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The Synthesis of Carbon Nanotubes with a Small
Diameter Using Alcohol
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Carbons

Fullerene (C70)

Diamond

Carbon nanotubes (CNTs)

M ultl-walled CNTs



Scientific publications/patents for the CNT area
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Synthesis

#Arc discharge evaporation
(SWCNT/MWCNT)

#Laser vaporization
(SWCNT purity of 70%-90%) Oven temp ~1200C

# High -pressure carbon monoxide (HIPCo)

(high purity SWCNT)

#Chemical vapor deposition (CVD)
(decomposition with thermal,
plasma, hot-filament)
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Objective

We report the fabrications of carbon nanotubes by
hot filament CVD using alcohol as a carbon source.

The effect of synthesis conditions
*Growth temperature
*Type of catalyst material
(Fe-Co with/without zeolite)
*Type of alcohol
(C2H50H and CH3OH)
Operate at 1 atm ?

<Characterization: SEM TEM and Raman spectroscopy>



Synthesis methods for SWCNTSs

Methods Growth temperature

CVvD 400¢1200°

Thermal CVD ‘MWCNTeTemp.e 600800 e
SWCNTe Temp. ¢ /001200 e

Plasma enhanced | *Lowtemp.e<400ee
CVD (PE-CVD) «(Only) MWCNT
_____________________ -Vertically aligned tubes
Hot-filament CVD «Simplified apparatuses
(HF-CVD) *Possible for Low temp. growth




HF-CVD system.

+

[CoHsOH

@room temp.

e C source : methanol or Ethanol
o filament temp. : 1600~1800°C
e ds-f: 3 mm
(Sub. Temp.: 550~650 °C)
*Growth time; 5 min
1
< OLld 0 0

Base P: 101 mbar

o Substrates : Si (10x10mm)
o Catalysts : o1) Fe/Co

2) Fe/Co+Zeolite



Fe(CH3C0O0)2, +

Co(CH3CO0)2*4H20 +

Ethanol

Solgte:y
—>

S ab

Fe-Co catalysts

Fe(CH3COO0)2, +

Co(CH3CO0)2*4H20 +

Zeolite +
Ethanol

Fe-Co with Zeolite (Y-type)

Seisiee: L
—>

Dry@80°C

18-20 hrs.
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Objective

We report the fabrications of carbon nanotubes by
hot filament CVD using alcohol as a carbon source.

The effect of synthesis conditions

*Growth temperature

*Type of catalyst material
(Fe-Co with/without zeolite)

*Type of alcohol

C,H:OH and CH;0H)

Operate at -7

<Characterization: SEM TEM and Raman spectroscopy>



Morphologies of CNTs from
ithout zeolite).
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CNTs synthesized from ethanol at Tsub. 550°C

(without zeolite) (with zeolite)



CNTs synthesized from ethanol at Tsub. 650°C

(without zeolite) (with zeolite)



CNTs synthesized from methanol at Tsub. 650°C

(without zeolite) (with zeolite)



Raman scattering spectra for the CNTs obtained from
methanol at 650°C
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" (without zeolite) .~ (with zeolite)



TEM image of CNTs from ethanol at Tsub. 650°C
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One Atmosphere HF-CVD System

Max 5000cc/min

> | Flow
Meter
N2
1 Flow f
Meter —=

Max 500cc/min .

C2H50H H>O




The influence of Tsub on the formation of CNTs

(a). Tsub : 500-700 -C (b). Tsub : > 700 -C

CNTs with nano particles. Diamond with nano particles.



Conclusions
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