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Development of a Diamond Anvil Cell for High-Pressure Neutron Diffraction Experiments
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A diamond anvil cell (DAC) for high-pressure neutron diffraction experiments has been developed at the PLANET
beamline, Materials and Life Science Experimental Facility, in J-PARC. The conically supported diamond anvils were
used for high-pressure generation. We succeeded in obtaining the neutron data for D20 ice up to 69.4 GPa. In addition,
the gasket materials suitable for the neutron diffraction measurements were investigated. 11 kinds of alloys were tested
and SUS304, Inconel718 and M2052 (73Mn-20Cu-5Ni-2Fe, at%) alloys showed excellent performance. Especially,
M2052 null-matrix alloy has proven to be useful for neutron diffraction experiments where the beam inevitably hits the
gasket. We then obtained refinable neutron diffraction profiles in Rietveld analysis from DO ice at least up to 43.3
GPa.
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Fig. 1. (a) A diamond anvil cell assembly developed for neutron diffraction measurements, (b) single crystal diamond anvil, and (c)
cutaway view of the conically supporting seat.
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Fig. 2. (a) Drawing of load frame. The geometry of the neutron diffraction at PLANET is also shown. (b) A photo of the load frame
and the gear box. The driving nut in the load frame is rotated with the gear box.
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Fig. 3. Pressure generation curves as a function of handle rotation on the gear box for different culet diameters and different anvil
seats. SD and WC indicate sintered diamond sheet and tungsten carbide sheet, respectively.
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Table 1. Representative data for hardness of each gasket material.

Hardness (HV*!)

TiZr*? 339
M2052 127
SUS304 370
SUS316L 152
annealed Inconel718 450

*IHV indicates Vickers hardness and HV = 0.1891F/d”> [N/mm?], where F is the force applied to the pyramidal diamond indenter and
d is the average diagonal length of the indentation.

*2The data for TiZr are cited in the study by Okuchi et al. [18].
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Fig. 4. Pressure generation curves as a function of handle rotation on the gear box. The figure is based on a previous study [17]. The
TiZr gasket broke at 20 GPa, and the diamond anvils with the SUS304 gasket broke at 45 GPa. As for other materials, the

compressions were stopped before the blowout to ensure the safety of the anvils; thus, further compression was expected to be
possible in each experiment.
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Fig. 5. Pressure generation curves with the Inconel718 and M2052 gaskets. The samples for the Inconel718 and M2052 gaskets were
D2-D20 and D20, respectively. The culet sizes for the high-pressure experiments with Inconel718 and M2052 gaskets were 1.2 mm
and 1.0 mm, respectively.
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Fig. 6. Neutron diffraction patterns for D20 taken with a SUS304 gasket. The indexed peaks are from ice VII, and the other peaks
are from the gasket.
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Fig. 7. (a) Neutron diffraction patterns of D20 taken with a gasket of M2052. Indices are based on ice VII. The exposure time of
each measurement is shown in the parentheses. (b) Rietveld refinement profiles at 35.6 GPa. The black crosses, red lines, and blue
lines represent the observed, modeled, and difference profiles, respectively. Black ticks at the bottom show the expected positions
of'ice VII. The refined structure parameters and reliable values are given in the panel.
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