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� 1  BC 1.0%BE CuWFE XRD�  

Fig.1  XRD pattern of CuW alloy with 1.0%B addition 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

� 2  BC 1.0%BE CuWFE TEM¡¢y£¤1¥¦§¨© 

Fig.2  TEM bright field image (a) and SAED patterns of CuW alloy with 1.0%B addition: (b) region I, (c) region II, 

and (d) region III marked in Fig.2a 
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� 3  @A BBC¬DE CuWFE®KL 

Fig.3  Microstructures of CuW alloys with different B contents: (a) 0%, (b) 0.4%, (c) 0.6%, and (d) 0.8% 

 

 

 

 

 

 

 

 

 

 

� 4  BC 0.6%BE CuWFE®KLW EDSn�9\ 

Fig.4  SEM image and EDS result of point A of CuW alloys with 0.6% B element  
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� 5  @A B¬DE CuWFE¯°t 

Fig.5  Relative densities of CuW alloys with different B contents 
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� 6  @A B¬DE CuWFE1±²yst 

Fig.6  Electrical conductivities and hardness of CuW alloys with 

different B contents 
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� 7  @A B¬D CuWFEX1zlt 

Fig.7  Breakdown strengths of CuW alloys with 0%B (a) and 

0.6%B (b) 
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� 8  @A B¬D CuWFE 50³1´8��EmDµ¶ 

Fig.8  Mass losses of CuW alloys with different B contents after 

arc ablation for 50 times 

 

 

 

 

 

 

 

 

 

 

� 9  @A B¬D CuWFE{|}y1´·¸ 

Fig.9  Chopping currents and arc life-spans of CuW alloys with 

different B contents 
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� 10  @A B¬DE CuWF 50³TU¤¹�� 

Fig.10  Surface morphologies of CuW (a) and CuW-0.6%B (b) alloys after 50 times breakdown 
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different B contents during room-temperature fric- 
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Fig.11  Friction coefficients of CuW alloys with different B contents 
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Fig.12  Three-dimensional morphologies of CuW (a) and CuW-0.6%B (b) alloys after friction and wear test; wear depth-width curves of 

different CuW alloys (c) 
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Fig.13  Surface morphologies of CuW (a) and CuW-0.6%B (b) 

alloys after friction and wear 
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Table 3  EDS analysis results of points marked in Fig.13 (ω/%) 

Element Point A Point B Point C Point D 

W 63.98 30.42 34.46 61.46 

Cu 21.12 46.23 40.88 23.02 

O 13.97 21.26 21.11 12.49 

Fe 0.93 2.09 3.18 2.70 

B - - 0.37 0.34 

Total 100% 

 

7�zy�L�0��hªD`÷ø��KEj��

�;:;LEAB�`(öÑFG¤¥*öÛöÑ+

HüöÑ( 

��������

1) ` W ÅÆK-#�ßy� BI�`]f¹

��K B+ Wº»JK�p W

2

Bi(ûü B,-y

�ý-�CuW	
K�p�.j¼i��yLý-( 

2) º»�p�.j¼i¢a� CuW 	
��

W�M�	
��úèe(,- 0.6%B � CuW 	


��WN� 2150 MPa( 

3) CuW 	
OP B AB�XYÎÏ�4�c

���(ª CuW	
i��,- 0.6%B� CuW	


�����QWý-� 57.5%�æ�çèe� 21%�

�c��êë� 12%(V?	
KÂuÃÄ� W

2

Bi

��cÊ�LË�È���9�È?=>�h~�J

KÙn³RZ[( 

4) ûü B,-y�ý-�CuW	
�÷ø��

�<öÑúZ>(ª CuW 	
i��S,- B �x

yN� 0.6%G���÷ø�+�<öÑú�T|è

� 32.7%+ 35.4%( 

 

!"#$    References  

[1] Zhang Q, Liang S H, Yang X H et al. Engineering Failure 

Analysis[J], 2016, 62: 156 

[2] Lu Z L, Luo L M, Chen J B et al. Mater Sci Eng A[J], 2015, 

626: 61  

[3] Cao W C, Liang S H, Gao Z F et al. Rare Metal Mater Eng[J], 

2011, 40(4): 571 

[4] Chen W G, Dong L L, Zhang H et al. Materials Letters[J], 

2017, 205: 198 

[5] Chen P G, Luo G Q, Shen Q et al. Materials & Design[J], 2013, 

46: 101 

[6] Wei X X, Tang J C, Ye N et al. Journal of Alloys and 

A 

B 

100 µm 

C 

D 

a 

b 

Y 

Z 

X 

a 

X 

Z 

Y 

b 

400 500 600 700 800 900

10

15

20

25

30

35

40

45

50

 

 

 

Width/µm

D
e
p
t
h
/
µ
m

c 

0%B        0.6%B 



�686�                                           ���./���                                           � 50� 

