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Fig.1  XRD patterns of pure Ag, SnO
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 nanopowder and Ag/SnO
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composite powder 
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Fig.2  SEM images of pure Ag (a), SnO
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 nanopowder (b) and Ag/SnO
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 composite powder (c) 
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Table 1  Physics properties of Ag/SnO
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 electrical contact 

materials 

Material 

Resistivity/ 
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Hardness, 
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0.5

/MPa 

Density/ 

g·cm
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Á 3  Ag/SnO
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Fig.3  SEM image of Ag/SnO
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 electrical contacts 

before arcing test 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Á 4  Ag/SnO
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Fig.4  SEM images of local eroded zone of Ag/SnO
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 contacts: 

(a) moving contact and (b) static contact 

 

í@�����]}~uv��0�t��w�2t

w��Rm���O������K�1 4a��1�

�������^�/���12�� EDS&Ä�u

K���/ Ag ��ÛS� 2å2�������&�

�Iø&b� 5~75 µmQR�����������

�/��s2��Ghi&��i�i������2

�hi�
[ SnO

2

JI� Ag%ê�H5��]^�

�2]^�&���E� SnO

2

JI2�j Wang

[20]

x

��jU2�>�`[�
]��+��Ë�À�§

�2Ag ��+��Ë/ 4.70 eV 
 SnO

2

��+��

Ë/ 3.54 eV�
±2�>Q���� SnO

2

À�§�2

��>Á>�2&�� SnO

2

JI�5 (¥ �	 

¡�>5E2
±�>¢��4�£¤�3¥/�2

��>�£¤�ª�¦<]^� SnO

2

JI�2SnO

2

èéJI]^ê
§[�Iø�»éX SnO

2

JI25

 ¤�	 ¡�>5E2N¨�V�©�>>�ª«

¬^<]^/�2­�>�*ä�®�2�>5E¯

°�2�
�V SnO

2

^�/�2�±�±��uv>

�����²2�E��>���©�/�2�V³

/�Ýä´µ¶�t¤�	w)·��Z[ Ag �s

WÛ961 �åÀ!¸�2
±2]^/��� AgJI


i��sWÛ961 �ås�½Ás¹2��>oL

��º© A÷�V�E Ag��»¼����� 

1 4b�|��»/uv��� SEMí@2À½

[�����2|�����¬§��¤ø½�w�2

��Hê�s-¾2¿���/�]��»¼����

Z1 4b���1H42³/�/��»¼ÀÁ/2ú

EDS &Ä�u3���&/ SnO

2

JIÛS� 3å�Z

[ SnO

2

JI/èéX>2
±�1 4d �H(§�Â

Ã SnO

2

JI��]^��2Y�3]^ªä�¥(¤

�	 ¡�>5E2!½H42���»/����

>uvÄÆªä�[|��� 

2.3.2  
��������� 

1 5 Ô2/ãÙÉlÊË 20000 Êô'�LÅ´

�=>�	Æ�1��ÉlÊË 20000 Ê�2ãÙ�

'�=>�	HêFpqÇÈ2¿�ÉlÊË 500 Ê

��]÷ÉÇÈ�ú#Ty2ãÙ�-Y'�=>�

	/ 23.08 ms�ãÙ�Å´=>�	HêÇ[-pY

3g�QRi'��=>�	uvÊ�2ú#Ty2

3-YË/ 46.91 ms� 

1 6 � Ag/SnO

2

�� 20000 ÊÉlô'�æÅ´

�=>�	1��ÉlÊË 20000 Ê�2Ag/SnO

2

� 

 

� 
��� 4a ����� Ag/SnO

2

������� EDS �� 

Table 2  EDS analysis of surface droplets for Ag/SnO
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 moving 

contact after electroerosion in Fig.4a (ω/%) 

Element Content 

O 

Ag 

Sn 

3.81 

90.19 

6.00 

 

� ���� 4b����� Ag/SnO

2

��������� EDS�� 

Table 3   EDS analysis of floating particles on the surface for Ag/ 

SnO
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 static contact after electroerosion in Fig.4b (ω/%) 

