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and CaIrO3-type structures in Al2O3
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abstract

Phase transitions in Al2O3 between corundum Rh2O3(II)-type and CaIrO3-type (post-perovskite-
type) phases were examined at high pressure and high temperature in a laser-heated diamond-anvil 
cell (DAC) based on in situ X-ray diffraction measurements. The locations of corundum-Rh2O3(II) 
and Rh2O3(II)-CaIrO3 boundaries were precisely determined by conducting both forward and back-
ward reaction experiments. The results demonstrate that corundum undergoes a phase transition to 
Rh2O3(II)-type structure above 106 GPa at 1800 K with a negative Clapeyron slope of –6.5 ± 1.5 
MPa/K, generally consistent with earlier experimental and theoretical works. The Rh2O3(II)-type 
phase further transforms into CaIrO3-type above 170 GPa at 2300 K, indicating the transition pressure 
much higher than earlier experimental work but in agreement with reported GGA calculations. The 
Clapeyron slope of this phase transition was found to be high negative (–20 ± 5 MPa/K).
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introduction

Aluminum oxide is an important ceramic material and widely 
used as a pressure standard in static DAC experiments (Cr3+-
bearing corundum, ruby). In addition, Al2O3 is one of the major 
components in the Earth’s crust and mantle. It is an important 
impurity in silicate perovskite and post-perovskite, primary con-
stituents in the lower mantle, and strongly affects their stabilities 
above the core-mantle boundary (e.g., Akber-Knutson et al. 2005; 
Tateno et al. 2005; Tsuchiya and Tsuchiya 2008). Also, Al2O3 
corundum may occur as a discrete mineral in subducted highly 
Al-enriched materials (Komabayashi et al. 2009; Kawai et al. 
2009). The high-pressure (P) and high-temperature (T) behavior 
of Al2O3 is thus of great importance in both materials science and 
deep Earth science.

Al2O3 crystallizes as corundum at low pressures. Cohen (1987) 
first examined a phase transition from corundum to Rh2O3(II)-type 
structure by theory. Since then, several theoretical calculations 
have been made to predict the transition pressure using different 
models (Marton and Cohen 1994; Thomson et al. 1996; Duan et al. 
1998; Caracas and Cohen 2005; Tsuchiya et al. 2005). Experiments 
performed by Jephcoat et al. (1988) showed that the corundum 
structure was preserved up to 175 GPa at ambient temperature. 
The first experimental confirmation of Rh2O3(II)-type phase was 
made by Funamori and Jeanloz (1997). They observed the phase 
transition approximately at 100 GPa and 1000 K. The most recent 
experimental work by Lin et al. (2004) reported the transition 
above 96 GPa, but the phase boundary (temperature dependence) 
was not determined.

CaIrO3-type Al2O3 was originally reported by the theoretical 
works performed by Oganov and Ono (2005), Caracas and Cohen 
(2005), and Tsuchiya et al. (2005). It is isostructural with MgSiO3 
post-perovskite phase (e.g., Hirose 2006). Oganov and Ono (2005) 
and subsequent experimental work by Ono et al. (2006) demon-
strated the phase transition boundary between Rh2O3(II)- and 
CaIrO3-type structures at 130 GPa and 1000 K, approximately 
similar to that of perovskite to post-perovskite phase transition 
in MgSiO3. On the other hand, Caracas and Cohen (2005) and 
Tsuchiya et al. (2005) predicted the transition pressure above 150 
GPa at 0 K. Additionally, the high negative Clapeyron slope of 
the boundary was reported by theory (Tsuchiya et al. 2005), but 
it has not been verified by experiments yet.

Here we determined the phase transition boundaries in Al2O3 
between corundum, Rh2O3(II)-, and CaIrO3-type structures, based 
on the in situ X-ray diffraction (XRD) measurements at the syn-
chrotron radiation source. These phase transitions were found to 
be sluggish. We, therefore, performed both forward and backward 
experiments using a mixed sample containing low-pressure and 
high-pressure phases together, which enabled us to precisely 
locate the pressure and Clapeyron slope of the equilibrium phase 
transition boundaries.

experimental metHods
The high P-T conditions were generated in a laser-heated DAC. We used a fine 

powder of Al2O3 as a starting material. A pelletized sample was coated with Pt, which 
served both as an internal pressure standard and as a laser absorber. It was loaded into 
a 30 or 50 µm hole in a rhenium gasket, together with a pressure medium of SiO2 
glass. Beveled diamond anvils with 90 or 150 µm culet were used for compression. 
The sample was heated from both sides using a fiber laser. Temperature was measured 
by the spectro-radiometric method (Ohishi et al. 2008). Typical temperature profiles 
across the heating spot are provided in Figure 1.* E-mail: kei@geo.titech.ac.jp


