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Table 1 Performance evaluation of static ultra-high pressure devices

Pressure
Device type Cavity dimensions Primary applications Technical features
range/GPa
. .. Single-crystal diamond
In-situ characterization -
. . anvil cell (DAC);
) i . techniques, ultrahigh-pressure )
Diamond anvil Cavity diameter: piston-cylinder/four-column
0-550 research (e.g., planetary
cell setup 0.3—-0.5 mm . L . . pressure systems;
interior simulations, metallic . .
. transparent anvils enabling
hydrogen synthesis) L . L.
in-situ optical characterization
. . Cemented carbide flat anvils;
. . Phase transition mechanisms | .
Bridgeman anvil Extremely . interference-fit high-strength
0-25 and cryogenic rheology of .
cell setup small . steel support rings;
advanced materials ]
metal gasket sealing assembly
. Axisymmetric hemispherical
Neutron scattering .
3 L. ) concave anvils;
. 3 mm characterization, high- . ]
Annular anvil . . peripheral gradient annular
20-30 (Optimized pressure and high-temperature )
cell setup L. groove design;
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Research Progress of Static Ultra-High Pressure Device
ZHAO Liang', WU Nannan', CHEN Huixuan', LI Mingzhe*, LIANG Xiaobo'

(1. Jiangsu Key Laboratory of Advanced Manufacturing Technology, Huaiyin Institute of Technology,
Huai’an 223003, Jiangsu, China,
2. Roll Forging Research Institute, Jilin University, Changchun 130022, Jilin, China)

Abstract: Ultra-high pressure (UHP) technology, a core technique in manufacturing under extreme
conditions, has expanded its scope from fundamental research in areas like condensed matter physics and
geosciences to practical engineering applications such as superhard material synthesis and high-density
energy storage device fabrication. Furthermore, UHP techniques are increasingly being used in cutting-edge
fields such as the precise control of energy fields. Despite the surging demand for ultra-high pressure
equipment in China, the market share of domestically produced ultra-high pressure equipment remains
relatively low due to the technical barriers in large-size cemented carbide sintering. This study systematically
reviews the design features and technical limitations of four mainstream static ultra-high-pressure devices:
opposed anvil presses, belt-type presses, multi-anvil presses, and split-sphere apparatus. Finally, it presents
an outlook on potential future advancements and technological pathways for UHP equipment.

Keywords: ultra-high pressure device; structural optimization; pressure efficiency; chamber volume;

superhard material synthesis
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