Compounds[J], 2016, 661: 471 

[7] Chen Wenge(ÂÃÄ), Li Bin(Å Æ). Electrical Engineering 

Materials(1�./)[J], 2010(4): 9 

[8] Zhang Q, Liang S H, Zhuo L C. Journal of Alloys and Com- 

pounds[J], 2017, 708: 796 

[9] Doré F, Martin C L, Allibert C H. Materials Science and 

Engineering A[J], 2004, 383: 390 

[10] Song Guiming(ÇÈ^), Zhou Yu(É Ê), Lei Tingquan(ËÌ

Í) et al. The Chinese Journal of Nonferrous Metals(e��

Î��Ï)[J], 1999, 9(1): 49 

[11] Gu Gang(Ð  Ñ ), Liu Dezhi(ÒÓÔ ). Journal of Naval 

University of Engineering(ÕÖ��-��Ï )[J], 2016, 

28(3): 40 

[12] Li Dasheng(×-Ø ), Fan Zhikang(ÙÔÚ ). Rare Metal 

Mater Eng(���./���)[J], 2007, 36(6): 1008 

[13] Yang X H, Fan Z K, Liang S H et al. Journal of Alloys and 

Compounds[J], 2008, 475(1-2): 855 

[14] Song G M, Wang Y J, Zhou Y. Int J Refract Metals Hard 

Mater[J], 2003, 21(1-2): 1 

[15] Zhao Z Y, Liu J X, Guo W Q et al. Int J Refract Met Hard 

Mater[J], 2016, 54: 90 

[16] Luo L M, Lu Z L, Huang X M et al. Int J Refract Met Hard 

Mater[J], 2015, 48: 1 

[17] Yang X H, Liang S H, Wang X H et al. Int J Refract Met 

Hard Mater[J], 2010, 28: 305 

[18] Shen Panwen(ÛÜÃ), Che Yunxia(ÝÞß), Luo Yuji(àá

� ) et al. Inorganic Chemistry(âãj� )[M]. Beijing: 

Science Press, 2011: 401 

[19] Cao Xiaozhou(ä!å), Xue Xiangxin(æçè), Yan He( 

F) et al. Rare Metal Mater Eng(���./���)[J], 

2014, 43(8): 1987 

[20] Gromilov S A#Kinelovskii S A, Alekseev A V et al. Journal 

of Structural Chemistry[J], 2010, 51(6): 1126 

[21] Liang S H, Chen L, Yuan Z X et al. Materials Characteri- 

zation[J], 2015, 110: 33 

[22] Yu Ligui(éêë). Vacuum Arcs Theory and Application(R

S1´,ì��4 )[M]. Beijing: China Machine Press, 

1985: 26 

[23] Cao W C, Liang S H, Zhang X et al. Vacuum[J], 2011, 85(10): 

943 

[24] Dong L L, Ahangarkani M, Chen W G et al. Int J Refract 

Metals Hard Mater[J], 2018, 75: 30 

[25] Cao W C, Liang S H, Gao Z F et al. Int J Refract Metals 

Hard Mater[J], 2011, 29(6): 656 

[26] Stadler S, Winarski R P, MacLaren J M et al. Journal of Electron 

Spectroscopy and Related Phenomena[J], 2000, 110: 75 

[27] Wen Shizhu(íîï ). Principles of Tribology(���f

,)[M]. Beijing: Tsinghua University Press, 1990: 443 

 

 

Effects of In-situ Synthesis of Tungsten Boride on Microstructures 

and Properties of CuW Alloy 

 

Yang Xiaohong, Zhao Yipeng, Zou Juntao, Xiao Peng, Liang Shuhua 

(Xi’an University of Technology, Xi’an 710048, China) 

 

Abstract: A series of Cu-W alloys added with different boron contents were prepared by means of powder metallurgy-infiltration process. 

The effects of boron addition content on the microstructure and properties of CuW alloys were investigated. The static properties, the 

vacuum breakdown property and the wear resistance were studied, respectively. The results show that boron element and W in-situ react 

and form tungsten boride phase in the sintering process of W skeletons. The HB hardness of the CuW-0.6wt%B alloy increases to 2150 

MPa owing to strengthen of W skeletons. Meanwhile, the breakdown strength increases by 57.5%, the chopping current decreases by 21%, 

and the coefficients of friction decreases by 32.7%, respectively. The breakdown strength and wear resistance of the CuW alloys are 

enhanced significantly. The morphologies analysis of CuW alloys after vacuum breakdown shows that the splash of liquid copper 

decreases, the breakdown areas increase but the erosion pits become shallower and smaller. 

Key words: CuW alloys; W

2

B; in-situ reaction; microstructure; properties 

 

Corresponding author: Yang Xiaohong, Ph. D., Associate Professor, School of Materials Science and Engineering, Xi’an University of 

Technology, Xi’an 710048, P. R. China, Tel: 0086-29-82312185, E-mail: yangxh2000@126.com 


