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Table 1  Composition of solder alloys (ω/%) 

Solder alloy Zn20Sn RE Ni 

Zn20Sn 100 0 0 

Zn20Sn0.1RE0.2Ni 99.7 0.1 0.2 

Zn20Sn0.1RE0.4Ni 99.5 0.1 0.4 

Zn20Sn0.1RE0.8Ni 99.1 0.1 0.8 
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Fig.1  DSC curves of solder alloys 
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Table 2  Solidus temperature and liquidus temperature 

of solder alloys (�

��

�) 

Solder alloy Solidus Liquidus 

Zn20Sn 198.5 393.5 

Zn20Sn0.1RE0.2Ni 198.5 387.0 

Zn20Sn0.1RE0.4Ni 198.8 386.7 

Zn20Sn0.1RE0.8Ni 198.6 386.9 
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Fig.2  Spreading area of solder alloys 
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Fig.3  Microstructures of solder alloys: (a, e) Zn20Sn; (b, f) Zn20Sn0.1RE0.2Ni; (c, g) Zn20Sn0.1RE0.4Ni; (d, h) Zn20Sn0.1RE0.8Ni 
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Fig.4  Zn-Ni phase diagram
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Fig.5  XRD patterns of the solder alloy 

 

������ XRD ��	
��
�������

������������ !� 

"#$%&' RE ( Ni �)*+ Zn20Sn ,-�

�./01( IMC 23�45�6,-��78

5%HCl+95%C

2

H

5

OH(9:;<)=>	?@ 10 min�A

BCD; α-Zn ��E,-���01FGH IMC I

"J��FKL� 6MN��	�� 6eO6fO6gO6h

;P"� 6aO6bO6cO6d 	 α-Zn �QRSTFGN

U��V�	�WXY�Zn20Sn,-���01FG

"Z[�\]^FG�_`a RE( Ni�)*�F�

� 3a~3d��Wbc�\]^FG�23�d.e��

W α-Zn"f�Zn20Sn��	 α-Zn�$ghi(jg

hi�23klRmn op�jghi�q rs

`a RE( Ni�)*�t RE" 0.1%ONi" 0.2%u�

α-Zn�$ghikjghim�$vwx�y^��

ezI"{|�}~jghi��q���<��*s

t RE " 0.1%ONi " 0.4%u�α-Zn �]hy^�I

"d.�jghiI"��s}t RE" 0.1%ONi"

0.8%u�α-Zn�jghi���e"{|�y^�j

ghi�I"{���J������jghi�q�

�FKL� 7MN�V�	�WXY�Zn20Sn��	

α-Znjghi�q�r�t)*& 0.1%RE��`a

Ni���*�α-Zn�jghi�q����� 

������������	$�W 3 �2��

���=8�9��	s� �h¡¢�¡£s2¤

������¥IMC¦�§¨ La-ZnOLa-SnOCe-SnO

Ce-ZnONi-ZnH Ni-Sn���©�LaOCe( Ni� Zn

( Sn 	ª«
��=x�`a RE ( Ni �)*��

��¬�­w	�®¯=°�±²³´Y��}r�

µ¶8>/�¡·¸¹�>�	�Ez>/��º��¡

·»¼½¾�¿À&]h�|r�ÁuE]hÂÃ=

°��bÄÅ;Æ��*¤;­Ç�½¾&2¤È¡

ÉÊhËMÌ�Í�V}*Î&]h�;Ï­w�Ð

#&]h�Ä|�V}E α-Zn�jg]h�qd.�

�

[24-28]

�ÑÒ�jg]hÓ�bÔwx`¤;­Çx

H­ÇÕ��*}Ö*bÔ�}¤;­ÇxH­ÇÕ×

`=°����*}�*�����)*& 0.1%RE��

`a Ni����*�Ð#&��jg]hÓ�Ä|� 

    Ø DSC �ÙFK©�Úh01¥α-Zn+β-Sn¦�

ÚhÛxÜ" 198.5 Ý�}>��ÛxÞ" α-Zn�ß

�Ûx�����,-��¬�­w	�α-Znà¬��

=°�±²³´Y α-Zn}µ¶8>�¥Úh01¦	� 

 

 

 

 

 

 

 

 

 

 

 

 

 

� 6  ��������� SEM !�"#� 

Fig.6  SEM images of morphologies of solder alloys and corresponding schematic representation of α-Zn phase: (a, e) Zn20Sn, 

(b, f) Zn20Sn0.1RE0.2Ni, (c, g) Zn20Sn0.1RE0.4Ni, and (d, h) Zn20Sn0.1RE0.8Ni (the inset images of Fig.5a~5d show 

the high-magnification images of solder alloys) 
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Fig.7  Secondary dendritic arm spacing of the solder alloys 
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Fig.8  Microhardness of solder alloys 
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Influence of RE and Ni on Microstructure and Properties of Zn20Sn 

High-temperature Lead-Free Solder 
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Abstract: 0.1wt% RE and 0.2wt%~0.8wt% Ni were added into Zn20Sn high-temperature lead-free solders. The effects of RE and Ni 

additions on the microstructure and properties of the solder alloys were investigated. The results show that the solidus temperature of 

solder alloys is not distinctly affected when the 0.1 wt% RE and 0.2wt%~0.8wt% Ni are added into Zn20Sn solder alloys, whereas the 

liquidus temperature decreases, the wettability and microhardness significantly improve. The solder alloy shows the best wettability and 

the highest microhardness when the content of RE is 0.1wt% and Ni is 0.4wt%. Ni-containing intermetallic compounds form in solder 

alloys and the amount of intermetallic compounds gradually increases with increasing Ni content, and the shape of intermetallic 

compounds and the microstructure of solder alloys change markedly. 
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