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1  �  � 

�Pef�45CrNiMoVA��860�880  ¡¢�

420�440  £¢¤�¥h¦�§G 1+ 

�u¨©��1¤�ª« Mo¨�¬«99.9%�®

¯°± 45~96 µm²�2¤�ª« W¨�¬«99.9³�

®¯°± 45~96 µm+N´µ¨P¶�0·¸J{¨P

�9J�¹KVºN 4:1 0 Mo�W ¨©»F¶¨¼

��½¾¶�+ 

7�P 45CrNiMoVA��¿�FÀÁÂ���Ã

ÄÅÆ��À�ÇÈ�ÉÊË�Ì�dÍÎGHÏÐ

Ñ�Ò�ÓK�ÔYGHÕÖ«{GH×Ð2«�

ØÙ1Ú«{ÛÜÝ�+ 

�F�Þqßtà��áâã�^äåæçè¥

��0 HEP-Jet ��5�QR�uéê²¥ëìíî

ë�ïëìíðë�dñò¨©ÏÐ+�uóQN 100 

mm+�u�Ìôõ§G 2+ 

 

 1  45CrNiMoVA!"�#$%�  

Table 1  Chemical composition of 45CrNiMoVA steel (ω/%) 

C Ni Cr Mo Mn Si Fe 

5.26 1.33 1.04 6.14 1.55 0.66 84.02 

 

 2  &'()*+,- Mo-W-./012 

Table 2  Supersonic plasma spraying parameters of Mo-W  

coating 

Parameter Value 

Spraying current/A 350 

Spraying voltage/V 140 

Ar flow/L·min

-1

 110 

H

2

 flow/L·min

-1

 17 

Cooling gas pressure/MPa 0.5 

Powder feeding rate/g·min

-1

 45 



�954�                                           ��¡¢£&¤¥                                            � 48� 

�F SPS-30 ö÷��QR'ø�Spark Plasma 

Sintering�SPS¤ùqúûFüptqýþ Mo-W��

�Mo�W¨KVºN 4:1¤+���'ø��0�¯N

30 mm��«N 5�8 mm�'ø��	�N 1 MPa�´


12	�N 30 MPa���«´
 10 Pad���


5�N 100 /min� �'ø�0����Ú��ç
+ 

�F GBT 8642-2002 30~���uvø�C

«+�F Nava NanoSEM450���ö�������

��7uvGH��H��������²IF X-Max 

80ö X��s� �\uv!"��#úKV�õ+

�F YT-1 $%ÊË&'���$%(«�)*uv

+,�+�F CERSBOX-./�0 �\uv�0

��ß12á34¢567)*8uv0m��+�

F INYERTER PULSE CSM-200 ö�	�&Þ97
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Js+�\ôõN�;ä'(�÷���Dò 20�220 

A�÷�<=>« 0.01 s+?@�uvÝFAB.Dë�

��CiYD´EëP{F&ëP+GH�¬It¦�

J¯ 0.5 mm��K��LMN 30°+�
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¦ 1  Mo-W;<C?@§¨�� 

Fig.1  Micro morphologies of Mo-W coating surface: (a) low  

magnification and (b) high magnification 

 

 

 

 

 

 

 

 

 

 

¦ 2  Mo-W;<C©@�§pq 

Fig.2  Microstructure of Mo-W coating cross section 

 

 3  � 234 EDS56�789  

Table 3  EDS results of selected regions in Fig.2 (ω/%) 

Element A region B region Full region 

C - 5.57 - 

O 6.45 1.29 1.67 

Mo 93.55 - 75.12 

W - 93.14 23.20 
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2.2.1  ������ 

