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ABSTRACT 

In this research, the effect of catalyst type on the CNTs synthesis was investigated. The carbon 
nanotubes (CNTs) were produced on stainless steel substrates and two of catalyst with different 
characteristics by using Thermal chemical vapor deposition (TCVD) method. The catalysts have the 
important role for the growth carbon nanotubes (CNTs). Acetylene gas (C2H2) diluted by NH3 was 
used as the reaction gas as a source of carbon. The formation of carbon nanotube structures were 
confirmed by Raman spectroscopy and scanning electron microscopy (SEM) methods. It was found 
that the type of catalyst play has an important role on the quality of the nanotubes. 
 
Keywords: Carbonnanotube; Nickel; Cobalt; Atomic force microscopy (AFM); Raman 
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INTRODUCTION

1 Carbon nanotubes (CNTs) that were 
discovered in 1991 by Ijima [1] are 
designated as one of the most attractive 
carbon nanostructures for reinforcing the 
material in compounds and unique 
physical, chemical and electronic 
properties as well as their wide potential 
applications [2-6]. Intensive research 
activities to improve the synthesis methods 
[7-8] and conditions and quality in other 
research experiments that chemical vapor 
deposition (CVD) techniques are the 
catalytic decomposition of hydrocarbon 
feed stock with aid of supported transition 
metal catalysts. The CVD methods [9-11] 
are the most suitable low-cost mass, purity 
and large-scale production technique of 
carbon nanotubes [12]. Thermal assisted 
CVD (TCVD) is one of the most 
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commonly used catalytic CVD methods 
for synthesis of carbon nanotube 
structures. In this technique, a heat is 
utilized to decomposing the hydrocarbon-
hydrogen gasses. The decomposition 
products usually consist mainly of active 
radicals and atomic hydrogen as well as 
unreacted hydrocarbons which they are 
crucial and important for carbon nanotubes 
formation [13]. Most of carbon nanotube 
synthesis techniques require introduction 
of catalyst in the form of gas particulates 
or as a solid support in different substrates 
surface. The selection of a metallic catalyst 
may affect the growth and morphology of 
carbon nanotubes that widely used catalyst 
material in carbon nanotubes synthesis are 
nickel, cobalt, titanium, iron and 
compounds of these metals [14]. Most 
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widely used carbon precursors are 
acetylene, methane, ethanol, ethylene, 
toluene and 2-propanol. 

The growth conditions such as reaction 
time, temperature, and flow rates of carbon 
source, inert gas and catalysts are 
important factors to produce high yield and 
high purity of carbon nanotubes [11].  Here 
we report that the present TCVD technique 
can synthesize high purity carbon 
nanotubes with different diameter and 
quality and quantity in this research work. 
Here, ammonia is used as a Carbon source 
and etching gasses. We observed the 
influence of type catalyst on structure 
formation of carbon nanotubes. By 
optimizing the catalyst, both carbon 
nanotubes could synthesized, depending on 
the reaction conditions. The obtained 
carbon nanotubes compounds are 
characterized by scanning electron 
microscopy (SEM), Raman spectroscopy. 
 
EXPERIMENTAL 
Stainless steel (type 304) plates cut into 
10×10mm2 rectangular pieces and were 
used as substrates for growing carbon 
nanotubes. Untreated steel substrates were 
cleaned in the ethanol, acetone and Di-
ionized water solutions by an ultrasonic 
cleaning machine. Then the nanoparticles 
of Ni and Co were deposited on the plates 
using sputtering technique by PECVD 
system. The synthesis of carbon nanotube 
arrays was carried out in horizontal TCVD 
system. As-prepared steel substrates were 
placed in a quartz boat, and transferred into 
the reaction chamber. The reaction zone 
was heated up to the synthesis temperature 
of 910°C. Before deposition, the substrates 
were pretreated in Ar gas environment for 
a short time to activate and refine the 
catalyst nanoparticles. Mixtures of C2H2 
and NH3 gasses at ratios 1/2 were then 
introduced into the reaction chamber for 19 
min. After completing experiments, the 

samples were then furnace cooled slowly 
in a H2 gas environment. The molecules of 
the gas employed in the experiment are all 
higher than 99.6% in this paper. The 
morphology of Ni and Co catalyst 
nanoparticles were investigated using an 
atomic force microscopy (AFM) 
technique. The morphology and quality of 
the carbon nanotubes were analyzed using 
scanning electron microscopy (SEM), and 
Raman spectroscopy respectively.  
 
