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Temperature Control for Belt Type High Pressure Apparatus and
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Based on the generation of high pressure up to 10 GPa by using belt-type high pressure (HP) apparatus,
technological development in the control of high temperatures (HT) up to 3200 °C was introduced. As a heat treatment
effect under HP-HT up to about 3200 °C in the 2.5 GPa region, the two-dimensional turbostratic layer structure boron-
carbon-nitride (BCN) was well crystalized into a-b and a-a’ stacked form was obtained. Heat treatment of high purity
hexagonal boron nitride (hBN) with graphite above 2000 °C, carbon-doped hBN crystals with new color center were
obtained. As an example of material synthesis by solid-phase reaction under HP, the thermophysical properties of cubic
BN crystals, which are super-hard materials, were controlled. In terms of temperature dependence of thermal conductivity,
concentration to boron (B) isotope of 1°B or !B increased nearly twice that of the natural isotope cBN, and a value close
to that of diamond was obtained. Since these HP synthesis environments are single-shot batch processing, it is relatively
easy to grasp the contamination components of the reaction system even above 2000 “C. It is also emphasized that trial
and error by combining various material systems, reaction control by sealing volatile components during synthesis, etc.

are possible.
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Fig.1 High Pressure-High Temperature (HPHT) phase diagram
of carbon.
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Fig.2 Sectioned view of belt-type high pressure apparatus.
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Fig.3 High pressure cell assembly for 10Ga region (left) and
relationship between applied electric power and temperature
(right).
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Fig.4 High pressure cell assembly for 3000°C region (left) and
relationship between applied electric power and temperature
(right). (1)-(3): variation of design for cell assemblies. (3 out):
temperature measured outside of furnace.
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Fig.5 X-ray diffraction (XRD) profiles of BCaN. Left upper:
starting material, Left lower: annealed at 2000 °C at 1 atm, Right
(a): annealed at 2000 °C at 1 atm; (b): treated at 2.5 GPa and
3200 °C for 2 minutes; (c): treated at 10 GPa and 1450 °C for 15
minutes.
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Fig.6 Band edge Cathode luminescence (CL) spectrum of hBN
at room temperature.
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Fig.7 CL spectrum of C-doped hBN at room temperature.
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Fig.8 Scanning electron microscope (SEM) images of HP-HT
treated SiC-AIN powder mixture (Left) and their XRD profiles
(Right). SEM image: (a) starting material, (b) 7.7 GPa, 2450 °C,
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Fig.9 Optical photograph of cBN crystals (Left) and XRD
profile of recovered sample treated at 5 GPa and 1500 °C for 30
min (Right).
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Fig.10 Raman spectra of isotope controlled cBN crystals.
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