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1. Introduction

The aim of the presentation is to discuss the classical problems of elastic limit criteria
from the perspective of basic quantum mechanical approach [1]. In the case of metal-
lic solids the multiscale mechanisms of plastic deformation and failure are analysed [2].
In particular, the role of shear banding responsible for plastic flow is elucidated [3].

New and original aspects of the presentation are related with our recent studies on
metal-ceramic composites. Final functional and mechanical properties of such materials
depend largely on interface microstructures [4]. Particularly, it concerns to nanocompos-
ites. Therefore, in cooperation with specialists of leading research centers in Poland, we
undertook experimental and theoretical studies on microstructures of metal/ceramic in-
terfaces. As an example, copper/ sapphire nanocomposites were considered. As a result of
the carried out research, the interface microstructure of Cu/α-Al2O3 nanocomposites ob-
tained by the pulsed laser deposition (PLD) method is reconstructed [5]. The synthesized
heterostructures were examined using the aberration corrected high-resolution transmis-
sion electron microscopy (Cs-HRTEM) and the electron backscatter diffraction (EBSD).
The results reveal that copper deposited by a laser pulse on the (0 0 0 1) α-Al2O3 surface

Fig. 1. Atomistic reconstruction (Cu, Al, and O
atoms are denoted by red, green and blue spheres,
respectively) compared with Cs-HRTEM image.

Fig. 2. Distribution of energy changes relative to
the equilibrium state per atom in the copper sec-
tion with the thickness 8 Å.
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forms islands (the Volmer-Weber growth type) with one main orientation. In the pre-
ferred arrangement, the close packed planes and directions of copper are parallel to their
equivalents in sapphire: (1 1 1)[−1 0 1]Cu|| (0 0 0 1)[0 1 −1 0] α-Al2O3. This gives an
opportunity to form a strong bonding at the phase boundary. EBSD studies showed that
the identified disorientation is also characteristic for copper matrix composites reinforced
by sapphire particles. The strong bonding between Cu and α-Al2O3 induces structural
changes in the (1 1 1) Cu layer nearest the substrate and leads to plastic deformations in
subsequent layers (Fig. 1, 2). In consequence, the Cu/α-Al2O3 interface becomes the semi-
coherent system. The lattice matching regions of the individual Cu layers are significantly
lowered, which results in formation of the system of partially dissociated dislocations
in the close packed planes {1 -1 1}. The reconstructed interface is used for Cs-HRTEM
image simulation. A good accordance with the experimental results indicates that the pro-
posed model correctly maps the microstructure at the phase boundary of the synthesized
nanocomposite.

The reconstruction is obtained by Molecular Dynamic and Static (MD and MS) simu-
lations under the assumption that the sapphire substrate is rigid, while the copper under-
goes deformations according to the model of interatomic interactions by A.F. Voter [6].
The interatomic potential is specified by a new method which is based on symmetry of
considered material (S-B method) [7, 8]. According to the proposed approach, in the equi-
librium state, the cohesive energy and eigenvalues of the elasticity tensor C predicted by
the model are consistent with the experimental data. Additionally, the pressure in the
crystal should amount to zero. The derived conditions take a simpler form than those
proposed in the literature thanks to double application of material symmetry: at the
continuum and atomistic level. At the first of them, symmetry determines the spectral
decomposition of the elasticity tensor, which enables to formulate the initial form of pa-
rameterization relationships. The obtained conditions undergo further simplifications at
the atomistic level due to application of orthogonality relations in the point group of the
considered crystal. The proposed specification method enables us to asses accuracy with
which a model reproduces arbitrary processes of small strains. It is shown that errors
in eigenvalues of the tensor C constitute extreme values of errors with which a model
predicts energy densities stored during elastic deformations. Formulated S-B conditions
are used to specify the Voter model. The obtained potential more accurately reproduces
processes of small strains (Fig. 3) and the key paths of large deformations [7]. At the end
perspectives of further research on the strength of the Cu/α-Al2O3 interface are discussed.
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