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Table 1 Comparison of structure and properties of amorphous carbon materials
obtained by different preparation methods'®* > 1%l

Preparation Pressure-temperature  Sample form . .
Precursor . ) Structural characteristic Mechanical property
method (PT) condition and size
v Hvdrocarb sp’-sp® bonding (sp’ Maxi hard .
; ap.(;r Y rocarh:“ Ambient PT Thin film  content<88%); partially ax‘m}lmt ?r ;’SS(SH‘:
eposition gas, graphite hydrogenated approximately a

Nearly fully sp>-hybridized, ) .
Systematic mechanical

Shock Transient HTHP Micron-sized ~ multiphase containing .
. Fullerene Cq, L property data are still
compression (55 GPa, 2000 K) fragment crystalline diamond acki
ackin
components J
Laser-heated Static HTHP Micron-sized 3 o Bulk modulus of
Glassy carbon Fully sp’-hybridized )
DAC (50 GPa, 1800 K) sample 377.6 GPa (theoretically)
. Nearly fully sp>-hybridized .
. Millimeter- .. Vickers hardness of
Large-volume Static HTHP . (95.1%), containing DLC )
Fullerene Cg, sized bulk . 101.9 GPa and elastic
press (27 GPa, 1173-1273 K) clusters with short- and
sample . modulus of 1182 GPa
medium-range order
o Nearly fully sp>-hybridized
. Millimeter- . .
Large-volume Static HTHP . (96.2%), containing DLC Vickers hardness of
Fullerene C,, sized bulk .
press (30 GPa, 1373 K) ) clusters with short- and 109.8 GPa
sample

medium-range order
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Fig. 1 Pressure-temperature structural evolution phase diagram of Cg,*”!
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Fig. 2 Structural evolution phase diagrams of fullerenes with different sizes”””! (Atoms are color coded:
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Fig. 3 Thermodynamic stability of sp’ amorphous carbon and inhibited growth of diamond nuclei®®®
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Fig. 4 Temperature-dependent nucleation of paracrystalline diamond from simulations™”
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Research Progress on the Formation and Regulation Mechanisms of sp*
Amorphous Carbon under High Pressure

ZHAO Yaping, LI Xu, SHANG Yuchen, YAO Mingguang, LIU Bingbing

(State Key Laboratory of High Pressure and Superhard Materials, College of Physics,
Jilin University, Changchun 130012, Jilin, China)

Abstract: Since the successful synthesis of bulk sp® amorphous carbon in 2021, this material has attracted
considerable attention owing to its ultrahigh hardness, mechanical isotropy, potential for shaping and
machining, and distinctive electronic structure. These features make it a promising candidate for applications
in ultra-precision machining and optoelectronic detection. Recent studies have mainly focused on the
formation mechanism, thermodynamic stability, structural and property regulation, and synthesis process
optimization of sp’ amorphous carbon materials derived from fullerenes under high-pressure and high-
temperature conditions. These studies have not only deepened the understanding of the formation mechanism
of sp’ amorphous carbon, but also promoted the further development of its functional applications. This
review systematically summarizes the relevant research progress and discusses future key directions,
including the large-size and high-quality synthesis, precision shaping, and functional application expansion
of sp’ amorphous carbon.

Keywords: sp’ amorphous carbon; superhard materials; high temperature and high pressure; fullerene;

structural regulation
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