
� 49�    � 4�                                   ��������	                                 Vol.49, No.4 

2020�      4�                        RARE METAL MATERIALS AND ENGINEERING                        April 2020 

 

�����2019-05-14 

���	����	
���51801180������������2017C01051� 


���������1996��� !���"�#$
�%&'�(��� )* 310027�E-mail: 632906089@qq.com 

 

Ag/SnO

2

��������	
����� 

 

���

1

����

1,2

��	


3

��  �

2

�  �

1,2

��  �

3

����

1

 

(1. ��"� #$
�%&'�(��� )* 310027) 

(2. ��"� ��+*�,-./0�1(��� )* 310058) 

(3. 2*345&6789:;<��� 2* 325603) 

 

�  ��= Ag >?�@ SnO

2

AB$�CDEF6G?HIJKL&M@N Ag/SnO

2

5OP#$QCDRJS&M

TN@NU Ag/SnO

2

VWXYQCD XZ[\Z]�XRD�^ Ag>_�@ SnO

2

` Ag/SnO

2

a6>bcdefgh�

CDij5klmn�SEM�^5opqrst Ag/SnO

2

VWXYuvwxycdUvzQ{|}U~�5���^

Ag/SnO

2

VWXYu����_5���xy_����`����G������1Q��v��Ag/SnO

2

5OP#

$�5��D�f��� Agv��� u��¡¢?��£��¤¥¦6%§¨��¡¢g©A 51.78? 25.86 ms�

�� Agª� 4.87? 2.78 ms��«�¤¥¦6_§¨��£�g©A 988.14? 493.85 mJ��� Ag � 104.93? 58.76 

mJ�¬®¯°�±�u²+�Ag/SnO

2

5OP#$u³����A´µ�����G��¶·v�A¸¹º»% SnO

2

¼½¾¿Q 

����5OP#$�Ag/SnO

2

���������G�� 

�������TM201.4        ������A        �����1002-185X(2020)04-1312-13 

 

����� 2 ����	
��������

����

[1]

��������������� !�

"#$��%&'()*+,-�.	

[2]

� /*�

.	����012345�6789�:;<.�

	�=>?4%@ABC%�'DE)FGHI4� 

���01�JKLMANO�01� Ag/MeO

01

[3-8]

2Ag/CdO01P
QR��45ST UV

5�WX2Y�Z[ Cd .\�]^42_`abc

RoSH�defc3MA2 /gh Ag/CdO01i/

jk�lmn Ag/SnO

2

���01Z[3QR�op

q4%rst)r�>uv?4%w^x?Wy<

z{�|

[9-16]

�DODUCO%METALOR%Umicorex}

~�����! Ag/SnO

2

���01���%o��x

45��c�EJK���c���MA�}����

J��)����� Ag/SnO

2

01�f���

[17,18]

(

)3������%�4��45 x¡¢�£yc¤

¥¦§�2Y���BC¨©�ª� Ag/SnO

2

01�=

>?4%�>uv�fxJK«¬y<®�¯°� 

/±2²JK³A��´µ�¶´·¸t��f

�c Ag/SnO

2

���01)3¹º���!3»¼½

¾)¿À�Á#$cÂÃ&ÄÅÆWÇÈ� �-%

ÉlÊËx��ÌË! Ag/SnO

2

���01�=>?

4%ÍEÎÏx�>uv?Ð�:;ÑÒ2�ÓÔc

Ag/SnO

2

���01��>uvÏÕÖ�×Ø� 

��������

(��ÙÚÛÜ[ÝÞßà��´µáâ]e�

�2ãä 99.999%åæçf SnO

2

èéÚê

[19]

/ë12

ìí m(Ag):m(SnO

2

)=88:122³A��´µ���f�

c Ag/SnO

2

î´Úê2³A·¸ïð+o¸î´��f

�c Φ38 mm�ñò2óô³Aoõ¸��[õ¸Ý

ä 500 �ö	÷fy9ø Φ3.2 mm � Ag/SnO

2

ùÁ

�2úûü+Öý��þy Ag/SnO

2

���01)3¹

º.	� /ÂÃ!�� Ag/SnO

2

¹º.	F���

BCÂÃÃ��Ûn��JF04Cå�#$�>uvÃ

�2ÇÈ� �-%ÉlÊËx��ÌË! Ag/SnO

2

���01�=>�	%=>5E%ÍEÎÏx�>

uv?4�:;ÑÒ�
êÂÃö	�÷�� �¸

380 V2� �- 12 A2�,n/�4�,2� 

�� 300Ê/h2��	� 1 mm2ÉlÊË 0~20000Ê� 

³A SU8010�§�����)�� PANn X�

����ÛXRDå! Ag Ú%çf SnO

2

èéÚê%



� 4�                            �����Ag/SnO

2

5OP#$u@N`������1                          À1313À 

Ag/SnO

2

î´Úê()�>uvÃ��ô Ag/SnO

2

¹

º���»¼½¾)¿À�Á#$c�ÐÅ³AD60K

Ë�µ�����%HVS-1000n !"ä#)$%é

&'()! Ag/SnO

2

���01����%"ä)*

äx¿j45#$cÂÃÅ³A�+,-Û.E/ 0.01 

mgåTE Ag/SnO

2

¹ºuv�ô�ÍEÎÏEÅ@A

ImageJÂE�>uvô¹º���uv/�0� 

������	
�

�����Ag/SnO

2

����	
��������� 

1 1 Ô2/³Ü Ag Ú%çf SnO

2

èéÚê)

