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Table 1  Chemical composition of the high speed steel (ω/%) 

C B Mo Cr V Ni Si Fe 

0.5~0.9 1.2~2.0 1.0~4.0 3.0~5.0 2.0~3.0 0.5~1.5 0.5~0.9 Bal. 
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Fig.1  Macroscopic appearance of the coatings produced 

in Ar and air 
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Fig.2  Microscopic appearance of the coatings produced in Ar (a, c) and air (b, d) 
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Table 2  EDS analysis of the coatings produced in Ar and 

air in Fig.2 

Element, ω/% 

ESD Zone 

O Mo Fe Cr Ni 

A 3.68 35.79 54.39 3.78 2.37 

In Ar 

B 9.51 30.51 53.88 4.00 1.80 

C 4.15 21.85 66.48 4.99 2.53 

In air 

D 37.06 4.88 45.47 11.18 1.39 

 

AB�Ïm¬
®��8&�4&¶©%[\AB%�

Moñ�ÆÇ�$²¾©%�ýXYZ[\¿á�![

\R]^AB�_wÏm&ã�&<²¶©%[\¿&

l¸�XJ./nofKÖ(V�Ïm&=>�AB%
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Fig.3  Cross-sectional morphologies of the coatings produced in Ar (a, c) and air (b, d) 
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Fig.4  Line scanning profile of Mo and Fe from the coating 

to the substrate 
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Fig.5  XRD patterns of the electrode material and the coatings 

produced in Ar and air 
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Fig.6  Microhardness of the coatings produced in Ar and air from 

the coatings to the substrate 
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Fig.7  Friction and wear performances of the coatings produced 

in Ar and air 

30     45     60     75     90 

2θ/(°) 

I
n
t
e
n
s
i
t
y
/
a
.
u
.
 

Electrode 

ESD in air 

ESD in Ar 

α-Fe 

Mo

2

FeB

2 

0   10   20   30   40   50   60   70 

Distance from the Surface of Coating/µm 

M
i
c
r
o
h
a
r
d
n
e
s
s
,
 
H
V

0
.
0
5

/
M
P
a
 

Transition zone

Coating 

Substrate 

ESD in Ar 

ESD in air 

16000

14000

12000

10000

8000

6000

4000

0    1000  2000   3000  4000  5000   6000  7000 

Time/s 

F
r
i
c
t
i
o
n
 
C
o
e
f
f
i
c
i
e
n
t
 

0.6

0.4

0.2

0.0

 Wear mass/mg 

Mean friction coefficient 

of steady state 

ESD in Ar 0.5 0.619 

ESD in air 3.4 0.675 

 



� 4�                   �  �´%/05[\#-./0Mo

2

FeB

2

;<=>?@A`otbcdef                «1203« 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

± 8  375645�89mn@AdRSTU]^ 

Fig.8  Friction and wear morphologies of the coatings produced 

in Ar (a) and air (b) 

 

���½¿k7�����¬%�Ã�×ÖÓÄ'�

¬�æ$²�����^c¦§&1(¶©%[\A

BÇ��noIJ
&+8��ÃfÅÆ²�AB�

ÇÈs&=>²�¢¦§¶©%[\�ABfÉ®Ç

���½¿k�ÊR�Ã�×Ö7Ä��Ë�©Ì&

|{r¦§$;Þ(¶©%[\�AB&¾©%[\

ABñ�Ç8��
|#°����;&G?�³Q

R���³´&|²ÍÎ"N�dÏg#Ç³×Ö

®MNÓ°�CM&=>?Ì®�®��hÌ&�

¶©%[\�AB=ñ�Ç8���¤;3����

�hÌ$>0&¾©%[\AB+,�����×Ö

+¥���N!cG���56+¥�Ü=$ 

��������

1) ¾©Ó¶©%[\AB���,- ¡&A

B7�¤koîB&#ö�,¢���$|¶©%[

\AB�no+IJ&�KÖØ(V�Ïm&AB�

PQ�Æ+U$ 

2) 2 I[\ABÌ®1��;Ó��¤;�

q&|7¶©%[\�AB;Þ&¾©%[\AB�

��
��;+8&���¤;+�$¾©Ó¶©%

[\AB�y��w�
]HV

0.05

^îïh 12 862Ó

10 129 MPa&;U 2733 MPa$ 

3) ²{r��¦§&¾©%[\AB�©P��

56h 0.619&ÙÐ¥(¶©%[\AB�©P��5

6 0.675E|²)?��¦§&56AB�����Ñ

Ùh�6���� 1/7&ns�ÇÒ����$2IA

B�Ì®��ÄEG®��Ó����&|¾©

%[\AB�®��hÌ&¶©%[\AB3��

���hÌ$  

 

