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MD simulation of martensitic transformations in TiNi alloys
with MEAM

H. ISHIDA†* and Y. HIWATARI‡{

†Ishikawa National College of Technology, Tsubata, Ishikawa 929-0392, Japan
‡Kanazawa University, Kanazawa, Ishikawa 920-1192, Japan

(Received June 2006; in final form January 2007)

The martensitic transformations in TiNi alloys were studied using molecular dynamics (MD) simulations. The modified
embedded atom method was used with the pseudo monoatomic potentials, which included angular dependence of each atoms.
The thermally induced B2 ! B190 martensitic and B190 ! B2 reverse martensitic transformations have been obtained in the
present molecular dynamics simulations with a bulk (no surface) computational model. The martensitic transformation
temperature of TiNi varies very rapidly with composition in the range 35 , 60 at.%Ni in the present MD simulations.
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1. Introduction

The martensitic transformation is a first-order, displacive

(displacements of atoms being much less than the

atomic spacing) and diffusionless transition. In TiNi

alloy, the high-temperature crystal structure called

parent phase is B2 (ordered bcc structure), and the

low-temperature crystal structure called martensitic

phase is B190 [1–5]. The martensitic transformation in

TiNi alloy is a thermoelastic type transformation

accompanied by a temperature hysteresis, a mobile

twin interface and a crystallographically reversible

transformation. The martensitic transformation tempera-

ture of TiNi varies very rapidly with composition in the

range 40 , 60 at.%Ni. The transformation temperature

of Ti0.5Ni0.5 alloy is around the room temperature which

is useful for the functionality materials.

The modified embedded atom method (MEAM) takes

into account the screening effect of the interatomic

interactions and angular dependence [6,7], while the

embedded atom method (EAM) uses the electron density

of a simple sum of radically dependent contributions from

other atoms, less useful to the present study. The MEAM

interactions can be very short ranged for atoms of a

reasonably tight packed system, but can be long ranged for

atoms in surface. The MEAM has been successfully used

for the study of mechanical properties of the various

crystal structures in alloy systems [8–12].

The purpose of the present work is to carry out MD

simulations of the martensitic transformations in TiNi

alloy with a bulk (no surface) computational model using

the MEAM potentials so as to find these properties and

construct a microscopic model for the martensitic

transformations.

2. Simulation method

The martensitic transformation temperature of TiNi varies

very rapidly with composition in the range 35–60 at.%Ni.

We performed MD simulations with the MEAM potentials

for the Ti0.5Ni0.5 alloy using the Gear algorithm, time step

Dt ( ¼ 1 fs) and the 3-dimensional-periodic-boundary

conditions.

The MEAM parameters; the sublimation energy E0
i , the

equilibrium nearest-neighbor distance r0
i , the exponential

decay factor for the universal energy function ai, the

scaling factor for the embedding energy Ai, the

exponential decay factors for the atomic densities b
ðlÞ
i

and the weighting factors for the atomic densities tðlÞi
(modification of the tð1Þi value with Ref. [10]) for TiNi

alloy are given in table 1. These parameters were
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determined from the experimental values: r0
i , the atomic

volume; ai, the bulk modulus; Ai, the energy difference of

structure; b
ð0Þ
i , the shear elastic constant Ca; b

ð1Þ
i , the

internal relaxation for Ca; b
ð2Þ
i , the shear elastic constants

Cb and Cc; b
ð3Þ
i , the shear elastic constant Ca; tð1Þi , the

vacancy formation energy; tð2Þi , the shear elastic constants

Cb and Cc; and tð3Þi , the c/a ratio.

The Ni and Ti cross potential parameters; the

sublimation energy E0
TiNi ¼ ðE0

Ti þ E0
NiÞ2 DTiNi, where

DTiNi ¼ 20:41 eV=atm is the enthalpy of formation the Ti

and Ni atoms, the exponential decay factor for the

universal energy function aTiNi ¼ (aTi þ aNi)/2, the

equilibrium nearest-neighbor distance r0
TiNi calculated

from the summed equilibrium intermetallic atomic

volumes VTiNi ¼ (VTi þ VNi)/2. The enthalpy of for-

mation for the TiNi in B190; DTiNi is calculated by the

atomic sphere approximation linear Muffin-Tin orbital

(ASA-LMTO) method [13].

The limiting valueCmin ¼ 2.80 is assumed to be a little bit

smaller than three so that the nearest neighbor atoms in the

fcc structure (C ¼ 3 for rik : rij : rjk ¼ 1 :
ffiffiffi

3
p

=2 :
ffiffiffi

3
p

=2)

are unscreened in consideration of the thermal vibration. On

the other hand, Cmin ¼ 2.0 is the threshold value that the

second neighbor atoms in the bcc structure (C ¼ 2 for

rik:rij:rjk ¼ 1:/2:/2) are just screened. Therefore, the

influence of the thermal vibration on the second neighbor

atoms in the bcc structure appears a little greatly for the

phase transformation between B2 (ordered bcc structure)

and B190 in TiNi alloy. The Cmin was altered into 2.35 from

the original [8] value 2.0 to avoid this difficulty. By this

change, the transformation temperature fell down and not

only the transformation but also that reverse transformation

have been obtained.