RESULTS AND DISCUSSION 
The process of synthesis of carbon 
nanotubes by TCVD method involves 
catalyst preparation and growth of carbon 
nanotube structures. It was possible to 
render the substrate surfaces covered with 
grains of Ni and Co catalyst of a certain 
size. Here, the nanoparticles were 
deposited using sputtering technique by 
PECVD system. Proper sputtering 
technique of the substrates is very 
important for the successful synthesis of 
carbon nanotubes. This section starts with 
growing separated nanotubes on a 
substrate and handling nanotubes by AFM 
(Atomic Force Microscope) techniques. 
The morphology of the catalysts of Ni and 
Co nanoparticles used in the synthesis of 
carbon nanotubes is studied using AFM 
technique. Figure 1 shows typical AFM 
images of the Ni and Co nanoparticles 
deposited on stainless steel substrates. The 
diameter size of Co catalyst around 70nm 
and the Ni catalyst with different of size 
diameters ~ 80nm to 170nm in this paper. 
We suggest that because of floating 
sputtering, etching of the Co layer on the 
steel substrates could be more effective 
and therefore the Co nanoparticles were 
more uniform. The morphology of surfaces 
of Ni catalyst layer seems to be 
inhomogeneous and it is attributed to the 
non-uniform surface of steel substrates 
before the sputtering process. 
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Fig.1. AFM images of the (a) Co and (b) Ni 
catalysts on stainless steel substrates by TCVD 
method. 
 

This is a technique that uses a focused 
SEM Electron beam to dissociate organic 
species in a specific area and deposit the 
residual ionised organicgas molecules on 
the junction of the CNT with the 
measuring system. 

Fig. 2a-2b shows the SEM images of 
the deposited structures on our desired 
samples. It can be seen in Fig 2a that the 
tubes are grown uniformly over the entire 
stainless steel substrate with a relatively 
high growth density. In both figure, 
carbonaceous particles (amorphous 
carbon) can be seen. These are seen to be 
having long noodle shape structure and 
appear like wounded nanotubes. Carbon 
nanotubes were densely grown all over the 
stainless steel substrates. They were not 
straight, but curly in shapes, tens of 
microns in length and 50 to 250 nm in 
diameter, roughly the same size of grains 
on substrate coated with Co catalyst in this 

paper. The diameter of carbon nanotubes, 
is correlated to the size of catalyst islands 
formed from the deposited nanoparticles. 
Transformation of catalyst layer to 
particles can be carried out before or 
during CVD method conditions. In the 
case of transforming of nanoparticles into 
islands on a substrate by the size of 
islands, and thus the diameter of carbon 
nanotubes, is depended on the size of the 
deposited nanoparticles or sputtering 
conditions for the nanoparticles coating in 
the case of DC-PECVD method. From 
SEM micrographs we can estimate a 
representative diameter of carbon 
nanotubes of Fig 2a, Fig 2b as around 
100nm and 150nm to 1 micrometer 
respectively. The diameter of carbon 
nanotubes with Ni catalyst is different. 
Thus we can observe that there is 
correlation between the diameter of carbon 
nanotubes and size of the grains on 
substrate surface. The carbon nanotubes 
synthesized in this study were curly and 
not well aligned. One of the reasons for 
this is that the substrate surface became 
rough after etching and the growth 
direction was not uniform in this desired 
experiment. The way in which nanotubes 
are formed on substrates is not exactly 
known yet. There are several theories on 
the exact growth mechanism for nanotubes 
that basically, two main mechanisms, 
namely the tip growth mechanism and base 
(or root) growth mechanism and here, we 
explained by the decomposition of 
hydrocarbon (Acetylene) molecules at the 
Ni and Co surfaces, with the carbon 
dissolved and saturated in the Ni and Co 
nanoparticles. In both mechanism, the 
catalysts islands formed act as nucleation 
seeds for the carbon growth, that the 
carbon diffuses along the concentration 
gradient and precipitates on the opposite 
half, around and below in different 
experiments. 
 



Morr

 

Fig. 2. 
deposited
and (b) N
 

 

Fig. 3. V
growth m
growth. 
 

The 
hydroca

rasa Amani M

SEM microg
d on stainless
Ni catalysts. 

Visualization o
mechanisms of

root growth
arbon pass

Malkeshi and K

 

graphs of car
s steel Substr

of possible ca
f (a) root gro

h mechanis
ses over 

Karim Zare /J. 

rbon nanotub
rates by (a) C

arbon nanotub
wth and (b) t

sm, when th
the cataly

Phys. Theor.
 

