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NIERRE,  PA— 2 B ERR EUR B (R 9 5 o =
T DA AR AN 25 BS T /K ORI ), A5 B I b 28 TS A
W, TERI STV TRV B IR AT RO T I N A R Bk 11
MRS, PPt Tt ], MRBENREER, MZiREE
R N 2 BON 2091 NaOH, 1] pH £ 12. K15
B REIN R O R, NIRRTk #
HPE 180 CHMF FEMb N 12 h, KA 1) SN =4k
B AT, R IR BiSn,07 Al

¥ — € &1 SnCly 5H,0 W ARTE L B /K, TE Ak
0.3 mol/L, 500 mL ¥J— & . A3 — WP 5%
PEG200, FFHF4Ediisk 1 ho A BRI H B AT
TEFEIK KFE 25%~28%), E 3| MIEHR pH=7. &
SRR PR LS h JER BT A G R BEY, B L Yeg
B LIS DO T T R A 48 90 min FUREE A
ERRTIRA AR, SRR AT IR R EN S T
REBEIERE 600 'C RN 3 h, BAIRA AT SnO, K
14:[18]O
1.2 Ag/Sn0O,-Bi,Sn,0; & & ¥y %I &

JIT F Bi,Sn, 0 # R FI1 SnO, KAy L ik il £ 1.2 Fr
HflA R, AR CRE <74 pm, 4% 99.99%,
K AN FE B T EERARATD. AR
TEE 5 RLE AT WK 1 FTs R S Re EREE T 2046 T
Bi,Sn,0; & & A A 1 Ag/Sn0,-Bi,Sn,0; & & H 4 . Bt H
BR S GE (M R A RS, AR RS N B AR 085
mm>78 mm; E AL EETF BEER : #15 mm ER:d5 mm Bk=1:1.
ISR 1 PRI & LTRSS [F] BiSn,07 ik
£ # Ag/SnO,-Bi,Sn,0;, H & B & .,
Ag/Sn0,-0%Bi,Sn,0; (ASBO0) . Ag/Sn0,-2%Bi,Sn,0;
(ASB2). Ag/Sn0,-6%Bi,Sn,0; (ASB6). Ag/Sn0,-12%
Bi,Sn,0; (ASB12). #RJ5, #ZMFIHIER 5 & &A1 i

R 301 BREUH R AL BR, IR TE K O BES E A8
A 5 & B 2:1 FREURE 2 A I R A R e K S . R
¥ SnO, ¥+ BioSn,0; ¥+ FIHEER A TE /K 20 BE AR VR
NIDEGHE, IFTEREE 5538 300 r/min 2545 N BEATHF 5,
i %t % %1 Ag/Sn0,-Bi,Sn,0; B & Hi k.

1.3 Ag/SnO,-Bi,Sn,0; Bl & S+ 4+ A &

DL bR #1451 R 51 Ag/Sn0,-Bi,Sn,0; & & kA N
JEoRE, SR W R B 4E T2 H 4 kR Ag/SnO,-
Bi,Sn,0, HLIEME A Mk, Bk, WHIMEEH R
SANEER @10 mm FASBNE AR+, T 30 MPa
AR MR 10 s il 4% RS A @10 mm>2 mm 1)
AQ/Sn0O,-Bi,Sn,0; =R, )5, ¥ Ag/SnO2-Bi,Sn,0;
EME TEiR A (KSL-1200X, & RER Mk
RARAFD AT TR E R, HRARD R
WIR: B AR BRI #GE 2R 10 C/min =R I
% 600 C, FHTH—BIRLE 600 CTF{RHE3h. HIX,
EAMFEMTHEEZR 10 C/min F, TESAR FRE
750~900 C KR L, iR JE, & H Ag/SnO,-Bi,Sn,0; Hi
Bfh 52 S A KL
1.4 S5 MEeRIE