Ag/SnO

2

î´Úê� XRD13�Z1 1H42�³Ü

AgÚ¿À�Á/5� AgÀ26ê¶7/�89:¶

72;<=!M�6��Ë&>/Û111å%Û200å%

Û220å2!M[ PDF?@Û#04-0783åÅçf SnO

2

Ú

ê�6ê¶7/µAB¶72!M[ PDF ?@

Û#41-1445åÅú��´µ�f�� Ag/SnO

2

î´Úê

¿À�Á�Z AgÀæ SnO

2

À7Á23CÀ���=

L1 1�5�À� XRD13DGE´� 

1 2 Ô2/ Ag%SnO

2

æ Ag/SnO

2

î´Úê��

���í@�Z1 2H42µ� AgÚFwÑG½�2

HêIø� 0.5~1.0 µm�SnO

2

JIFK½2Iø� 100 

nmLM2LúNO�ØÛPAQR 1~100 nm2S�Ø

Û1åå#T�y�jUIø 13.374 nm À�V�¼È

Ag/SnO

2

î´ÚêH(W2èéX SnO

2

JIYZ[\

�»éX AgJI��2���q�JI]^��� 

cos

Kλ

D

B

=

θ

                             Û1å 

3�2D/6I_9[6�:`�-YaäÛnmåÅK

/ Scherrer bËÅB /�Âc���=ù�däÅθ

/bûe��fÅλ/ X��g¤Û0.154056 nmå� 

�����Ag/SnO

2

�����������	�� ! 

� 1/Ag/SnO

2

���01�hi¿j45Ëj�

3����45!���01�45:;i/�k�

�lmn2$�Ñq Ag/SnO

2

���01����

o2.3~2.5 µΩ·cm2Z� 1H42²��Jf� Ag/SnO

2

���01���/ 2.26 µΩ·cm2p¥$�Ñq�� 

 

 

 

 

 

 

 

 

 

 

 

Á 1  � Ag_�@ SnO

2

-.>b` Ag/SnO

2

a6>b 

XRDÁÂ 

Fig.1  XRD patterns of pure Ag, SnO
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Fig.2  SEM images of pure Ag (a), SnO

2

 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 
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Resistivity/ 
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Density/ 
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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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PÇmÈ��vwu SEMÅÆ 

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

(a) moving contact and (b) static contact 
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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 
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Table 3   EDS analysis of floating particles on the surface for Ag/ 

SnO

2

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

Element Content 
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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

2
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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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Fig.8  Breaking-arc (a) and making-arc (b) energy of Ag/SnO
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after 20000 operations 
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2

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 

 

��������	
��������� 12 A�

������������� !"#$% 100&

1000&4000 '� 10000 ()*�+,-.�/ 17 "

#0 12 A���)* 100&1000&40001 10000(2

3�4 !��56�7/�89:;�� 100&1000&

4000'� 10000(��3�4 !��<=�>"#

0 10000 20000

0

500

1000

1500

 

A
r
c
i
n

g
 
E

n
e

r
g

y
/
m

J

a

0 10000 20000

0

1000

2000

3000

 

b

0 10000 20000

0

1400

2800

4200

 

A
r
c

i
n
g

 
E

n
e

r
g

y
/
m

J

Operation Times

c

0 10000 20000

0

1700

3400

5100

 

 

Operation Times

d

0 10000 20000

0

2100

4200

6300

 

Operation Times

e

0 10000 20000

0

1500

3000

4500

 

 

A
r
c
i
n
g

 
E

n
e
r
g
y

/
m

J

Operation Times

c

0 10000 20000

0

3000

6000

9000

 

 

Operation Times

d

0 10000 20000

0

5000

10000

15000

 

Operation Times

e

0 10000 20000

0

1000

2000

3000

 

 

b

0 10000 20000

0

500

1000

1500

 

A
r
c

i
n

g
 
E

n
e

r
g

y
/
m

J

a



� 4�                            �����Ag/SnO

2

�	
������������                          �1321� 

� 1.505�4.237�5.059�� 6.989 mm

2

����	


����������������������

������ 100 1000!"#$�%� 

�&'(�100��)*+ 18a�,-��./

01�� Ag2345/6�7��45� Ag��8

9:;<=> SnO

2

?@AB�CD SnO

2

E�FG�

H�IJKLM SnO

2

NO�PQ�� 1000 ��)

*+ 18b�RCD� SnO

2

EST�UV���./:

;WXYZ Ag [\�4000 )*+ 18c��,-�

�]^_`./abcdW>�ef���efgh

i.jk:l� 20 µm�mn�mnLMNO.o;

pA SnO

2

?@�q���br 10000s�t/,

-��Mu_`./ Ag vwx���yz{./|

}~�_`���ef�efa�abc�W>� 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

� 17  12 A������ ! 100"1000"4000#� 10000�$ Ag/SnO

2

%
&'()*�+� 

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 
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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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