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Nuclear and electronic stopping power
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Track formation by swift heavy ion
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Thermal spike model: analytical description
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M.I. Kaganov, I.M. Lifshits, L.V. Tanatarov, Sov. Phys. JETP 4 (1957) 175
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Experimental study of electronic temperatures in heavy ion tracks

M. Caron, H. Rothard, M. Toulemonde, B. Gervais, M. Beuve, NIMPR B245 (2006) 36–40
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Swift ion track observations in the NiTi
A. Barbu, A. Dunlop, A. Hardouin Duparc, G. Jaskierowicz, N. Lorenzelli, NIMPR B145 (1998) 354.
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MD simulation of sputtering from a cylindrical track
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dE/dx = NexcEexc/d ~ n�R2
cylEexc

Rcyl = 10 Å, Eexc = 10 eV, t = 4 ps

O.J. Tucker, D.S. Ivanov, L.V. Zhigilei, R.E. Johnson, E.M. Bringa, NIMPR B 228 (2005) 163
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Microstructure of the 350 MeV Au ion irradiated Ti-Ni thin film

!-����
��+�3��-����������3�7-��-��
�����3�-���
�����3��-�������
��3 ����0	"��0	�� 123345	466



ICTP/IAEA Workshop on Multi-Scale Modelling, Trieste 12-23 April 2010 11

NSC Kharkov Institute of Physics and Technology

Problems
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Lattice correspondence: austenite - martensite lattices

austenite B2 structure 
(CsCl ordering)

martensite L10 lattices
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Shape Memory Alloys

Ni-Ti, Cu-Zn-Al, Cu-Al-Ni,   Au-Cd, Fe-Pt, Ni-Al

Solid

cubic monoclinic twinned crystal (variants)

twins

Solid

A non-diffusion transformation which can be induced by: 
a) temperature change
b) applying stress
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Phase diagram of Ni-Al system

H. Okamoto, 
J. Phase Equilibria
14(2) (1993) 257
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Simulation Setup 
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Potentials 
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Temperature-controlled MT at constant external stress

� Reversible phase transformation
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N. P. Lazarev, C. Abromeit, R. Schäublin and R. Gotthardt,  Solid-Solid Phase Transformations in 
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Shape Changes of Simulated Box

� Linear dimensions are more sensitive to MPT than average volume
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Enthalpy at Reversible MTs

� The 1-st order phase transformations: A→ M → A
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Hysteretic behavior of different samples at equal composition Ni-37%Al. 
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� Hysteresis width essentially depends on defect structure of martensite state
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Atomic displacements during cycle A →M →A

� Non-diffusional transformations and completely reversible
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Composition dependent MPT

� MPT is observed in narrow composition interval: 60-65 at. % Ni 
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Cylinder under pressure, Ni60Al40
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Cylinder under pressure, Ni60Al40
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Stress-Controlled MPTs at Constant Temperature
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Stress dependence

� Reversibility on Stress
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Map of MF-States
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Entropy of harmonic system
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Spectral densities in martensite
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Spectral densities in austenite
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Enthalpy difference, Ni-37%Al
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Free energy difference
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Radial Distribution Function
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The Bainitic Ni5Al3 phase

D. Schryvers et al, 
J. de Physique IV, Vol. 5 (1995) Col. C8, p. 1029
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MT in ordered alloy, Ni5Al3  (PBC):  B→A →B
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Free external surface
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MT in finite-size Ni5Al3 : B→A →B
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Dynamics of transformation A →B in Ni5Al3 
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MT in finite-size ordered Ni5Al3 and  Ni7Al5
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MT in finite-size ordered Ni7Al5

� The 1-st order phase transformations: A→ M → A
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Homogeneous transformation  A → M

Ni7Al5
T = 290K, N = 390948 
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Heterogeneous transformation  M → A
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Grain boundary preparation

Cutting of init sphere Cross-section of final state 
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Grain boundary effect
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A→M heterogeneous transformation near GB

*�
������;�E�#*
7����
����;�E�#*
*�
������
7����
�����
*�
�-�F�7���-�BG
H�����������

N = 130995

T = 180 K

0 200 400 600 800

350

400

450

 

H
-3

kT
, K

Temperature, K

GB
Ni-38%Al



ICTP/IAEA Workshop on Multi-Scale Modelling, Trieste 12-23 April 2010 46

NSC Kharkov Institute of Physics and Technology

A→M heterogeneous transformation near GB
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M→A heterogeneous transformation near GB
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M→A heterogeneous transformation near GB
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Atomistic simulation of track

Electronic system: Spike Model Atomic system: MD
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Simulation setup A
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Temperature development around track
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Ni - 40%Al

N = 1 400 000

T = 300 K
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Phases Development in the Range of Swift Ion track
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Phases Development in the Range of Swift Ion track

Ni - 40%Al

N = 1 400 000

T = 300 K

Melting, Martensitic Transformations, Order-Disorder
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Simulation setup B
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Development of Swift Ion Track

Ni7Al5

N = 1 200 000

T = 300 K
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Development of Swift Ion Track
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Development of Swift Ion Track
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Compositional disordering favours austenitic phase 
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Conclusions
• The reversibility of both temperature- and stress-controlled MTs was 
observed at MD simulation of model NiAl alloy

• Stress-controlled MPTs have features of shape memory effect 

• External surface and GG affect the behavior of MTs indicating 
heterogeneous nucleation of new phase on extended defects

• Compositional disordering is the dominant cause of track formation in 
ordered NiAl alloy