Element Content 
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Ag 

Sn 
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Á 5  É®¯ 20000±t� AgPÇ§¨%¦6u��¡¢ 

Fig.5  Breaking-arc (a) and making-arc (b) time of Ag electrical 

contacts after 20000 operations 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Á 6  É®¯ 20000±t Ag/SnO
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Fig.6  Breaking-arc (a) and making-arc (b) time of Ag/SnO
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electrical contacts after 20000 operations 
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Á 7  É®¯ 20000±t� AgPÇu§¨_¦6 

��£� 

Fig.7  Breaking-arc (a) and making-arc (b) energy of Ag 

electrical contacts after 20000 operations 
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2

PÇu§¨_¦6 

��£� 

Fig.8  Breaking-arc (a) and making-arc (b) energy of Ag/SnO
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after 20000 operations 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Á 9  ~�5ÊËY�®¯ 20000±t Ag/SnO
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ÌPÇij5nÁ 

Fig.9  SEM images of Ag/SnO
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 moving 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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Á 10  Ag/SnO
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Fig.10  SEM images of magnified rivet surface for Ag/SnO

2

 moving contact: (a) 6 A, (b) 12 A, (c) 24 A, and (d) 30 A 
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Á 11  ~�5Ê�®¯ 20000±t Ag/SnO
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Fig.11  SEM images of Ag/SnO
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 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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Fig.12  SEM images of magnified rivet surface for Ag/SnO
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 static contact: (a) 6 A, (b) 12 A, (c) 24 A, and (d) 30 A 

10 µm 
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Fig.13  Contact breaking-arc arcing time diagrams of Ag/SnO

2

 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.14  Contact making-arc arcing time diagrams of Ag/SnO

2

 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.15  Contact break-arc arcing energy diagrams of Ag/SnO

2

 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.16  Contact making-arc arcing energy diagrams of Ag/SnO

2

 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

2

 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

2

 moving contact after different times operations under 12 A:  

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

1 mm 
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Fig.19  Contact breaking-arc arcing time diagrams of Ag/SnO

2

 contact after the operation of 100 (a), 1000 (b), 4000 (c), and 

10000 (d) under 12 A conditions 
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Fig.20  Contact breaking-arc arcing energy diagrams of Ag/SnO

2

 contact after the operation of 100 (a), 1000 (b), 4000 (c), 

and 10000 (d) under 12A conditions 
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Fig.21  Mass loss of Ag/SnO
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electrical contacts with various 

operations under 12 A condition 

©ª«s��MN¬­�®m¯°r± Ag/SnO

2

�T

UVW; 12 A ��/�Z²³´µ¶·¸�¹º�

�» SnO

2

¼½d¾� 

��������

1) �¿qÀ Ag �TUVW�Ag/SnO

2

�TUV

W�67����
567��#$ÁÂ�Ã·¸Ä

wqJ�x�ÅÆ�� SnO

2

¼½;��Ç»���

/8 Ag �È+¾ÉU^MN�xy���Ê;aM

NËÌ
Í� 

2) �<����/�Ag/SnO

2

�TUVW_��

���PQ1RÎÏ�Ð������Ñ��#$Ò

i�<1R���� 

3) �<��=>/�Ag/SnO

2

�TUVW_��

�����PQ1R<ÓÎÏ���Ô¨����Ñ

��#$»�����ÕL?Ö×� 

4) _ Ag/SnO

2

�TUVW������0���

]U^�X$YZbdefg}�U^�X$YZ�

b�������fg�cD�Ø�Ag/SnO

2

�TU

VW�cX$YZÙÚ�ÛÜ� 

5) ;��PQ
1+�Ag/SnO

2

�TUVW·¸

Z²³´µ¶�¹º��» SnO

2

¼½d¾� 

 

