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Abstract An ultrathin sheet-like carbon nanostructure provides an important model of a two-dimensional graphite structure
with strong anisotropy in physical properties. As an easy and cheap route for mass production, RF thermal plasma
synthesis of freestanding carbon nanosheet from CH, (Methane) and C;H; (Propane) is presented. Using vapor synthesis
process with RF inductively thermal plasma, carbon nanosheets were obtained without catalysts and substrates. The
synthesized carbon nanosheets were characterized using transmission electron microscopy (TEM), Raman spectroscopy, X-
ray diffraction (XRD) and Brunauer-Emmett-Teller (BET) analysis. The carbon nanosheets synthesized using methane and
propane generally showed 5~6 and 15~16 layers with a wrinkled morphology and size of approximately 100 nm.
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Table 1
Experimental conditions of RF thermal plasma for carbon
nanosheet synthesis

Precursor Methane/Propane
Plasma power 18 kW

Central gas (Ar) 20 slpm

Sheath gas (Ar) 60 slpm
Quenching as (N,) 100 slpm
Dispersion gas (Ar) 5 slpm

Reactor pressure 15 psi

Feeding rate 100 ml/min
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Fig. 1. Schematic diagram of RF thermal plasma system.



Synthesis of carbon nanosheets using RF thermal plasma 209

(Jasco NRS-3100)y& ©|8&3td AR+xE X319,
TEM(G2 F30 S-Twin, Tecnai)®Z 4 2 wAl+x=

v
O

A4S Fsisinh. 3E JHEYEAES] HEHA
150°CoNA 427 B9t A%3 & 77KAN 2AAE F
A|# BET(Belsorp II mini, BEL)Z =4 3}3]t}.

¢

(
i~

|
-

3.282t ¢ 1

3.1, FHEU A E Buke] ARz B4

e

HEH Y Z25Q1e S 95E AMgst] A 7}
e E Bl giuk AfEY B AE Fig 20]
UepITE Qutd o g €4 2% D band(~1350 cm ™),
G band(~1580cm™), 2D band(~2700 cm )ellA F&
35 JeplH, ZF 9]39] intensity ratios 435}
24747 S5 AT 4 SUT11-13]. D band= H|
AR gy A3 5ol oa vehbe == et
HEgolu =2]d Aol os) At o] Ajte] AV
A HH AR ASE Boln, FAA 24N ¥R
UEl= G bande sp” AFS she v A A4
H F=elth D band?} G band®] intensity ratio(Ip/Ig)
2 Y THEURAES] FHE WM & 9loH,
2D band®} G band®] intensity ratio(I,,/I5)E S3ll 7HE

aAEe] 48 848 5 9

HEQlozR e AE FHEUAIE o] gnk A
HAEY BA A3} G band= 1581 cm™, D bande 1341
cm', 2D, band= 2687 cm', 2D, band= 2924 cm 9]
A BFERen, Z2FlozRE FHYE THEeA]
E Bl AL 7bzF 1573 em, 1343 cm’, 2680 cm ™,
2935 cm oA FEE QL. WEH|SlF ZE2H01S o] &3}
of A JHEYANE B /1.5 27 0.699)
0.712 olzjgt Axp= wH]loZRE dE 7Hivhe
AEZL Z2FRIC 2 HE] T TR A ERT 2R
HHo=z Qs AUFoz Wol EAsks 1d T
edge o] A3t wjFl A= IAETH14]. 1y1S]
A4S T Fof Y o 1.5, F e Fo= oF
o1z e H-e 1.5~0.95, L o] F5E K= S
0.95 olste] gto] yreRdTh15]. 9 Fo] At 7}
HUEAIES H WS o 22§32 G banddl H|stq 2D
band®] intensity”} A WERLH[16], HE|Q1 Z=)
clog $E FHEULAE BS G band9 intensity
7} 2D band® intensity®tF =A e /17t 2+
7k 0.59¢F 0.742 2#H 771 3% olddS Eklst
ATH17]. T3 2D bande E<olX 2Dz 2D%) 27K
9 vaz vepht A JHEURAE 22 2D
bandol]l Bl&] 2D’ band®] intensity’} V¢~ F&HAl el
U e g SO o]FolA] g IRIT F
AATH

Fig. 3(a)e &% A5E "HRIS ARt F4

—

_1

)
N
N

—
<V}
~—

G band
=] D band
8
- 2D,band
=
: 7
c
3 } / \
= ,”“’/ \‘v,’ E J \,_ 2D;band
= ——— \%
800 1000 1200 1400 1600 1800 2000 2600 2800 3000 3200

Raman shift (cm™)

Raman shift (cm™)

(b) & band

Intensity (a.u.)

2D,band

800 1000 1200 1400 1600 1800 2000 2600 2800 3000 3200

Raman shift (cm™)

Raman shift (cm™)

Fig. 2. Raman spectra of carbon nanosheets synthesized using (a) methane, (b) propane.
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Fig. 3. X-ray diffraction patterns of carbon nanosheets synthesized using (a) methane, (b) propane.
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Fig. 4. TEM images of carbon nanosheets synthesized using (a) methane, (b) propane.
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Table 2
BET Surface areas and layer number of synthesized carbon
nanosheets

Methane Prophane
Surface area 500 m’/g 192 m’/g
Layer number 5~6 13~16
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