
This article was downloaded by: [University of Haifa Library]
On: 16 August 2012, At: 12:24
Publisher: Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954
Registered office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH,
UK

Molecular Crystals and
Liquid Crystals Science
and Technology. Section A.
Molecular Crystals and Liquid
Crystals
Publication details, including instructions for
authors and subscription information:
http://www.tandfonline.com/loi/gmcl19

High Yield Synthesis of Single-
Walled Carbon Nanotubes
by DC Arc Discharge in High
Temperature He Gas
Yoshinori Ando a & Xinluo Zhao b
a Department of Physics, Meijo University, Tempaku-
ku, Nagoya, 468-8502, Japan
b Japan Science and Technology Corporation,
Department of Physics, Meijo University, Tempaku-
ku, Nagoya, 468-8502, Japan

Version of record first published: 24 Sep 2006

To cite this article: Yoshinori Ando & Xinluo Zhao (2000): High Yield Synthesis of
Single-Walled Carbon Nanotubes by DC Arc Discharge in High Temperature He Gas,
Molecular Crystals and Liquid Crystals Science and Technology. Section A. Molecular
Crystals and Liquid Crystals, 340:1, 707-712

To link to this article:  http://dx.doi.org/10.1080/10587250008025551

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-
and-conditions

http://www.tandfonline.com/loi/gmcl19
http://dx.doi.org/10.1080/10587250008025551
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions


This article may be used for research, teaching, and private study purposes.
Any substantial or systematic reproduction, redistribution, reselling, loan,
sub-licensing, systematic supply, or distribution in any form to anyone is
expressly forbidden.

The publisher does not give any warranty express or implied or make any
representation that the contents will be complete or accurate or up to
date. The accuracy of any instructions, formulae, and drug doses should be
independently verified with primary sources. The publisher shall not be liable
for any loss, actions, claims, proceedings, demand, or costs or damages
whatsoever or howsoever caused arising directly or indirectly in connection
with or arising out of the use of this material.

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
H

ai
fa

 L
ib

ra
ry

] 
at

 1
2:

24
 1

6 
A

ug
us

t 2
01

2 



Mol Crysf. and Liy. Crysr., 2000, Vol. 340, pp. 707-7 12 
Reprints ivailahle directly from the publisher 
Photocopying permitted by license only 

'0 2000 OPA (Overseas Publishers Association) N.V. 
Published by license under the 

Gordon and Breach Science Publishers imprint. 
Printed in Malaysia 

High Yield Synthesis of Single-Walled Carbon 
Nanotubes by DC Arc Discharge in High 

Temperature He Gas 

YOSHINORI ANDO" and XINLUO ZHAOb 

"Depurtmetit qf Physics, Meijo Univer~sity, Tempaku-ku, Nugoya 46&K502, 
Japan und bJupan Science and Technology Corporution, Depurtment of' Physics, 

Meijo Universi@, Tempaku-ku, Nagoya 468-8502, Jupun 
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High yield synthesis of single-walled carbon nanotuhes (SWNTs) was realized by DC arc 
discharge evaporation of Ni 4% - Y 1 % composite graphite rodes in high temperature atmos- 
pheric gas 01 He. With the help of scanning electron microscope and transmission clectron 
microscope, SWNTs were confirmed as the weh formcd in the evaporation chamber. The 
micro-Raman stuck5 on the specimen indicated that the SWNTs had four hrcathing mode 
frequencies corresponding to I .25 - 1.49 nm diameter of SWNTs. 

Ke~roord.~ single-walled carbon nanotuhe; high temperature arc discharge 

INTRODUCTION 

Carbon nanotubes were first found by Iijima in the cathode deposit obtained by 

DC arc discharge evaporation of pure graphite electrodes in inert gas"'. These 

carbon nanotubes were consisted of many seamless cylindrical shells of 

graphene sheets, and they were called as multiwalled carbon nanotubes 

(MWNTs) after the discovery of single-walled carbon nanotubes (SWNTs) 

made of only one graphene sheet Theoretical calculations predicted that 

SWNTs were either metallic or semiconducting depending on their diameter 

and chirality ['..st. The prediction was confirmed by scanning tunneling 

spectroscopy on individual SWNTs 16.71. 

In order to produce SWNTs, the use of metal composite graphite 

was essentially necessary. High yield synthesis of electrodes IZ3.*] or rods 
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708 YOSHINORI A N D 0  and XINl,UO % H A 0  

SWNTs could be realized by laser ablation[” or by DC arc discharge 

evaporation[*] In this paper, it is shown that the mass production of SWNTs 

was realized by DC arc discharge evaporation of composite graphite electrodes 

in high temperature atmospheric gas of He. 

EXPERIMENTAL 

The schematic diagram of apparatus for DC arc discharge evaporation in high 

temperature atmospheric gas is shown in Fig. 1. In the center of a chamber, a 

pure graphite cathode (10 mm diameter, lower side) and Ni 4% - Y 1% 

composite graphite anode (6 mm diameter, upper side) were installed vertically. 

A cylindrical carbon heater (30 mm diameter) was inserted surrounding the 

two electrodes. The carbon heater was covered with carbon wall and carbon 

felt (60 mm inner diameter X 100 mm height) to maintain high temperature. 