220

 

 
bes 
Co 

 
bes 
top 

he 
yst 

na
in
sa
th
th
m
an
in
th
be
th
pa
pu
it 
on
[1
gr
sy
C

ex
ch
st
di
[1
sp
th
sp
ob
(n
as
ca
ba
in
re
ba
sa
de
th
am
co
gr

cr
w
am
 

Chem. IAU I

anoparticles
nto the par
aturate it an
he bottom o
he substra

mechanism, 
nd dissolve
n the growt
he catalyst
ecause of th
he carbon m
articles form
ushes the ca
stays at th

n substrates
13-16]. In 
rowth m
ynthesized 

Co nanoparti
Raman 

xtensively 
haracterize 
tructures be
ifferent all
10-11]. Fig 
pectra of th
he stainless
pectra of 
bserved to h
noted as D-
s G- band 
atalyst two 
and) and ~
ntensity r
espectively.
and can be 
amples and 
esired studi
he SP3 hy
morphous 
orrespond t
raphite shee

These r
rystalline an

was produce
mount of di

Iran, 9 (4): 217

s, the carbo
rticles throu
nd then the
of the nanot
ates, and 
carbon mol

ed in the ca
h process. W
t nanopart
he further d
molecules 
ms sheets o
atalyst parti

he tip of th
s in desired 
both fig 2

mechanism 
carbon nan

icles of cata
spectrosc

and usefu
CVD Car

ecause to d
lotropes of 

4a and 4b
he carbon n
 steel subs
the carbo

have two p
- band) and 
) with Co 
peak at ~1

~1575 (not
atio ID/IG
 The intens
utilized to 
nanostructu

ies. The D p
ybrid and 

carbon w
to SP2hybri
ets [14]. 
results sh
nd quality o
ed by Co c
iameter. 

7-222, Winter

n molecule
ugh the ed
e catalyst re
tube synthe

in tip 
lecules deco
atalyst nano
When satur
ticles is 
diffusion of
below the 

of graphite 
icles upwar

he nanotube
d of research
2a and 2b, 

observe
notubes by 
alyst. 
copy is 
ul tool util
rbon nanot
distinguish 
f carbon st
b shows the
nanotubes gr
strates. The
on nanotub
peaks at ~13

~1535 cm-

catalyst and
1335cm-1( n
ted G ban

G 0.8 an
ity ratio of 
indicate th

ures crystal
peak corresp

defects s
whereas G
id in structu

how that 
of carbon na
catalyst wit

r 2013 

s diffuse 
dges and 
emain at 
sized on 

growth 
omposed 
particles 
ration of 
reached, 

f carbon, 
catalyst 
and this 

rd where 
es grown 
h studies 

the tip 
d for 
Ni and 

most 
lized to 
tubes of 
between 
tructures 
e Raman 
rown on 

e Raman 
bes are 
385 cm-1 
-1 (noted 
d for Ni 
noted D-
nd) with 
nd 0.9 
D and G 

he purity 
llinity in 
ponds to 
such as 
G peak 
ures and 

better 
anotubes 
th lesser 



Morr

 

Fig. 4. R
Co and (b
 
CONC
We ha
from ac
stainles
catalyst
synthesi
both cat
The syn
and Ni c
100 nm
respecti
about 3
were m
grown 
catalyst
nanotub
catalyst
was v
synthesi
nanotub
structur
catalyst
synthesi

rasa Amani M

aman spectra 
b) Ni catalysts

CLUSION
ad successf
cetylene an
s steel co
ts by TCVD
ized carbo
talyst (Ni a

nthesized ca
catalysts ha
m and 15
ively and 
0nm to sev

more unifor
on stainles

t. Mechanism
bes is tip 
tIt was foun
very impo
is. In co

bes with 
re and diam
t and the m
is this ca

Malkeshi and K

 

of carbon nan
s by TCVD m

NS 
fully grow
nd ammonia
oated with 
D method. M
on nanotub
and Co) is o
arbon nanot
ave the diam
50nm to 
the length 

veral microm
rm compar

ss steel coa
m of synthe

growth f
nd that typ
ortant for
onclusion, 

the best
meter obta

most suitable
arbon nano

Karim Zare /J.

notubes with 
method. 

wn nanotub
a directly o
Co and N

Mechanism 
bes with th
of tip growt
tubes with C
meter of abo
1micromete
of differe

meters, whi
red to tho
ated with C
esized carbo
for both 

pe of cataly
r successf

the carbo
t crystallin
ained by C
e catalyst f

ostructure o

. Phys. Theor.
 

221

 

 
(a) 

bes 
on 
Ni 
of 
he 
th. 
Co 
out 
er, 
ent 
ch 

ose 
Co 
on 
of 

yst 
ful 
on 
ne 
Co 
for 
on 

st
w
 
R
[1

[2

[3

[4

[5

[6

[7

[8

[9

 Chem. IAU I

tainless ste
work. 

REFEREN
] He, Z.B.,

Cojocaru, 
plasma-en
vapor de
Science an

] S. Kyung
Yeom; De
capillary-t
PECVD. 
(2006) 26

] M. Mao, a
plasma c
carbon na
coupled p
effect of 
Appl. Phy

] K. Saman
Synthesis 
vapor d
Optimizat
maximum

] E. Rakov;
carbon n
Reviews, 

] M. Meyy
D.Hash; 
PECVD: 
Technol. 1

] C. Zhang
CH.Yiwei
morpholog
nanotube 
chemical 
Sci. China

] M, Dikoni
E. Salemi
nanotubes
process pa
Diamond 
305-310.

