
PACS: 81.15.-z 

Deposition of superhard TiN-Cu coatings on T15K6 alloy in a vacuum  
plasma-chemical reactor 

A. P. Semenov, D. B.-D. Tsyrenov*, N. S. Ulakhanov and I. A. Semenova 

Institute of Physical Material Science of the Siberian Branch of the Russian Academy of Sciences, 
Ulan-Ude, 670047 Russia 

* E-mail: dmitriyzak@mail.ru

Received 12.05.2025; revised 3.06.2025; accepted 11.08.2025 

The paper considers the deposition of TiN-Cu composite coatings in a vacuum plasma-
chemical reactor. Based on the established process parameters of TiN synthesis in nitrogen-
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containing plasma by Ti evaporation by vacuum-arc discharge, it is proposed to deposit 
TiN-Cu coatings by injecting Cu vapor into the TiN synthesis area, sputtering Cu by magne-
tron discharge. According to X-ray phase analysis, no copper reflection reflexes are ob-
served, although X-ray spectral microanalysis of the coating structure confirms the pres-
ence of copper in the coatings under study over the entire coating profile. The durability 
tests of TiN-Cu coatings on hexagonal replaceable plates made of T15K6 hard alloy were 
carried out when cutting of 40X steel. It was shown that in the proposed mode of TiN-Cu 
coating application, the composition TiN–5.57 at.% Cu increases the durability of T15K6 
plates by  2.5 times compared to the tool without coating. The measured components of 
cutting forces on plates with TiN–Cu coating indicate the absence of vibrations (noise) of 
the cutting tool, which is indirectly explained by the influence of the tribological properties 
of the coating on the durability of the tool by reducing the friction force and increasing heat 
removal from the contact zone of the cutting edge of the tool with the workpiece, contrib-
uting to a decrease in the temperature in the cutting zone. 
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