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 1  Sn-Ag-Ti!"#$%� 

Table 1  Chemical composition of the Sn-Ag-Ti active  

solder (ω/%) 

Solder Sn Ag Ti Al 

Sn5Ag8Ti 87 5 8 - 

Sn5Ag2Ti1Al 92 5 2 1 

 

 

 

 

 

 

 

 

 

 

· 1  ³¤IJ./¸¹· 

Fig.1  Schematic of dynamic spreading experiment 
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· 2  TU��?BCDErº[\�723 K� 

Fig.2  Distribution characteristics of ultrasonic amplitude on  

the graphite surface at 723 K 
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· 3  2½=>¾¿?BCDEFIJlm 

Fig.3  Spreading morphology of the two kinds of solder droplets on the graphite surface : (a) Sn5Ag8Ti and (b) Sn5Ag2Ti1Al 
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Fig.4  Average spreading velocity and distance of the two kinds  

of solders on the graphite surface 
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· 5  Sn5Ag2Ti1Al=>?BCDEFIJKL 

Fig.5  Dynamic spreading process of the Sn5Ag2Ti1Al solder on the graphite surface 

 

 

 

 

 

 

 

 

· 6  TUVW+ 1 sÅ=>(BCiElm 

Fig.6  Interfacial morphology between solder and graphite under the effects of ultrasonic for 1 s 
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· 7  TUVW+ 5 sÅ=>(BCiElm 

Fig.7  Interfacial morphology between solder and graphite with the effects of ultrasonic for 5 s 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

· 8  TUVW+X=fiEjklmÆ Ti�zrº 

Fig.8  Interfacial micrograph (a) and Ti element distribution (b) 

between solder and graphite with the effects of ultrasonic 

 

���M�|®l��4@Aîgh�ñ�M�®

l����]1����Ò0RS��*¢����

�4Lin Ma

[7]

�ighnq�����©ª«p��

¬�®«�¯°Oo���®«=��®«=�±

²�³:	�M����p±²��´µ-¶·¸¹

º»��4 

���7rá�������á�T���@(

�jk<�qO��OPM����67��Ú�×

M��RS��?��á��M�ÚÛ�<Ó��2

F�¥�Êp���T���jk�7��2F�z

{����]1�OP®�Ë/Ì·�®¬:�¬

:¾OP��¶��¬:�º»���¢���±

²�[»æ¢���4 

��&������'()*��+�,-�

îgh���]1��M���&p�ÍÎëì

��Bryå4ñ�M�zpÏ�ñ����Ðä®

È:�z{I}*����H&E���îgh*

�?����H&�ò�= 9 *���]1yåN�

NM�noÈ:É�Vþ4"h���]1N��ª

��Sn5Ag8TiM�no�È:É�ÑuÔÒÔÓÔ�

�¯ÔÒÔÕ�� Sn5Ag2Ti1AlM�no�È:ÉÑ

u×Õ�xÖ�®�³4È:É���>��Z�

�?���� Sn5Ag8Ti ñ�M��È:Éù×9V

����ÍÎ [15]��jkØß4gh�®�

Sn5Ag8TiM�noä�����È:É�Ùä®

ÚÛÈ:�5"hÜ>N��ª��M�noÈ:É

�ÑuyZ®�³

[16]

45�î�ò��67���

�]1�M�no¢$/7�ªÁP�æÝ�~ÈÙ

ä�M�Ò0��ÞM��È:4«"hÈ:��Þ�

M�noÈ:ß�Ñu"h���]1N�����

³~Ê�ÓÔ�È:É�Õ�|ÔÒÔÕ4�T7

Sn5Ag2Ti1Al M��)no�� Al

2

O

3

È:É�}

���àálM��È��t��âãM�H¢ä�

È:�z{M�ÊÙä����]1�RS��4 

������������������

����

fAÜghù¤�Ag��È:É*àáM��

��[\z�4= 10p���]1�M����no

�����<=4�= 10a @���MEs²M��

�·�È:É���@(yå?N�M����È:

É�æ±²�@Î��È:ÉnoV�no�ç�M

�y���4�@(èå?N��:¹0¬�¢£

�£¤È:Éï�= 10b@�ð4��prá����

ãÍ]1©]��úû������jké[ï�=

2@�ð�z{È:É�z¤`1®�+����³

()°¨�êF�æ¢��m���9op��úû

�B?yå4�= 10c @���M�±<²2Fno

È:Éz{¾�M��������«�]1�G2 

b 

 

 

 

a 

b 

50 µm 

4 mm 



´2886´                                        µ"$¶>(�L                                             � 47� 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

· 9  TUVW+��ÅÇÅ=>DE¦§¨lm 

Fig.9  Oxide film morphologies of a solder droplet with the effects of ultrasonic for different time: (a) Sn5Ag8Ti and (b) Sn5Ag2Ti1Al 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

· 10  TUVW+X=>?BCDEIJKL¸¹· 

Fig.10  Spreading schematic of solder droplet on the surface of graphite with ultrasonic action: (a) Solder cannot spread out, (b) oxide 

film is smashed, (c) solder spreading-flow expansion, (d) holes are filled-amplitude gradually strengthened, and (e) intense atomization 
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Spreading Behaviors of Sn-Ag-Ti(-Al) Active Solder Droplets on the Surface of 

Graphite by Ultrasonic Vibration 

 

Yu Weiyuan, Yan Zehua, Liu Xinya, Liu Tingbin 

(State Key Laboratory of Gansu Province Advanced Processing and Recycling of Nonferrous Metals,  

Lanzhou University of Technology, Lanzhou 730050, China) 

 

Abstract: The spreading process of a Sn-based active solder droplet was investigated, and the external characteristics of spreading with 

the effects of ultrasonic were captured by a high-speed camera. The spreading behavior and mechanism of the active solder droplets on the 

surface of the graphite were studied with the effects of ultrasonic. The results show that ultrasonic amplitude is decayed quickly on the 

surface of graphite, which makes it impossible for acoustic spreading on the surface of graphite. However, as these holes on the surface of 

the graphite are filled with solder, amplitude attenuation is decreased, and acoustic spreading function is strengthened gradually. In the case 

of ultrasonic power which is large enough, the liquid solder can spread on the graphite surface. Solder surface oxide film is the key factor 

that hinders the solder spreading. The surface oxide film of solder can be removed by ultrasonic vibration. 

Key words: graphite; active solder; spreading; ultrasonic vibration 
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