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! First Order Phase Transformations

2 Second Order Phase Transformations
3 Latent Heat
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5 Diffusional Phase Transformations

¢ Diffusionless Phase Transformations
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2 Austenitic Alloys

3 Austenite
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Abstract

Martensitic phase transformation (MPT) is a first-order and diffusionless transformation which
leads to the formation of various micro/nanostructures in ceramics and alloys, and exceptional
material behaviors such as ferroelectricity and shape memory effect. During MPT, austenite with a
cubic lattice transforms to martensite with the lower-symmetry tetragonal lattice, by a reduction in
temperature, mechanical loading, or variation in surface energy. In the present thesis, the effects of
nonlocal integral elasticity on stress-induced single variant MPTSs are investigated within the phase
field approach at the nanoscale. The main drawbacks of previous kernels are overcome by
introducing a new thermodynamically consistent nonlocal kernel, termed the compensated two-
phase (CPT) kernel. In contrast to other widely used nonlocal kernels, for the CTP kernel, no ill-
posedness is observed, the normalization and locality recovery conditions are satisfied and the
boundary effects are entirely compensated. Utilizing a proper thermodynamic framework, the
stress-strain relation with the CTP kernel is shown to be thermodynamically consistent. The
nonlinear finite element approach and the COMSOL code are used to solve the coupled system of
Ginzburg-Landau and local/nonlocal integral elasticity equations. The numerical implementation
of the coupled equations of Ginzburg-Landau and local elasticity as well as the equations of
nonlocal integral elasticity is well verified. The numerical convergence of the solver is also studied
which indicates that the CTP kernel does not suffer from the numerical convergence issues of
previous kernels. In addition a basic mesh convergence study is performed to ensure that mesh-
independent solutions are resolved. The advantages of the CTP kernel over previous kernels are
shown through several problems. More specifically, the effects of nonlocal integral elasticity on
planar and nonplanar austenite-martensite interfaces, martensitic growth in samples with diffeerent
initial and boundary conditions, MPTs in presence of geometrical defects such as a hole and a crack,
and the evolution of martensitic nanostructure in problems with symmetry boundary condition are
investigated. Several differences between the local and nonlocal cases are observed in the MPT
kinetics and morphology, including interface velocity, initial growth rate, the region of initial
growth, phase concentration, transformation threshold stress and transformation path. The current
study allows for a better understanding of the nonlocal elasticity theory and its application to the
modeling of MPTs and similar kinetics phenomena at the nanoscale.

Keywords: Martensitic phase transformation, Phase field approach, Nonlocal integral
elasticity, Nonlocal kernel, Compensated two-phase kernel, Boundary effects
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