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Recent Progress on Synthesis of New Superhard Amorphous Carbon Materials under
High Pressure

SHANG Yuchen, ZHANG Ying, YAO Mingguang, LIU Bingbing
(State Key Laboratory of Superhard Materials, College of Physics, Jilin University, Changchun 130012, China)

Abstract: Amorphous carbon materials exhibit more advantages in mechanical, optical and thermal properties with the increasing
concentration of sp’-hybridized bonds. High pressure, as an extreme physical condition, can effectively trigger sp* to sp® bonding
conversion in carbon materials. In this review, some recent achievements and progress on the synthesis of new superhard amorphous
carbon materials under high pressure were introduced, mainly including the studies on the transformation of fullerene and glassy
carbon into sp* amorphous carbon material under high pressure and high temperature or high pressure with shear stress. These results
deepen our understanding on the structural transition of covalently bonded amorphous materials and the relation between their
microstructure and properties. Based on this, we also hold out some prospect for the future study of new superhard sp®> amorphous
carbon materials under extreme conditions.
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(a) Diamond (b) Graphite
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Fig. 1 Geometric structure of diamond and graphite
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(a) Traces of the plastic deformations
on the working surface of the diamond anvil,
caused by shear deformation of Cq at

a pressure higher than 20 GPal*"!

(b) 3D-DSCT image of the sample obtained

by nonhydrostatic compression of Cgo
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(c) Density of Cg crystal as a function of
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K2 Coo fEBIYIRE N IS5 AT s

Fig. 2 Structure and properties evolution of Cg under high pressure with shear stress
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(b) XRD patterns of samples decompressed from

different maximum pressures
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Fig. 3 Structure transformation of solvated Cqy under high pressure
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(a) Phase diagram of Cg under
high pressure and

high temperature®®*!

(d) The TEM image of amorphous

diamond synthesized by shocking
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(e) Electron diffraction pattern
d[381
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(b) XRD patterns of samples (c) Raman spectra of
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(f) EELS spectra of

amorphous diamond®™”’

(g) Low-loss EELS spectra

of amorphous diamond**!
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(a) Optical photographs of the sp® amorphous carbon samples recovered from different high pressure and high temperature conditions

(¢) Structure factor S(Q) of sp
amorphous carbon samples

(b) XRD patterns of samples recovered from
different high pressure and high temperature
conditions

(d) Pair distribution function g(r) of sp’
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(e) EELS analysis of sp® amorphous carbon
sample synthesized at 27 GPa
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Fig.5 Synthesis and structure characterization of sp* amorphous carbon
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(a) TEM image of sp> amorphous carbon

(d) Vickers hardness of sp> amorphous carbon

samples as functions of applied load

(b) HRTEM image of sp® amorphous carbon
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(c) Inverse Fourier transform (FFT) image

of sp* amorphous carbon

(e) Hardness and thermal conductivity of sp® amorphous carbon

in comparison with other known amorphous materials
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Fig. 6 Microstructures and physical properties of sp> amorphous carbon
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(d) Structural model of p-D, inset is the
optical photograph of the transparent p-D*!

(e) Volume percentage of paracrystallites of

p-D samples recovered from different temperature’

TEG it 7 RES I sp’ S4fkit & & . Ak, HRTEM
R SRR B A B — e B i Ui T
FEAFMERISEFIRE s IX TRy R P48 RSBt A iR
FEITH BB, 75 1200 CA IR AM-TIT A
TFFHIHRI RS 4 A, (EBEJSHIWEFEH, Zhang
AR LEARE (15 GPa, 800~ 1000 “C)fI%& 4 F M
B Coo thRA AT BR AT ARTE 0.1~0.3 eV %71
B SARAARE A SRR, AR sp’ B
Edbtx, RILH 7 O0T 5 WA B W .

(c) Optical images of the (001) face of diamond scratched by AM-IIT

sample (left), and engineering stress-strain curves recorded
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(f) Thermogravimetry and differential

1431 scanning calorimetry curves of p-DI*!
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(a) In situ high-pressure XRD (b) In situ high-pressure IXS (c) In situ high-pressure Raman
patterns of glassy carbon sphere!*”! spectra of glassy carbon sphere!*”!

spectra of glassy carbon sphere!®”!

(d) Sketch showing glassy carbon sphere loaded into the DAC and the combination of (e) Raman spectra from the translucent centres of the big (“B”) and
uniaxial stress and chamber pressure exerted on the sphere once it was compressed the opaque small (“S”) spheres and from the opaque edge of
directly by two anvils!®?

the big sphere’s (“B-edge”), at 55.2 GPal™

(f) In situ high-pressure XRD patterns of

(g) Pressure vs fractional volume changes for ta-C*®!
bulk glassy carbon and the structure model of ta-CP®!

B8 BIERRAE ik T 45 R AR

Fig. 8 Structure transformation of glassy carbon under high pressure
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(b) XRD patterns and optical images of glassy

carbon and amorphous diamond®”!
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Fig 9 Transformation of glassy carbon to compressed glassy carbon and amorphous diamond under high temperature and high
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