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MOLECULAR DYNAMICS SIMULATION OF NANOCRYSTALLINE NICKEL:
STUCTURE AND MECHANICAL PROPERTIES

H. Van Swygenhoven (PSI), A. Caro (Centro Atomice, Bariloche, Argentina)

Molecular dynamics computer simulations of low temperature elastic and plastic deformation of Ni nano-
phase samples (3-7 nm) are performed. The samples are polycrystals nucleated from different seeds, with
random locations and orientations. Bulk and Young's modulus, onsett of plastic deformation and mecha-
nism responsible for the plastic behaviour are studied and compared with the behaviour of coarse grained
samples.

Despite of the continuously increasing amount of
experimental results, a definite picture of elasticity and
plasticity in nanophase materials is still missing, in part
due to difficulties in reproducing the experimental
conditions and controlling crucial parameters such as
density and grain boundary structure, which translates
into a significant dispersion of data. Large scale
molecular dynamics computer simulations can help
understanding the relationship between grain bound-
ary structure and overall properties. In this project we
perform molecular dynamics computer simulations on
the Cray-T3D (EPFL-Lausanne) using a parallel code
with a Finnis-Sinclair potential in the Parinello-Raman
approach and periodic boundary conditions to study
the elastic and plastic behaviour of nanophase nickel
with mean grain sizes below 6 nm.

Several samples containing at least 100,000 atoms
each and having different mean grain sizes, are con-
structed by filling the simulation cell volume with nan-
ograins nucleated from stochastically chosen seeds
with random crystallographic orientations. After re-
laxation the samples reach a final density above 97%
of the perfect crystal value at OK. Samples are then
loaded and unloaded with an uniaxial stress between
10MPa and 3 GPa. Elastic properties and onsett of
plasticity are calculated from stress-strain curves.
Deformation has been followed using strain-time
curves, visual inspection of slabs and energy contour
plots. Grain rotation has quantitatively been deter-
mined Fourier transformation of the atomic positions
and measurement of the displacement of the diffrac-
tion spots on the Ewald sphere.

The nanophase samples show a reduction in elastic
constants compared to the coarse grained polycrystal,
but the reduction is less drastic then reported in the
experiments on gas-condensation/vacuum consolida-
tion samples [3]. Figure 1 shows the stress-strain
curve for Nil and Ni2 with resp. mean grain sizes of
3.2 and 5.4 nm. At stresses lower then 80 MPa the
deformation can be said to be elastic and the curve fits
to a straight line within a standard deviation of 1%.
Unloading the sample leads to the original sample
size. At higher loads the curve start to deviate from
linear behaviour. The inset in fig. 1 shows the deviation
from linear behaviour expressed in %. The exact onset
of plastic deformation is difficult to determine because
of the very slowly or even maybe never reached
maximum deformation. In order to reduce error, values

given are all strain values loading during 30 psec,
when strain rate was very slow. As can be observed,
the strains reached in Ni2 are higher then those
reached in Ni l , which means that there is more plastic
deformation at the lower grain size. This indicates a
lowering in yield stress or a reduced hardness when
grain size is reduced from 5.4 to 3.2 nm. The simula-
tions show that nanophase nickel does not follow the
well known Hall-Petch behaviour for grain sizes below
6 nm.
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Fig. 1: Stress versus strain for Nil (o) and Ni2 (•).
The inset shows the percentage deviation
from linear behaviour.

All samples continue to be nanocrystalline after de-
formation. Some grains have been followed individu-
ally during deformation revealing the presence of sev-
eral accommodation mechanisms such as grain
boundary sliding, grain rotation and grain boundary
motion, as is demonstrated in [1,2]. As far as we have
been able to detect by visual inspection of slabs and
grain boundaries, and by using energy contour plots,
we have not seen any evidence of dislocation activity.

New simulations are underway which are designed to
show the change in slope of the Hall-Petch behaviour,
which is expected to take place at hogher grain sizes.
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