
� 49�    � 6�                                   ��������	                                 Vol.49, No.6 

2020�      6�                        RARE METAL MATERIALS AND ENGINEERING                        June 2020 

 

�����2019-06-07 

���	����	
��
������������fma2017201��������� !"#$%����&'�()(#*+,

-�JAT170401.JAT170402� 


��
�/01.2.1982�3.456.7).89:;<=��*<>;?<=.@AB0592-6291328.E-mail: yihang@xmut.edu.cn 

 

��������	
��
�� 

 

���

1

����

2

��	


2

���


1

����

1

 

(1. 89:;<= ���	
��
�������.�� 89 361024) 

(2. 89CDEF;GHIJK.�� 89 361021) 

 

�  ��L�MNO�PQRSETUVFEW�XYZ[\]-\^_:.`ab�cdefghiL�jk@lm

no
 XpqrpstbFEW�&ETUQghuvwxyVz{.|}~bgh� 1600 �Vdef�
.��s

tbghVdef�:i+�X�.��FEW�&ETUV��.ghXY^\�U��.��ETUV����

H���� Si��V�����1600 �V�cef����b Mo-30%W��Us��XYghVdef�
���

�.def ¡¢£ 327 hi��X�.ETUV���¤¥?¦§¨©bghVdef�
i 

����FEW��ETU��c�defgh 

�������TG146.4

+

12�TG156.8

+

2�TG156.8

+

3        ������A        �����1002-185X(2020)06-2089-06 

 

���������	
���
������

��	������������������ !�

"#�$�%&'�%()*$+,�-.)/01�

�2324&5678�9:/;<��=>�?@

AB

[1-3]

�CD�E�9FGH������'IJ0

1�����KLMNOP�Q�3R
 400 STU

VWIJ�600 SXVWYZIJ�[G\]^��

%_`
�?@

[4,5]

� 

abcd�OP]^�%'IJ01�efgh

ij

[6-13]

�klVE�m MoSi

2

no�pJq]^V

W�%IJr��]^�stuv�wxy��ez

{|0� SiO

2

}~���b}~��m��]^st

������I��	
��e�����D��]

^����IJ

[14-16]

��r�� W �	�st� Si

��\ WSi

2

ab��ab��E�\ez�'IJ1

��WSi

2

ab� O

2

�?v�� SiO

2

�0���\I

��	��e��)

[17]

�� ¡���	stGHa

b�gh¢¡£e

[18]

��kl¤¥@��-�¦-�p

�� ¡��stGH\pJqab�K�E�\"

#�'IJ01�klsM���pab
§¨¦


��mO�]^�wx0��DOP]^�'IJ0

1

[19,20]

� 

©ª«¥@¬­�?cd�����st�®'

IJab�GH�kl\¯�°±²³�����s

t'IJab�01�K��±´\�²³�]^'

IJ01�µ¶� 

��������

©·¸°¥@��cd� 60%W *� W stG

H�stn(Mo,W)Si

2

�'IJab��¹ºsM��

ab�'IJ01¯»��©L¡¼½¾�¿� W²

³ÀO�ÁÂ�'IJ01�ÃÄÅ�©ª«ÆÇ�

30%W mÈ�ª«ÉÊ�©ª«�kl�Ën��m

7�Ì³±Én 2%~30%������Í@��ÎÏ

ÐÑ¯��²³�����Ò]ÎÏ�Ó!Ô 1 cm

�ÕÖv�Í@�×ØÙÐ�Qst�®ÚÛÜ�m

ÝÞ]^stIJb�Ky�ßàáâ��¦ª«¥

@ãRn¬^�'IJabGHä@��]^�

Na

2

SiF

6

&NaFå±´�æ�Si&Al

2

O

3

åç	æ�è]^

�é@7���êës 1äì� 

m��7����nkl�Ë�mãRå�!

99.99%æn¬^�®�¦�í 1n�¦îï�ª«P

%ðñn 5 S/min��¦%! 1000 S�}%rò 3 h� 

 

 !""#$%&'(
%)*+,-"

Table 1  Function and content of the experimental materials 

Material Na

2

SiF

6

 NaF Si Al

2

O

3

 

Function Activator Cementationer Filler 

Contents, ω/% 2 4 25 69 
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Fig.1  Experimental device of nitriding 
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­ 2  RSETUVFEW�� 1000 �\] 3 hV XRD­° 

Fig.2  XRD patterns of Mo-W alloys with different W contents 

nitrided at 1000 � for 3 h 
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­ 3  RSETUVFEW�defghV XRD­° 

Fig.3  XRD patterns of anti-oxidant coatings of Mo-W alloys 

with different W contents 
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­ 4  RSETUVFEW�ghXYuv 

Fig.4  Surface morphologies of coatings of Mo-W alloys with different W contents: (a) pure Mo, (b) Mo-2%W, (c) Mo-4%W, 

(d) Mo-6%W, (e) Mo-10%W, and (f) Mo-30%W 
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­ 5  ³defghVFEW�´µ 

Fig.5  Mo-W samples with anti-oxidant coating 
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­ 6  1600 �¶RSETUVFEW�defgh�
st 

Fig.6  Performance analysis of anti-oxidant coatings of Mo-W alloy with different W contents at 1600 �: 

(a) mass change and (b) oxidation rate curves 
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­ 7  FEW�ghef6·YV SEM­
 EDSqjk 

Fig.7  SEM images and EDS line scanning of the cross section of Mo-W alloy coatings after oxidation: (a) Mo-2W-1600-12 h, (b) Mo- 

2W-1600-48 h, (c) Mo-10W-1600-12 h, (d) Mo-10W-1600-72 h, (e) Mo-30W-1600-12 h, and (f) Mo-30W-1600-327 h 

 

 

 

 

 

 

 

 

 

 

 

 

­ 8  FEW�ghV MoSi
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Fig.8  MoSi

2

 thickness of Mo-W alloys coating vs time: (a) Mo-(0~10)%W and (b) Mo-30%W 
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Preparation and Properties of Anti-oxidation Coatings of Molybdenum-Tungsten Alloy 
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Abstract: High temperature oxidation resistant coatings were prepared through nitriding and siliconizing the surface of Mo-W alloys with 

different tungsten contents by in-situ reaction method. The influence of W content on the morphology and microstructure of the coating 

was analyzed by scanning electron microscope and X-ray diffraction. The oxidation resistance properties were also evaluated. In addition, 

the mechanism of anti-oxidation was researched. The results indicate that the amount of silicon seepage on the coating surface decreases 

with increasing the W content in Mo-W alloy, which reveals that the increase of W content can slow down the outward diffusion of Si 

element effectively. Furthermore, the high temperature oxidation experiment at 1600 °C proves that the Mo-30wt%W surface coating has 

the best oxidation resistance, and the anti-oxidation time is up to 327 h. As a result, the increase of tungsten content improves the oxidation 

resistance of the coating to a certain extent. 

Key words: Mo-W alloy; W content; high temperature; anti-oxidant coating 
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