn-5%Bi

alloy after milling with 450 r/min for different time
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Fig. 3 Change of grain size of Cu in Cu-10%Sn-5%Bi alloy

after milling with 450 r/min for different time
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Table 2 Lattice constant of Cu in Cu-10%Sn-5%Bi alloy after
milling for 40 h with different milling speeds

Milling time/h Lattice constant of Cu/A
1 3.6176
5 3.6181
10 3.6182
20 3.6728
30 3.6782

40 3.6876

Milling speed/(r-min”") Lattice constant of Cu/A

0 3.6150
250 3.6172
300 3.6385
350 3.6445
450 3.6876
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Fig. 4 XRD patterns of Cu-5%Bi alloy after milling with
different milling speeds for 40 h: (a) Un-milled; (b) 300 r/min;
(c) 450 r/min
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Table 3 Lattice constant of Cu in Cu-5%Bi alloy after milling
with different milling speeds for 40 h

Milling speed/(r-min”") Lattice constant of Cw/A

0 3.6179
300 3.6184
450 3.6279
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Fig. 5 Back scattering SEM, EDS(a) and high magnification(b)
images of Cu-10%Sn-5%Bi green
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Fig. 6 XRD patterns of Cu-10%Sn-5%Bi alloy after primary

sintering at different temperatures: (a) Green; (b) 300 C; (c)

400 °C; (d) 500 °C; (e) 600 °C; (f) 700 C; (g) 800 C
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Fig. 7 XRD patterns of Cu-10%Sn-5%Bi alloy after twice
temperatures: (a) Green; (b)
300 ‘C+300 C; (c) 400 'C+400 C; (d) 500 ‘C+500 C; (e)
600 C+600 C; (f) 700 'C+700 C; (g) 800 'C+800 C

sintering at different

8 Cu-10%Sn-5%Bi #4228 800°C W Kke4s i SEM 151
LIEES
Fig. 8 Back scattering SEM images of Cu-10%Sn-5%Bi alloy

after twice sintering at 800°C

%3 £ 800 CRHELIPINIG Cu-10%Sn-5%Bi £ PITTHR
okt
Table 3 Element content of Cu-10%Sn-5%Bi alloy after

twice sintering at 800 ‘C

Element Mass fraction/%
Cu 85.6
Sn 12.7
Bi 1.7
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hy W T (R B0 FE S PEREDINA, AN PR3 BT 800 “C e
LT = ST R = N 7 N 1 I - SR QA el 1)
Cu-10%Sn-5%Bi & A4k HIHEKVE I B L0
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Fig. 9 Back scattering SEM images of Cu-10%Sn-5%Bi alloy after twice sintering at different temperatures: (a) 300 ‘C+300 C;

(b) 500 ‘C+500 °C; (c) 600 ‘C+600 °C; (d) 700 “C+700 ‘C
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il
Table 4 EDS analysis of Cu-10%Sn-5%Bi alloy after twice

sintering at different temperatures

Mass fraction/%

Sintering
temperature/ C Cu Sn Bi
600 83.5 11.8 4.7
700 84.2 10.5 53
100
130} .__"___./'—r::‘
180
S
> 110f 2
s — 160 &
% 3
P (]
= 90} &
E 1% %
= &
70 120

50 1 1 1 1 1 O
200 300 400 500 600 700 800
Sintering temperature/'C
10 Z ARG PYIRBESS 5 Cu-10%Sn-5%Bi 1 4 ) £

J3E e T8 AR P B P (AR A
Fig. 10 Variation of relative density and microhardness of
Cu-10%Sn-5%Bi alloy after twice sintering at different

