
� 47� � 8� ��������	                                Vol.47, No.8

2018� 8�          RARE METAL MATERIALS AND ENGINEERING  August 2018

�����2017-08-20

���	����	
���51401131���������2016M601333������	��201602518�����������L2014476��

����2016-Z06�


����� !"!1979�#!��!$�%!&'(�!�� &' 110044!)*+024-62269805!E-mail: guofma@163.com

Bi-Sn ��������	
�������

���

1

����

1

��	


1

���

1

�� �

2

����

3

(1. &'(�!�� &' 110044)

(2. &',-(�!�� &' 110136)

(3. ��
�./012 &'��34567!�� &' 110016) 

 

� ��89:;<=>01?@AB4�Bi-Sn�CDE4�AlCoFeNiCr C CuCoFeNiCr�FGHIJKLMN

OPQRSTUV)WXYZ�SEM�C[\]^�EDS�]^? Bi-Sn/AlCoFeNiCrC Bi-Sn/CuCoFeNiCrNOY_`

aR`bcd+AlCoFeNiCrC CuCoFeNiCrDE4ef`aghHijk!l Bi-SnAkm CuCoFeNiCrDE4�

knHIJodXpqr Bi-SnAkm AlCoFeNiCrDE4�knHIJo�Bi-Sn/CuCoFeNiCrNO�#stHu�

vw!x(yHNOvwz#{!Bi-Sn Ak�H|W Sn }~f�� CuCoFeNiCr DE4�H�����!�

Bi-Sn/AlCoFeNiCr NO��!���IJ��H�D!Bi-Sn Ak�H|W� AlCoFeNiCr DE4�kH�����

����u�vw!��������������r CuCoFeNiCrDE4����H m!L Bi-Snm CuCoFeNiCr

DE4�knH¡¢£¤?�IJ¥¦�R 

����DE4�Bi-SnAk�IJ�NOPQ�IJ§¨

�������TG139 ������A �����1002-185X(2018)08-2500-06

�����HEA���	
��
������

����������������� !�"#$

 %&'�()*�+,-�./01

[1-5]

2�	�.

/34�����5!6789:;<=>;?@�

 !�A�BCDE 

[6]

�FG H

[3]

��IC

[7,8]

�

JK�LMNOPQ 

[9]

DFR B

[5]

�STJU� 

!VW����89XY�0Z[\]^2

�_`abca�_d�efgh%ijQ �

�_����Dk0lmn�:;op�qrP�s

t�bu>����Dvrlmn�w1\

[10-12]

2

x]yz�9��_`abca�_d�ef .

/�&c{�_,>�o|�}{�������1

h~#���	
��+U
U>������_`

ab����d�ef ./�����%2

��������>������:�fccD bcc

c�a��67��K���;��>�����3

sh����D��}�����[

[13-15]

�V&89

:T� ��¡�¢£�Q �S95!¤¥�_`

ab����d�efgh%ijQ ¦6�� �

���2§¨�©ª�D«\¬C��®����

¯�_`a�ef ./�°±�2

h+²/�_`a/����ef �³´�µ¶

·±./:T¸��efa¹2³«º»¼+o\�½

`¾ Bi-Sn 1h`a���¿\ !H� AlCoFeNiCr

D CuCoFeNiCr ����1hÀa�Ál� ÂÃ�

./+ÄÅ�efgh%ij'Æ1\Q¾2

���� �

bÇÈÉÊË¿\Ì[`ÍÎWÏ}ÐÑ� Bi- 

Sn��ÒÓ\���ÔÕ\ÖC¦½� 99.9%�´-

Ñ×���´ Al�Co�Cr�Fe�NiD CuØ��ÙÚ

¢ÛÜÐÑÝgÞ�2ÞßH��´��Ál WCE 

300 �à?áâãäå`ÍÐ��æ�hÉç��æ

�P�ÐÑÔè �éê��æë�·±ìÍ 5 í2

î��æïðñÐ 12 mm×12 mm×2 mm �òó��

ôõ 400#~2000#ö÷>zíGøô�ù\�úû.G

üÝgýþë3j�9��h�2Õ\ D/max-2500PC

� X�ï����Cu-Kα���	
 1.540 56 nm�®

��Ýgq'Ñ�ÒÕ\� S-4800��ã����

����������2 



� 8�                            �� ©+Bi-SnAkmDE4nHIJKLMNOPQ                         ª2501ª 

¿\ÂÃ�./ Bi-Sn ��¯�����efg

h�«ºÓ\��h�g��� STMD300 ��{�

_3j��¯ef �ò�ß2ef«º]�Bi-Sn

��3j.G� P!�ðÐ´-," 60 mg�#$�

%bû&'n()	*+�&,�ùõ¡-./*+�

01ô\23 AEL-160ã�456ø7��89��

�´-2ef«º7�î Bi-Sn ��%b.GH��

���À:n;�:%<=>å�?@�ABÀ:

d�\-ø�CDÀ:�-øEß25Fåa�ÁG

H-�IJK2JKCL� 10

-3 

Pa7*MN?�b:

$?CË897;�ÕOPQ�Rô\OSÝgef

¬��-2¿\T9!UÑ����ã����®i

jÝg��DÐÑÑ�2 

��������


����������

P 1�V{ AlCoFeNiCrD CuCoFeNiCr��� X

�ï��U2V{ AlCoFeNiCr �� X �ï��U�

W��X±���:� bcc ��c�a�Ð�2Y\

Cu �Z[\ AlCoFeNiCr ��n� Al �Z�

CuCoFeNiCr��89�:� fccc�a���«s�

�� bcc��] fcc���^�2 

P 2�V{ AlCoFeNiCrD CuCoFeNiCr���� 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

« 1  ¬ AlCoFeNiCrC CuCoFeNiCr4H X®¯°®\ 

Fig.1  XRD patterns of as-cast AlCoFeNiCr (a) and 

CuCoFeNiCr (b) alloys 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

« 2  ¬4HUV)WXYZ±�®)W«² 

Fig.2  Back-scattering electron images of as-cast alloys: 

(a) AlCoFeNiCr and (b) CuCoFeNiCr 
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Table 1  EDS analyses of A and B zones of as-cast 

CuCoFeNiCr

 

HEA in Fig.2b (at%) 

Element Zone A Zone B 

Cu 12.61 87.29 

Fe 21.87 3.12 

Ni 18.39 6.0 5 

Co 21.22 2.53 

Cr 25.91 1.01 
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« 3  Bi-Sn Akm AlCoFeNiCr C CuCoFeNiCr DE4�²

n¸¹��º��IJ»�¼GC��H½u¾¯ 

Fig.3  Variation curves of contact angle with time and tempera- 

ture of the Bi-Sn molten on AlCoFeNiCr HEA (a) and CuCo- 

FeNiCr HEA (b) substrate at continuous by rising temperature 

 

�|�½Ò�3���ø�vw�ef¬o7;D?C

��P¦4��L�:ê'®#$������Áo

Óh�ø�ef¬2©pï5`q�o�ef?C

�N��ef¬���#�h4ef?C® 2 ;a¹

�ef s9�,��2 

:��hef¬ θ�,#�[ef �H�

[16]

x

�oH�ef (0°<θ<30°)�H�ef (30°<θ<55°)�

��ef (55°<θ<70°)��o��ef (θ>70°)2§

¨�©P 3n�Å5`�s�Bi-Sn/AlCoFeNiCr��

��efa¹�ef¬ θ o��7;��
�?C�

N�s,� 90°�h4&a¹�ef �o��k

Bi-Sn/CuCoFeNiCr����efa¹�ef¬ θo�

�7;��
�?C�N���L� 36°�&a¹�

ef �����©kÝ:ch4 Bi-Sn `ab

CuCoFeNiCr����d�ef ±J�Bi-Sn`ab

AlCoFeNiCr����d�ef 2  


������

`abÀ:d�eflm��d3shef¬�

�P�k��d3shefó�G�ôijv���

�D����P�b�ij�{®ef �9���

��2P 4 � 2;efa¹��?efó��ij�

���2©Pn5`q�2 ;efa¹�ijvs

s¦6mC���DP��[xBi-Sn/AlCoFeNiCr 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

« 4  2¿IJkÀÁ©�IJÂÃ�NOÄHÅÆ 

Fig.4  Micrographs of interface in the two wetting systems after 

non-isothermal wetting: (a) Bi-Sn/AlCoFeNiCr and (b) Bi- 

Sn/CuCoFeNiCr 
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« 5  2¿IJkÀÁ©�IJÂÃNO EDS]^ 

Fig.5  EDS analysis of interface in two wetting systems after non- 

isothermal wetting: (a) Bi-Sn/CuCoFeNiCr and (b) Bi-Sn/ 

AlCoFeNiCr 
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« 6  IJ56� Bi-SnAkcOÅÆM�wH EDS]^ 

Fig. 6  SEM images (a, a

1

) and EDS spectrum of zone 1 marked in 

Fig.6a (b) for Bi-Sn molten surface after wetting experiment 
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Abstract: The wetting behavior and the interfacial characteristics of the molten Bi-Sn on the AlCoFeNiCr HEA (high entropy alloy) and the 

CuCoFeNiCr HEA substrate were investigated by a sessile drop method. Scanning electron microscopy (SEM) and energy dispersive X-ray 

spectrometry (EDS) were used to analyze the microstructure of the Bi-Sn/AlCoFeNiCr HEA and Bi-Sn/CuCoFeNiCr HEA interface. The results 

show that the AlCoFeNiCr HEA and the CuCoFeNiCr HEA form with a single solid solution structure. However, Bi-Sn molten alloy on 

CuCoFeNiCr HEA substrate has better wetting characteristics than Bi-Sn molten alloy on AlCoFeNiCr HEA substrate. With increasing wetting 

temperature, a number of intermetallic compounds are generated at the interface between the molten Bi-Sn and the CuCoFeNiCr HEA substrate, 

and the diffusion of Sn atom along the Cu-rich solid-solution phase in CuCoFeNiCr HEA is much more intense. On the contrary, the interface of 

the Bi-Sn/AlCoFeNiCr HEA system is still the straight interface, and there are new intermetallic compounds on the Bi-Sn/AlCoFeNiCr HEA 

interface with increasing wetting temperature. It is found that the Cu-rich phase in CuCoFeNiCr

 

HEA provides a “wetting channel” for the wetting 

process between the molten Bi-Sn and CuCoFeNiCr HEA substrate, which result in the two wetting systems with different wetting mechanisms. 

Key words: high entropy alloy; Bi-Sn molten alloy; wettability; interface; wetting mechanism 
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