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Abstract: In order to improve the braking performance of maglev train brake shoes, and prolong the service life
and reduce the production cost at the same time. The WC-12Co and Cr;C,-25NiCr hard ceramic coatings were
prepared on the brake shoes substrate of maglev train by means of supersonic flame spraying. The performance
of hard coating is not only related to the size of hard phase grain, but also closely related to phase composition
and phase transformation. The microstructure, oxygen content, bonding strength and microhardness of the
coatings were characterized and analyzed by means of scanning electron microscopy (SEM), oxygen-nitrogen

analyzer, computer controlled hydraulic universal testing machine and microhardness tester, respectively. The
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results show that the microstructure of WC-12Co and Cr;C,-25NiCr coatings prepared by supersonic spraying is
compact, with the porosity of 1% and the oxygen content of 0.78% and 1.25%, respectively. The average bonding
strength were 75.2 MPa and 73.8 MPa, respectively, and the average microhardness were 1355.8 HV, and 1160.5
HV,, respectively. Therefore, through thermodynamic analysis of material design and optimization of spraying
technology, it is beneficial to the development of high performance hard ceramic coating.

Key words: Maglev train, brake shoes, HVOF, WC-12Co, Cr;C,-25NiCr, hard coating
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Table 1 Main spray parameters of WC-12Co and Cr;C,-25NiCr coatings prepared by HVOF

/GPH O, /SCFH /gemin /mm

WC-12Co 6.0 1850 75 380

Cr;C,-25NiCr 6.2 2000 80 350
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Table 2 Adhesion strength of the WC-12Co and Cr;C,-25NiCr coatings prepared by HVOF

/MPa
1# 24 3# /MPa
WC-12Co 75.6 74.1 75.9 75.2
Cr;C,-25NiCr 75.7 72.2 73.5 73.8
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Table 3 Micro-hardness (HV,) of the WC-12Co and Cr;C,-25NiCr coatings prepared by HVOF
(HV)
1# 2# 3#
WC-12Co 1418.5 1315.7 1333.2 1355.8
Cr,C,-25NiCr 1128.1 1153.8 1199.6 1160.5
34 it [2] .
[J1. , 2012, 4(4): 46-49.
(1) WC-12Co  Cr,C,- [3] . [D],
25NiCr ,2005.
( 1%) O [4] Magnania M, Suegama P H, Espallargas N. Influence of
0.78% 1.25% HVOF parameters on the corrosion and wear resistance of
) ) WC-Co coatings sprayed on AA7050 T7[J]. Surface and
Coatings Technology, 2008, 202(19): 4746-4757.
[5] Zhu YC, Ding CX, Yukimura K, et al. Deposition and
75.2 MPa  73.8 MPa characterization of nanostructured WC-Co coating[J].
1355.8HV, 1160.5HV, Ceramics Intemational, 2001, 27(6): 669-674.
) WC- [6] Voyer J, Marple B R. Sliding wear behavior of high
12Co W2C Cr.C.-25NiCr velocity oxy-fuel and high power plasma spray-processed
300"

tungsten carbide-based cermet coatings[J]. Wear, 1999,

CrrGs 225-229(4): 135-145.

[7] Nerz J, Kushner B, Rotolico A. Microstructural Evaluation
of Tungsten Carbide-Cobalt Coatings[J]. Journal Thermal
Spray Technology, 1992, 1(2): 147-152.

[8] Zhang D, HARRIS S J, MCCARTNEY D G.

) Microstructure formation and corrosion behaviour in
HVOF-sprayed Inconel 625 coatings[J]. Material Science
and Engineering: A, 2003, 344(1/2):45-56.

[9] , . [J].
, 2004, (3): 72-74.
[10] , , ,
Cr,C,-25NiCr [J1.
, 2002, 22(6): 424-430.
[ ’ ’ ' [y i, , . WC-12Co
[J]. , 2002, 37(4): 412-416.

32



10

,2014,43(24):19-22.
1 ,

TEM Analysis[J]. Surface and Coatings Techn
204:2353-2361.

