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Microstructure and Wear Resistance of TiN Coating Synthesized by Electric

Spark Deposition with Cluster Electrode

XU Anyang, WANG Xiaoming, ZHU Sheng, CHANG Qing, YUAN Xinpeng, ZHOU Kebing
(National Key Laboratory for Remanufacturing, Army Academy of Armored Forces, Beijing 100072, China)

Abstract: A new method of electric spark discharge (ESD) was proposed to improve the wear resistance of copper alloys. TiN
strengthened coating was formed on the surface of QA19-4 aluminium bronze rotating workpiece through the reaction of
titanium cluster electrode with nitrogen under the action of ESD heating. The results show that a uniform and continuous TiN
coating was formed on the surface of copper alloy. The surface of the TiN coating is composed of refined grain structure and
compact structure. The electrode wire has a strong grinding pin coating effect on the surface of the coating, which significantly
reduces the roughness of the coating surface. The sum of the titanium and nitrogen atomson on the surface of the coating layer
and the end of the electrode wire is more than 90%. The coating is composed mainly of TiN hard phase with a thickness of
about 85 um. The micro-hardness of the coating can reach 890 HV .05, which is about 4.8 times of the substrate (185 HVo.05).
There is an alloying metallurgical bonding layer between the coating and the substrate. The friction coefficient of the coating is
0.125-0.2, which is much smaller than that of the substrate (0.23—0.35), and the fluctuation is small. The wear rate of the TiN
coating is about 49.6% of the substrate. The TiN coating has better antifriction and wear resistance than the substrate.
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Table 1 EDS analysis of TiN coating surface (al%)

Element Area 1 Area 2
N 39.80 38.28

Al 2.95 3.23

Ti 51.16 51.35
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Cu 5.61 6.41
Totals 100.00 100.00
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Table 2 EDS analysis of electrode end faces (al%)
Element Area 1 Area 2
N 29.43 34.76
Al 1.34 0.41
Ti 67.18 64.36
Cu 2.05 0.47
Totals 100.00 100.00
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