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ABSTRACT 
     Carbon nanotubes with different shapes have been prepared using water assisted 
chemical vapor deposition technique (WA-CVD). Different thicknesses of nickel layers 
were sputtered on alumina substrate. These were treated under high temperature (700 °C) 
at hydrogen gas to grow nickel nanoparticles (Ni-NPs). Tube furnace (single type), argon 
and acetylene gases were used for Carbon Nanotubes (CNTs) growth. The FESEM, 
TEM, HRTEM, Raman spectroscopy, and XRD were used for characterization of the 
carbon product. The results show that Water Assisted CVD produces CNTs with no trace 
of amorphous carbon. Nickel catalyst thicknesses (0.5,1,3,3.45,6.8,100 nm) offer 
different shapes of carbon nanotubes (single walled carbon nanotube, plain MWCNT, 
helical carbon nanotube, carbon nanofiber).  
 
Keywords: Carbon nanotube, Water assisted CVD, Ni catalyst. 

  
 ترسیب البخار الكیمیائي  اشكال مختلفة من انابیب الكاربون النانویة بطریقة

 بمساعدة الماء
 

 الخالصة
. تم تحضیر انابیب الكاربون النانویة  باشكال مختلفة باستخدام طریقة ترسیب البخار الكیمیائي بمساعدة الماء     

وقد تمت معاملتھا . حیث تم ترسیب طبقات مختلفة السمك من النیكل بطریقة التذریة على اساس من االلومینا
ام فرن انبوبي احادي و غاز االستیلین وغاز حیث تم استخد.  (C° 700)بالھیدروجین وعند درجة حرارة عالیة 
وتم استخدام المجھر االلكتروني الماسح عالي الدقة والمجھر االلكتروني .  االركون لتنمیة انابیب الكاربون النانویة

بینت . المنحادة لتشخیص الكاربون الناتجالنافذ والمجھر االلكتروني النافذ عالي الدقة ومطیاف رامان واالشعة السینیة 
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النتائج بان استخدام الترسیب البخار الكیمیائي بمساعدة الماء ینتج انابیب كاربون بدون وجود اثر للكاربون غیر 
اعطت اشكال مختلفة من  انابیب (nm 0.5,1,3,3.45,6.8,100) وان اختالف سمك طبقة المادة  المساعدة  .المتبلور

الجدران ومتعددة الجدران المستویة والحلزونیة، والیاف الكاربون  الكاربون النانویة وھي انابیب الكاربون احادیة
 .النانویة

 
INTRODUCTION 

nterest in carbon nanotubes continues to grow after the CNTs discovery by Japanese 
scientist; Iijima; in 1991 [1]. This interest continues to grow due to the unique 
characteristics of CNTs with wide range of properties which make CNTs compatible 

for many applications in electronics, water filtration, gas sensing, composite, hydrogen 
storage, medical application like drug delivery etc. [2-5]. 
    Carbon nanotubes are large pure self-assemble crystalline carbon molecules with sp 2 
hybridization with long thin cylinder structure of one atom thick sheet of carbon 
(graphene). Each carbon atom in graphene sheet bonds covalently with three other carbon 
atoms forming honey-comb hexagon network. If carbon nanotube grows from one atom 
thick sheet, it will form single wall carbon nanotube SWCNT, but if it grows from many 
layers of graphene separated by Vander Waals forces, it will form multi wall carbon 
nanotube MWCNT. Carbon nanotube is one member of fullerenes family with elongated 
mid [6]. Carbon nanotubes have very high range of properties depending on diameter (for 
SWCNT 1-3 nm, and 4-more than 50 nm for MWCNT), length (hundred to thousand 
nm), aspect ratio L/D (up to several hundred thousand) [7]. There are many different 
shapes of CNTs [8]. There are three main approaches to growth CNTs: arc discharge, 
laser ablation and chemical vapor deposition (CVD) [9&10]. Water assisted CVD is 
modified approach of CVD using H2O vapor with few amount to enhance the quality of 
produced CNTs by increase the active life of catalyst [11,12]. 
 