] S. Kim, an
nanotubes
by diffus
vapour de
41 (2009) 

Iran, 9 (4): 21

el substrate

NCES 
 Maurice, J
C. S; Nicke

nhanced dire
eposition. A
nd Engineerin
g, Y. Lee, C
eposition of 
type atm

Thin Solid
8 – 273. 
and A. Boga
chemistry fo
anotubes/nano
lasma enhan
different ga

ys, 43 (2010) 
nt, S. Khara
of carbon n

ecomposition
tion of variou

m yield. physi
; The chemis
nanotubes: 
70 (2001) 82
yappan, L.D
Carbon na
a review. P

12 (2003) 20
gvi, S. Zh
i; Effect of a
gy and st
thick films
vapor depo

a, 92-96. 
imos, R.Gior
itano, F. Sart
s growth by H
arameters and
and Related 

nd M. Ganglo
s (CNTs) on
sion plasma
eposition (DP
1763-1766. 

7-222 Winter 

es in this 

J.L., Lee, C
el catalyst fa
ect current 
Arabian Jou
ng, 35(2010)
Ch. Kim, J. 
carbon nano

mospheric 
d Films, 50

aerts; Investig
or the synt
ofibres in in

nced CVD sy
as mixtures.
201-205. 
am, and S. 

nanotubes by
n (CVD) 
us parameter
ics, 68 (2007)
stry and appli

Russian C
27-863.  
Delzeit, A. 
anotube gro
Plasma Sou
5-216.  
huo, G. Pi
acetylene flow
tructure of 
s grown by
osition. Fron

rgi, N. Lisi, L
to, M. Alvisi
HFCVD: effe
d catalyst pre
Materials, 1

off; Growth o
n metallic un
a-enhanced 
PECVD). Ph
 

2013 

research 

. S., and 
aceting in 
chemical 

urnal for 
)19-28. 

Lee, G. 
otubes by 

pressure 
06– 507 

gating the 
thesis of 

nductively 
ystem: the 
Phys. D: 

Kapoor; 
y catalytic 

method: 
rs for the 
) 51-60.  
ication of 
Chemical 

Cassel, 
owth by 
urces Sci, 

ingsheng, 
w rate on 
f carbon 
y thermal 
nt Mater. 

L. Pilloni, 
i; Carbon 

fect of the 
eparation. 
13 (2004) 

of carbon 
nderlayers 

chemical 
hysica E, 



Morrasa Amani Malkeshi and Karim Zare /J. Phys. Theor. Chem. IAU Iran, 9 (4): 217-222, Winter 2013 
 

 222

[10] K. Zare, M. Ghoranneviss, M, 
Amani.Malkeshi, H. Aghaie; Effect of Ni 
and Co catalyst on the synthesis of Carbon 
nanotubes on silicon substrate. J. 
Fullerenes,Nanotubes and carbon 
Nanostructures. (2012). 

[11] K. Zare, M. Ghoranneviss, M. Amani 
Malkeshi, H. Aghaie; Synthesis of 
Diamond-like Carbon structures using Co 
and Ni catalyst by PECVD method. J. 
Fullerenes,Nanotubes and carbon 
Nanostructures. (2012). 

[12] T. Okazaki, and H. Shinohara; Synthesis 
and characterization of single-wall carbon 
nanotubes by hot-filament assisted chemical 
vapor deposition. Chemical Physics Letters, 
376 (2003) 606-611. 

[13] Ch. Lee, And Md. Roslan; Factors 
Affecting the Growth of Carbon Nanotubes.  
 

ICSE, (2006)146 -150. 
[14] M.H. Rummeli, C. Kramberger, F. 

Schafffel, E. Borowiak-Palen, T. Gemming, 
O. Rellinghaus, B., Jost, O., Loffler, M., 
Ayala, T. P. Pichler, and R. J. Kalenczuk; 
Catalyst size dependencies for carbon 
nanotube synthesis. J. phys. stat. sol, 244 
(2007) 3911-3915. 

[15] D. Park, Y. Kim, and J. K. Lee; 
Pretreatment of stainless steel substrate 
surface for the growth of carbon nanotubes 
by PECVD. Material Science, 38 (2003) 
4933- 4939. 

[16] Wu, W.T., Chen, K.H., and Hsu, Ch.M. 
Growth of carbon nanotubes on cobalt 
catalyst film using electron cyclotron 
resonance chemical vapour deposition 
without thermal heating, Nanotechnology. 
17 (2006) 454-2454. 

 


