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Fig. 1. FESEM images of samples: (a) Untreated sample; (b) 10 Pa sample; (c) 50 Pa sample; (d) 100 Pa sample; (e¢) 500 Pa

sample; (f) 1000 Pa sample.
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Fig. 2. (a) Raman spectra of untreated sample and annealed samples at different air pressures; (b) Ip/Ig, Lp/lg and I/l evolu-

tion with different annealed pressure of samples.
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Fig. 3. (a) Low-magnification HRTEM picture of untreated sample and its inset SAED pattern; (b) high-magnification picture of

untreated sample and its inset FT graph; (c) low-magnification HRTEM picture of 10 Pa sample and its inset SAED pattern; (d) high-

magnification HRTEM picture of 10 Pa sample and its inset FT graph; (e) low-magnification HRTEM picture of 50 Pa sample and
its inset SAED pattern; (f) high-magnification HRTEM picture of 50 Pa sample and its inset FT graph.

028101-4


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Y B ¥ R Acta Phys. Sin.

Vol. 73, No. 2 (2024) 028101

0:193 nm

O ()

Cu/Ta
Cu

Si/Ta

Intensity /counts

—

0 2000 4000 6000 8000 10000
Energy/eV

10 nm
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Fig. 4. (a) Low-magnification HRTEM picture of 10 Pa sample and its inset SAED pattern; (b) high-magnification HRTEM pic-
ture of 100 Pa sample and its inset FT graph; (c¢)—(f) enlarged of picture high-magnification in Fig. 4(b), FT-¢, FT-d, FT-¢ and FT-f
are all FT graphs; (g) TEM-EDS of 100 Pa sample; (h) HAADF and EDS-mapping of 100 Pa sample.
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(101) T — A KRR 547, 14 NIl 22 LA B0RE
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i) EDS-mapping &, TEI%HF i & SUAFAE B 1)

]jja
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B 5  (a) 500 Pa i BRAT R HRTEM & A, W& K 8 SAED [ (b) 500 Pa £ & B = 455K HRTEM K A, WA IR FT 28 k&
(c), (d) & 5(b) HHE 1% X 3 ik K&, FT-c¢ A1 FT-d 43 31 R %5 RE R FT A8 46 85 (e) 1000 Pa £ 5 K 4A5 % HRTEM B k-, N4 Bk
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Fig. 5. (a) Low-magnification HRTEM picture of 500 Pa sample and its inset SAED pattern; (b) high-magnification HRTEM pic-
ture of 500 Pa sample and its inset FT graph; (c), (d) enlarged images of d and e in Fig.5(b), FT-c and FT-d are FT graphs; (e) low-
magnification HRTEM picture of 1000 Pa sample and its inset SAED pattern; (f) high-magnification HRTEM picture of 1000 Pa
sample and its inset FT graph; (¢g) HAADF and EDS-mapping of 1000 Pa sample.
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Fig. 6. (a) Full range XPS spectra of untreated sample and annealed samples at different air pressures; (b) C 1s core energy level

spectra and their deconvolution of samples; (c) variation of atomic content of C and O on the sample surface with annealing air

pressure; (d), (e) variation of sp>-C, sp>-C, C—0O and C=O0 content of sample surface with annealing air pressure.
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Preparation of nanodiamonds based on phase transformation
of vertical sheet under atmospheric pressure”

Zhu Yi-Heng V%3 Zhu Zhi-Guang V%3  Chen Cheng-Ke 1?3
Jiang Mei-Yan V%3 Li Xiao V%3  Lu Shao-Hua V%3
Hu Xiao-Jun D231

1) (College of Materials Science and Engineering, Zhejiang University of Technology, Hangzhou 310014, China)
2) (Moganshan Diamond Research Center, Huzhou 313200, China)
3) (Diamond Joint Research Center for Zhejiang University of Technology and Tanghe Scientific & Technology Company,
Huzhou 313200, China)

( Received 29 June 2023; revised manuscript received 22 August 2023 )

Abstract

A basic and important way to prepare diamond is to make graphite experience the phase transformation
under the high-pressure high-temperature (HPHT) condition. However, this method needs stringent equipment
and high investment cost. Recently, we proposed a method to prepare the diamond by phase transformation of
graphite at atmospheric pressure with monodispersed Ta atoms. It is found that a phase transformation
happens to H atoms under atmospheric pressure, but the role of O atoms has not been investigated. Here, we
use tantalum wires as Ta source and heat the filaments to prepare vertical graphene containing Ta atoms in hot
filament chemical vapor deposition (HFCVD) system. And then the vertical graphene layers are annealed in
oxygen-containing environment, and nanodiamonds are obtained by phase transformation from the vertical
graphene under atmospheric pressure. The results show that the sample morphologies are the same as the
untreated vertical graphene’s, when the annealed ambient air pressure is at 10 Pa and 50 Pa with oxygen atom
content of 1.96% and 2.04%, respectively; TEM tests reveal TaC and graphite but no diamond in these samples .
Nanodiamond grains with the size range of 2-4 nm are observed in the amorphous carbon region of samples
annealed at 100 Pa and 500 Pa air pressure with oxygen atom content increasing to 2.77% and 3.11%,
respectively, indicating that oxidation facilitates the phase change from Ta-containing vertical graphene to
diamond at atmospheric pressure. When the air pressure of the annealing environment rises to 1000 Pa with the
oxygen atom content of 3.54%, the sample is extensively oxidized and the graphite structure is severely
damaged,which means that a large number of oxygen atoms tend to disrupt the graphite structure rather than
promote the phase change into diamond. These results supply a way to prepare nanodiamond and show the

effect of O atoms in the graphite phase transition at atmospheric pressure.
Keywords: graphene, nanodiamond, phase transition under ordinary pressure
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