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ABSTRACT

In this thesis, we proposed the synthesis of carbon nanotubes by using hot filament chemical
vapor deposition (HFCVD). Regarding to purpose of our rescarch we would like to acquire the
aspect of HFCVD operating parameters that have affects to the synthesized carbon nanotubes.
Concerning about operating parameters we paid attention with the ratio of gases which were fed
in chamber, hydrogen and mixed hydrogen with ethyl alcohol, types of substrate and temperature
as well. Molybdenum, silicon and NiFe (Coated on silicon substrate) has been utilized as a
substrate. In order to evaluate the synthesized carbon nanotubes, we implemented transmission
electron microscopy (TEM) for analysis carbon nanostructure and its type, whether is SWNTs or
MWNTs. Beside this technique, raman spectroscopy and energy dispersive spectrometry (EDS)
were applied to get the composite element of synthesized carbon nanotubes, Refer to the results,
we concluded that the synthesis of carbon nanotubes on NiFe substrate has gained higher yield
than other substrates, About the obtained information we are going to apply them in advance for

fabrication of electronics devices.
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Scattering

Physical adsorption
Growth

Graphite

Gas phase
Diffraction contrast
Dipole moment
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Carbon nanotubes
Stress

Electron density
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Phase

High resolution image

Non-polaratoms or molecules

Unit Cell

Diffraction pattern
Induced dipolar attraction
Electrostatic attraction
X-ray
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Condenser lens
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Spectrum
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1.2.2 Laser Ablation
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1.2.4 Microwave — plasma — enhanced CVD
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1.2.6 DC plasma enhanced CYD
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Materials Themal Conductivity (W/mk)
Carbon nanotubes ‘ 3000 — 6000
Diamond 2000
Silicon 150
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Iron | 32
Aluminum 238

N 2.2 nfSouioum young’s modulus

Materials Value (N/mz)
Carbon nanotubes 1x10"
Diamond 1000 x 10°
Silicon 107 x 10’
Tungsten 340 x 10°
Copper 124 x 10’
Steel 200 x 10’
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M319N 2.3 nf50uNoY A1 Energygap

Materials Energygap
Carbon nanotubes 340 meV - 1.2 eV
Diamond 5.45 eV

Silicon 1.2 eV
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Tensile Strength of Engineering Materials
GPa, log scale

Carbon Graphite Aramid Stainless
Nanotubes Fibers (Keviar) Steel
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31 2.18 NIZVIUMSUNTFUIVY Root Growth
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HANAUIN D

15190 A-1 UARINSISUINOVAT Thermal conductivities

ri

Material Conductivity (w/mk)
Carbon nanotubes 3,000 - 6,000
Diamond (Type I1) 2,000
Boron nitride (theory) 1,300
Beryllium oxide 370-590
Water 561
Silicon carbide 490
Silver 418
Copper 380
Aluminum nitride 370
Gold 311
Aluminum 238
Tungsten 170
Silicon 150
Oil, Transformer 136
Iron 71 ]2
Graphite 80 ~ 250
Palladium 70
Platinum 69
Tin 65
Gallium arsenide 46
Germanium 28
Titanium 20
Quartz 7-14

Indium arsenide




319 ¥ - 1 UaRINsISoUINoUAT Young’s modulus

HMNANHIN Y

8

Material Value (N/mz)
Carbon nanotubes 1 x1.012
Diamond 1,000
Tungsten 340 x
Steel 172 - 205
Ferrites (most) 150
Platinum 147
Cast iron 138
Copper 124
Silicon 113
Quartz 79-107
Gold 74 - 80
Silver 71 —78
Aluminum 69
Tin 41~ 45
Lead 14




MANHIN A

M3eh A-1 auianmemwvesmsimiw ugiuseslunmsdunszimsvensn Tuiiaf

a3 | qavaenmad | mnsiivanfiv | adwmuowin | aannheandeu | dudssdnimansven | wesowmuAa | aamdiemnm Handuau
¢C) (A) (g/°cm’) (Wiem deg) anufon (10%) @m’) (HQem) (eV)
Si 1412 5.42 2.33 0.83 24 1.46(111) 3.5x 10" 4.1
Al 660 4.04 2.7 2038 23.8 1.085/0.939 2.45 3.74
Cu 1083 3.61 8.96 4.16 16.8 2.08(100) 1.56 4.47
Pt 1769 3.92 21.45 0.699 9.0 2.691/2.055 9.81 5.29
W 3380 3.16 19.3 1.69 4.4 3.468/2.487 4.9 4.50
Mo 2615 3.14 10.22 1.38 5.1 2.877/2.116 5.2 4.27
Au 1063 4.07 19.3 3.11 142 1.626/1.345 2.04 4.58

6.
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gﬂﬁ 32 1n509 Scanning Electron Microscope (SEM)
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l'llﬁ 4-3 19504 Tranmission Electron Microscope (TEM)
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