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Fig.1 XRD patterns of pure Ag, SnO, nanopowder and Ag/SnO,

composite powder

2 4l Ag. ET] SnO, 4K 1A S Ag/SnO, A3 K3 1K SEM JES
Fig.2 SEM images of pure Ag (a), SnO, nanopowder (b) and Ag/SnO, composite powder (c)

1 Ag/SnO, RIEMAM B IR 14 52
Table 1 Physics properties of Ag/SnO; electrical contact

materials
. Resistivity/ Hardness, Density/
Material 3
pQ-cm HV,s/MPa g-em
Ag 1.69 695 10.49

Ag/Sn0O, 2.26 876 9.82

WAt B 3 il Ag/SnO, HL 3 fil b R} e 9IR4R ik i
(W% 1 SEM K&, RT3 H G 2 MR Y .
2.3 Ag/SnO, B EEflHT LAY IR TRk 16
2.3.1 R R @RI BRSO

4 7Rt Ag/SnO, Bl i st HELSIR Bl 5 i
X R T AR T S IR o & 4a S B Sk i X F 1 SEM
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K3 Ag/SnO, HLIZ AR RE R SIE BhiT (2 1T SEM [
Fig.3 SEM image of Ag/SnO, electrical contacts

before arcing test

I'mm

Bl 4 Ag/SnO, filt Sk IX A= Wi L 1 () SEM [t
Fig.4 SEM images of local eroded zone of Ag/SnO; contacts:

(a) moving contact and (b) static contact
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DX 3t I Ty HAC I R SR . T Ag 4
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FWFLFEVER T S8OCRE Ag i CIRILS .

Bl 4b J2 i Sk T AR PR T ) SEM U, A G
T fid Sk, i Sk 2R O R RIS K AR L ML,
T3 A S 3, AL Jad 3 DX 38 VRO Rk IS
B 4b HBOC B A, X O O Ik X, &
EDS 7t & W H 41 40 4 SnO, Bk (WK 3).
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I o) 4 5 LRG0 BT %, sl fi Sk Ak X2 T )
SR ok ™ T v T Aok
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BT RS G Uh AT Sl 0 S 2o i AR I
)24 23.08 ms. S P A BRI R) 48 Ak 1P AR H
Lk 3 P U T F SR IR () B S8 A K, R A1
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6 & Ag/SnO, filik 20000 VAR i Wi T A1 A &
(R RR SN ) 1] o ZEARFA E 20000 XA, Ag/SnO, fiil

%2 4a FEREME Ag/Sn0, K RERE EDS 247
Table 2 EDS analysis of surface droplets for Ag/SnO, moving
contact after electroerosion in Fig.4a (o/%)

Element Content
O 3.81
Ag 90.19
Sn 6.00

%3 [E4b FEBEME Ag/Sn0, 5l kR E LIZHHKL EDS 247

Table 3  EDS analysis of floating particles on the surface for Ag/
SnO; static contact after electroerosion in Fig.4b (/%)
Element Content
(0] 24.72
Ag 27.04
Sn 48.25
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Fig.5 Breaking-arc (a) and making-arc (b) time of Ag electrical

contacts after 20000 operations
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Fig.6 Breaking-arc (a) and making-arc (b) time of Ag/SnO,

electrical contacts after 20000 operations
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T, FE R REROAE R R, AT 2 T R TR el ) X
SRR B, SRR 6 A, AR kT A N 3~4
mm’. E/NBRANE R, BRR XA, R RE A
WCHE IR, el AN R S B &
(RG-S



« 1316 * MBS TR 49 3

1500 1500
a
2 E
1000} - ;1000
= 15
o) =
5 , g
2500 s £ 500
> <
< . "
0 L L 0
0 10000 20000
1500 1500
b
3 E
% 1000 § 1000
5 &
= m
= on
2 500 £ 500t
3 <
0 Il Il 0 L ] L
0 10000 20000 0 10000 20000
Operation Times Operation Times
K7 24FFF 20000 WG4l Ag il SkBTE. S K8 ZAFEF 20000 K )5 Ag/SnO, filt Sk Wi T+ M4
PRI HE PRI EE
Fig.7 Breaking-arc (a) and making-arc (b) energy of Ag Fig.8 Breaking-arc (a) and making-arc (b) energy of Ag/SnO,
electrical contacts after 20000 operations electrical contacts after 20000 operations

