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Abstract

SMAT and plasma nitriding are two surface treatments that enhance the mechanical
properties of surface layers by inducing superficial nanostructures and the formation of hard
phases, respectively [1-2]. The idea of this work is to combine SMAT with nitriding: SMAT
provides a superficial nanostructure with nanosized grains and a high dislocation density
and thus creates a large volume fraction of grain boundaries and defects; during subsequent
nitriding these ”fast” diffusion pathways enhance atomic nitrogen diffusion. However, contra-
dictory views can be found in the literature: in some cases mechanical attrition pretreatment
creates oxide barriers hindering nitrogen incorporation [3].
Therefore, the aim of this investigation is to characterise and to discuss the microstructure
evolution of an austenitic stainless steel AISI 316 - ASTM F138 subjected to surface me-
chanical attrition treatment followed by low temperature plasma nitriding. In addition, a
polishing step (after SMAT and before nitriding) was introduced to examine the effect and
the interaction of the contamination induced by SMAT in the surface [4] on the nitrogen
diffusion.

The treated samples were characterized using several observations (Scanning electron mi-
croscopy (SEM), cross-sectional optical micrographs, micro-hardness profiles and X-ray diffrac-
tion). They show that polishing away a very thin layer after SMAT and before nitriding
significantly improves nitrogen diffusion into the substrate, yielding a 50% thicker nitrided
layer with respect to nitrided only. The thermal stability of the nanostructure induced by
SMAT was analysed by Transmission Electron Microscopy (TEM). Furthermore, additional
chemical analyses by Energy Dispersive X-ray spectrometry (EDS) were performed to try to
understand the effect of SMAT on the nitrogen diffusion.

Finally, the residual stress profiles of each treated sample were measured. A combined
system of blind-hole drilling and digital speckle pattern interferometry [5] was used to mea-
sure the in-depth residual stresses.
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