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MD simulation is a valuable tool in material science since it provides information on the mi-
cromechanics and kinetics of failure in materials, which is often not accessible from experi-
ments. Much attention has been devoted to bcc iron and Fe-Cu system, both in experiments
(see e.g. [2, 3, 5]) and theoretical studies [1, 4] because of their importance in structural steel
applications, including older reactor ferritic steels. While older experimental observations in the
model Fe–Cu dilute alloys brought information concerning bcc Cu nano–particles [3, 5], recent
experimental findings show [2] that vacancy–Cu complexes formed by irradiation aggregate
into nano–voids where inner surface of the nano–voids is covered by Cu atoms.

Unlike our previous 3D crack simulations [1, 4] where narrow cracks in bcc iron and in
Fe-Cu system were studied by means of MD simulations, this paper is devoted to studies of
the mechanical response of an atomically blunted cavity uncovered and covered by copper
atoms, which was observed in mentioned experiments [2]. Our question is how the copper
atoms influence the ductile–brittle behavior at the crack front in comparison with pure bcc iron.

Fig. 1 3D–detail of the configuration.

Three different configurations were studied
without any periodic boundary conditions: i) the
blunted cavity in pure bcc iron; ii) the blunted
cavity covered by six copper layers, see fig. 1;
iii) the blunted cavity covered by two layers of cop-
per atoms. These studies represent free 3D simula-
tions.

In the fourth configuration, left corner of the
cavity along the crack front was covered by a small
Cu inclusion (of the area 8×8 atoms) and these sim-
ulations utilized a periodic boundary condition in
the x-direction. Here, the total number of atoms is
somewhat different, N=98 921 249.

Our MD simulations show that the initially
blunted cavity (001)[010] in pure bcc iron at tem-
perature of 0 K is stable after dislocation emission
in the inclined systems 〈111〉{101}. Just a small
crack deflection after the plastic deformation is observed in the middle of the crystal, well above
Griffith level of loading. This ductile behavior is different from our previous 3D simulations
with the narrow cavity embedded in the crystal (of the same orientation and geometry) under
the same loading conditions at 0 K, where brittle crack initiation was monitored. It indicates



that the brittle→ductile transition can be recalled in bcc iron also at 0 K due to an initial crack
blunting, which is theoretically possible also according to continuum predictions.

All the presented results show that the dislocation emission is easier in the Fe-Cu system in
comparison with pure bcc iron since the energy needed for dislocation emission in bcc copper
is lower than in bcc iron. Here, slip processes are observed both on the inclined {101} planes
and as well on the oblique {112} planes, unlike pure bcc iron, see fig.2. However, stability of
the blunted cavities in Fe-Cu systems seems to be weaker in copper region than in pure bcc
iron, which could be related to metastable character of bcc copper. Presented results are in a
qualitative agreement with our previous MD results, where interaction of Cu nano-particles with
an atomically sharp crack (−110)[110] in iron crystals of different orientation was investigated.
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Fig. 2 Scheme of the inclined slip system 〈111〉{101} a) and 〈111〉{112} b) at the crack front.
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