Experimental Work 
Carbon Nanotubes Preparation 
    The current work was done in Engineering College laboratories, Micro/Nano Systems 
& Nanotechnology Center laboratories, and Electron Microscopy Core Facility 
EMC/University of Missouri (MU)-Columbia/USA. In this work carbon nanotubes were 
prepared by water assisted CVD using the temperature-time curve in Fig. 1.  Different 
thicknesses of nickel thin film were deposited (0.5, 1, 3, 3.45, 6.8, and 100 nm) by two 
different sputtering systems separately. Nickel thin films with thickness (0.5, 1 and 3) nm 
were deposited with DC magnetron sputtering system (AJA International sputtering 
systems) at different period of time (0.5, 1 and 3 min) respectively with deposition rate 
(1nm/min).The thin films with thickness (3.45, 6.8, and 100 nm) were deposited by DC 
magnetron sputtering technique (model EMS575X) at three different periods of time (20, 
40, and 500 sec.) respectively. Deposition conditions are: vacuum 9*10 -2 mbar, electric 
current 20 mA.  
    The pre–coated substrates with catalyst were put inside the single tube furnace in CVD 
system. One end of the furnace is used for gas inlet of argon (Ar), hydrogen (H 2), water 
vapor and carbon source (acetylene C2H2). The flow rate of these gases (Ar/H2/C2H2 
100/100/20 SCCM) was controlled by digital flow meter controller with high precision.                                               
Argon gas (Ar) was charged to the system from the beginning of the CVD process 

I



Eng. &Tech.Journal, Vol.33,Part(A),No.2, 2015
                                                                                                

 
 
reaching for (700 °C) and then cooling to room temperature.  Argon acts as an inert gas, 
soot or amorphous carbon barrier, and water vapor carrier.  
Argon gas was charged through the water bubbler which kept at (60°C). Hydrogen acts as 
a reduction gas of the oxides in the catalyst film. That makes the catalys
Characterization Techniques 
    FESEM (type Hitachi S-4700
HRTEM (type Tecnai G2F30 twin microscope S/TEM, FEI company, USA), X
Diffraction type (Rigaku-Model Ultima IV, 
inVia, UK) were used to characterize the prepared CNTs.
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Results and Discussion  
     One drop of sonicated (annealed catalyst or prepared CNTs and ethanol) was put on 
TEM grid, dried and then investigated by TEM device.
Fig. 2- Fig. 7 show TEM images of
catalyst at 700 °C under hydrogen at different thickness (0.5, 1, 3, 3.45, 6.8, and 100 
nm).It could be observed that the thin film is 
sputtering process, Ni thin film would not stay pure metal but it converts to thin film of 
Ni oxide. When thin film of oxide exposed to reduction gas (H
nanoparticles of pure Ni metal.  Throu
atoms in each crystal rearrange themselves and grow as 
thermal expansion coefficient between the substrate and the metallic film induces stresses 
that relax by breaking the film in small islands. Controlling the initial thickness of the 
film and the reduction time and temperature, it is possible to tune the size of the 
nanoparticles [13,14]. 
    It was also observed from these figures that the nanoparticles size depends on the th
film thickness that means the thicker thin film gives the bigger nanoparticles. The 
obtained nanoparticles average size are (3, 5, 21, 26, 67, and 510 nm) from thin film 
thicknesses (0.5, 1, 3, 3.45, 6.8, and 100 nm) respectively. The average size of 

Figure(1): Temperature
 

No.2, 2015             Different Shapes of Carbon Nanotubes viaWater 
                                                                               Assisted Chemical Vapor Deposition 

489 
 

00 °C) and then cooling to room temperature.  Argon acts as an inert gas, 
orphous carbon barrier, and water vapor carrier.   

Argon gas was charged through the water bubbler which kept at (60°C). Hydrogen acts as 
a reduction gas of the oxides in the catalyst film. That makes the catalys t more efficient. 

4700- FESEM, Japan), TEM (type JEOL 1400, Japan
HRTEM (type Tecnai G2F30 twin microscope S/TEM, FEI company, USA), X-Ray 

Model Ultima IV, Japan), Raman spectroscopy (type Renishaw
ere used to characterize the prepared CNTs. 

One drop of sonicated (annealed catalyst or prepared CNTs and ethanol) was put on 
then investigated by TEM device. 

TEM images of obtained Ni nanoparticles by annealing Ni thin film 
catalyst at 700 °C under hydrogen at different thickness (0.5, 1, 3, 3.45, 6.8, and 100 
nm).It could be observed that the thin film is converted to nanoparticles. In real, after 
sputtering process, Ni thin film would not stay pure metal but it converts to thin film of 
Ni oxide. When thin film of oxide exposed to reduction gas (H2), it would reduce to 
nanoparticles of pure Ni metal.  Through annealing at high temperatures the reduced 
atoms in each crystal rearrange themselves and grow as nanoparticles. The difference in 
thermal expansion coefficient between the substrate and the metallic film induces stresses 

in small islands. Controlling the initial thickness of the 
film and the reduction time and temperature, it is possible to tune the size of the 

It was also observed from these figures that the nanoparticles size depends on the th in 
film thickness that means the thicker thin film gives the bigger nanoparticles. The 
obtained nanoparticles average size are (3, 5, 21, 26, 67, and 510 nm) from thin film 
thicknesses (0.5, 1, 3, 3.45, 6.8, and 100 nm) respectively. The average size of 