����    References 

[1] Takagi K I. Journal of Solid State Chemistry[J], 2006, 179: 2809 

[2] Takagi K I, Komai M, Matauo S. Powder Metallurgy 

Proceeding of Proceeding of World Congress, PM’94[C]. Pair: 

European Powder Metallurgy Association, 1994: 227 

[3] Palanisamy B, Upadhyaya A. Metallurgical and Materials 

Transactions A[J], 2011, 42(11): 3417 

[4] Wang Y G, Li Z Q. Materials Research Bulletin[J], 2002, 37(3): 

417 

[5] Ma Z, Wang W, Zou J F et al. Transactions of Nonferrous 

Metals Society of China[J], 2011, 21(6): 1314 

[6] Qian Jianguo(¾¿À). Materials for Mechanical Engineering 

(XÁ¯°®)[J], 2011, 35(10): 80 

[7] Xu Yisheng(ÂÃÄ), Zhou Xiaoping(ÅÆÇ). Hot Working 

Technology(ÈÉ¯¯Ê)[J], 2010, 39(20): 135 

[8] Johnson R N, Sheldon G L. Journal of Vacuum Science & 

Technology A[J], 1986, 4(6): 2740 

[9] Agarwal A, Dahotre N B. Surface & Coatings Technology[J], 

1998, 106(2-3): 242 

[10] Cadney S, Goodall G, Kim G et al. Journal of Alloys and 

Compounds[J], 2009, 476(1-2): 147 

[11] Hasanabadi M F, Ghaini F M, Ebrahimnia M et al. Surface & 

Coatings Technology[J], 2015, 270: 95 

[12] Hong X, Tan Y F, Zhou C H et al. Applied Surface Science[J], 

2015, 356: 1244 

[13] Agarwal A, Dahotre N B. Journal of Materials Engineering 

and Performance[J], 1999, 8(4): 479 

[14] Korkmaz K. Surface & Coatings Technology[J], 2015, 272: 1 

[15] Wang Mingwei(ËkÌ), Pan Ren(Í Î), Li Shu(Ï Ð) et 

al. Rare Metal Materials and Engineering(¬�<=®t

¯°)[J], 2014, 43(2): 361 

[13] Hong X, Tan Y F, Wang X L et al. Transactions of 

Nonferrous Metals Society of China[J], 2015, 25(10): 3329 

[17] Li X, Sun D Q, Zheng X Y et al. Materials Science and 

Engineering A[J], 2008, 490(1-2): 126 

[18] Zhu Hangyu(ÑÒÓ), Li Zhengbang(ÏÔÕ), Yang Haisen 

(Ö×Ø) et al. Journal of Iron and Steel Research(ÙÚYZ

 Û)[J], 2012, 24(7): 10 

a 

b 



«1204«                                          ¬�<=®t¯°                                           � 47� 

[19] Wang Donghui(ËÜÝ), Yuan Xiaobo(Þßà), Zheng Xin 

(á â) et al. Cemented Carbide(Oãz<)[J], 2009, 26(4): 

252 

[20] Hui Xidong(äåÜ), Chen Guoliang(æÀç). Bulk Amor- 

phous Alloys(èu��z<)[M]. Beijing: Chemical Industry 

Press, 2006: 1 

[21] Zhao Zhennan(éê�), Lin Li(ë ì), Li Ximeng(Ïíî) 

et al. Materials Protection(®ïð)[J], 2010, 43(7): 50 

 

 

Influence of Deposition Atmosphere on Structure and Properties of Mo

2

FeB

2

-Based 

Cermet Coatings Produced by Electro-Spark Deposition 
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Abstract: Electro-spark deposition process was used to prepare the Mo

2

FeB

2

-based cermet coatings in Ar and in air. The influence of 

deposition atmosphere on morphology, phase constitute, microhardness and friction and wear performance of the coatings were 

investigated by SEM, XRD, Vickers microhardness tester and tribometer. The results show that the coatings produced in Ar and in air are 

dense, metallurgical fusion with the substrate, and no delamination can be observed between the coating and the substrate. However, the 

coating prepared in air is oxidized severely, and has a rougher surface and non-uniform thickness. Both of the coatings are composed of 

amorphous phase and martensitic phase while more amorphous phase is involved in the coating produced in Ar. The peak microhardness 

(HV

0.05

) of the coatings produced in Ar and in air are 12 862 and 10 129 MPa, respectively. The coating prepared in Ar has better wear 

resistance, whose wear mass is about 1/7 that of the coating produced in air. The abrasion mechanism of the two coatings is fatigue wear 

and abrasive wear, and the coating produced in Ar is mainly fatigue wear, whereas the coating prepared in air is primarily abrasive wear. 

Key words: deposition atmosphere; electro-spark deposition; cermets; coating; properties 
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