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ABSTRACT

The synthesis of carbon nanotubes (CNTs) from alcohol using a thermal chemical
vapor deposition method were presented in this thesis. The influent of growth CNTs was
studied by vary parameter there were temperature(550-900°C), pressure(0.5-30mbar), time(30s-
30min) and type of alcohol(ethanal and methanal) and the results were investigated using
scanning electron microscope and raman spectroscopy. The results showed that the high growth
temperatures(<800°C) could increase the purity(intensity ratio of G-band to D-band; I(G)/1(D))
and diameter of the CNTs. The purity of CNTs were increased when vary range of pressure at
0.5-5mbar, but the high growth pressure over Smbar could decrease the purity and increase
diameter of the CNTs. By vary range of time (range 30s-10min) the purity of CNTs were
increased, but the putiy could decrease when the high growth time over 10min. Finally, CNTs
that synthesis from ethanol have small diameter and purity similar to synthesis from methanol.
The optimal growth of CNTs in this eperiment were 800°C of temperature, pressure 1-5mbar,
growht time 10min and used ethanol as a carbon source. These conditions were provided

CNTs with I(G)/I(D) ratio of ~10.
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2.7.3 3% Chemical vapor deposition (CVD)
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2.7.3.5 VU Thermal chemical vapor deposition
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Equilibrium Structure

Average Diameter of SWNT

Distance from opposite Carbon Atoms (Line 1)
Analogous Carbon Atom Separation (Line 2)
Parallel Carbon Bond Separation (Line 3)
Carbon Bond Length (Line 4)

C-C Tight Bonding Overlap Energy

Group Symmetry (10, 10)
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1.2-1.4 nm
2.83A
2.456 A
2.45 A
1.42 A
~25eV
C5V

Lattice: Bundles of Ropes of Nanotubes: Triangular Lattice(2D)

Lattice Constant

Lattice Parameter:
(10, 10) Armchair
(17,0) Zigzag

(12, 6) Chiral

Density:
(10, 10) Armchair
(17,0) Zigzag
(12, 6) Chiral

Interlayer Spacing:
(n, n) Armchair
(n, 0) Zigzag
(2n, n) Chiral

17 A

16.78 A
16.52 A
16.52A

1.33 g/em’
1.34 g/em’
1.40 g/em’

3.38A
341 A

339A



Optical Properties
Fundamental Gap:
For (n, m); n-m is divisible by 3 [Metallic] 0eV

For (n, m); n-m is not divisible by 3 [Semi-Conducting] ~0.5eV

Electrical Transport

Conductance Quantization nx(12.9 kW)'l
Resistivity 10-4 Wecm
Maximum Current Density 1013 A/m’

Thermal Transport

Thermal Conductivity(Room Temperature) ~ 2000 W/m+K
Phonon Mean Free Path ~ 100 nm
Relaxation Time ~10-11s

Elastic Behavior
Young's Modulus (SWNT) ~ 1 TPa
Young's Modulus (MWNT) 1.28 TPa

Maximum Tensile Strength ~30 GPa
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Abstract

We report the fabrications of carbon nanotubes
(CNTs) by hot filament CVD under a low precursor,
using alcohol as a carbon source. The comparative studies
of the properties of the nanotubes have been carried out
by varying alcohol type, growth temperature and catalyst
material. The obtained CNTs are characterized by
scanning electron microscopy (SEM) and Raman
spectroscopy. The results show that the Fe-Co catalyst
with zeolite can synthesis CNTs at a low temperature and
provide small tube, compared the catalyst without zeolite.
CNTs with small diameter can be obtained trom methanol
using a catalyst without zeolite. According to the Raman
spectroscopy, the purity of the CNTs is comparable to the
other previous reports.

Keywords: Carbon nanotubes (CNTs), CvD, Alcohol,
Zeolite

Introduction

Carbon nanotubes (CNTs) have attracted
considerable attention because they have demonstrated
the potential to make a major contribution to a variety of
nanotechnological application. Significant methods for
producing CNTs involve the laser vaporization, the
electric arc discharge and the CVD. The CVD method, in
which a hydrocarbon is pyrolyzed over a catalyst metal,
has been attracting extensive attention for industrial-scale
production. Among the CVD method, the hot filament
CVD (HF-CVD) is a promising method to obtain CNTs
(single-walled and multi-walled CNTs) at low cost.