temperatures

TUBEEATIA 114 HV.. XL H T4E 700 TR, 25—k
gEpb R, [ E] Cu H Y Bi B AT H SR EC> A 4E Cu
Sk, AN T AR/, Mg EETE,
A a PIRORSLIRAR N, PRI SRR R, A4
HISE R AL TN A DUERN & G P i /N LB, AT
R ASNBEEE, FREXRE FREER T648
MARF TR, AL a 44 .
1700 CEHAF R, A ibRna A o6 4K KR A
FA, B o)t T LG H, HOR IS A1 Bi yR
e Cu JEARrh, XA F) T3¢ 5 & SRR I
h THE 700 CREAAR “GRER” T2H%
B PRI AR g B, 025k 650 C K&
750 CHLEEXAGYARATIS:, IFE 700 Chegln
(1) SR IEAT 2 EREXT LG, sk 5 Frgl. AR
SERKT, 2700 CREL: G MG SR B il
JEIAT R e WAt 3 ] I i AR A S B A I A
S JE SR WT A A (e 4 R e o Az g PR 45 SR (L
R SKAE, & 700 Ched i) &GP phriom i @k

163 MPa, FWAEZE FHISHMESEA BN

FERE.

x5 SRR Cu-10%Sn-5%Bi #5411 )12k
fiE
Table S Mechanical test of Cu-10%Sn-5%Bi alloy sintered at

different temperature

Sintering Relative  Hardness, Tensile
temperature/C  density/% HV strength/MPa
650 89.3 112 91.0
700 92.3 114 163.6
750 85.9 74 131.4

3 it

1) FREEREE W] LAY R IAE Cu-Bi A4 Z I [ %5
J%, f# Bi % E] Cu ;£ 450 r/min BRE% 40 h, Sn
Al Bi MIZEARATE T Cu Sk F, ERANAH Cu
L AN A, IL SR RHAE 20 nm 24T .

2) {EBKEEY)IH, Cu-Sn [A1STE R ASE I CugSns
AH, AT REIR S I 8] R385 00 56 T Rt i A AR o i, A
BREEJSIH, G Sn X2 [ 3] Cu 44,

3) EAEEREEHIA ) Cu-10%Sn-5%Bi & 48 A,
ERREE I RE R, Bi A Cu ML E A T
M Sn LKL FEFIFAE Cu BRI/
Bi M35 A {E Cu(Sn)FEfA |

4) fELRUE BiAAHAN R ARG ETHE T, I 700 °C
PREE BT £ 1) Cu-10%Sn-5%Bi &4, Bi AH4 A
)53 AuAE Cu FeAR T, BegEBUR LIRS T 92.3%, fili
R s 5E 43 5335 21 114 HV Al 163.6 MPa.
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Microstructure evolution of Cu-Sn-Bi alloy in
ball milling and sintering

ZENG Mei-qin"?, XING Ji-quan"?, HE Qiu-mei’, HU Ren-zong"*, ZHU Min" 3, LU Zhong-chen**

(1. School of Materials Science and Engineering, South China University of Technology, Guangzhou 510640, China;
2. School of Mechanical & Automotive Engineering, South China University of Technology, Guangzhou 510640, China;
3. Key Laboratory of Advanced Energy Storage Materials of Guangdong Province, Guangzhou 510640, China;

4. Guangdong Polytechnic of Water Resources and Electric Engineering, Guangzhou 510925, China)

Abstract: The mechanical alloying (MA) was used to prepare Cu-10%Sn-5%Bi alloy powders. Then the bulk alloy was
obtained by a combination of cold pressing and conventional powder sintering. The microstructure evolutions of
Cu-10%Sn-5%Bi alloy during ball milling and sintering were investigated by XRD and SEM. The results show that
high-energy milling can extend solid solubility of Cu-Bi immiscible system, and the metastable CusSns phase
successively happens to formation and decomposition with milling time. Meanwhile, the decomposition Sn is dissolved
into Cu matrix. After milling with 450 r/min for 40 h, both Sn and Bi are completely dissolved into Cu matrix and a
supersaturated solid solution of Cu(Sn, Bi) is formed. During sintering, Bi precipitates from Cu(Sn, Bi) supersaturated
solid solution, are fine and dispersed homogeneously in Cu(Sn) matrix. The Cu-Sn-Bi alloy twice sintered at 700 C
exhibits an excellent microstructure and mechanical properties.

Key words: mechanical alloying; powder sintering; Cu-Sn-Bi alloy; supersaturated solid solution
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