K H B RE 1S B 3 K O 3 B ( SIGMA

HV-01-043 FSEM (Carl Zeiss SMT Pte Ltd, Germany))
XA il AT R IR S 85 40 #rs FIAH XRD AT 54X
( Holland, PANalytical B.V., £ & ¥ 11k Cu Ka
Irradiation (A = 0.154 056 nm), 6K 0.029s, F3H% 7 [
202-90°) XA B WIAH AL BGEEAT SR AE: SR Image J
Software X & & ¥y R HEAT KB 23 Hrs SR A LS R AX
(D60K). HL 7% Fit (XS104, METTLER TOLEDO).
YE M EETH (HVS-1000) 45565 K it (1 4 B2 44 BE 2E AT A
Mo ) H IR AR AT i 2 T 1 A7) 3 r S5 ol e
HEATIRTT
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2.1 IESEABEMMATI T 57 K 4 4B 46 AY
Bl1 Fioms N8 . BRCIR SnO, # ik Fi
Bi,Sn,O; ¥ & SEM JEF . KL 434 & XRD K.
1Af%0, Fr& i) Ag #r. SnO, B & F1 BiSn,Or 4}
RS, PIAH B 530 NS5 AR g5 K i 4l Ag A
(X BT PDF#04-0783, Z[A[#4 Fm-3m(225)). MY
77 bR S5 ) SnO, #H (X BT~ PDF#71-0651, 75 [A]#f
4 P4A2Imnm(136)) FISLJ7 iR S5 # [1) BiSnyO; A Chf
% T PDF#87-0284, == [A[#EA Fd-3m(227)). MKLJE 5
A BRI R, SEEDE ISP S KL 4.62£2.077 pm, SnO,
F 447 2465 A 37.13942.002 um, 1] Bi,Sn,0; ¥4k
PRI N 5.448 £3.167 pum.
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Fig.1 SEM morphologies, particle size distribution (a~c) and XRD patterns (al~c1) of silver powder (a, al), granular SnO; (b, b1) and

Bi,Sn,0O7 powder (c, c1)

# 1 7F[E BiSn,0; &£ Ag/Sn0,-BiSn.0; E &M AE FRIKETLZE

Table 1 Formula and milling process of Ag/SnO,-Bi,Sn,O; composite powder with different Bi,Sn,O7 contents

Sample Ag powder/g SnO; powder/g Bi,Sn,O; powder/g Milling process
ASBO 8.8 1.2 0.0 300 r/min, 4 h
ASB2 8.8 1.0 0.2 300 r/min, 4 h
ASB6 8.8 0.6 0.6 300 r/min, 1~12 h

ASB12 8.8 0.0 1.2 300 r/min, 4 h
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2.3 Ag/SnO,-BSO & & RI¥NIR 1% E & M fF 53
2.3.1 FRJERTR

Bl 4 BT A R BR S N 6] R Ag/SnO,-BSO B & 44
BIAER M RE AR i 2k . B 4 AT %N, B 5 BREE I [A]
M1 hIZEKZ 12 h, Ffih ASB6 [ HFH 2 5234 38 n
%, MEREEN I 4 h 5, BRH R MK R
W FERR S [A] 12 h Nk B m F P 317 pQ-em
[FEL, FEA ASB6 (1% B IR W T BRI 5k 3,
JeHAEERBERS [H] 12 h A B E AR % 7.345 g <m™.
XU BE B B I (] 1) 3o B S K s T AN R T o A ) B AL
KR4, T Ag/ISN0,-BSO & & Ak ) % 5 1 7™ = 0%
tho HTEERI TR &N, SEREERIE 1 h J51) ASB6
T it 2 T 10 80 D KL 15 1O o0 A AE R AR AR, TR
P IR SR (B 5a), H4EREEN [ 1 h J5, ASB6
FES R HIL T RERIRSCEIAH L, Z AL O X
N4 B R EAA, SUHR VR R R S R A RORL (A
Il 5b, 5¢). i H, Bl BRES A R 4k SR K, R A
BORSUIRH GBI I, A8 958 S 4 i) 8 SU 2 47

(ULIE 5d, 5e)s (EAFAEWLEE AT LAACHL, 24 BRI I [A] 42
K& 12h i, Rioan 7T ASS MR RITAR LK
5e). FiH K 2 WA, A RERRIE . JRAURL A 3
SRR R R — 52 2 R 1 10 TR 25 ARUB) £ BRI LA
SV E RN KA TR, A T ARIEA ) ASB

10.0
32r Sample: ASB6
— Sintering conditions: 850 ‘C, 6 h 19.5
§31t )
c;}:L 9.0 =
> &
E 30r 18.5 E
& 29 L T 80 8
75
2.8+t
1 1 1 1 7.0
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6 8
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ot 2
Fig.4 Variation curves of physical properties of Ag/SnO,-BSO

electrical contact composites with milling time
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Fig.5 Metallographic microstructures of Ag/SnO,-BSO electrical contact composites ASB6 sample milled for various time: (a, al) 1 h,

(b, b1) 2 h, (c, c1) 4 h, (d, d1) 8 h, and (e, e1) 12 h
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BRI R e g T2 A FE AR R T Wil 5 BN
WO, i B Mrar s, ZEREERFE 8 h 5 IR
ASB6 K15 T BN AR B O 2R, DL K A T i) L BE
% 2,92 pQ-em M 8417 gem™, B RAL T4
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Kl 6 Fran AR BSO & & T ettt Ag/SnO,-BSO
SEMEI R A i 2 . BRI 6a TN, R Al
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AQ/Sn0,-BSO & & M BL LB 2 2 1Z W T FE s, Ju
., BSO B4 & & 12%M |15 ASB12 5 &M kL%
P RN RS . [ EE, M e st iR T 2 BIA 830,
840. 860 CHJ, AHM [t Ag/SNO,-BSO &4 #1 K
HPH 2 KA E 2R A, R ERM. Kl
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BSO Content, o/%