����    References 

[1] Li Hangyu, Wang Xianhui, Guo Xiuhua et al. Materials & 

Design[J], 2017, 114: 139  

[2] Wu Chunping, Yi Danqing, Weng Wei. Transactions of Nonfe- 

rrous Metals Society of China[J], 2016, 26(1): 185  

[3] Wang Haitao, Wang Jingqin, Du Jiang et al. Rare Metal 

Materials and Engineering[J], 2014, 43(8): 1846  

[4] Wei Zhijun(*+,). Thesis for Doctorate(-./0)[D]. Hang- 

zhou: Zhejiang University, 2016  

[5] Qiao Xiuqing(123), Shen Qianhong(456), Zhang Ling- 

jie(789) et al. Rare Metal Materials and Engineering(:;

<=��>?@)[J], 2014, 43(11): 2614  

[6] Wei Zhijun(*+,), Zhang Lingjie(789), Shen Qianhong 

(456) et al. Rare Metal Materials and Engineering(:;<

=��>?@)[J], 2016, 45(S1): 513  

[7] Swingler J, Sumption A. Rare Metals[J], 2010, 29(3): 248  

[8] Zhang Lingjie(789), Shen Tao(A B), Shen Qianhong(4

56) et al. Rare Metal Materials and Engineering(:;<=

��>?@)[J], 2016, 45(7): 1664  

[9] Wang Zhe, Wang Yaping. Journal of Alloys and Compounds[J], 

2019, 774: 1046  

[10] Li Hangyu, Wang Xianhui, Liu Yanfeng et al. Vacuumm[J], 

0.1 0.2  0.5  1  4  10  25  50 

Operation Times/C10

3

 

0.8

0.4

0.0

–0.4

–0.8

–1.2

–0.2

–0.4

–0.6

–0.8

–1.0

–1.2

–1.4

–1.6

M
a
s
s
 
L
o
s
s
/
m
g
 

T
o
t
a
l
 
M
a
s
s
 
L
o
s
s
/
m
g
 

Moving contact 

Static contact 

 

100 200 

500 

25�10

3

 

1�10

3 

4�10

3 

10�10

3 

50�10

3 



�1324�                                           :;<=��>?@                                          � 49D 

2017, 135: 55  

[11] Zhang Miao, Wang Xianhui, Yang Xiaohong et al. Transactions 

of Nonferrous Metals Socitety of China[J], 2016, 26(3): 783 

[12] Biyik S, Arslan F, Aydin M. Journal of Electronic Materials 

[J], 2015, 44(1): 457  

[13] Wang Jun, Li Dongmei, Wang Yaping. Journal of Alloys and 

Compounds[J], 2014, 582: 1  

[14] Wang Song, Zheng Tingting, Xie Ming et al. Rare Metal 

Materials and Engineering[J], 2014, 43(4): 796  

[15] Li Guijing, Fang Xueqian, Feng Wenjie et al. Journal of 

Alloys and Compounds[J], 2017, 716: 106  

[16] Li Guijing, Cui Huijie, Chen Jun et al. Journal of Alloys and 

Compounds[J], 2017, 696: 1228  

[17] Wu Chunping, Zhao Qian, Li Nana et al. Journal of Alloys 

and Compounds[J], 2018, 766: 161  

[18] Ćosović V, Ćosović A, Talijan N et al. Journal of Alloys and 

Compounds[J], 2013, 567: 33  

[19] Zheng Xiaohua(EFG), Yang Fanger(HIJ), Zhang Ling- 

jie(789) et al. Rare Metal Materials and Engineering(:

;��<=>?@)[J], 2016, 45(S1): 206  

[20] Wang Xianhui, Yang Hao, Chen Mei et al. Powder Techno- 

logy[J], 2014, 256: 20 

 

 

Preparation and Arcing Characteristics of Ag/SnO
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 Electrical Contacts 
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Abstract: Using Ag powder and nano-SnO

2

 as raw materials, Ag/SnO

2

 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

2

 and Ag/SnO

2

 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

2 

contacts were analyzed and compared. The results show that compared with pure Ag, Ag/SnO

2

 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

2

 electrical contacts is negative, and its main failure degradation modes of 

droplet splatter and SnO

2

 particles floating are manifested. 

Key words: electrical contact material; Ag/SnO

2

; arcing characteristics; degradation mode 
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