[66] KOIVULUOTO H, NAKKI J, VUORISTO P. Corrosion
Properties of Cold-Sprayed Tantalum Coatings[J]. Journal of
Thermal Spray Technology, 2009, 18(1):75-82.

[67] KOIVULUOTO H, BOLELLI G, LUSVARGHI L, et al.
Corrosion Resistance of Cold-sprayed Ta Coatings in Very
Aggressive Conditions[J]. Surface and Coatings Technology,
2010,205:1103-1107.

[68] BOLELLI G, BONFERRONI B, KOIVULUOTO H, et
al. Depth-sensing Indentation for Assessing the Mechanical
Properties of Cold-sprayed Ta[J]. Surface and Coatings
Technology, 2010, 205:2209-2217.

[69] KUMAR S, VIDYASAGAR V, JYOTHIRMAYT A, et al. Effect

of Heat Treatment on MechanicalProperties and Corrosion
Performanceof Cold-Sprayed Tantalum Coatings[J]. Journal of
Thermal Spray Technology, 2016, 25(4):745-756.

[70] PIERCY B, ALLEN C, GULLA A F. Ta and Ti Anti-passivation

Interlayers for Oxygen-Evolving Anodes Produced by Cold Gas
Spray[J]. Journal of Thermal Spray Technology, 2015, 24(4):702-
710.

[71] , . 1.
, 2006, 20(7):61-64.
[72] , , .
1. ,2015,7(01):11-17.
73] , , ,
1. ,2003, 36(8):4-8.

S, JYOTHIRMAYIT A, WASEKAR N, et al. Influence

[75] KUMAR S, RAMAKRIS
Correlation of Splat State with Depos
Sprayed Niobium Coatings[J]. ActaMatertaig, 2017, 130:177-
195.

M, CHAVAN N M, et al.
iQn Characteristics of Cold

OO OO

62
[71. , 2010, 39(16):
117-119.
[12] , ,
Cr3C2-25NiCr 1.
,2008, 21(1): 41-44.
[13] , , , . Ti6AMV
WC-12Co [71.
,2012, 41(11): 2005-2009.
[14] . HVOF WC-12Co
[DI. ,2012.

[15] Zhao XQ, Zhou HD, Chen JM. Comparative study of the
friction and wear behavior of plasma sprayed conventional
and nanostructured WC-12Co coatings on stainless steel[J].
Materials Science and Engineering: A, 2006, 431(1-2): 290-
297.

[16] Jia K, Fischer T.E. Sliding wear of conventional and
nanostructured cemented carbides[J]. Wear, 1997, 203(96):
310-318.

[17] Chen H, Xu C, Zhou Q, et al. Micro-scale abrasive wear
behaviour of HVOF sprayed and laser-remelted conventional
and nanostructured WC-Co coatings[J]. Wear, 2005, 258(1):
333-338.

[18] Almond E A, Roebuck B. Identification of optimum binder
phase compositions for improved WC hard metals[J].
Materials Science and Engineering, 1988, 105(88): 237-248.

[19] Qiao Y, Fischer T E, Dent A. The effects of fuel chemistry
and feedstock powder structure on the mechanical and
tribological properties of HVOF thermal-sprayed WC-Co
coatings with very fines structures[J]. Surface and Coatings
Technology, 2003, 172(1): 24-41.

[20] Xie MX, Zhang SH, Li MX. Comparative investigation on
HVOF sprayed carbide-based coatings[J]. Applied Surface
Science, 2013, 273: 799-805.

[21] Vashishtha N, Sapate S G, Bagde P, et al. Effect of heat
treatment on friction and abrasive wear behavior of WC-12Co
and Cr;C,-25NiCr coatings[J]. Tribology International, 2018,
118:381-399.

[22] Matthews S, Asadov A, Ruddell S, et al. Thermally induced
metallurgical processes in Cr;C,-25NiCr thermal spray
coatings as a function of carbide dissolution[J]. Journal of
Alloys and Compounds, 2017, 728(25): 445-463.

[23] Bobzin K, Zhao L, Ote M, et al. Impact wear of an HVOF-
sprayed Cr;C,-25NiCr coating[J]. International Journal of
Refractory Metals and Hard Materials, 2018, 70: 191-196.


Tian Tian



