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ABSTRACT
Large single crystals of MgSiO3 perovskite were successfully synthesized by a thermal gradient
method at 24 GPa and 1500 °C. This was achieved by an improvement of high-pressure synthesis
technique that allowed us to grow single crystals under such ultrahigh-pressure conditions in relatively
large volumes (e.g., 10 mm3). Since crystal growth is hindered by neighboring crystals, the nucleation
density was suppressed by reducing the thermal gradient to 20 °C/mm, permitting an increase in free
space for large crystal growth. KHCO3-Mg(OH)2 solvent can be used to grow perovskite crystals.
However, the carbonate solvent produces melt inclusions. Silicate sources with MgSiO3 composition
produce stishovite inclusions, which in turn cause splitting of perovskite crystals. The formation of
these inclusions is avoided by using H2O as a solvent and 85MgSiO3-15Mg2SiO4 as a silicate source.
The H2O also allows homogeneous crystal growth, probably because of its low viscosity and high
silicate solubility. High-quality single crystals larger than 1 mm were successfully synthesized through
these technical developments.
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INTRODUCTION
The major constituent of the Earth’s lower mantle is silicate
perovskite, which occupies about 50 vol%, making it the most
abundant mineral on the planet. The main component of the
lower mantle perovskite is MgSiO3. Therefore, knowledge of
the physical properties of this material is essential for understanding the structure and dynamics of our planet. Large perfect
single-crystal samples of MgSiO3 perovskite are necessary for
the accurate determination of their physical properties, such as
elasticity, plasticity, and electrical and thermal conductivity. For
example, in understanding the constitution of the Earth’s interior,
a comparison of the seismic velocity with elastic wave velocity of constituent materials is essential. Resonance ultrasonic
spectroscopy, the most accurate and precise method to determine
elastic constants of minerals, requires single crystals with sizes
greater than 1 mm (Maynard 1996).
Nevertheless, it is difÞcult to obtain large single crystals of
MgSiO3 perovskite due to the extremely high P-T conditions
needed for synthesis. Perovskite is stable at pressures of more
than 22 GPa (Ito and Takahashi 1989). At such high pressures, it
is difÞcult to have a large enough sample volume to synthesize
large crystals. The high melting points of perovskite (>2450 °C)
(Ito and Katsura 1992) also make it difÞcult to grow crystals
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from MgSiO3 melt. The usual synthesis experiments without
melts typically produce grain sizes of perovskite that are less
than 20 μm (Ito and Weidner 1986).
Ito and Weidner (1986) and Dobson and Jacobsen (2004) both
developed crystal growth methods for perovskite synthesis and
succeeded in producing crystals of 200 and 300 μm, respectively,
in size. However, crystals larger than 1 mm have yet to be synthesized. In this paper, we describe an experimental technique to
perfect the crystal growth of perovskite and highlight our success
in synthesizing large single crystals of 1 mm in size.

EXPERIMENTAL PROCEDURES
Perovskite crystal growth experiments were performed using a Kawai-type
high-pressure and high-temperature apparatus (USSA-5000) installed in the Institute for Study of the Earth’s Interior, Okayama University (Ito and Takahashi 1989).
Cr-doped MgO octaheda of 14 mm edge-length were compressed using tungsten
carbide cubes with truncated edge lengths of 6 mm. In their study, Dobson and
Jacobsen (2004) reported a truncation length of 4 mm. Our high-pressure volume
is 3.3 times larger. To generate pressures of greater than 22 GPa in such a large
volume, we applied a load of more than 1900 tons. Fourty-six millimeter edgelength tungsten carbide cubes were used to resist such high loads.
In this study, we employed the thermal gradient method to produce suitable
crystals (Wentorf 1971; Pal’yanov et al. 1997; Sumiya et al. 2005). A cross-section
of the cell assembly used in this method is shown in Figure 1. Heating in the cell
assembly was achieved through the use of a LaCrO3 cylindrical heater embedded
within a ZrO2 thermo-insulating sleeve. A platinum sample capsule (2.5 mm in
length and 2.5 mm in diameter) was placed in the heater, surrounded by an electrically insulating sleeve made of MgO. The center of the capsule was shifted 0.5 mm
from that of the heater in the axial direction, so as to make a monotonic thermal
gradient in the axial direction in the sample capsule. The sample temperature was
monitored using a W97Re3/W75Re25 thermocouple; no corrections for the effect
of pressure on thermocouple emf were applied. Prior to the synthesis experiments,
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