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ABSTRACT

Atomistic simulations using lattice and molecular dynamics were carried out on the
{210}, {310}, and {410} tilt grain boundaries of MgO as a function of pressure up to 100
GPa at a single temperature of 600 K. The calculations show a significant change in the
structure of the tilt grain boundaries as pressure increases. The results show that, beyond
the previously identified reversible pressure induced collapse of the channel structure, an
irreversible shear was identified that forms a mirror grain boundary, which does not possess
well-defined dislocation cores and is consequently denser. These mirror boundaries are
energetically more favorable than the symmetric boundaries at elevated pressures. As ap-
plied pressure approaches 100 GPa a reversible structural transition occurs causing the
boundaries to shear perpendicular to the boundary plane forming highly dense structures
that contained seven coordinate ions at the boundary and the presence of an edge dislo-
cation-like structure. We suggest that differences between the boundary structures seen in
the HREM studies with those predicted by simulations may result from stresses upon the
crystal during preparation causing irreversible shearing.

INTRODUCTION

One of our ultimate goals is to model the behavior of
rocks at elevated pressures and temperatures, which to a
great extent depend on the properties of the grain bound-
aries, such as strength (Kingery 1974) and creep (Poirier
1985). We have begun by considering MgO, which is a
simple model material and is believed to be a significant
component of the lower mantle (Katsura 1997). The
structure of grain boundaries in NiO, isostructural with
MgO, was characterized in experimental studies using
high-resolution electron microscopy by Merkle and Smith
(1987a, 1987b) and Merkle (1994), who proposed a struc-
ture for the boundary that was dissimilar to the structures
previously suggested by simulations (Duffy and Tasker
1983; Harding et al. 1989).

Computer simulation techniques were used extensively
for modeling the effect of pressure on mineral structures,
properties, and phase stabilities (Parker 1983; Parker and
Price 1989; Matsui and Price 1992; Watson and Parker
1995; Watson et al. 1997). More recently, ab initio meth-
ods were used for mineral structure predictions (Brodholt
et al. 1996; Darco et al. 1996). However the effect of
pressure on grain boundaries has not been simulated, in
part because of the many atoms required for ab initio
methods. For this reason atomistic simulation methods
were used in this work.

In previous work (Harris et al. 1996), we considered
the effect of pressure up to 40 GPa upon the symmetric
tilt grain boundaries of MgO. The calculations showed
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that the boundaries underwent a structural transition
where the channels forming the boundary collapsed to
form a denser structure. This process was found to be
reversible upon releasing pressure although a small en-
ergy was required to initiate the reversal for the higher
index boundaries due to the increase in bond density
across the boundary. This paper describes the effect of
higher pressures that more closely match those of the
lower mantle, focusing on the structures of the {210},
{310}, and {410} tilt grain boundaries of MgO. The pre-
vious calculations showed that temperature had little ef-
fect upon the boundary properties thus only one temper-
ature, 600 K, is studied.

METHODS

Atomistic simulation techniques based on the Born
model of solids use interatomic potentials comprising
long-range electrostatic and short-range interactions to
describe the forces between the ions. The long-range
Coulombic interactions converge slowly as a function of
increasing ion separation that is overcome using the
mathematical transformation of Ewald (1921) is used.
The short-range forces were described using a Bucking-
ham potential of the form

2r Cij ijV(r ) 5 A exp 2 (1)ij ij 61 2r rij ij

where Aij, rij, and Cij are the adjustable parameters and rij

is the inter-ionic separation between ions i and j.
In this work, the potential model of Sangster and

Stoneham (1981) was used to model the forces acting


