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HIP Production of Diamond/SiC Composites and their Application to High-Pressure Anvils

by

Osamu Onraka*, Masaru Sumvono ** and Shoichi Kume **

Using a hot isostatic pressing (HIP) technique, diamond/SiC composites were synthesized from diamond and Si
powders. At an HIP condition of 1450°C and 100MPa, a pressure much lower than that of the diamond stability field,
diamond powders react with molten Si to form well-sintered diamond/SiC composites. Cubes of the composites with
15mm edge length were thereby fabricated, and an application to the second stage anvils in a Kawai-type high-pressure appa-
ratus was attempted. The anvils were proved to be hard enough for the generation of pressures up to 30GPa. For high-pres-
sure and high-temperature in-situ X-ray experiments using synchrotron radiation, a hybrid anvil system using 4 cubes of the
composites and 4 of conventional WC was introduced and heating experiments up to 1600°C at 20GPa became possible.
Because the diamond/SiC composites are transparent to X rays, the present system is applicable not only to diffraction stud-
ies but also to radiographic studies that need a larger window for an X-ray image.
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Fig. 1. An outline of the HIP process.

(A) Sample capsules made of a mixture of Si and SiC pow-
ders. The shape is cylindrical outside and cubic inside. (B)
The capsules glass-sealed in a vacuum. (C) The assem-
blage after HIP treatment. (D) The final shape of dia-
mond/SiC cubes with the edge length of 15mm.
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Fig. 2. Photomicrograph of the surface of diamond/
SiC composites.
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Fig. 3. Energy dispersive X-ray diffraction spectra of
NaCl and Au powders at various loads. Eight cubes
of diamond/SiC composite anvils with truncation
edge length of 3mm are used. 20 angle, calibrated
using NaCl at ambient condition, is 6.017°.
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Fig. 4. Generated pressure plotted against applied load
using the anvils with the truncation edge length of
3.0mm (upper) and that for 1.5mm (lower)
determined from the equation of state of NaCl
(solid circles). Pressures obtained using WC anvils
are also shown by solid triangles for comparison.
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Fig. 5. An illustration showing the present hybrid anvil

system. Solids cubes are the diamond/SiC anvils
and open WC anvils. Since the diamond/SiC anvils
are transparent to X rays, almost the entire part of
the high-pressure cell inside can be observed with
X-ray beams. Four (or two) WC anvils are used for
the electric leads to supply power to the heaters.
The arrow indicates the incident and diffracted X-
ray beams.
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Fig. 6. A schematic illustration of the high-pressure

and high-temperature cell. The arrow indicates the
direction of X-ray beams.
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Fig. 7. Energy dispersive X-ray diffraction spectra of

NaCl and Au powders at various temperatures.
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