i, X4 BSO #::&E—En, BFHRLSIEREM 750 C
9N % 900 'C, AQ/SnO,-BSO & & 1k} B 2 %
PUNIZET N Rk, H BSO BI:EHN 12%. ks
JLFE 900 CH}, FEfSh ASB12 () HLFH ik & /ME 2.24
uQ-em. AU, HE 6b 1% AT TR, ke
LEURE— R, BEE BSO BB N, ki
AQ/SnO,-BSO & & M KL% B2 2 31& W s . m
2 BSO 5% & — I, ke 45 iR FE 148 in o o5t A 5 1
AR B — 8 A A A .

B 7 Bt AN [ R 25 6 3] R Ag/SnO,-BSO Hi 4% fii
SEME BRI Rt 2. BEF LS IA 3 h
K 16 h, A[[ BSO 4 &% Ag/Sn0,-BSO &
HAEH LR K. 24 BSO 544N 0%H,
ASBO i & AN R B2 I [A] b BE S I 4E 3.5 puQrem /o
Fi o [F)EE, ASB2 i i L BH R 4ERFE 3.0 uQ-em A4 o
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Fig.6 Variation curves of physical properties of Ag/SnO,-BSO electrical contact composites with BSO content
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Fig.7 Variation curves of physical properties of Ag/SnO,-BSO electrical contact composites sintered at 830 °C for different time
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M ASB6 1 ASB12 #fan [ HEIHZ 73754 2.9, 2.4
pQ-em P B) . H UL AT AT, ke g5 I TA) 9 AE K X
Ag/Sn0,-BSO E &M B FEBH R PRI EE A R . H
AT LUK I, FEREEE I RH 2 264, B BSO 4%
BN, Stk Ag/Sn0,-BSO E & #1KHK HIBEL % & &
BT AR OLE Ta). i, B Th
AR AL AT RN, BE B e A R A, Bk
Ag/Sn0,-BSO H A& M A% AR LA K . T H ke 4h
I (6] — 2 I, BSO 45 J% & (138 Jn 75 {3 oot R i 10 25 B
A RS BT . AT LAY, TR [E AR e 45 S B B
Ff, 8 4 I TE) 0 28 K X 20 Ag/Sn0,-BSO B A 4 R
P, BEL 6 A 285 5 A e 11 e A P AN 3

2.4 Ag/ISnO,-BSO & & # i B3Nk {45 1% 55 4

VE 9 1 H 35 26 % v kS F 0% 32 1 ) ) G B A R

AQ/SNO,-BSO  HLEE i & & A4 BLAE i B - 7y Wrid 2 v
AR E IS IAT AR 5 5 R R AR AR A K. R AR IR R R
TS S T AR . NG, KR TAEWIE TR
Bi,Sn,0; & &% Ag/Sn0,-BSO &Rk L gpe i
REPE R W R, 02 06 T 30 R ISR TR 1 S it
AQ/SNO,-BSO E &M B R IMAH T . B B EH A
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TSR AR A B P R 1 X s, T SR R A R 2 4R
b 358 5 A R B AR R R B X3 . B AR N 2%,
ASB2 ¥ it 1) 2 T A8 2 S 34 (HVo3) 4 941.98 MPa,
BB BN 6%, ASB6 Ffbh i 2 I i T 45 {H
(HVo3) TFFEZE 910.91 MPa, 4BEN 12%HH,
ASB12 FF i 1) 22 [ A FE 1 P4 4k 25 T Bf & 807.32
MPa. H AT 1, B BSO & = 38 1, Ag/Sn0,-BSO
A M RE R TH 0T R AR FE 2 B A S T Ok
AQ/Sn0,-BSO & & M BH I 2R 1 A B2 5238 87 T iy,
H.4 BSO 5 12%I5, ASB12 Hf & ) 2 1 Al F 5 A%
XTT RV R T AR BUE B 95.43% (L3R 2).
2.4.2 Ag/ISn0,-BSO H_&-#4t v IR Be ik 45

DL iR #4519 Ag/Sn0,-BSO & # B N 5t
%, 3k — B R F BSO 8 2% 2ttt Ag/Sn0,-BSO
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Table 2 Basic properties of Ag/SnO,-BSO electrical contact composites for arc ablation testing

Sample Surface roughness/ DensityB/ Theoretical glensity/ Relative density/ Hardness,
pm g<m g<m % HV,3/MPa
ASBO 0.122,0.122,0.02 9.61 9.89 97.16 1066.04
ASB2 0.025, 0.026, 0.027 9.682 9.94 97.40 941.98
ASB6 0.022, 0.109, 0.027 9.721 10.03 96.91 910.91
ASB12 0.014, 0.12, 0.105 9.696 10.16 95.43 807.32

