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Abstract
Surface mechanical attrition treatment (SMAT) causes severe plastic deformation on sample surface leading to work-hardening and microstructural changes within the severe plastic deformation region. In result, grain size is reduced up to nano scale and mechanical properties are improved. In the present work, surface mechanical attrition treatment was carried out on pure commercial titanium with 3 and 6 mm balls, made of high-carbon steel, for 0.5, 1, 1.5 and 2 h. The effects of balls diameter and process duration on mechanical properties and microstructure of samples were investigated. Optical and electron microscopy procedures as well as X-ray diffraction analysis were employed for microstructural analysis. Microhardness of the top layer of the surface was measured using a 50 g load with a Vickers microhardness tester. Tensile test was also performed to study mechanical properties. X-ray studies revealed that SMAT led to formation of a nano-structured layer on surface. For instance, the grain sizes of 12.9 and 36.9 nm were obtained after 2 hours of treatment using 3 and 6 mm balls, respectively. Hardness and tensile tests showed that samples which were treated with 3 mm balls had better mechanical properties in comparison with those treated with 6 mm balls. Final tensile strength of the 2 h sample increased by 11 and 5 percent using 3 and 6 mm balls, respectively, while elongation reduction values were 42 and 33. According to microstructural analysis, the deformed layer was thicker in samples treated with 3mm balls. Hardness was found to increase with time in both types of samples. In samples treated with 6 mm balls, hardness was improved by 1.7, 2, 2.1 and 2.4 times after 0.5, 1, 1.5 and 2 h of treatment. On the other hand, hardness increased by 1.85, 2.2, 2.4 and 2.6 times in samples treated with 3 mm balls.
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a) Almen strip saturation curve; b) OM of SMATed layer; c) XRD of treated surface; d) Microhardness profile of treated layer
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