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Abstract

Carbon nanotubes(CNTs) have potential in fields such as space transportation,
nanotechnology, electronics, optics, materials science, and architecture since they
have unique and useful chemical and physical properties, extraordinary strength,
and efficiency in heat conduction. Numerous techniques have been developed
for the synthesis of CNT, including Electric discharge, Laser ablation, chemical

vapor deposition etc.

But these methods require high energy input and difficulty in separating
CNTs from the product. Therefore, large-scale applications require a simple,
continuous and energy efficient method to synthesis CNTs. Recently, Flame
synthesis method has attracted considerable attention due to energy efficiency,

large scale synthesis & high purity synthesis of CNTs.

In this study, experimental studies were performed for the synthesis of Carbon
Nano Tube using Counterflow diffusion flame which can be used as a material

of Eco-Ship. Methane with Hydrogen & Acetylene were used as a fuel gas and
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errocene was used as a catalyst for synthesis of CNT.

These major parameters were H, & C, H, mixing rate as a fuel gas and N
» & Ar gas mixing rate as dilution gas in fuel side. Characteristics of CNT
formation were analyzed from SEM(Scanning Electron Microscope) &
TEM(Transmission Electron Microscope). As the result of these works, First, as
shown in numerical result, the flame temperature was increased with increasing
hydrogen concentration. The temperature of 10% H, mixture flame was higher
150 K than pure H, flame. This means that the temperature plays an important
role for synthesis of CNT. Second, in case of using Argon as a dilution gas, the
flame temperature was increased about 100 K and found out various CNTs
which have thicker diameter & longer length. Third, In case of using CH, and
C, H, as fuel gas, due to increase in carbon source and flame temperature,
acceleration of synthesis of CNT was found. Result from increasing of flame
temperature, diameter of CNT became thick but the length became short.
According to the CNT mechanism, it can be considered that the excessive carbon
source is growing as soot and pollute catalyst particle and then they interrupts

supply of carbon source.

Accordingly, it was found that the supply of appropriate quantity of carbon

source can makes effect to synthesis of high purity of CNT.
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Fig. 1-1 Structure of Coflow Inverse Diffusion Flame[8]
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Fig. 1-2 Formation of Coflow Diffusion flame
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Fig. 1-3 Sketch of a double-faced wall stagnation flow(DWSF) burner[12].
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Fig. 1-4 Soot Formation of Counterflow Diffusion Flame
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Fig. 1-5 SLS Mechanism of CNT Growth [15]



Fig. 1-6 VLS Mechanism of CNT Growth [16]
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_13_




A 273 AAZAY A4 2

21 49 #A

B ATl A AFFRe 742 Fig 2-1(a)ell WEbAT A3FR=

39 FHe A% WFRHUS haF 22L AR A A2FFE 9

CNT HFHE % AFA A B2z 745 Avh B4 st IS AT
HEFFHAES 47 Hue sh5 HUE FREo Utk FEHudss 2kskA
I SR AE A87F29 FAA(Ar or N,

(N, 70%, O, 30%)7} Z&= )
7t 3ol 3EETh 74 =39 F9at dy] AHAS s 8 dx
< = (nitrogen shleld)7]- AL, A Hde @497 28 FHE £85te
E A5t

Fig. 2-1(c)= A3l AHEE tEFF HUY AdAAIo=R A - 515 HigY
WAL 10 mmzZ AE 9} AgA7} 20 em/s9] &5 2 FUSHA BAbEH,

A 97 Alolz HAHEEZ(N, shield)7} EAMET
(Fig. 2-1(b)). =&7+2] 7tFL 12 mm=E o] AlojollA AlEA13 & AW =34
o #wol Jteottt AR AshAl B ALdEo fEFxAHe HEY BAY
< A% MFC(mass flow controllers, MKS Co,.)& &3l o]FH Tt}

AEH AHEEHE doddte st AEF #A9 WsE flste] XZ
g o]A] ol AXJste AMgstHe™ Fuj2= # 24l (ferrocene) S, 12| G
HE FFL 93 1HezE FAZY TEM gridE AMHE-sH T

_14_



ettt |

i .
Upper BJr;!r_I_ ______ I I rye! IFC Controller
(for Oxidkzer) | R | 0 — — — — — . — -
I I | ./ y
_____ : : | , /ti__‘
Coolin Water“ I I _\.
—_ 1 | . )
e | il A
Fuel
I i 1 gas
| | | Oxidizer
| Oxidizer side MFC | |
Shieldl I bl
|
i1 ! (N
er B fner | I I
(for uelr | i I ‘\.h__,/
: ! Fuelsidie MFC  }~ '{
I I I L —————— ":‘:{'\I
1 T 1l T
" | N2
I | Gas
IL o — — AN o
_____ a4

B o o o o o o o o

(@) Experimental setup for Flame Synthesis

Fig. 2-1 Experimental Setup

_15_



‘l’ nozzle

separation
distance
1.2cm

nozzle
diameter
1.0cm

fluid

velocity
20 cm/s

(b) Schematic of Counterflow Burner

Fig. 2-1 Experimental Setup
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(c) Picture of Counterflow burner

Fig. 2-1 Experimental Setup
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Table. 3-1 Melting point according to various catalyst

Chemical composition Melting point (K)
99.5% Fe 1808
83% Fe / 17% Cr 1763
45% Ni / 55% Cu 1493
56% Ni / 44% Ti 1583
80% Ni / 20% Cr 1673

