
� 48�    � 9�                                   ��������	                                 Vol.48, No.9 

2019�      9�                       RARE METAL MATERIALS AND ENGINEERING                     September 2019 

�����2018-09-10 

���	����	
��
����2017FA027������	����51361016� 


��
�������1969� �!"�#$�%&'()�*+	�,(-�.��� %& 650093�E-mail: kmzxlong@163.com 

  

AgSnO

2

NiO ����������	
� 

 

���

1

����

1

��	


2

�� �

3

�
 �

1

����

4

 

(1. %&'()�/���0*+12,3(
�456��� %& 650093) 

(2. 78�9:;<=0
>��
�456��� %& 650106) 

(3. ?@A(B)��C�D ?@A 150001) 

(4. E�FGHIJKLMNO.FPQR HISTUVWXUY*+, Z[\*+
�456�]^ HI 541004) 

 

�  ��_=;�`abc12def NiOghi AgSnO

2

NiOUjk*+�l JF04Cj�*+mnopq*+rsU

tjn5�NOdu*+itjUvwxyz{w*+|}~{������U�qn��/�Y��U���iT�

��rsd������&�AgSnO

2

NiOjk*+tjUv���U�e�� 18 V��tjUv�����i 3¡

¢£¤¥�¦§¨©�ª«i©¬�­�mnU� )® 25 V��¯n�itjUv�° )�±¯n�tjUvi

 ²ef�q NiO ghe³in��´yzµ���mnU�i )�¡¢£¶·�¨ )i©¬�*+i¸¹ºh

�mnU�i )­»��NiO ghi 3q·�¸¹ºhi¼=e&½�Utj�-*+¾�Y|}�*+i¿À

h� NiO3Áhi Â­¦Ã��/�Yjk��¡ÄÅÆ�±&½ÇFÈÉÊË¨iyÌ�9ÍÎÏÆÐ�*+|}

ÑÒÓyÔÕÖrs�  

����AgSnO

2

NiO�;�`ab�tjUv�xyz{�*+|} 

�������TG146.3

+

2        ������A       �����1002-185X(2019)09-2885-08 

 

���������	
��	
���	���

����������������
����� 

�	
!"#$%�&'��(

[1]

)*+,-./01

23456�7�89:�;����<=>?@AB

C�����DEFG�HI=J��K����� 

�

[2]

)LDMN
OG��������AgCdO ��

��KP3QRSTU$VW3X�YZ Cd�[\]

;^V��_`>abcdef

[3,4]

)1g�hiRj

klm�
Onopq��rstuv� AgCdO) 

AgSnO

2

V�pqw23xy�89:	4�z{

6�>�Dhi�|}�~�D�M3���t

AgCdO�������)����[G�K���I	

���	���<dA�������<���d�

��G�

[5-7]

)D������ AgSnO

2

������

���hiRjL�d#��L) 

���A

[8]

��/� ¡¢£¤¥�P¦§¨�

©ªCuO	Bi

2

O

3

	In

2

O

3

«¬¦P¨�©� AgSnO

2

C

,­�®¤�¯°o��hi����)±² 4 �³

´µ AgSnO

2

¶���<·�¸¹�<·º»D 2.23�

2.27�2.29�2.26 µΩ·cm��¼½ CuO ��¾���

AgSnO

2

����<��¿ÀL�¦;)ÁÂÃA

[9]

Ä�ÅÆ-ÇÆ£¤¸¨�� BiYZ� Ag(SnBi)O

2

�

�����®Èp¨�0�ÉÊËC AgSnO

2

���

Ì�QÍ�OÎ Bi YZ�¨��Ï�� Ag Q SnO

2

�ÐÑ��ÒÓ�1 SnO

2

ÔÕ>%���<�I�Ö

>×I����4�zØÙ	89:��¬%�&')

ÚÛÜA

[10]

Ýi�ÞßYZ¨�© La	CeQ AgSnO

2

��ÐÑ��àá�âãäå La ��¾�æç×I

Ag Q SnO

2

�èÐ��AgSnO

2

La

2

O

3

�������

AgSnO

2

��¸¹��æç�×I) 

éê�AgSnO

2

���������Lëìí3¸

¹î7�ïð�Q AgSnO

2

��������hië

m¦!Ýñ)òóÉ�ôd� RiederõöA

[11]

�D�

�����¤¥�÷¬¨�©�øù�ð@����

�����(1Z)LD=J������AgNi23

������ú�	���<û	4üÙ�7Aý��

��þ�[89:���	��;�=A�}

[12-14]

)

��¹AgSnO

2

$AgNiI�	
�����¬��ý

����
��C,�./âCI�Øâ£¤¥�¦

§ NiO P#� AgSnO

2

NiO ËC���®[ JF04C �

}��²���Q���Ì����
�Ýi���

���$ NiO�¾#Q�����àá) 



×2886×                                        7F�9*+,(-                                             � 48� 

1  �  � 

���Ag ­(�� 40~50 µm��� 99.99%)	

AgSn

14.76

C,­(�� 40~50 µm��� 99.99%)	Ni

­(�� 75 µm��� 99.5%))�¤ 200 g¦§�º�

AgSnO

2

NiO���m���#�ä 1) 