In the present MD simulation, the pressure of the

system was controlled by the Parrinello – Rahman

algorithm [14,15] with the external pressure Pext ¼ 0

and the external stress Sext ¼ 0. The temperature was

controlled by the Nosé–Hoover thermostat [16,17]. MD

simulations were started with a given initial structure and

temperature with initial random velocities following the

Boltzmann distribution.

The total number of atoms N is 432 for the present MD

system of TiNi. The initial atom arrangement was set up

from the condition of the B2 or B190 structure

configuration of Ti0.5Ni0.5 starting with a complete set of

Ti or Ni atoms was substituted with some Ni or Ti atoms to

obtain corresponding atomic compositions by using the

random number. The equilibrium nearest-neighbor dis-

tance r0
ij ¼ V1=3 is calculated from the summed

equilibrium intermetallic atomic volumes Vij for TiNi.

3. Results and discussions

3.1 Martensitic transformation by continuous cooling
and heating processes

Starting with an initial state of B2 structure as a parent

phase for TixNi12x (x ¼ 0.5) alloy, the temperature was

first cooled down from T ¼ 1000 to 100 K at the rate of

0.01 K/step, and then heated up to T ¼ 1000 K at the same

rate. The temperature dependence of three cell constants,

h11, h22 and h33 in this MD simulation is shown in figure 1.

Three cell constants take similar values irrespective of

both cooling and heating processes below 1000 K and

above 100 K. Between 335 and 305 K they depend on

either process, showing a hysteresis. In these simulations,

the thermally induced B2–B190 structural change and the

reverse transformation were obtained. In order to examine

those discrepancies between MD results and experiments

further considerations are needed, such as size effects of

the MD calculation, effects of the periodic boundary

conditions used and so on.

3.2 Transformations structures

The thermally induced martensitic to B190 transformations

and the reverse transformations to B2 have been obtained

in the present MD simulation for TixNi12x(x ¼ 0.5) alloy

as shown in figure 2.

A straining of the B2 structure along [001]B2, [110]B2

and ½1�10�B2 directions plus a (110)½1�10�B2 shuffle produce

the B19 orthorhombic structure. Then, a (110)½1�10�B2, i.e.

(100)½00�1�B19, homogeneous shear drives the B19 into the

monoclinic B190. The orientational relationship between

the parent phase and martensitic phase of the atomic

configuration, ð1�10ÞB2k(010)B190 and ½1�10�B2k[010]B190.

Table 1. The MEAM parameters for TiNi alloy; the sublimation energy E0
i (eV/atom), the equilibrium nearest-neighbor distance r0

i (Å), the exponential
decay factor for the universal energy function ai, the scaling factor for the embedding energy Ai, the exponential decay factors for the atomic densities
b
ðlÞ
i , the weighting factors for the atomic densities tðlÞi , and the parameters of the smooth cut-off function Cmin, Cmax.

Atom E0
i r0

i ai Ai b
ð0Þ
i b

ð1Þ
i b

ð2Þ
i b

ð3Þ
i tð1Þi tð2Þi tð3Þi Cmin Cmax

Ti 4.87 2.92 4.63 1.17 1.32 0 1.95 5 2.3 14.1 25 2.0 2.8
Ni 4.450 2.49 4.99 1.10 2.45 2.2 6.0 2.2 5.79 1.60 3.70 2.0 2.8

Figure 1. The temperature dependence of three cell constants for TiNi
during the continuous cooling and heating process.
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3.3 Concentration dependence of the transformation
temperature

The concentration dependence of the martensite-start

temperature was studied by starting with an initial state

of B2 structure as a parent phase for TixNi12x

(0.35 , x , 0.6) alloy, the temperature was cooled from

T ¼ 1000 to 100 K at the rate of 0.01 K/step. The

concentration dependence of the transformation tempera-

ture is shown in figure 3. The sensitivity of the

transformation temperature on composition 22 K/at.%Ni

is lower than the experiments value [19], and the

dependence of the transformation temperature for the

concentration of Ti-rich TiNi alloy is not in agreement

with experimental data.

4. Summary

The martensitic transformations in TiNi alloys were

studied using MD simulations. The MEAM potential was

used with the pseudo monoatomic potentials, which

included angular dependence of each atoms. The

thermally induced B2 ! B190 martensitic and

B190 ! B2 reverse martensitic transformations have

been obtained in the present molecular dynamics

simulations with a bulk (no surface) computational

model. The martensitic transformation temperature of

TiNi varies very rapidly with composition in the range

35 , 60at.%Ni in the present MD simulations.
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Figure 2. The schematic of the structural transformation from B2 to
B190 after Otsuka and Ren [18].

Figure 3. The concentration dependence of the transformation
temperature Ms of TiNi. The broken line shows linear approximation.
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