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Report:

Zr0O, and HfO, are well-known major ceramic materials. They show the same
sequence of high-pressure transitions. Monoclinic baddeleyite-type structure
sequentially transfor msto two orthorhombic phases under pressures; a distorted
fluorite-type structure and then a cotunnite(PbCl,)-type structure. Recently, both
experimental and theor etical studies show that cotunnite-type of ZrO, and HfO, have
remarkably large values of bulk modulusranging from 300 to 450 GPa. The
considerable variation of reported bulk modulusindicates there are lar ge experimental
uncertaintiesto obtain compression curves. Since cotunnite-type of both ZrO, and HfO,
are quenchable to ambient conditions, these are candidates for super-hard materials.
The correct data of their elastic propertiesare, therefore, of great importance. In the
present study, we have collected X-ray diffraction data up to 100 GPain order to obtain
reliable EOS of cotunnite-type Zr O, using sample annealing technique with | R-laser.
We have also determined the phaserelations of ZrO, using in situ laser heating
technique. (We could not conduct the experimentsfor HfO, because of the limited beam
time.)

The starting material was a fine powder of pure ZrO, (99.9 %) provided by Tosoh
Co. Japan. The powder was mixed with about 1 wt % of platinum black, which works as
an absorber of the YAG laser for heating and also provides an optimum pressure
measur ement. We used membrane type DAC. Two types of pressure transmitting
medium wer e used; KCI for very high pressures ( 100 GPa) with annealing and Ar for
in situ high temperature (4000 K) experiments at medium pressures (30 GPa),



respectively. To obtain reliable compression data free from deviatoric stresses, samples
wer e first annealed at moder ate temper atures (1000-1200 K) at each pressure condition,
and then the diffraction data wer e recorded at room temperature (Andrault et al. 2000,
Fiquet et al. 2000, Kuntz et al. 1996). M onochromatic X-ray beam wasused in
association with image platesto collect data over a 2theta interval from 4 to 25° using an
on-linereader and FIT2D program. Obtained data were analyxed using GSAS program.

Figure 1 showsthe obtained compression curve of cotunnite-type Zr O, to 100 GPa.
Post-cotunnite phase was not observed up to this pressurerange. Thiscompression
curve gives a set of bulk moduli (ko) and its pressure derivative (ko') of 278 GPa and 3.7
while ko is 267 GPa with fixed Ky at 4. These bulk modulus are closeto our previous
study (Ohtaka et al. 2001), wher e sample annealing technique was also used, but much
smaller than those obtained by room temperature compression using DAC without
annealing nor pressuretransmitting medium (Desgrenier et al. 1999 and Haines et al.
1995). Accordingly, in DAC experiments at room temper atur e, special attention should
be paid to deviatoric stress which makes appar ent pressures high and consequently
gives alarge values of bulk modulus.

Figure 2 summalizestheresultsof in situ high T-P observations. Although the
exact T-P conditions wer e difficult to determine, it should be noted that cubic phase that
Issupposed to exist at high temperature regime was not observed in the present study.

I nstead, tetragonal and cotunnite (orthol ) phases wer e confirmed to be stable up to
3000 K. Detailed high temperaturein situ experiments at moder ate pressurerangeis
needed.
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Fig. 1 EoS of cotunnite-type ZrO, Fig. 2 Phaserelations at high temperatures
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