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Figure 2. Raman spectra with an excitation wavelength of 632.8 nm of synthesized CNTs at various concentrations
of the ferrocene (0.1-0.3 wt%) (a) RBM (100-300 cm™') spectra, (b) D— and G—band (1,000—-2,000 cm™’)
spectra, (c) area ratio of G— and D—band as a function of the concentration of ferrocene, (d) TEM, and
(e) SEM image of the CNTs grown using the ferrocene of 0.25 wt%.

el Ho] chil(bundie) FE2 TAE0] Gl AL Sl
% 9ltk Fig, 2600 34 5=l 24 ol el YA

2
ShibeREe] SEM 24 AT Qe PO R Sk
7}k gslo] gl AL BT 4 glom, ol FHelo]
7b2e0l o7} 3 O EFOTM et Bioletn
Q53 4 9lr, AR HakeEB 7ho] vE|2aAvan
dor Waals) R0 QI 93 717 A4S Al chirge

2 u, 8ol 71AE 3E

24 ATE Y Folrt

o2 G| FYULHE O] Mislo| w2 TR H O
T2 WSS AR H2A9] FEE 0,25 wihE 1A
71 23 GHE AMESlo] U4 EE 20~ 90 ml/hZE HSHA]
7 SR ES MBI Fig, 3(a)E ZH2te] 2704
P e RE o ek AUEY Anks WolEc), &3
Lol 29159} D—-band 2] Al7|(intensity) 2} BH2|Z(full
width at half maximum, FWHM)©| H]ol= RS YL
21013k 4= Qlt}. G-band] B FQl&wr} S71sHHA

LFZ AR 19(5), 2010

HSksHA ==, 40 ml/hoflA] 50 mi/he F7FsH= AlRoflAl
HE G-band2] ~1550 cm 2] SIF|o|A] T Thely Bha
L=z H o] E2)j9t A% BWF lineshape (24 $Hibat)o]
ARRPAIA] a1, ~1605 cm 9] §iAlo|A mlH9] &
(shoulder)7} Uefu= A3E SQ1IE 4= QLB st
), o] AT BeEd) A8 D-band 24 theH g
5 H (multi—walled carbon nantoubes) 9|4+ Z=z= ok
AL HAEQITh [24], webA] FHYE g RHO] vt
SN USSRl et HAA o Thld gha
LHeRHOA o ghatiefH e HMolEs Zolet 5
o Qlok o] A £t 89lo] kS Sl 4] THER
WRZ He 7R20h oA #ARE wf, 4557} 50 mi/h o)
5oz A A 53l (aggregation) @/do] HojutA| wHar
& 2719 A A= o gadtieREIE M E
= Ao AT = Sl Fig. 3(b)= 27 89 FUE=9
Hato] W G/D #h e e, Inset 2= 30~90
ml/h H910] G/D Zh= Efisto] FAISH3IEL o] AutE S5

379



G/D ghe 3 9] F914w7}
sheldt 4 9k, Fig, 30
40 ml/h4 EN=t ngo

Normalized intensity (arb. units)

Figure 3. Raman spectra of the CNTs grown at various
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Many routes have been developed for the synthesis of signle-walled carbon nanotubes
(SWCNTs). We spun fibers of SWCNTSs directly from vertical furnace using a liquid source
of carbon and an iron-contained molecule. The solution was prepared by ethanol as a carbon
source, in which ferrocene as a catalyst, thiophene were dissolved. It was then injected from
the top of the furnace into hot zone with hydrogen as a carrier gas. We successfully synthesized
high-quality SWCNTs by adjusting the various experimental conditions, such as concentration
of ferrocene, solution injection rate, concentration of thiophene, and hydrogen flow rate.
Measurement of Raman spectroscopy, scanning electron microscopy, and transmission electron
microscopy were carried out to find the optimized conditions. The synthesized SWCNTs
(1.16 ~1.64 nm) appeared a bundle structure and well-aligned parallel to the direction of
furnace. These results also provide an simple way for high-quality SWCNTs mass production
and fabricating direct spining SWCNTSs fiber. It will allow one-step production of SWCNTs

fiber with potentially excellent properties and wide-range applications.
Keywords : Single-walled carbon nanotubes, Vertical furnace, Ferrocene, Thiophene
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