N�yuvm�P0ø�~n�7 Mo-Wuvm

�P�H���s�������$ 3¤+�$ 3Oo�

Mo-W uvm�PpHÅq�"��#
pHÊrM

���W�uvm�Pø�~nN½¾ø���Yu

vT·ø�C«N 44.8 MPa+ste��
7pHÊ

IFuvw«	x��	����Ci�)��0y

z�$ 4¤�W� Mo-Wuvm�Pø�ºj{ª�7

uvm�Pø�@0m�JZ|à¦}D_`+ 

 

 

 

 

 

 

 

 

 

 

¦ 3  <C-yFBª EDS«¬sfg 

Fig.3  EDS element line scanning of the combining site between 

coating and substrate 
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¦ 4  <C&yFB®HQ¯§¨�� 

Fig.4  SEM morphology of impression on the combining site 
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¦ 5  Mo° Mo-W<C��}&N+} 

Fig.5  Porosity and conductivity of Mo and Mo-W coatings 
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¦ 6  Mo-W<C XRD ¦m 

Fig.6  XRD pattern of Mo-W coating 
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¦ 7  [\+^± Mo-W<C+R_`�� 

Fig.7  Arc erosion morphologies of Mo-W coating under different currents: (a) 20 A, (b) 60 A, (c) 100 A, (d) 140 A, (e) 180 A, and (f) 220 A 

 

 

 

 

 

 

 

 

 

 

¦ 8  2�_`��²³ 

Fig.8  Two kinds of erosion morphologies: (a) I´100 A and (b) Iµ140 A 
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¦ 9  SPS Mo-WB�° Mo-W;<C?@��T¶ 

Fig.9  Surface morphology comparison between SPS Mo-W alloy (a) 

and Mo-W coating (b) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

¦ 10  SPS-Mo-WB�° Mo-W;<C+R_`�� 

Fig.10  Arc ablation morphologies of SPS-Mo-W alloy (a) and 

Mo-W coating (b) (I=60 A) 
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¦ 11  ;<· Mo-W;<C+R_`�� 

Fig.11 Arc erosion morphology of Mo-W coating as sprayed (I=60 A) 
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Fig.12  Arc erosion morphology of Mo spraying coating (I=60 A) 
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Table 4  EDS results of selected regions in Fig.13 (ω/%) 

Element Region A Region B 

O 0.81 1.53 

C - 3.26 

Mo 87.64 34.02 

W 11.55 61.19 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

¦ 13  Mo-W;<C+R_`��¸ª]W 

Fig.13  Local amplification of arc erosion morphologies of 

Mo-W coatings: (a) large grain structure near the ablated 

hole and (b) epitaxial fine grain structure 

 

��������

1¤��5�QR�u�Ìtq0 Mo-Wuv0m

��N 6.12%IACS�º Mo uv~i�Ø��6WZ

D+�uv30+,�jD.-m�JsjÙ0¥h

��+ÏÐ7��5�QR�u�Ìtq0 Mo-Wu

v0m�J_`jò+ 

2¤�¸��0ÔD�Mo-W uv�&'(0H

¹��ÔD+'(��¼100 A ��_)�ö03

Ö'(+�ÇÈQ{'(Ô'(��²'(��

140 A ��'(��h_)NRÐQ�ÇÈQ�'

(Ô+  

3¤+,��I Mo-Wuvl�&'(JsMW�

ÕÖ0�uÏMo-Wuvº[\Ï'(`«{ëÐ)

*ñ�+���Odí1ØÙuv+,�{��ÔY

uvGHÕÖ«0~�ÔCMo-Wuv0r�&'(

Js+ 

4¤Mo-W�uvr�&'(Js�� Mo�uv+

Mo-Wuv
�&sVEF��RÐ��>¦ýþ��

WgVj�0Mo-WO�Pbc
'(+®±0�'

(H¹ÔD+ 

A 

B 

a 

b 



� 3 �                              �  ���Mo-W ��	
��������                            �959� 