Ä�C,�./+I�Øâ£r¤¥ AgSnO

2

NiO

�����)� AgSn

14.76

C,­��H��K���

100 �ª�� 1 h«→200 �ª�� 1 h«→ 400 � ª�

� 2 h«→800 � ª�� 4 h«�Øâ�÷�% AgSn

14.76

C,­� �./D AgSnO

2

)[Ì!"#ü�(o$�

QM-ISP2)KQ Ag­	AgSnO

2

C,­	Ni­%�Í�

Ì#ü&���'�&C()µ� Ag(SnO

2

)5Ni­*+

¾ Φ27 mm�,�K�[�-J; 20 MPa��J./

2 min0�1�J¤�23D Φ27 mm�Z�)4[5

"6KQC,Z��Ì=��	7���Øâ��Øâ

�÷�100 �ª�� 1 h«→300 �ª�� 3 h«→500 �

ª�� 3 h«→700 �ª�� 3 h«→800 �ª�� 36 h«)

D8�¤¥�C,�9Ï:;��Øâµ�Z�m4�

�ËJËØ�<=�÷D��|��¹ 820 ���� 1 

h��|�2¹ 350 ��ËJJ; 50 MPa��J./ 5 

min��>×I���:;�)Mµ� AgSnO

2

NiO �

���>J	³´�¶���?@¯°�¤¥¸¹23

Φ1.4 mm�¯°��) 

Ä� X A¶BAºCDªXRD«Q���Ì0E

ºCFÄ�,EæGHªo$�Axio Imager A2m�I

�«Q���ÌæG�JºC�Ä�KL�H(SEM�

o$�PHILIPSXL30ESEM-TMP)Q�{6µ����

�-M�ÌNOÈºC)�� JF04C�}��²��

Q�����ÌP}²��QRST�ä 2) 

2  ����� 

2.1  AgSnO

2

NiO ��������	
� 

QØâU� AgSnO

2

NiOËC���Ì XRD0E

ºC�VP NiOD 2%� AgSnO

2

NiOËC��DW�

âãXY 1�Z)[Y 1�¼��
Ä�C,�./+

I�Øâ£¤¥� AgSnO

2

NiO ËC���½3 Ag	

SnO

2

¬ NiO 3 \0E�[�]å��
¤¥y�

AgSnO

2

NiOËC��) 

2.2  �
����������� 

Y 2 D¦§�º�����¦§�J1���<

^
_`R�a/b¶)[Y 2a	2b	2c �¼�Q

NiOP#¦a��c�d²��J¦IH 18 V.��

��<^
_`R�e�fÎygh1iMµjH?

@�jkF>d²��Jed¹ 25 V.�l�c�� 

� 1  �� 200 g AgSnO

2

NiO �����	
� 

Table 1  Amount of raw materials to prepare 200 g AgSnO

2

NiO  

ingot 

Ingot Composition 

Ag 

powder/g 

AgSn

14.76

 

powder/g 

Ni powder/ 

g 

1# Ag(SnO

2

)5(NiO)0.5 143.51 53.367 0.786 

2# Ag(SnO

2

)5(NiO)1.0 142.51 53.367 1.572 

3# Ag(SnO

2

)5(NiO)1.5 141.51 53.367 2.358 

4# Ag(SnO

2

)5(NiO)2.0 140.51 53.367 3.144 

 

� 2  AgSnO

2

NiO �
���
���� 

Table 2  Parameters of electrical contact test for AgSnO
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electrical contact materials 

Test condition Test parameter 

Voltage/V 12, 18, 25 

Current/A 10 

Test times 10000 

Test interval 500 

Contact pressure/cN 80 

Time interval/ms 450 

Test method Open and close test 

Contact distance/mm 1 
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Fig.1  XRD pattern of AgSnO
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Fig.2  Relationship between contact resistance and test times of 1#~4# electrical contact materials at different voltages: (a) 12 V, (b) 18 V, 

(c) 25 V, and (d) 12~25 V 
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Fig.3  Optic microstructures of AgSnO
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NiO: (a) ingot after repressing and resintering and (b) wire after drawing with diameter of 1.5 mm 
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Fig.4  Relationship between the welding force and the test times of AgSnO
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NiO electrical contact materials: (a) 1#, (b) 2#,  

(c) 3#, and (d) (4#) 
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Fig.5  Relationship between arc energy and test times of AgSnO
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NiO electrical contact materials: 

(a) 1#, (b) 2#, (c) 3#, and (d) 4# 
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Fig.6  Mass loss of electrical contacts under the current of 10 A and voltages of 12, 18, and 25 V 
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Abstract: AgSnO

2

NiO electrical contact material with different NiO contents was prepared by an internal oxidation method. Electrical 

contact experiments were conducted on the JF04C contact material testing machine. The contact resistance, anti-weldability and material 

transfer properties of materials were studied. The sample surface morphology changes were analyzed by scanning electron microscopy 

(SEM). The results show that contact resistance of AgSnO

2

NiO contact material is small. When the voltage is not higher than 18 V, the 

contact resistance gradually decreases with the increase of test times and finally tends to be stable. When the voltage reaches 25 V, the 

contact resistance of different AgSnO

2

NiO material increases, and the increasing degree of the contact resistance is different. For the 

sample with the same NiO content, its welding force decreases firstly and then increases with the increase of the test voltage. The arcing 

energy of the materials will increase with the voltage increasing. The increase of the NiO content does not significantly reduce the melting. 

The electrical contact process is anodic transfer. The total mass loss of materials decreases with the increase of NiO content. The surface 

of the anode/anode contact has a convex-concave shape and the surface exhibits a paste-like peak topography. The material transfer occurs 

mainly in a fused-bridge mode with a convex peak.  

Key words: AgSnO

2

NiO; internal oxidation; contact resistance; welding force; material transfer 
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