
� 49�    � 8�                                   ��������	                                 Vol.49, No.8 

2020�      8�                        RARE METAL MATERIALS AND ENGINEERING                      August 2020 

 

�����2019-08-15 

���	����	
��
�51465032� 


��
�������1973���������������� 
�!�"�#�$% �� 730050�E-mail: weiyuanyu2018@163.com 

 

����� Cu/Sn ���	
��
� 

 

�����  ����	�
����
� 

(������ $%&'(
)*+,�!-./��01234�$% �� 730050) 

 

�  ��5/6789:;< 523=553> 573 K?@AB'CDEF/ Cu/SnGH?IJKLM23NODEPF/

B Cu Q<RS Sn T?IJUVWCDEF/? 6.796~24.106 XMYZ'[�\]?^8_`aDEPbcde=f

ghde>EhdeijAkNJlmnOoMYpqr�bcstuvwx< Cu/Snyz?{|}� 1500 K~�?

�@�����; Cu< Sn�T?�IA�[�����f1��� CuN�Rc�fghde���
)wcZ�(IMC)

��A>�������,;����?� �Ehdex}�¡¢F/�£ Cu/Sn��yz¤¥?I¦ Cu���§

¨© Sn�ª|��I¦��IAn«¬­®>IJAM¯Z°±²^z?³´�µDEPF/B�G Cu< Sn�TI

J¶>IJUV·¸��M 

����IJ¹º�C»¼ �½¾c 

�������TG454        ������A        �����1002-185X(2020)08-2724-06 

 

����������	
��
������

	���������������� !� "#

����$%&'�()*+����������

�	
�,-
�./0���1�234 567

&879:;<	=>�?@ABCDE0F���

�������	
�./GHIJK	LM��


��ND-ONDP3QRIST	LMUV�
�

WXYZ[\

[1-3]

']^_�`aCbcd�����

�	ef�gh	
�WXi7jkl�m�Cbn

fo	
����?@Cbnfo	��
�./p

qU/ILM	�r'stun/v/wf	Cb�

wwxfF��yz����{|&*+�stu�

��}~�g�������	tDke���t�

�#t����;<=>�/��3�	�W-�D�

6

[4-6]

�����l��I������������

�	�����������������	
�'

Li

[7]

& LMI�stu	nfo Al �¡� Sn �¢

�	
�./���1�£¤¥I¦§¨©ª�(x

«/��¬­®¯°	 Al ©ª'±��Guo

[8]

& «

/()¦§¨©ª� Al 
�²³´µ¶	 α-Al ��

�i�_·F¬­'Liu

[9]

& LMIstunfo

Al ¸¹�� Sn �¢�	
�./�º»stuke

¼�l��I
��½�v�
�¾¿�ÀÁstu

�W	 21~27Â'Shao

[10]

& �stuÃÄoÅ»I

Ag/Sn/Ag��Æ�	�¾Ç����TLP�È��L

Mº»É� Ag /Sn�3�ÊUIËÌ	ÍÎ¨ Ag

3

Sn�

stunfÏÐ�ÑÒª��	Ò�ÓÔ���/ Ag

��	��ÕÖ×Ø	yÙÚÛ�Ü�I
�¾¿' 

®ÝLM82Þ�stußO7�������

�����	�¾
��à½
�áWâãjLM�

äj	LMåVâæçÅè#WXèé'»j	
�

áêâi7�ëstunfo	
�./�?@�*

nì Cu/Sn �ín/LM0î�Ú�Åèåïjðñ

òó	Pô�LMstu����g��9:	��

nf#t�ke0F¬­
%#�3õe	nf�L

Mstunfo����������	
�áê' 

��������

�LM�öf	�����÷ø/ 1 mm	ù Cu

�99.99%�¸������ù Sn�99.99%�ªy�²

	y�'�
�Åè�ú�ûüýf 400#�800#�

1500#�2000## 3000#	þ���� Cu¸23���

��½23	�
��a�½�
~,�� 5%	

NaOH
����23���±²Ðf 5%HCl�.4

��p����stu�� 3 min��f�°�þ��

²��'f����,Q 70 g	ù!�±²�F	�

����38 mm� �×35 mm�÷ø�����!�

523�553# 573 K	"#o��$y��R¥%#/



� 8�                                ���i¿ÀVDEÁ Cu/SnGHIJKL?ÂÃ                            Ä2725Ä 

15 mm	y&'stuº:'	*(1÷ø/ 8 mm�

ßO)¿/ 28 kHz�*¿/ 500 W'�*(1+÷,


-°��./0 4 mm��� Cu¸��	-°/ 6 

mm'Åè1�	234�4 152' 

Åè��� Sn���¥�e	"#²�6¸,


!���7�"#o�!8" 5�10�15# 20 min²

�!��9¶6¸�±²�¾,
þ�:;�R¥


�<=�/I>Mstunfo Cu¸�yÙ Sn��

	
�?@���7	"#o�.I0AÅè�/8

é
����7�0AÅè8" 290�280�270# 260 

s ²B�stußO�stußO	���!/ 10�

20�30# 40 s�stußOåC²��¾� Cu¸Q

¶��þ�DE�R¥stnfo	
�<=' 

� 2F0A<=	 Cu¸GQº:
%	HI�-

° Cu¸./ 7 mm�JK�L	MN��Oqf 800#�

1500#�2000## 3000#	þ���.����ýfª

#/ 1 µm �PQRST�.RS�êUUV��<

='/IWXÅèYZ�[FÅè8ê\I 3]<='