Bl 9 AN HIR 4 TR 20000 YK 5 Ag/SnO, 2 fil k¥4 % €]
Fig.9 SEM images of Ag/SnO, moving contact after 20000 times operations under various currents:

(@) 6 A, (b) 12 A, (c) 18 A, (d) 24 A, and (e) 30 A

UEAh, Wil 10a. 10b iR, K 6. 12 A REEM 4%, HEERMETKEIRIKKRE Ag 8. B
DEBTBOR AR A B 8¢, 12 A RIIEATERHEIRIR o 24 A ] DU BUINET 12 1 X ST — B ] 82 1) 15
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10 Ag/SnO, 2l filt Sk HNET R T JBOR 14 L B 1
Fig.10 SEM images of magnified rivet surface for Ag/SnO, moving contact: (a) 6 A, (b) 12 A, (c) 24 A, and (d) 30 A

KA Wil 10¢ o, EREAT RETEZ B n] AR AE ST N
2 ke HHOR I A1 SnO, Bk o 281 K45 21 11 g i
Bk 0.292 mm?. KB K1 SnO, Btk 2 3 2K
TAEAEZIX I LRI, 407N KIS SR AR AE AL Toik
HG RPHEEKTCE i, &S EE o R
TUAE 30 AN, A0ET 4R P DX AR o 1 AR,

A, 512 A KRG, RS R K S 0
K11 25002 64 120 18, 24 A1 30 A &4 FIGH
20000 5 EHSLENET R R s E . FRE, 20
W, A IR Bl X I AR 23 0 4174, 8.029,
10.542. 13.006. 13.789 mm*., ik AR, #hk
TE LU 24 F1 30 A S5 1 (ARl DX sl i AR 2 R AN K

11 REHEGE FIER 20000 W5 Ag/SnO; i fili sk SEM
Fig.11 SEM images of Ag/SnO, static contact after 20000 times operations under various currents:

(a) 6 A, (b) 12 A, (c) 18 A, (d) 24 A, and (e) 30 A
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12, 18 J& 24 A ZAFN, A BRI E 5350 A
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20000 XAEFR N W AR e B oy M. & ad A, 6.
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T 1959.33 mJ. AR, BEEWIRAIG I, W0ET -1
TERRSINRE W0, 55 RIS [ AS[R], H G RE 3
6 A, “FIIWITFAINAE &KL 5 N 400 m), ZEIHME
WA, U LR BRI AR R B

B 16 sy 64 120 18, 24 F130 A 4&1FF
20000 KAFEE N A BEIRRE R AT . i THE, 6.
12, 18 J& 24 A A TP AR INEE & 2 5 h
753.19. 1489.11. 2245.52 DL} 3137.64 mJ; 30 A %
{70 3882.10 mJ. BHAG HLULEG N, AT 3 A4
JRAE =B W, MR 6 A, PG RINRE
KGN 800 mI. AR, HLUNT P A I GRS R
Wi b5 B W0 o SR A BRI [ F 66 5, AT P15 i U 1
PRI [V R R 2t #4050 b oo T IR T RF 30, 3 U B 6T A
WEFTHI %1 88:12 JRE LL Ag/SnO, Hi 3 fil bk} T 15 51
(RN ET A A o R el T 3 A Sk ) 23 <o L r g

12 Ag/SnO, #fi S 0T 3K ThITBOR 9 LB 14
Fig.12 SEM images of magnified rivet surface for Ag/SnO, static contact: (a) 6 A, (b) 12 A, (c) 24 A, and (d) 30 A



54 W 05 Ag/SnOy HUEEMIRT R il 2% S HRIRF PEF ST < 1319 -
80 80
a I b
£60} 60
9]
£
c40f. 40t
o0
£ . . -
g . .
0 ' 1 1 O 1 1
0 10000 20000 0 10000 20000
80 80 80
[ d e
60 60} 60}
40+ 40

Arcing Time/ms
N
S

[
(=]

