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º 1  <=>?@ABC»*�¼½¯º 

Fig.1  Schematic of acoustic-induced solder spreading process 
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 1  !"�#$%& Sn'()*�+,-. 

Table 1  Main property parameters of aluminum alloy and pure Sn 

Materials 

Surface tension/ 

N·m

-1

 

Elastic modulus/ 

GPa 

Poisson ratio 

Density/ 

g·cm

-3

 

Specific heat/ 

J·(kg·K)

-1

 

Heat conductivity/ 

W·(m·K)

-1

 

Viscosity/ 

kg·(m·s)

-1

 

LD10 - 73 0.31 2.8 - - - 

Pure Sn 0.566 - - 7.31 210 64 0.0028 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

º 2  �¾�@��R��|>?BCN¿À�Á 

Fig.2  Macroscopic morphologies of the solder with different 

ultrasonic exposure time: (a) 2 s and (b) 10 s 
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º 3  �¾�@��R��|>?/���;NÃÀÄÅ_` 

Fig.3  Microstructures of the solder/base material interface at 

different ultrasonic exposure times: (a, c) solder head;   

(b, d) central region; (a, b) 2 s; (c, d) 10 s 
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Fig.4  Microstructures of the solder/base material interface with 

different distances to the sonotrode: (a, c) solder head;  

(b, d) central region; (a, b) 85 mm; (c, d) 55 mm 
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º 5  �¾���{ÆÇ|>?/���;NÃÀÄÅ_` 

Fig.5  Microstructures of the solder/base material interface under 

different amplitudes: (a, c) solder head, (b, d) central 

region; (a, b) 10 µm, (c, d) 12 µm 

 

�p�Ý��� Sn-9Zn$Sn-3Cu��¾eF4����

�v��/'(78H*�QOwx�P�� 6 �r9

äÙ����¦\Ï¨Q 2 s�r���Q 8 µm�Sn-9Zn

��£¤�º�Q 220 S�Sn-3Cu�Q 280 S9 

q�HÚ�Û�������£¤UÃ��/'(

78H*¶Ö×T+�,���/'(�QOp��¶

QÆ�9áM��Sn-3Cu ��/'(78H*Ö×�

+�,]Qq^{�� 6c$6d|9³�èä���� 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

º 6  �¾>?ÆÇ|>?/���;NÃÀÄÅ_` 

Fig.6  Microstructures of the solder/base material interface for 

different solders: (a, c) solder head, (b, d) central region; 

(a, b) Sn-9Zn, (c, d) Sn-3Cu 
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º 7  89
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Fig.7  Simulation results of pure Sn spreading on the surface of 

aluminum alloy at different time: (a) 5 µs and (b) 4 ms 
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º 8  È Sn>?BC�;ÊËÌÍE@y�J 

Fig.8  Acoustic pressure variation from the solder center to the 

spreading front at different time: (a) 5 µs and (b) 4 ms 
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º 9  >?BCDEGHÎÏÆÇ|���;NÃÀÄÅ_` 

Fig.9  Macroscopic morphology (a) and corresponding region A (b), B (c) microstructures of the solder/base material interface at the 

presence of spreading barrier 
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Oxidation Behavior at the Frontier of Ultrasonic-induced Solder Spreading on the 

Aluminum Alloy Surface 
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Abstract: Since a residual oxide film is liable to occur at the frontier of acoustic-induced solder spreading on the surface of aluminum 

alloy, we conducted experiments combined with finite simulation analysis to investigate the formation and characteristics of the residual 

oxide film. Meanwhile, the elimination measures for the oxide residues were proposed. Results show that the acoustic pressure drops 

significantly at the solder spreading front due to the influence of the free liquid-gas surface, leading to the great depression of the acoustic 

cavitation effect and thus the residual oxide films cannot be removed at the wetting interface. Although the wetting parameters have been 

adjusted including ultrasonic time, input amplitude and solder composition, these oxide films still cannot be removed. They can be 

eliminated thoroughly, however, by constructing the surface of the base metal to avoid a free solder spreading front. The results are of 

great significance to improve the quality of the ultrasonic-assisted coating, surface metallization and ultrasonic soldering. 

Key words: ultrasonic soldering; spreading frontier; oxide film; finite element simulation; elimination measure 

 

Corresponding author: Xu Zhiwu, Ph. D., Associate Professor, State Key Laboratory of Advanced Welding and Joining, Harbin Institute of 

Technology, Harbin 150001, P. R. China, E-mail: xuzw@hit.edu.cn  


