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This research investigated the gradient structure in 316L stainless steel
deformed by a vibrating cup mill machine in order to enhance the mechanical
properties of the surface layers due to the ultrafine-grain structures. However, 316L
stainless steel has an austenitic structure that allows it to easily induce the martensitic
transformations under mechanical loading. Morphological and deformation features
were characterized by electron and optical microscopes in determining the
deformation behaviors. Crystal structures were further examined and analyzed by
X-ray diffraction technique integrated with Rietveld refinement method and Halder-
Wagner model calculations. The data revealed the variation amount of the crystal
structures and microstrain value. These results were consistent with X-ray absorption
studies. The XANES spectra explained the fluctuations of chemical compositions and
crystal structures. Nickel influences the martensitic transformation and corresponds to
the increase of the stacking fault energy. Consequently, the plastic deformation
mechanism of this material was shifted from the solely mechanical twin to the
mechanical twin combining with the dislocation slip. The changes of plastic
deformation mechanisms were also visibly traced in the morphological investigations.
Therefore, this study revealed the relationship between the different strain amount
from the various degree of plastic deformation and the microstructural evolution.
Plastic deformation behaviors at the certain strain amounts resulted from the
alteration of atomic positions and/or chemical compositions during the mechanical

treatment.
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