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Abstract : Multi~walled carbon nanotubes (CNTs) were prepared by microwave plasma
chemical vapor deposition (MPCVD) using various combination of binary catalysts and
methane precursor. The maximum vyield (103 %) of CNTs was obtained using a
methane-hydrogen—-nitrogen mixture with volume ratio of 1:1:2 at 1000 W of microwave
power. As the microwave power increased up to 1000 W, the deposition yield of CNTs
raised from 4.1 % to 10. 3 %. However, the prepared CNTs at 800 W showed the more
crystalline structure than those prepared at 1000 W. The prepared CNTs over different
binary catalysts had various structural conformations such as aligned cylinder, bamboo, and
nanofibers. The Id/Ig value of CNTs over Fe-Fe/ALQs;, Co-Co/AlQO; and Co-Cu/AlOs
were in the range of 0.89~0.93. Among the various binary catalysts used, Fe-Co./Al:Os

showed the highest yield.

Keywords : carbon nanotubes, methane, plasma CVD.
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electron microscope, Hitachi, S-3500N)& %3}
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Table 1. Preparation Conditions and Yields of Carbon Nanotubes with Different Hydrogen

Contents
CH, Hy Ny Hy Micrzvv:;\ve Pressure Re;mtion garbo'rtl
(mL/min) | (mL/min) { (mL/min) | (CHs*Hz+Np) "fw) (torr) (;?rf) yi;g‘)(s}%)
SK 1 0 0 49
SK 2, 20 0.14 67
5K 3| 40 0.25 103
sk4| 40 60 80 0.3 1000 20 10 96
SK 5] 80 0.40 9.2
“SK 6] 100 0.45 86
SK 7| 120 05 8.1
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Table 2. Preparation Conditions and Characteristics of Carbon Nanotubes with Different

Nitrogen and Methane Contents

CH4 H: N2 Nyo/ Pressure Ret?;tion a1 Yield
(mL/min) | (mL/min) | (mL/min)| (CHeHz#ND) | (torm) | 228 1 (%)
MHI 40 0 0 098 | 48
MH2 100 0 0 10 103 | 51
MH3 | 160 0 0 2 102 | 59
MR1 40 40 0 105 | 40
MR2 40 40 40 033 5 092 | 64
MR3 40 0 | 8 050 098 | 103
g2ulibe 700 Kol £xolA BUA -
3RS o), 53 ERA Atold UElE # ) T o w00 mimi
3 F&-F A A A& 28 (strong metal-support 4000 | P ‘ CH,: 180 mlimin
interaction, SMSDI7/¢ 20719, olei w¥ g A
q A9 A4ez g0 AdE A2 A § / \\ X
BE & sink oj2ie SMSI A4L Fedt AOs  §
oA 71 = dojri8]. @ '
3.2. CHe & N B BISj0I M2 EALk:

RE9 =8
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3} Table 201 4¥z271 ¥ #@2Uyx=FEE &
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& Fig. 29 JeERd &5+ H&E 40, 100
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F4E 40 mL/mine g8 1A Ais FYH)
[N/(CHi+H2+No)IZ 0, 033 2 0502 wW3lA
7, #2UxF1E9 g nAE TS A}

IOIOO 1 2‘00 14‘00 10‘00 1 G’OO 2000
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Fig. 1. Micro-Raman spectra of carbon
nanotubes prepared with different
flow rates of pure CHg.
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Fig. 2. Micro-Raman spectra of carbon
nanotubes prepared with different
No/(CHs+Hz+Ny) ratios.
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Table 3. Influence of Microwave Power on Characteristics of Carbon Nanotubes Prepared

over Fe-Co/AlO3 at 20 torr

CH4 H, N2 Microwave Power a1 Yield
(mL/min) | (mL/min) | (mL/min) (W) £ (%)
200 - 2.6
400 0.98 43

40 40 0
800 1.01 7.4
1000 1.01 10.3

(a) 200W

(c) 800W

Fig. 3. SEM images of carbon nanotubes grown over Fe-Co/AlO; as a function of microwave
power.
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Y 9A H3 748 T7HA Asdlgen, 259
Z7He ol AYEUE AALES} o] 23H& 4
ZF712 AAS F&0] F7H3 Aoz Bud

t}. E3, Fig. 59 TEMAMRAIA &8o] Z7}
o] wel Bt 2L gauxRFEst FAHA
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o2 Uehton, 400014 800 W2 &¥e] F
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Fig. 4. Yield of carbon nanotubes prepared
with different applied microwave
powers.
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Fig. 5. TEM images of carbon nanotubes prepared with different applied microwave powers.
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Fig. 6. Micro-Raman spectra of carbon

nanotubes prepared with different
applied microwave powers.
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Fig. 7. Yield of cabon nanotubes prepared
over various catalysts at 1000 W of
applied microwave power.
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(d) x 100K

Fig. 8. TEM images of carbon nanotubes

prepared (a) and (b) over Fe-
Co/Al03, and (¢) and (d) over
Fe-Cu/Al;O3 by methane plasma CVD
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Fig. 9. TEM images of carbon nanotubes

prepared (a) and (b) over Fe-Ni
/ALO;, and (¢) and (d) over
Ni-Ni/Al;O3 by methane plasma CVD.
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(b} x 100K

{c) = BOK

(d) = 100K (d) = 100K

Fig. 10. TEM images of carbon nanotubes Fig. 11. TEM images of carbon nanotubes

prepared (a) and (b) over Fe-Fe prepared (a) and (b) over Co-Cw/
/ALQOs, and (c) and (d) over Cu-Cuw/ ALQOs, and (¢) and (d) over Co-Co/
AlOs by methane plasma CVD. Al:Os by methane plasma CVD.
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Fig. 12. Micro-Raman spectra for carbon

nanotubes prepared over various
catalysts by Plasma CVD.
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