Here, we report the fabrications of carbon
nanotubes (CNTs) by hot filament CVD under a low
precursor, using alcohol as a carbon source. The effect of
synthesis conditions, such as the type of alcohol (ethanol
and methanol), growth temperature and catalyst material
(Fe-Co with/without zeolite) on the formation of CNTs is
reported. The obtained CNTs are characterized by
scanning electron microscopy (SEM) and Raman
spectroscopy.
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Figure | presents the schematic diagram of our
HF-CVD system. The growth chamber consisted of a
glass chamber, a W-filament, a substrate holder, an ac

power supply and a rotary pump. The catalysts used in

this study were 1) Fe-Co mixed solution and 2) Fe-Co
embedded n Zeclite. Fe(CH;COO),, and
Co(CH;COO0),*4H,0 were used as an iron and cobalt,
respectively. The processes for Fe-Co mixed solution are
as follows: 0.018 g of Iron acetate and 0.027 g of cobalt
acetate were sonicated in 10 ml of ethanol for 30 min,
giving a clear coating solution. Zeolite supported Fe-Co
were prepared by mixing above solution with a 0.125 g of
zeolite powder (Y-type, SiO»/ALO; ratio 7.5), then the
mixture was ultrasonically stirred for 30 min. Two types
of catalyst solutions were coated on Si substrates (10x10
mm) using a spinner. Finally the samples were dried at 80
°C in air for 18-20 hours.

Figure 1 Schematic diagram of HF-CVD system.

The samples were then loaded into the HF-CVD
reactor. After reaching base pressure (1x10" mbar),
alcohol vapor (ethanol or methanol) was pulled from a
beaker into the chamber. The W-filament (0.5 mm x ~ 35
mm) was electrically heated with a voltage of 5-10 V and
current of 25-30 A. The temperature of filament was
1500-1800°C. The distance between filament and
substrate was fixed at 3 mm. The substrate temperature
(Tu) could be varied by adjusting the power supply (Fig.



2). The growth time was 3-5 min. The as-grown CNT-
films had a dark black color.

750’— -
7001

dl_ti: mm ﬁ
.

Substrate temperature

28

30

26
AC current (A)

Figure 2 The substrate temperature (T,,,) as a function of
current.

The morphologies of the CNTs were observed by
scanning electron microscopy (SEM). To testify to the
existence of SWCNTs, Raman scattering spectra were
investigated using Nd-YAG laser with a wavelength of
1064 nm (PERKIN ELMER system 2000 NIR FT-
Raman).

When using zeolite as a support, in contrast, we
found that CNTs could be deposited even at low T, of
550°C. Figure 4 (a) and (b) show a typical SEM image of
samples deposited from ethanol at 550°C and 650°C,
respectively. in this case, dznse CNTs were grown on the
zeolite surfaces. For the sample deposited at 550°C, the
tubes were very short and usually surrounded with carbon
nanoparticles (Fig. 4 (a)). On the other hand, the sample
deposited at 650°C consisted of long tubes with less
contaminates. In addition, individual grown or small-size
bundle of CNTs which bridge between zeolite particles
could be observed clearly by FE-SEM, as shown in Fig. 4
(b). Such phenomena were not observed in CNTs with a
large diameter.

(b) at 650°C.

(a) at 350°C. .

Figure 4 SEM images of CNTs obtained with ethanol at
(a) 550°C and (b) 650°C, using a zeolite-supported Fe-Co
catalyst.

Because zeolites are porous materials with ordered
crystal structures and pore arrangements, they are suitable
for usage as a support material for metal catalysts to
synthesis CNTs. It has been report that formed CNTs
have a Jdiameter which is closely related to the pore size
of zeolite. [i] This is due to the size of the catalytic nano-
particle decreases with decreasing the pore size of the
zeolite. The smaller the size of the metallic particle, the
smaller the diameter of the nanotubes formed. This may
explain why the CNTs prepared with zeolite-supported
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Fe-Co (Fig. 3 (b)) had a smaller tubes than that prepared
with non-zeolite-supported Fe-Co in (Fig. 4 (b)). In
addition, when the size of the metals become smaller, the
eutectic temperature of the metals may be reduced
Consequently, carben atoms may be dissolved into the
metal at lower temperatures. This could explair: the result
of a lower growth temperature for the sample prepared
with zeolite-supported metals. More investigation about
these relations should be conducted.