60% Ni / 16% Cr / 24% Fe 1623
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Temperature[K]

1 1 1 | 1 1 1 | 1 1 I 0_1
2400 - flame
region Loog
2200
~0.08
2000 ¢
1800 - A }. ~0.07
1600 sampling + f: +0.06
region ;:
1400 7\ -0.05
1205 ,a”( : -0.04
/. a
L 4 1 -0.03
800 - P
. ~0.02
600 - :
4 Fo.n
400 :
= " T
' | T T - T T T T 0

] 1 = 0 1 T
0 01 02°03 04 05 06 07 08 09 1 11 12
Z (em)

(a) Flame #1. simulation (CH, :35%, N, : 65%)

Fig. 3-1 Simulation result according to Hydrogen mixing ratio

_22_

uonoeld a|oy salads



Temperature [K]
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(b) Flame #2 simulation (CH, :35%, H, : 4%, N, : 61

Fig. 3-1 Simulation result according to Hydrogen mixing ratio
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Fig. 3-1 Simulation result according to Hydrogen mixing ratio
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Temperature [K]
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(d) Flame #3 simulation (CH, : 35%, H, : 10%, N, : 55%)

Fig. 3-1 Simulation result according to Hydrogen mixing ratio
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Table. 3-2 EDS Analysis of particle formated from synthesis

e Spectrum 1

N - D - D - R D

Full Scale 372 cis Cursor: 0,000 ke’ key
Element Weight% Atomic%

CK 6.64 16.22

Cul 23.00 10.62

Totals 100.00
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(@) hydrogen 4%

Fig. 3-2 SEM images of Flame Synthesis added Hydrogen to Fuel

(Sampling Position : 5.5 mm)
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(b) hydrogen 8%

Fig. 3-2 SEM images of Flame Synthesis added Hydrogen to Fuel

(Sampling Position : 5.5 mm)
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(c) hydrogen 10%

Fig. 3-2 SEM images of Flame Synthesis added Hydrogen to Fuel

(Sampling Position : 5.5 mm)
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(@) Carbon Nanotubes

Fig. 3-3 Synthesis Materials added Hydrogen
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(b) Carbon Nanofibers (x 200K)

Fig. 3-3 Synthesis Materials added Hydrogen
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(¢) Carbon Nanofibers (x 200K)

Fig. 3-3 Synthesis Materials added Hydrogen
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Fig. 3-4 Comparison Simulation Graph due to changing of a diluent.
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Fig. 3-4 Comparison Simulation Graph due to changing of a dilution.
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(@) CH, : 35% H, : 8% N, : 57% ( X 50,000)

Fig. 3-5 SEM Picture of Synthesis materials due to changing of a

dilution.
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(b) CH, : 35% H, : 8% N, : 57% (x 50,000)

Fig. 3-5 SEM Picture of Synthesis materials due to changing of a

dilution.
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() CH, : 35% H, : 8% Ar: 57% (x 40)

Fig. 3-5 SEM Picture of Synthesis materials due to changing of a

dilution.
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(d) 35% H, : 8% Ar: 57% (x 250)

Fig. 3-5 SEM Picture of Synthesis materials due to changing of a

dilution.
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(€) CH, : 35% H, : 8% Ar: 57% (x 50,000)

Fig. 3-5 SEM Picture of Synthesis materials due to changing of a dilution.
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() CH, : 35% H, : 8% Ar: 57% (x 100,000)

Fig. 3-5 SEM Picture of Synthesis materials due to changing of a

dilution.
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(@) 4 % of Acetylene

Fig. 3-6 Pictures of Acetylene added Flame
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(b) 10% of Acetylene

Fig. 3-6 Pictures of Acetylene added Flame
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CH4 35%, C2H2 2%, N2 63%
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(a) Flame #1. simulation (CH, : 35%, C2H2: 2%, N, : 63%)

Fig. 3-7 Comparison Simulation Graph according to change of Acetylene rate.
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Fig. 3-7 Comparison Simulation Graph according to change of Acetylene

rate.
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CH4 35% C2H2 10%, N2 55%
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(¢) Flame #3. simulation(CH, : 35%, C, H, : 10%, N, : 55%)

Fig. 3-7 Comparison Simulation Graph according to change of Acetylene rate.
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(@) 2% of Acetylene (X 10,000)

Fig. 3-8 SEM images of Synthesis materials added Acetylene into Fuel
Gas (Sampling Position : 5.5 mm)
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(b) 2% of Acetylene (X 50,000)

Fig. 3-8 SEM images of Synthesis materials added Acetylene into Fuel
Gas (Sampling Position : 5.5 mm)
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(c) 6% of Acetylene (X 10,000)

Fig. 3-8 SEM images of Synthesis materials added Acetylene into Fuel
Gas (Sampling Position : 5.5 mm)
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(d) 6% of Acetylene (x 50,000)

Fig. 3-8 SEM images of Synthesis materials added Acetylene into Fuel
Gas (Sampling Position : 5.5 mm)
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(e) 10% of Acetylene (x10,000)

Fig. 3-8 SEM images of Synthesis materials added Acetylene into Fuel
Gas (Sampling Position : 5.5 mm)
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(f) 10% of Acetylene (x 50,000)

Fig. 3-8 SEM images of Synthesis materials added Acetylene into Fuel
Gas (Sampling Position : 5.5 mm)
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