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X-ray Diffraction Studies under High Pressures
and High Temperatures

Takehiko Yagi

Institute for Solid State Physics, University of Tokyo

Experimental techniques of the high pressure and high temperature in situ X-ray

diffraction study using “MAXS0" apparatus, which is combined with a synchrotron
radiation, are described. This apparatus enables us to perform powder x-ray diffractions

up to about 12 GPa and 1400°C .

Fundamental Informations of the behavior of materials under pressure, such as the

phase transformations, the structure of high pressure phases, and the equations of state,

are obtained using this apparatus. Examples of the study performed using this apparatus

are described.
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The whole view of the “MAX80” system.

1; DIA-10 type high pressure vessel,

2; a 500-ton hydraulic press, 3; specimen,

4; press stand, 5; goniometer, 6; solid state
detector.
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Fig.2 Schematic diagram of the X-ray path through a sample in MAX80.
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Fig.3 Sample assembly for high pressure and high
temperature experiment.
1; boron + epoxy resin pressure transmitting
medium, 2; pyrophyllite end plug, 3; gold
current ring, 4, molybdenum dick, 5; born +
water glass sleeve, 6; boron nitride sample
chamber, 7; graphite furnace, 8; ceramic
tube, 9; thermocouple.
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Fig.4 Temperature distribution in the pressure transmitting medium. Only one
quarter of the cross section is shown and the center is the bottom at the

left (ref.4).
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In situ observation of the conversion from
spinel to olivine in Fe,SiO, (ref.7) OL and SP
are the diffraction patterns from single-phase
olivine and spinel, respectively. Four spectra
in between show a transition sequence from
an olivine/spinel mixture into a single phase
of olivine which was observed at 5.1 GPa
and 800 °C . Exposure time for each diffrac-
tion was 200 sec.
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Fig.6 Isothermal compression curves of pyrope

(Mg3Al,Sif0y,) and enstatite (MgSis)-pyrope
solid solution at room temperature (ref.9).
Length of the cross represents error bar in
each measurements. Solid lines are the best
fit Birch-Murnaghan equations for pyrope (K,
=172 GPa) and En-Py solid solution (K,
=165GPa).
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Fig.7 X-ray diffraction patterns of Fe-H system at 6 GPa. With increasing
temperature, structure varies as follows; bce - hep - dhep - fee - unknown

phase- melt.
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Fig.8 Diffraction profiles of jadeite. When the glass
specimen was heated at 3.6 GPa, it crystal-
lized into jadeite at about 1000 °C and then
melted at about 1400 °C . The sharp peak
observed at 25 °C and at 1400 °C is the
diffraction from the graphite capsule.
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