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Abstract. The dissolution of a titanium particle in aluminum under the conditions of the 

crystalline and amorphous state of aluminum and titanium was studied by the molecular 

dynamics method. It is shown that the state of the aluminum structure has little effect on the 

intensity of titanium dissolution. This is due to the formation around a crystalline titanium 

particle, regardless of the initial aluminum structure, of a crystalline layer of aluminum with a 

thickness of about 1 nm, which repeats the titanium lattice. This layer affects the mechanism 

and intensity of mutual diffusion near the TiïAl interface. In the case of the amorphous state 

of the titanium particle and the aluminum matrix, the dissolution occurred several times faster 

than in the crystalline state of titanium. That is, the reduction in the ignition temperature of 

the reaction of high-temperature synthesis in the TiïAl system is much more efficiently 

achieved not by amorphization of aluminum, but by amorphization of titanium. 

Keywords: molecular dynamics; diffusion; interphase boundary; titanium, aluminum 

 

Acknowledgements. Poletaev G.M., Sitnikov A.A. and Yakovlev V.I. thank the Ministry of 

Science and Higher Education of the Russian Federation for financial support (project 

FZMM-2023-0003). Bebikhov Y.V. and Semenov A.S. are grateful for the financial support of 

the Russian Science Foundation (RSF project No. 22-22-00810). 

 

Citation: Poletaev GM, Bebikhov YV, Semenov AS, Sitnikov AA, Yakovlev VI. Molecular 

dynamics study of the dissolution of titanium nanoparticles in aluminum. Materials Physics 

and Mechanics. 2023;51(5): 9-15. DOI: 10.18149/MPM.5152023_2. 

 

 

Introduction  

Intermetallic compounds of the TiïAl system have a significant potential for their use as high-

temperature structural materials for the aerospace and automotive industries. They have a 

combination of such properties as a high yield strength at elevated temperatures and good 

resistance to oxidation and corrosion, along with a relatively low density [1ï7]. In practice, 

coarse-grained powders with grain sizes on the order of micrometers are usually used for the 

reaction synthesis of aluminides [8ï10]. Currently, one of the promising methods for their 

preparation is preliminary mechanical activation treatment, which makes it possible to 

achieve the limiting degree of grain refinement in a mixture before the main synthesis 

reaction [11ï13]. In the process of mechanoactivation, so-called mechanocomposites are 

formed, which are a matrix of a more plastic component (aluminum), in the volume of which 

there are nanosized particles of a more brittle component of the mixture (in this case, 

titanium) [12,13]. Such a system is characterized by a high degree of nonequilibrium due to 
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the high concentration of defects, interfaces, internal stresses, and the presence of an 

amorphous phase. It is noted that the onset of the combustion reaction in such a 

nonequilibrium system begins at temperatures significantly below the melting temperature of 

aluminum [12,13]. 

Earlier, in [14], using the molecular dynamics method, we studied the dependence of 

the melting temperature of titanium nanoparticles, as well as Ti3Al, TiAl, and TiAl3 particles, 

on their diameter in vacuum and in liquid aluminum. It has been shown that the melting point 

decreases as the particle size decreases in proportion to the ratio of the surface area of the 

particle to its volume. However, the decrease in the ignition temperature of the high-

temperature synthesis reaction in mechanocomposites is obviously not associated with a 

decrease in the melting temperature of titanium nanoparticles, but is apparently due to the 

presence of internal stresses and an amorphous phase in the mixture, which can contribute to 

the intensification of mutual diffusion and the release of additional energy. To verify this, in 

the present work, a study was carried out using molecular dynamics simulation of the 

dissolution of titanium nanoparticles of different sizes in aluminum under the conditions of 

crystalline and amorphous states of aluminum and titanium. 

 

Description of the model 

The computational cell in the molecular dynamics model had the shape of a rectangular 

parallelepiped. Periodic boundary conditions were used along two axes, and free (or open) 

conditions were used along the third. The presence of an open surface allowed the 

computational cell to freely change the volume during the melting of aluminum or as a result 

of other processes during mutual diffusion. A round titanium particle was placed in the 

aluminum matrix at the center of the computational cell (Fig. 1). Aluminum and titanium 

were initially created in the crystalline state. Particles of three diameters were considered:  

5, 7, and 9 nm. In our previous work [14], it was shown that the greatest influence of the 

particle size on its melting point is observed at a diameter less than about 7 nm. The number 

of atoms in the computational cell was 32427, 82401, or 179725, depending on the considered 

particle size. After introducing a titanium particle into an aluminum matrix and removing 

excess aluminum atoms, the structure was relaxed at a starting temperature of 0 K.  

After stabilization of the structure and temperature of the computational cell, it was again 

cooled to 0 K. 

 

      
 

Fig. 1. Computational cell with the round titanium particle in aluminum 

 

 