The type of alcohol was varied to investigate the
yield of ‘small-diameter CNTs. Figure 5 shows SEM
image of the sample prepared by methanol at 650°C using
non-zcolite-supported  Fe-Co catalyst. The growth
condition such as growth temperature and growth
pressure was the same as the sample in Fig. 3 (b). except
alcchol type. It is intcresting io note that the sample in
Fig. 5 consisted of a lot of small-diameter CNTs. The
smallest diameter was about 7 nm, estimated by FE-SEM.
The difference in morphology between the sample in Fig.
3 (b) and the sample in Fig. 5 could be explained by the
difference in type of alcohol. Previous literatures have
reported that the optimal growth pressure depends on the
kind of alcohol. The optimal pressure for ethanol was
about 2 times lower than that for methanol [2]. This is
explained by the different amount of the carbon supply,
due to the difference in the number of carbon atoms in
molecular [2-3]. Ethanol (C;HsOH) has 2 carbon atoms,
while methanol (CH;OH) has 1 carbon atom. It have been
demonstrated that at the nanotube growth temperatures,
when the carbon supply is kept low, SWCNTs rather than
MWCNTs growth occurs [4-5]. Under the high carbon
supply, the extreme carbons will dissolve continually into
the melted catalytic and then cause the formation of
MWCNTs and/or carbon nanoparticles due to the too fast
growth of the graphitic sheet. Since both samples in Fig.
3 (b) and Fig. 5 deposited under the same growth pressure,
the samples prepared by ethanol may be supplied with an
excess amount of carbon source. Therefore, at the same
growth pressure, methanol may provide smaller tubes
than ethanol. However, further investigation is required to
clarify this assumption.

Figure 6 The result of CNTs obtained from methanol at
650°C using non-zeolite-supported Fe-Co.

Figure 7 shows a result of Raman scattering
spectroscopy for the CNTs produced under the same
condition of Fig. 6. Raman scattering spectroscopy is one



of the most powerful tools to characterize the structure
and diameter of CNTs [6].

The broad band at 1285 cm™ is ascribed to as the
D band due to various forms of disordered sp’ carbon
such as a-C. The intense G band at 1594 o ! is assigned
to the tangential mode of the ordered carbons. Since the
intensity ratio of the G-band to the D-band (15/lp) was
high, the purity of the sample was suggested to be high.
We consider that the controllable synthesis of small
diameter of CNTs may be realized by adjusting the
reaction parameters. Further work to control the synthesis
is in progress.

(5] 1894 T
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Figure 7 kaman scatlenng spectra for the CNTs produced undcr the same

condition of Fig. 7

Conclusion

The fabrication of carbon nanotubes (CNTs) Ly hot
filament CVD under a low precursor was reported. Two
types of alcohol, ethanol and methanol, were used as a
carbon source. The results show that the Fe-Co catalyst
with zeolite can synthesis CNTs at a low temperature and
provide small tube, compared the catalyst without zeolite.
CNTs with small diameter can be obtained from methanol
using a catalyst without zeolite. According to the Raman
spectroscopy, the purity of the CNTs is comparable to the

“other previous reports. : :
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Abstract 8

Carbon nanotubes(CNTs) were successfully synthesized using the alcohol chemical vapor
deposition(CVD) technique. The experiments were performed at a low pressure using ethanol as a carbon
source and Fe-Co over zeolite powders as a catalyst. The influences of growth temperature and pressure
on the formation of CNTs were investigated using scanning-etec[ron microscopy and Raman spectroscopy.
The results showed that the high growth temperatures(<800°C) could increase the purity(intensity ratio of
G-band to D-band; I(G)/I(D)) and diameter of the CNTs. On the other hand, the purity at high growth
temperatures over 800°C of CNTs were decreased. The purity of CNTs were increased when vary range
of pressure at 0.5-1mbar. But the high growth pressure over range 1-5mbar could decrease the purity and
increase diameter of the CNTs. The optimal temperature and pressure were 800°C and 1-5mbar,
respectively. The obtained CNTs had I(G)/I(D) ratio of ~10.
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Fabrication of Shadow Masks Using Nickel Electroplating
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Abstract

A shadow-mask is used in a wide range of making patterns in vacuum evaporation and sputtering deposition processes,

due 1o its simplicity and low-cost. In this report, we present the fabrication of electroplated nickel shadow-masks using

photo-resist techniques. The used electrolyte was based on nickel sulfate solutions. The effects of pH and cleanness of

electrolyte on the formation of nickel films were investigated. From the result of making 85 mm x 85 mm-size mask with

a smallest width of 0.2 mm, it was found that the obtained mask was smooth and uniform and had a size-miss in the range

of 0.07 mm.
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