% 3 Ag/Sn0O,-BSO BIFME S##IATBIlRMIXIESH
Table 3  Arc ablation test parameters of Ag/SnO,-BSO

electrical contact composites

Testing item Parameter
Type of load Inductive load
Sample ASBO, ASB2, ASB6, ASB12
\Voltage/V 220
Current/A 193 (AC)
Frequency/times h™* 300

ALK I, 4 BSO &% &4 0%, ASBO FE i1 #

fikt SR B i 2 2 50 Uk HL IR T i 56 JS e A T AR R I
THRANFm, mHRTHM T KEMLF CHLE
9a~9al). X4 BSO &4k L3 hnmy, #F &b 3 1 ke 45
TH AR I K 58 42 78 o S R H, TR A7 AE — LB LI A Ak
(L1 9b~9d A1 9b1~9d1), 1fif H.24 BSO & &~ 6%
B, ASB6 ¥ i 2 [ b4 A /. 4 BSO & A
12%H), ASB12 Ff fit 2 [ i ke b X 380 H B0 1 B R K
I G, & I — LR 5 R 2 — AT REAE T A G 58
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(45.34%) FI/LEM) Ag JGE (19.16%) 1 O L&
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899.84 MPa °© 807.32 MPa d

926.59 MPa 815.16 MPa

905.91 MPa 800.07 MPa
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8 AQ/Sn0,-BSO A #fh 52 & A4 BHE JZ 73 41 5 i ZH 21
Fig.8 Surface hardness distribution and microstructures of Ag/SnO,-BSO electrical contact composites: (a) ASBO, (b) ASB2, (c) ASBS,

and (d) ASB12

M’oved contacts
1m

K9 Ag/Sn0,-BSO FLE:flE G AT R ZIEFE 50 X f5 & 1H FEIRE T 3D 5 A
Fig.9 Surface arc ablation 3D photographs of Ag/SnO,-BSO electrical contact composites after 50 cycles: (a, a;) ASBO, (b, b;) ASB2,

(c, c1) ASB6, and (d, d;) ASB12
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Fig.10 Surface arc ablation microstructures (a~d, al~dl) of Ag/SnO,-BSO electrical contact composites after 50 cycles and EDS spectra
of region 4 marked in Fig.10b (e) and region 10 marked in Fig.10d1 (f)
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Effect of Bi,Sn,0; Content on Microstructure and Properties of Modified Ag/SnO,
Electrical Contact Composites

Hu Zhongyuan', Wang Kaixu?, Zhou Xin*, Gao Linhui!, Li Yue'?
(1. Institute of Wenzhou, Zhejiang University, Wenzhou 325036, China)
(2. Wenzhou Hongfeng Electrical Alloy Co., Ltd, Wenzhou 325603, China)
(3. School of Materials Science and Engineering, Zhejiang University, Hangzhou 310027, China)

Abstract: With as-prepared SnO, and Bi,Sn,O; as reinforcing phase powder and chemical silver powder as matrix phase, series of
Bi,Sn,07; modified Ag/SnO, electrical contact composites were prepared by high energy ball milling assisted sintering process. The effects
of Bi,Sn,07 content, milling time and sintering parameters on physical properties of Ag/Sn0O,-Bi,Sn,07 electrical contact composites were
investigated. The results show that with milling time ranges from 1 h up to 12 h, the morphologies of Ag/Sn0O,-6wt%Bi,Sn,07 electrical
contact composites powder change from granular to flake structure. And the resistivity of Ag/SnO,-6wt%Bi,Sn,0O; electrical contact
composite increases gradually but the density decreases. The increase of sintering temperature and the increase of Bi,Sn,O7 doping content
could benefit for reducing the resistivity of Ag/SnO-Bi,Sn,07 electrical contact composites. With the Bi,Sn,O; doping content of 12wt%
and the sintering temperature at 900 <C, the resistivity of Ag/SnO,-12wt%Bi,Sn,07 reaches the optimal value of 2.24 pQ-cm. According to
the initial arc ablation testing after 50 cycles, compared with pure Ag/SnQ,, the ablation area of the modified Ag/SnO;-Bi,Sn,07 samples
does not rapidly expand to the whole surface, and when the Bi,Sn,07 content is 6wt%, the ablation area of Ag/SnO,-6wt%Bi,Sn,0; sample
is the smallest. While, with the Bi,Sn,O; content of 12wt%, the Ag/SnO,-12wt%Bi,Sn,0; sample appears obvious splash phenomenon,
which may be due to its lower HV 3 hardness of 807.32 MPa.

Key words: electrical contact composites; doping modification; Bi,Sn,O7; high energy ball milling; pressureless sintering; arc ablation
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