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Improvement of quality, reliability and durability is one of the fundamental problems in the Russian industry of mechanical engineering, Sealings are applied in the rotating equipment. Due to the influence of extreme conditions, for example corrosive medium, the unfavorable moments at start-up and turndown of compressors occur, they can easily collapse.Moreover,  sealants are exposed to considerable wear and can break even during their exploitation in the equipment, especially because of a friction and therefore the replacement is often demanded. Sealants are made by a method of powder metallurgy industry the firm alloys executed on the basis of tungsten carbides, titan and tantalum. As a sheaf cobalt is used.  There groups of firm alloys which are issued in Russia:  carbide – tungsten, titan-tungsten and three-carbide – titan-tantalum-tungsten. 

One effective way of increase of service life of products used in mechanical engineering is modification of properties of the surfaces which are exposed to wear [1, 2].

Radio frequency is a perspective way of material treatment, it implies modification of the material surface by means of radio frequency (RF) low pressure plasma. The result of the method is an implantation of the ionized-atoms from plasma to the material surface up to the depth of 100 nm [3].

	Advantages of influence of radio-frequency plasma of the low pressure are the following: almost unlimited resource of work; simple instrumentation; small duration of processing; possibility of combination of several technological operations; high density of the coverings, which equals to density of an initial material, etc. Using of various plasma-forming gases as a working body allows to process details of a difficult configuration, including internal surfaces. Energy of ions is high enough for the elimination of micropores and microcracks, elimination of fractured and relief layers, formation of the squeezing residual tension in a near-surface layer of a sample, etc. The result of influence of RF plasma of the low pressure are saturation of blankets by atoms of plasma-forming gases and the formation of nanoduffusive film. Since sealing rings surface is exposed to wear, their surface hardening is very useful way to increase their operational life. This effect is achieved due to the saturation of metal by carbon. In order to increase increase mechanical properties of compressors samples made of a firm alloy of tungsten-cobalt were processed. The sample entered into RF plasma discharge is exposed to bombing by ions of plasma-forming gas. That leads to reduction of a roughness of a surface, changing of the near-surface structure that in turn provides wear resistance increase. Pure argon was used as working gas during the research of processes of finishing cleaning and nanopolishing of surfaces. Mix of gases from argon propane-butane in the following modes was used for impact on structure of a surface of a product:

№


	Gas
	Pressure, Pа
	Plate voltage, kV
	Plate current, А

	1
	Ar
	22
	7
	0,5

	
	Ar+C3H8
	21
	7
	0,5

	2
	Ar
	26
	7
	0,5

	3
	Ar
	26
	5
	0,5

	
	Ar+C3H8
	26
	5
	0,35


Before the plasma processing, in order to eliminate side effects samles were degreased and dehydrated, and only then put perpendicular to the stream. The magnitude of the sample temperature at the establishment of regularities of change of properties of a blanket from plasma parameters was chosen, on the one hand, to intensify plasma processes, and on the onother hand – heat treatment wasn't a dominating factor at this temperature. It was experimentally found  that equilibrium working temperature in all materials is achieved in 15 – 20 minutes. Therefore all products were processed in plasma of pure argon within 25 minutes, then 20 minutes in mix of argon with propane-butane.

Microhardness and roughness measurement were conducted  to determine mechanical properties. Topography of the surface at submicronic and nanometer scale was investigated by means of the scanning nanohardness tester «NanoScan-3D». Measurement of the hardness is based on the analysis of force-distance curves according to nanoindentation procedure. 

Topography images were obtained by NanoScan in semi-contact oscillating mode. Three dimentional images were obtained as a result of the procedure. 
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Fig. 1 Relief of a sample before processing (a) and after processing (b)
Experimental points were obtained with the help of a method of a measuring dynamic indentation. It is possible to describe a nature of change of properties due to such measurements.  Diagrams of change of hardness depending on depth of penetration of plasmochemical gas for a firm alloy of tungsten-cobalt received as a result of carried-out tests. They are submitted in fig. 2. 

Color of a product changed from characteristic metal blaze to yellowish turquoise. It also testifies film formation on an alloy surface.
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Fig.2 Change of microhardness of a surface of an alloy: 1) a – sample before processing, b – processed sample Ar+C3H8, Q1=1500 cm3/min, Q2=1300 cm3/min, U=-20 V, 2)  a – sample before processing, б – processed sample Ar, Q=2000 cm3/min, U=-20 V, 3) a – sample before processing, б – processed sample Ar+C3H8, Q1=2000 cm3/min, Q2=1400 cm3/min, U=-20 V
The analysis of characteristics of the sealants processed in RF plasma discharge showed that physical mechanical values of processed samples possess the improved technological, operational indicators in comparison with control. the best result was obtaines in mix of argon and propane-butane gases in the ratio of 80% to 20%.
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