20

0 1 1 O 1 1 0 1 1
0 10000 20000 0 10000 20000 0 10000 20000
Operation Times Operation Times Operation Times
K13 6. 12, 18, 24, 30 A ZAF T 20000 k)5 Ag/SnO, fit Sk W TTHAHI I 5] P
Fig.13 Contact breaking-arc arcing time diagrams of Ag/SnO, contact after 20000 times operations of 6 A (a),
12 A (b), 18 A (c), 24 A (d), and 30 A (e) current conditions
b
2]
£
()
=
= 40F 401
on
g
5 20}
< 20}
0 1 1 0 1 1
0 10000 20000 0 10000 20000
!
80 dI gof Y N
: ittt
£60f 60} 60}
o
£
=40t 40 401
on
g
Za0} 20} 20}
0 T 1 0 * ‘I - t 1 0 .| . 1
0 10000 20000 0 10000 20000 0 10000 20000

Operation Times

A A B A Fp B AE I RE T o DR AE 2 ) R et

Operation Times

Operation Times

Bl 14 6. 12, 18, 24, 30 A &M F&AHFA 20000 KJ5 Ag/SnO- fi 3k P14 SR IR ] 1]

Fig.14 Contact making-arc arcing time diagrams of Ag/SnO; contact after 20000 times operations of 6 A (a),

12 A (b), 18 A (c), 24 A (d), and 30 A (e) current conditions
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Fig.17 SEM images of the surface of Ag/SnO, moving contact after 100 (a), 1000 (b), 4000 (c) and 10000 (d) times operations under 12 A
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Fig.18 SEM images of the surface of Ag/SnO, moving contact after different times operations under 12 A:

(a) 100, (b) 1000, (c) 4000, and (d) 10000



* 1322 -

Wity @A RS TR

49 %

254N T A8 PR VR BT SLATET IR IR 24 1 52 g R
A, W 19 Fros, B 4350 1004 1000, 4000 10000
WKW T FE P RO ) B . &8T5, 100, 1000+

£
(o)
E
=
on
R
2
<
0 ° 1 1 0 1 : 1
0 2000 4000 0 5000 10000
Operation Times Operation Times
19 12 A &M RAEFRIXECH 1004 1000, 4000 F1 10000 S5 Ag/SnO, fil 3k I JT 4 5K A fr Pl

4000 L2 10000 7K%~F-350 W RS () 43 50 o4 21.69.
22.05. 21.75 UL &2 21.84 ms. O] LLRIR, BRYKIN E] BE
PEIR VB NG I W, HOAS A6 PR B0 R T 34

30 30
a
. - 3 P cee . . 1 ? .

I AR I L o o goa
f\azo_ ey g ® s d s 20-: -? ' .;! 'S':-}:! f.:‘.-;_' s;: '.‘:'
£ e - KIS TR ) P L
= .
2
5 10¢ 10f
<
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Preparation and Arcing Characteristics of Ag/SnO, Electrical Contacts

Ma Guanglei', Zhang Lingjie'>, Wu Xinhe®, Shen Tao’, Yang Hui'?, Chen Xiao®, Fan Xianping'
(1. Department of Materials Science and Engineering, Zhejiang University, Hangzhou 310027, China)
(2. Zhejiang-California International Nanosystems Institute, Zhejiang University, Hangzhou 310058, China)
(3. Wenzhou Hongfeng Electrical Alloys Co. Ltd, Wenzhou 325603, China)

Abstract: Using Ag powder and nano-SnO, as raw materials, Ag/SnO> electrical contact materials and its rivets were prepared by
mechanical alloying and hot extrusion and cold press-welding process. The phase composition of the commercial Ag powder, as-prepared
SnO; and Ag/SnO, composite powders was analyzed by X-ray diffractometry (XRD). The surface morphology and arcing characteristics
and mass loss of the rivets before and after the electrical life test were characterized by scanning electron microscopy (SEM). The effects
of different process parameters (working current and cycle number) on the arcing characteristics, arc eroded morphology, mass loss and
degradation mode of Ag/SnO, contacts were analyzed and compared. The results show that compared with pure Ag, Ag/SnO, electrical
contacts have higher arcing time and arcing energy under arcing, and the average arcing time of making-arc and breaking-arc is 51.78 and
25.86 ms, which is 4.87 and 2.78 ms higher than that of pure silver, respectively; the average arcing energies of making-arc and
breaking-arc are 988.14 and 493.85 mJ, which are 104.93 and 58.76 mJ higher than those of pure silver, respectively. As the number of
cycle operations increases, the total mass loss of the Ag/SnO; electrical contacts is negative, and its main failure degradation modes of
droplet splatter and SnO, particles floating are manifested.

Key words: electrical contact material; Ag/SnO,; arcing characteristics; degradation mode
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