Melting mechanism of a nanocrystal

Yu. F. Zabashtal, M.M. Lazarenko !, O.M. Alekseev !, M. V. Ushcats 2, K.I. Hnatiuk !, L.
Yu. Vergun 3, L.A. Bulavin1

Taras Shevchenko National University of Kyiv, Physical Faculty, VVolodymyrs’ka St.
64/13, Kyiv 01601, Ukraine.

Admiral Makarov National University of Shipbuilding, Mykolayiv, Ukraine.

3State research institute of building constructions, 5/2 Preobrazhenska str., Kyiv-03037,
Ukraine.

1. Introduction

In this work the classical theory of phase transformations is shown to be inapplicable for describing the melting of nanocrystals. For this
purpose, one uses the theory of non-classical vacancies. When a nanocrystal is heated to the critical temperature, its lattice becomes defect-
free. When this temperature iIs exceeded, thermal expansion leads to the appearance of vacancies In the lattice. These vacancies are
conventionally called non-classical. The energy of a nanocrystal containing defects of the indicated type is calculated. It was found that at a
certain temperature the lattice of such a nanocrystal loses its mechanical stability. The process of loss of stability is identified with melting,
and the temperature Is considered as the melting point of the nanocrystal. This temperature increases with decreasing nanocrystal size.

2. Methods 3. Results

The theory of melting of nanocrystals 1Is developed | The formula which describes melting process of nanocrystals is shown
accordingly to the following assumptions. below: ] )

Let us assume that the nanocrystal has a simple cubic lattice . (¢_1j+2,\|us

and that at the temperature T = 0 the lattice is ideal. The unit ja(T')dT'zi 142 3 (1)

cell size for this case is denoted by a,. The same size at T>0 is 0 2Al mq  1=N

denoted by a. The lattice nodes contain particles that are - -

power centers. It _iS also assumesi that iny pa_rticles that are | \yhere ¢ is a coefficient of thermal expansion and ¢ the average number of
nearest neighbors interact. WWe write the interaction energy of @ proken links per one of the nodes that are occupied by vacancies.

pair of such particles in the form: In its meaning, the physical quantity N3 is a size characteristic of the
g .. m crystallite. As it I1s seen from formula mentioned above, the melting
U=¢ (m_qﬁ —m—_qﬁ j temperature increases with decreasing nanocrystal size. This tendency Is

confirmed by the experimental data of [12], where the melting point of Al

where £'1s the ENergy of t_he interparticle_ bond, and 4 Is the nanocrystals was found to increase with a decrease in the number of atoms
degree of deformation of this bond, determined by the formula | i, ihe nanocrystal from 62 to 55(see Fig.2).
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Fig. 2. The approximation of
the dependence of the melting
temperature of Al clusters on
the inverse cluster size by the
formula (1)[1].

Fig. 1. Dependence of the
crystal melting point on the
Inverse value of the crystallite
Size.
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4. Conclusions

The concentration of nonclassical vacancies increases with increasing deformation of thermal expansion according to a linear law. In this
case, the bulk elastic modulus of the nanocrystal decreases, and the ability of the lattice to resist stretching caused by thermal expansion
decreases. Therefore the nanocrystal lattice loses its mechanical stability at a certain temperature. The loss of stability manifests itself in the
fact that, at the certain temperature an increasing in deformation is accompanied with a decrease of the stress in the nanocrystal. This
decrease Is caused by the breaking of bonds that survived after the formation of vacancies. Eventually the absence of a lattice makes it
possible to classify this phase as a liquid phase, considering the described process of loss of stability as a kind of melting process and calling
It the melting point.
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