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The effect of surface nanocrystallization on the durability of structural steel
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Abstract. The influence of the surface nanocrystalline structure of the alloy structural steel generated by frictional treatment on the contact durability in oil and tap water was investigated and compared with that for steels treated with cementation, quenching and tempering. It was revealed that the surface nanocrystalline structure formed by the treatment in oil fluid and in aqueous emulsol solution increased contact durability of the steel in approximately 2 times in oil compared to cementation with further quenching and low-tempering; the contact durability of the same specimens in water remained changeless. The treatment in air resulted in the highest contact durability; however, it led to decrease in the surface roughness. The contact durability in the oil is significantly higher compared to that in the tap water.
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Introduction
The damage of the machineries working under action of high contact loads and corrosive environments often starts from the surface. Therefore, the development of the surface modification technologies for improvement of physical and mechanical properties of steels is an actual issue [1, 2]. The most widely used for obtaining surface nanocrystalline structure (NCS) on metals are methods using severe plastic deformation [1–4]. In this paper, the influence of the surface NCS, obtained on the alloy structural steel by frictional treatment (FT) on the contact durability in oil and tap water is investigated.
Experimental, Results and Analysis
Cylindrical specimens of 10 mm in diameter and a length of working part 50 mm made of the alloy structural steel were investigated. The chemical composition of the steel is as follows, mass. %: 0.2 C; 0.9 Cr; 3 Ni; 0.4 Mn; 0.3 Si; 0.01 S; 0.01 P; Fe: balance. A series of specimens were tested: i) after FT in different technological fluids (TF: air, aqueous solution of emulsol, and mineral oil); ii) after cementation, quenching and tempering at 150°C, which usually used for such alloy steel; iii) after cementation, quenching and tempering at 150°C and following FT. FT was performed on modernized turning machine using a tool made of 40X steel. The FT regime of was as follows: linear, rotational velocity of strengthening tool – 60 m/s, rotational frequency of the specimen – 3.83 s-1, treatment time – 15 s, cutting depth – 0.4 mm, which corresponds to the pressure in the friction contact zone 0.8 GPa. The contact durability was investigated using double-disk scheme of the contact loading and a specimen rotating frequency of 250 Hz under working loads on specimen of 4000 MPa. The industrial oil and tap water were used as test environments. 
The depth of the strengthened surface layer with NCS substantially affects the contact fatigue resistance, since buckling of the surface layer under that type of load. The depth of strengthened layer is the smallest after FT in aqueous TF associated with the higher speed of specimens’ cooling in aqueous TF compared with the oil TF and air. The highest depth (150 μm) and microhardness (9.8 GPa) were received at FT in the oil TF. 
The contact fatigue durability of the alloy structural steel with surface NCS was improved in comparison with that of the steel after cementation with further quenching and low-tempering. It is essentially higher for specimens tested in oil than in tap water. The specimens with surface NCS generated by FT in different TF are characterised by higher contact durability in approximately 2 times in the industrial oil compared with specimens without NCS; specimens tested in tap water had significantly higher contact durability just after FT in air, whereas specimens after FT in other TF had contact durability almost the same as after cementation and heat treatment. 
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