�!Ðf QUANA-FEG450 ^bº_`a�b#

MEF-3SD;cb£¤ IMC	Êd# Cu¸G3�±

²f Image Jefg,��Ah� Cu¸	ij3k S�


�,lm��no�1�#o�2�É 

2

S r= π                                 �1� 

0

r r r∆ = −

                             �2� 

½��Sp2
�² Cu¸qG33k�rp2
�²

Cu ¸r,sø�r

0

/
�ú Cu ¸sø�(tQ 0.5 

mm��∆rp2 Cu¸	
�u#' 

��������

4 2a # 2b �!�vst#stnfo Cu ¸�

yÙ Sn �¢stnfo
�u#�4w��	xí

yz'4�	°�r��i7Åè{�oR¥	�|�

Á Origin 9.0efóïR¥4�	z^'}4 2a~��

vstnfo Cu¸�yÙ Sn�¢�
�u#�4w 

 

 

 

 

 

 

 

 

 

Å 1  IJ23ÆÇÅ 

Fig.1  Schematic diagram of dissolution experiment 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Å 2  CDE>DEF/B CuQ<RS Sn¼ TIJ�A 

Fig.2  Dissolution thickness of Cu wire in molten Sn solder 

without ultrasonic (a) and with ultrasonic (b) 

 

�����R�zxí��i7	"#o�`a4w

��	Ü��Cu¸	
�u#��Ü���7��B�

"#� �
�u#��'±��4 2b� Cu	
�

u#����÷zxí�r"#�Ø��`ast�

�	�Ì�Cu	
�,z6Ü��rst���Ø��

"#� �Cu	
�,��' 

/I>Mi7"#o Cu¸�yÙ Sn�¢�	


�?@���[\I Cu�yÙ Sn��	
�OND

P�

[11]

É 

0

n

X X kt= +                             �3� 

½��X/
�² Cu¸	sø�½� X

0

/ Cu¸Y�

sø�k/
�¾¿w��n/��w�'���¢~

�

[12]

���w� nõ�	�
�áê	��'óïå

V;2�n=0.5�5ì~ì��¶vstnf� Cu ¸

� Sn�¢�	
����áê�ê	'�stnfo

0e	��w� n=1���áê/õe�êáê' 

/IR¥[���	
�¾¿�0o(3)�.��

R¥o(4)É 

( )

1

d ,

d

n

X T t

nkt

t

−

=

                         �4� 

½��T/
�"#�t/
���'Álm�R¥I

523�553# 573 K�jvstunfo Cu¸� Sn�

�	
�¾¿��2 152' 

0 350 700 1050 1400

0

10

20

30

40

50

60

 523 K

 553 K

 573 K

D
i
s
s
o
l
u
t
i
o
n
 
T
h
i
c
k
n
e
s
s
/
µ
m

a

0 5 10 15 20 25 30 35 40 45

0

20

40

60

80

100

523 K

553 K

573 K

D
i
s
s
o
l
u
t
i
o
n
 
T
h
i
c
k
n
e
s
s
/
µ
m

Immersion Time/s

b



Ä2726Ä                                           È'
)� !�"                                          � 49� 

� ��������	
��
�����

Table 1  Relationship between dissolution rate with or 

without ultrasound 
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� 3  523 K� Sn������� Cu/Sn�� !��"# 

Fig.3  Sound pressure distribution in Sn (a) and sound pressure 

amplitude of Cu/Sn solid-liquid interface (b) at 523 K 
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 4  ����	��������� IMC������ 

Fig.4  Thicknesses and morphologies of IMC without (a~c) or with (d) ultrasound under different heat treatments: (a) 523 K/5 min, 

(b) 523 K/20 min, (c) 553 K/5 min, and (d) 523 K/1180 s 
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 5  523 K Sn!"��#$%� Cu/Sn&'(�#)*� 

Fig.5  Acoustic streaming distribution in the Sn liquid (a) and fluid 

velocity on the Cu/Sn solid-liquid interface (b) at 523 K 
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Effect of Power Ultrasound on Dissolution Behavior of Cu/Sn System 

 

Yu Weiyuan, Lei Zhen, Sun Xuemin, Wu Baolei, Sun Jungang 

(State Key Laboratory of Advanced Processing and Recycling on Non-Ferrous Metals, 

Lanzhou University of Technology, Lanzhou 730050, China) 

 

Abstract: The dissolution behavior of Cu/Sn system with or without ultrasound at 523, 553 and 573 K was studied by an immersion 

method. It is experimentally found that the dissolution rate of Cu wire in molten Sn under ultrasonic action is 6.796~24.106 times more 

than that without ultrasonic effect. Combined with the method of finite element simulation, the phenomenon was explained from the 

perspectives of ultrasonic cavitation effect, micro jet effect and acoustic streaming. The results show that the cavitation bubble collapse 

will produce a high temperature of about 1500 K at the Cu/Sn interface, which not only increases the solid solubility limit of Cu in the Sn 

liquid, but also melts the Cu in the “micro-point” region. The micro jet effect can reduce the thickness of the intermetallic compound (IMC) 

layer and change its morphology, and increase the channel of atomic diffusion. The acoustic streaming will produce a stirring effect, and 

the solute Cu atom at the front of the Cu/Sn solid-liquid interface is continuously pushed to the Sn liquid. Internally, the solute atom 

solubility is always lower than the saturated solubility. Therefore, combined with the above factors, the dissolved amount and dissolution 

rate of solid Cu in the Sn solution are significantly increased under the action of ultrasonic waves. 

Key words: dissolution mechanism; lead-free solder; visualization 
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