Figure(1): Temperature-time curve of WA-CVD in this work 
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nanoparticles was calculated using Image J 
between the thin film thickness and particle size of nanoparticles of nickel.
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noparticles was calculated using Image J program. Fig. 8 shows the relationship 
between the thin film thickness and particle size of nanoparticles of nickel.  
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shows the relationship 
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Fig. 9 and Fig. 10, show the FESEM and TEM and HRTEM images of Single
Carbon Nanotubes SWCNTs that were grown using (0.5 and 1 nm) Ni thin film 
thicknesses respectively. It could be noticed that the obtained average diameter of carbon 
nanotubes depends on the catalyst thickness from which they grown.
Fig. 11 - Fig. 13 show the FESEM, TEM and HRTEM images of CNTs that grown from 
Ni catalyst thicknesses (3, 3.45, and 6.
Nanotubes MWCNTs are shown distinctively in these figures
broadening of CNTs average diameter with size (20
difference in thermal expansion coefficient between
induces stresses that relax by breaking the film in small islands. Controlling the initial 
thickness of the film, reduction time and temperature, it is possible to tune the size of the 
nanoparticles [15,16,17].  
    It could be observed from the Fig. 11 
Walled Carbon Nanotubes PMWCNT and Helical Multi
HMWCNTs or HCNTs. It was observed that PMWCNTs were grown from Ni thin film 
(3, and 3.45 nm), whereas HMWCNTs were grown from Ni thin film (6.8 nm).
The HCNTs structure occurs due to the defects on CNTs surface. These defects are 
pentagon and heptagon carbon network defects instead of hexagon in graphite sheet due 
to the saturation at high temperature. Helic
nanotubes. However, it contains defects that give rise to the twisting [18].  These defects 
are known as a Stone–Wales defect or Stone
crystallographic defects that occur on
rearrangement of the six
into pentagons and heptagons[19,20,21].  
 
 

Figure(8): Relationship between the
nanoparticles and the thin film thickness of Ni catalyst
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Fig. 9 and Fig. 10, show the FESEM and TEM and HRTEM images of Single-Walled 
that were grown using (0.5 and 1 nm) Ni thin film 

could be noticed that the obtained average diameter of carbon 
nanotubes depends on the catalyst thickness from which they grown.  

Fig. 13 show the FESEM, TEM and HRTEM images of CNTs that grown from 
Ni catalyst thicknesses (3, 3.45, and 6.8 nm) respectively. Multi-Walled Carbon 
Nanotubes MWCNTs are shown distinctively in these figures. It could be observed the 
broadening of CNTs average diameter with size (20-88) nm. This occurs due to the 
difference in thermal expansion coefficient between the substrate and the metallic film 
induces stresses that relax by breaking the film in small islands. Controlling the initial 
thickness of the film, reduction time and temperature, it is possible to tune the size of the 

could be observed from the Fig. 11 - Fig. 13, two types of MWCNTs: Plain Multi
Walled Carbon Nanotubes PMWCNT and Helical Multi-Walled Carbon Nanotubes 
HMWCNTs or HCNTs. It was observed that PMWCNTs were grown from Ni thin film 

WCNTs were grown from Ni thin film (6.8 nm). 
The HCNTs structure occurs due to the defects on CNTs surface. These defects are 
pentagon and heptagon carbon network defects instead of hexagon in graphite sheet due 
to the saturation at high temperature. Helical MWCNT derived from that of straight 
nanotubes. However, it contains defects that give rise to the twisting [18].  These defects 

Wales defect or Stone–Thrower–Wales defects. They are 
that occur on carbon nanotubes and graphene due to the 

of the six-membered rings of graphene 
[19,20,21].   

Figure(8): Relationship between the particle sizes of 
nanoparticles and the thin film thickness of Ni catalyst 
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that were grown using (0.5 and 1 nm) Ni thin film 

could be noticed that the obtained average diameter of carbon 

Fig. 13 show the FESEM, TEM and HRTEM images of CNTs that grown from 
Walled Carbon 

It could be observed the 
the 

the substrate and the metallic film 
induces stresses that relax by breaking the film in small islands. Controlling the initial 
thickness of the film, reduction time and temperature, it is possible to tune the size of the 

Fig. 13, two types of MWCNTs: Plain Multi-
Walled Carbon Nanotubes 

HMWCNTs or HCNTs. It was observed that PMWCNTs were grown from Ni thin film 

The HCNTs structure occurs due to the defects on CNTs surface. These defects are 
pentagon and heptagon carbon network defects instead of hexagon in graphite sheet due 

al MWCNT derived from that of straight 
nanotubes. However, it contains defects that give rise to the twisting [18].  These defects 

