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YFaculty of Civil Engineering and Geosciences, Delft University of Technology
Delft, The Netherlands
2Faculty of Mechanical, Maritime and Materials Engineering, Delft University of Technology
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Summary The influence of grain boundaries and grain misorientation on the nucleation and growth of martensite in an equi-atomic nickel-
titanium (NiTi) shape memory alloy (SMA) is investigated by performing molecular dynamics (MD) simulations on bicrystals with a
modified embedded atom method (MEAM) interatomic potential. Stress-induced martensitic transformations are simulated in bicrystals
with mixed grain boundaries and the behavior of the bicrystal is compared to that of individual single crystals. Here, a particular bicrystal
with < 110 > and < 111 > oriented austenite grains is chosen as an example. Results indicate that the mixed grain boundary in the
austenite bicrystal acts as a nucleation site for stress-induced martensitic transformation in the grains. The deformation behavior and the
transformation strain of the bicrystal fall in between those of the two corresponding single crystals.

INTRODUCTION

SMAs can exist in different phases depending on temperature and stress. This leads to interesting properties such as
pseudo-elasticity and the shape memory effect. The reversible phase transformation happens between a high-symmetry B2
austenite phase, stable at high temperatures, and a low symmetry B19’ martensite phase, stable at low temperatures. Under the
application of a load at high temperatures, the austenite phase undergoes large reversible deformations up to a strain of 10 %
by transforming into the martensite phase. This transformation is very sensitive to grain orientation [1], grain size [2] and grain
boundaries (GBs) [3, 4, 5] which are known to influence the nucleation of martensite, the transformation stress and strain, and
the type of variant in regions near the grain boundary. Since the martensitic transformation occurs rapidly, it is difficult to
understand the precise role of various types of grain boundaries by performing experiments. This is why molecular dynamics
is an important tool in understanding the underlying micro-structural changes during such phase transformations. So far, MD
has been limited to study temperature and stress-induced transformations in single-crystal NiTi [6, 7]. In this work, we study
the influence of mixed grain boundaries on stress-induced martensitic transformations by simulating differently oriented NiTi
bicrystals.

METHODOLOGY

A specific bicrystal with a mixed high-angle grain boundary is chosen as an example to discuss method and results. A 3-D
cell with periodic boundary conditions along all directions consisting of two grains of different orientation (Fig. 1(a)) is used.
Overlapping atoms near the GB that are very close to each other are deleted. The two GBs, one in the middle of the cell and
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Figure 1: (a) Schematic of the 3-D periodic bicrystal simulation cell. (b) Sectional view of a relaxed bicrystal with a mixed
grain boundary (atoms in red); orientation of individual grains is also shown.
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one that arises because of periodicity are similar and the separation d between them is large enough to independently study
the effect of the GB. In this work, we choose d =15 nm and 15 nm x 15 nm X 15 nm grains. The initial structure is austenite
with the orientation of the two grains shown in Fig. 1(b).

An energy minimisation is performed to obtain the minimum energy GB structure. After that, the bicrystal is allowed to
thermally equilibrate at 350 K. The loading axis is perpendicular to the GB plane. Tensile and compressive loading simulations
are performed at a strain rate of 107 s~1. To compare results with single crystal behaviour, bulk single crystals along < 110 >
and < 111 > axis are subjected to the same boundary conditions. All simulations are performed with LAMMPS using the
MEAM interatomic potential [8].

RESULTS AND DISCUSSION

Figure 2 shows the tensile (a) and compressive (b) stress-strain response of the B2 bicrystal shown in Fig. 1(b) and that of
the individual single crystals loaded along the < 110 > and < 111 > axis at 350 K. In all cases, there are two regions of linear
deformation, corresponding to phases B2 and B19’, that are separated by a non-linear region — this implies the transformation
and leads to super-elasticity. The stiffness of B2 and B19’ and the strain associated with the stress plateau for the bicrystal
are in between the corresponding single crystal values. Under both tension and compression, the GB acts as a nucleation site
for the onset of martensitic transformation, starting in the bottom grain in Fig. 1(b). In this particular bicrystal, the GB does
not affect martensite variant selection since the same variants are formed in each grain and in the individual single crystals
(results not shown here).
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Figure 2: Isothermal stress-strain behavior of the bicrystal in Fig. 1(b) compared to individual bulk single crystals at 350 K
under (a) tension and (b) compression.
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