FIGURE 1 
The shematic diagram 
of apparatus for SWNT 
preparation by DC arc 
discharge evaporation 
in high temperature He 
gas. 
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SYNTHESIS OF SWNT BY ARC IN HIGH TEMPERATURE GAS 709 

After introducing He gas into the working chamber at the pressure of 500 

Torr and supplying an electric power to the surrounding carbon heater, a DC 

arc voltage was applied between the two electrodes. The electric power of 

carbon heater was varied from 1.5 to 10 kW (the temperature of carbon heater 

was 700 - 1 lOOC), and the DC arc current was set in the range of 30 - 80A. 

The composite graphite anode of Ni - Y was evaporated and a large amount of 

carbon smoke occurred. During evaporation process, the gap between two 

electrodes was kept about 2 mm by moving the upper anode with monitoring 

the DC arc voltage. After the evaporation, a carbon deposit was formed on the 

surface of lower cathode, and a lot of cottony carbon soot was suspended on 

the wall of working chamber like a web. 

The web was collected with a pair of tweezers and observed by a scanning 

electron microscope (SEM; Topcon ABT-150) and a transmission electron 

microscope ( E M ;  Hitachi HU-12A). The micro-Raman spectra were recorded 

by Raman spectrometer (Jobin Yvon; RAMANOR T64000) at 514.5 nm (Ar- 
laser) in a low power of 10 mW. Then, an objective lens (1OOX) was used, 

giving an illuminated spot size of 1 wm on the surface of specimen. Typical 

acquisition time to obtain spectra was 90s, and non-polarized light was used. 

EXPERTMENTAL RESULTS 

Figure 2 shows a typical SEM micrograph of collected cottony carbon soot. 

The specimen was prepared by DC arc current SOA, and the electric power of 

carbon heater was 2.5 kW. A large amount of entangled carbon filaments with 

diameter ranging from 10 to 35 nm can be observed. It was considered that 

these carbon filaments consisted of the bundle of SWNTs. 
The TEM observation on cottony carbon soot showed that some metal 

particles (20-30 nm in diameter) were existing with the bundle of SWNTs, and 

usually covered by carbon materials. Figure 3 shows a typical TEM 

micrograph of SWNTs, which were prepared in the same condition as that used 

to take the SEM micrographs of Fig. 2. 
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FIGURE 2 A characteristic SEM micrograph of collected web. 

FIGURE 3 A typical TEM micrograph of SWNTs 

100 300 500 700 900 1100 1300 I500 I700 

Raman S h n  [an :) 

FIGURE 4 The micro-Raman spectra covering the frequency range 
from 100 to 1800 cm-’. 
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SYNTHbSIS OF SWNT BY ARC I N  HIGH TEMPERATURE GAS 71 I 

The micro-Raman spectrum covering the frequency range from 100 to 

1800 cm-' of SWNTs is shown in Fig. 4, and its inset shows the breathing 

modes of SWNTs (four peaks at 150, 163, 172 and 178 cm-'). In the high 

frequency range from 1500 to 1600 cm'l, five peaks (1530, 1553, 1566, 1570 

and 1592 cm-I) can be observed, and they are characteristic of S W N T s  [8*'o.11! 

All of these peaks should be assigned to a splitting of the E,, mode of graphite. 

In addition, the peaks at 1742 and 1763 cm-l can be attributed to a combination 

of the peak at 1592 cm'l and the breathing modes. The peak at 1340 cm-' 

corresponds to the disorder-induced phonon mode of graphite [12.'31, and the 

sharp peak at 1 121 cm-' indicated by * was from the fluorescent lamp line. 

DISCUSSION AND CONCLUSIONS 

The synthesis of SWNTs by DC arc discharge with the catalystic bimetal (Ni- 

Y) composite graphite electrodes was first carried out by Joumet er u1.[*]. They 

could obtain a high yield of SWNTs more than 50% in a narrow area of collar 

deposit on the side of the cathode, but the yield of SWNTs was little in the web 

produced in the whole chamber. However, such collar deposit was not obtained 

in the present high temperature DC arc discharge. On the contrary, a large 

amount of web was formed in a wide space of the chamber and a high yield of 

SWNTs more than 50% in the web was cornfirmed by the Raman spectrum. 

Thus, the quantity of the web including SWNTs was remarkably increased. 

Around the E,, mode of graphite (about 1580 cm-I), the characteristic 

patterns Is. lo* 'I1 of SWNTs were observed in the micro-Raman spectra of the 

web. With the help of theoretical calculation for breathing modes ['0.'4*151, the 

diameter and chirality of SWNTs can be worked out as shown in Table 1. The 

chiral SWNT (14,4) with 1.30 nm diameter is semiconducting, and others are 

metallic. From this table, the diameter distribution of SWNTs is very sharp 

(1.25 - 1.49 nm), and the experimental data can be explained theoretically. 

In conclusion, SWNTs were produced by Ni 4% - Y 1% composite 

graphite electrodes evaporation using DC arc discharge current of 5OA in high 

temperature He gas. The yield of SWNTs in the web could reach to more than 
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712 YOSHINORI ANDO and XINLUO ZHAO 

SO%, and the diameters of S W s  ranged from 1.25 to 1.49 nm. 

TABLE 1 Measured Raman shift of breathing mode of S W N T s  

Experiment Chiral indexes Dia. of S W s  Theory Ref. 

178.4 cm” (12,6) c h i d  1.25 nm 178 cm” [a] 
172.2 (14,4) chiral 1.30 172 [a1 
163.2 (10,lO) armchair 1.37 163 [a1 
149.9 (11,ll)armchair 1.49 150 [b] 
[a.]; J. Yu, R K. Kalia and P. Vashista,J. Gem. Phys, 103,6697 (1995). 
[b.]; A. M. Rao et al., Science, 273, 187 (1996). 
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