Wales defects. They are 
the 

membered rings of graphene 
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Fig. 14 shows the FESEM and HRTEM images of Carbon Nanof
grown from annealed 100 nm Ni thin 
Ni-NPs (more than 540 nm). The 
diameter size (2-3 µm). 
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nd HRTEM images of Carbon Nanofiber (CNF) which were 
grown from annealed 100 nm Ni thin films. This fiber was grown due to the large size of 

 obtained fiber is not hollow like CNT and with average 
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     The XRD pattern of the CNTs samples 
and Fig. 11 (MWCNT); are shown in 
sample) displays strong broadened characteristics peak at (26.349°) and corresponding to 
the (0 0 2) diffracting plane with d
due to the reflection of the plane (100), with d
MWCNTs sample) displays a sharp ch
(0 0 2) diffracting plane with d-spacing 
the parallel hexagon network planes in graphene sheet, and d
are the distances between adjacent two graphene layers which parallel with CNTs axis 
and have the strongest peaks. The
76.361°) are due to the reflection of other planes (100), (101),  (004) and (101) with d
spacing (2.1075°A, 1.7661°A, 1.2462°A, and 1.2462°A) respectively according to the 
JCPDS-ICDD cards [22,23].  
    The Raman shift spectra of the samples
and Fig. 11 (MWCNT); are shown in Fig. 1
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RD pattern of the CNTs samples were shown previously in Fig. 9 (SWCNT) 
and Fig. 11 (MWCNT); are shown in Figs. 15 and 16 respectively. Fig. 15(for SWCNTs 
sample) displays strong broadened characteristics peak at (26.349°) and corresponding to 
the (0 0 2) diffracting plane with d-spacing (3.3797 °A). The other peak at (42.8877°) is 
due to the reflection of the plane (100), with d-spacing (2.1075°A). Fig. 16 (for 
MWCNTs sample) displays a sharp characteristics peak at (25.864°) corresponding to the 

spacing (3.442 °A).  This reflecting plane (002) represent
the parallel hexagon network planes in graphene sheet, and d-spacing value (3.442 °A) 
are the distances between adjacent two graphene layers which parallel with CNTs axis 
and have the strongest peaks. The other peaks at (42.8877°, 44.305°, 51.718°  and 
76.361°) are due to the reflection of other planes (100), (101),  (004) and (101) with d
spacing (2.1075°A, 1.7661°A, 1.2462°A, and 1.2462°A) respectively according to the 

an shift spectra of the samples were shown previously in Fig. 9 (SWCNT) 
and Fig. 11 (MWCNT); are shown in Fig. 17. The both spectra (a and b) show Defect 
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mode (D), Graphite mode G, and 
respectively, but the Radial Breathing Mode (RBM) appears at 300 cm
which characterizes the SWCNT than MWCNT [2
(ID/IG) ratios of CNTs are (0.413 and 0.625) for SWCNT and MWCNT respectively. 
MWCNT (a-spectrum) shows the lowest ratio, consequently higher quantity of structural 
defects due to its multiple graphite layers, w
difference between D and G band.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure(15): 
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mode (D), Graphite mode G, and G ′  modes at 1360 cm-1, 1580 cm-1, and 2750 cm
respectively, but the Radial Breathing Mode (RBM) appears at 300 cm -1 for  (b-spectrum) 

the SWCNT than MWCNT [24]. It could be observed distinctly that 
(0.413 and 0.625) for SWCNT and MWCNT respectively. 

spectrum) shows the lowest ratio, consequently higher quantity of structural 
o its multiple graphite layers, whereas SWCNT (b-spectrum) shows a higher 

difference between D and G band.   

Figure(15): XRD pattern of SWCNTs 
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Figure(16): XRD pattern of 
 

Figure(1
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): XRD pattern of MWCNTs 

Figure(17): Raman shift spectra of CNTs 
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CONCLUSION 
    Water assisted CVD is more efficient process to grow CNTs and prevents amorphous 
carbon growth when added in a suitable vapor/gases ratio (Ar/H2/C2H2 100/100/20 
SCCM). Average diameters of the prepared CNTs are decreased with the decreasing of 
the Ni catalyst layer thickness (100, 6.8, 3.45, 3, 1, 0.5 nm). The film thickness (0.5-1 
nm) encourages the SWCNTs growth rather than MWCNTs. Also the film thickness (3-
3.45 nm) encourages the plain MWCNT growth rather than helical MWCNTs, whereas 
helical structure multi-walled carbon nanotubes HMWCNT could be obtained from Ni 
film thickness (6.8 nm). Finally, the thick Ni catalyst layer (around 100 nm) encourages 
the Carbon Nanofiber (CNFs) growth rather than CNTs. 
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