���    References  

[1] Chen Yun(¹ º), Xu Weidong(»¼½), Yuan Weiqun(¾¼

¿) et al. High Voltage Engineering(P+Q/0)[J], 2013, 

39(4): 937  

[2] Gong Fei(À Á), Weng Chunsheng(ÂÃ�). Chinese Journal 

of High Pressure Physics(PQÄÅ�Æ)[J], 2014, 28(1): 91  

[3] Zielinski A, Watt T, Motes D. IEEE Transactions on Plasma 

Science[J], 2011, 39(3): 941  

[4] Siopis M J, Neu R W. IEEE Transactions on Magnetics[J], 

2013, 48(8): 4831  

[5] Yan Tao(� �) , Liu Guimin(ÇÈÉ), Wu Hang(Ê V) et al. 

China Surface Engineering(Ë1?@¤¥)[J], 2017, 30(1): 

107  

[6] Li Wensheng(ÌÍ�) , Li Yaming(ÌÎx), Wang Dafeng(Ï

WÐ) et al. Powder Metallurgy Technology(ÑÒÓ�/0)[J], 

2012, 30(3): 187  

[7] Wu Yihong(ÊÔÕ), Hou Guobin(Ö1×), Deng Xiaofeng(Ø

ÙÚ) et al. Electrical & Energy Management Technology (+

Û&lÜÝÅ/0)[J], 2017, 7: 1  

[8] Zhu Yancai(Þßà), Wang Jingqin(Ïáâ), Wang Haitao (Ï

ã�). Rare Metal Materials and Engineering( ��¡¢£

&¤¥)[J], 2013, 42(1): 149  

[9] Wang Xingang(Ïäå), Zhang Huailong(æçè), Shi Bin 

(é ×) et al. Chinese Journal of Rare Metals( ��¡)[J], 

2014, 38(3): 371  

[10] Wang Lijian(ÏJê), Chen Wenge(¹Íë). Materials Science 

and Engineering of Powder Metallurgy (ÑÒÓ�¢£��

&¤¥)[J], 2016, 21(5): 802  

[11] Wang Xingang(Ïäå ), Zhang Huailong(æçè ), Li 

Wenjing( Ì Í ì ) et al. Rare Metal Materials and 

Engineering( ��¡¢£&¤¥)[J], 2015, 44(1): 140  

[12] Wang Yanlong(Ïíè ), Liang Shuhua(îïð ), Yang 

Xiaohong( ñ Ù Õ ) et al. Rare Metal Materials and 

Engineering ( ��¡¢£&¤¥)[J], 2012, 41(2): 266  

[13] Nagasaki Makotomi(òóôõ ), Tags Makoto(ö÷ø ). 

Translated by Liu Ansheng(Çù�). Binary Alloy Phase- 

Diagrams(ú«B�û·¦ü )[M]. Beijing: Metallurgical 

Industry Press, 2004: 219 

 

 

Conductivity and Arc Erosion Test of Mo-W Coating 
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Abstract: Mo-W coating was prepared by supersonic plasma spraying technology on the surface of 45CrNiMoVA steel. The bonding 

strength of the coating was tested. The electrical conductivity of the coating was tested by a resistance tester. The arc erosion test of the 

Mo-W coating with different discharge currents in atmosphere was carried out by a high voltage arc device. The coating structure was 

analyzed by field emission scanning microscope (SEM) and electron spectrometer (EDS), and the phase composition of the coating was 

tested by X-ray diffractometer. The results show that the Mo-W coating prepared by the supersonic plasma spraying process has good 

adhesion with the substrate, and the conductivity is only 6.12%IACS. Porosity is the main reason for the lower conductivity of the coating. 

The oxidation has little influence on the conductivity of Mo-W coating. As the discharge current increases, the Mo-W coating arc erosion 

area increases significantly and the erosion coating exhibits two different erosion morphologies; the larger the porosity and the smaller the 

surface roughness, the worse the arc erosion resistance of the coating. The arc erosion resistance of Mo-W coating is better than that of 

pure Mo coating. 
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