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Methods of severe plastic deformation (SPD) such as high pressure torsion and repeated
rolling&folding can be applied to decrease the grain size of various materials to a nanoscale. In
addition, SPD can substantially impact the phase stability. In the case of alloys and intermetallics,
SPD induced defects can cause chemical and topological disorder. SPD can even yield complete
amorphization while nanocrystallization can occur upon heating of the amorphous phase. Control
of phase stability by methods of SPD is of special interest in the case of functional intermetallic
materials such as shape memory alloys (SMA). Their unique thermomechanical properties are
based on a martensitic phase transformation that can be strongly affected by disordering and a
grain size at the nanoscale. Results are presented that are based on the study of various SPD
processed materials including Ni-Ti SMA, low-hysteresis SMA (Ti-Ni-Pd), high-temperature SMA
(Ti-Pd, Ti-Pt, and Ti-Ni-Pd), ferromagnetic SMA (Ni-Mn-Ga), biocompatible SMA (Ti-Nb), as well
as other intermetallics (CuZr and CoZr). With decreasing grain size, the martensitic transformation
is hindered and metastable adaptive martensitic phases might occur. However, the thermally and
stress induced transformations might be suppressed completely in grains smaller than a
corresponding critical value. The phase stability and the martensitic morphology of the small
grains were systematically investigated. Considering a size dependent energy barrier opposing
the transformation, the results were modelled using the general thermodynamic framework of
martensite formation.
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