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MOLECULAR DYNAMICS SIMULATION OF PHASE TRANSFORMATIONS KINETICS

IN LIQUIDS AND SOLIDS 

N.P. Lazarev 

National Science Center  Kharkov Institute of Physics and Technology, Akademichna 1, 61108  Kharkov, Ukraine 

E-mail: n.lazarev@kipt.kharkov.ua 

Application of the molecular dynamics method in physics of condensed matter is reviewed. The main ideas and algorithms as well as 

performance and limitations of this approach are discussed. On the example of Ag-Cu glass-forming alloy we simulate phase 

diagram and find melting point Tm, glass transition temperature Tg and the Kauzmann temperature TK. Structure properties are 

analyzed by means of radial distribution function and local order parameter. An anomalous diffusion is observed in an intermediate

time region. The analysis of time evolution of van Hove correlation function indicates the existence of both jump displacements and 

short-range cooperative atomic rearrangements. Temperature dependences of the shear viscosity and the diffusion coefficient show

the breakdown of the Stokes-Einstein relation well above the glass transition temperature Tg. During creep simulation, the activation 

volume is evaluated as 4 atomic volumes in liquid state. However, near Tg it increases several times. Temperature- and stress-

reversible martensitic transformations in Ni–Al shape-memory alloy are demonstrated. During complete temperature cycle a wide 

hysteresis in enthalpy, volume, and shape of the simulated crystals is observed. The temperature T0 of the phase transformation is 

found from the calculated free energy evolution. A heterogeneous nucleation of the new phase in a finite-size system with free 

external surface is observed. The effect of surface reconstruction on martensitic transformation is revealed. The role of composition

ordering is studied in a Ni5Al3 alloy. In order to find the location of the martensitic transformations in the temperature-composition-

stress diagram, the influence of shear stresses is investigated. The effects of grain boundaries are simulated. 

KEY WORDS: glass transition, anomalous diffusion, viscosity, order parameter, martensitic transformations 
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