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INTRODUCTION

ABSTRACT: Carbon nanotubes have different properties such as high strength and high Young's 
modulus, thermal and electrical conductivity, chemical reactivity and other unique physical, mechanical 
and chemical properties. With attention to these properties; they could have various applications in 
industrial, medicine and agriculture. Carbon nanotubes synthesis by variety methods and each of 
the mechanisms have precise features that can have specified properties of carbon nanotubes. Arc 
discharge, laser ablation and chemical vapor deposition are most common methods and Mechano-
thermal, electrolysis and flame are others ways for synthesis carbon nanotubes. In this paper, synthesis 
of carbon nanotubes with common methods and other different methods were compared and discussed. 
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Carbon nanotubes are fourth allotrope of carbon that 
observed by Iijima in 1991 (Khosravian and Rafii-
Tabar, 2007, Iijima, 1991); however first discover of 
cnt attributed to Radushkevich et al., (Radushkevich 
and Lukyanovich, 1952). Their formation by torsion 
hexagonal graphene sheets with sp2 bonds and create 
tubal structure with specified diameter (Sgobba and 
Guldi, 2009). By structural formation, Carbon nano-
tubes categorization to zigzag, armchair or chiral; also 
end of them like hemisphere fullerene can be open or 
closed (Khosravian and Rafii-Tabar, 2007, Smalley, et 
al., 2003, Guldi and Martín, 2010, Varshney, 2014). 
High surface ratio, very small diameter, symmetric 

structure, charge absorbing and transfer, conductive 
and semi conductive type, strong π and σ bonds and 
1 TP young modulus are important reasons of unique 
physical and chemical properties (Meyyappan, 2004). 
Due to the specific properties of CNT (Carbon Nano-
tube); could be predicting different application of 
carbon nanotubes; such as; separation, biological and 
chemical purification for air and water filtration, col-
lar cells (Kumar, et al., 2016), agriculture (Mukherjee, 
et al., 2016), pharmaceutical and medicine application 
(Ji, et al., 2010, He, et al., 2013), textile industrials, 
saving energies and gasses, coatings, sensors, transis-
tors, computer memories and field emission displays 
(Meyyappan, 2004, Guldi and Martín, 2010). By pay-
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ing attention to the band gap of CNT; these nanostruc-
tures are ideal for optical devices with 300-3000nm 
wave length. Other application of carbon nanotubes 
are biosensors (Varshney, 2014), to build artificial 
arm (Aliev, et al., 2009) and as reinforcement phase 
in composite materials (Mansoor and Shahid, 2016).

SYNTHESIS METHODS OF CARBON 
NANOTUBES

First synthesis of CNT was done accidentally by arc 
discharge (Iijima, 1991) and now synthesis methods 
of carbon nanotubes are different and various. Gen-
erally, produce type can specified properties of CNT 
(Guldi and Martín, 2010); precursor (which can be 
solid, liquid, or gas), heat source, time, temperature, 
atmosphere of reactions and commonly; mechanism, 
determinate traits of CNT. Most common methods for 
synthesis of carbon nanotube are arc discharge, laser 
ablation and chemical vapour deposition (Guldi and 
Martín, 2010, Zheng, et al., 2002, Ando, et al., 2004, 
Toubestani, et al., 2010).

Some of other methods for synthesis of carbon 
nanotubes include: dipping graphite in cold water 
(Kang, et al., 2003), mechano-thermal (Chen, et al., 
2004), synthesis with decomposition Sic (Kusunoki, 
et al., 1999), torsion of graphene layers (Viculis, et al., 

2003), with solar energy (Luxembourg, et al., 2005), 
synthesis with heat treatment of polymer (Cho, et al., 
1996), pyrolysis (Mahanandia, et al., 2008), with liq-
uid phase and electrolysis (Novoselova, et al., 2008, 
Zhang, et al., 2002). Fig. 1 shows most common 
methods for synthesis of carbon nanotube.

Electrolysis
This method based on liquid phase which was inven-
tion in 1995. With electrowinning of alkali or alkaline-
earth metals from their chloride salts CNT deposited 
on substrate (Szabó, et al., 2010). By applying DC 
voltage between two electrodes in chamber of molten 
alkali-alkaline earth metals, could be produced multi 
walled carbon nanotubes (Szabó, et al., 2010). Rela-
tion (1) shows formation lithium carbide (Terrones, 
2003).

(1)

By forming lithium carbide (Li2C2), synthesize of 
CNT can be started in liquid phase. Generally; diam-
eter of CNT in this method was 2-10 nm and length 
of them is 0.5 micrometer or more was reported and 
amorphous carbon, carbon nanofibers, nanographites 
and encapsulate CNT are byproducts of this method 
(Chen, et al., 1998). Obtained CNT usually are multi 
walled, but also in some researches, produced single 
walled CNT (Ren, et al., 2012). Different salts, ap-
plied for producing CNT such as NaCl, LiCl, KCl, and 
LiBr (Guo, et al., 1995a). Current density, electroly-
sis regimes, time, molten salt and temperature are the 
controller parameters of reaction (Rafique and Iqbal, 
2011, Chen, et al., 1998, Guo, et al., 1995b).  By opti-
mizing condition of process, the reaction yields up to 
20-40% increase for producing multi walled carbon 
nanotubes (Terrones, 2003). Electrolysis can be done 
in low temperature, they don't need to advanced equip-
ment, possibility to controlling process of synthesize, 
have high quality, having low energy consumption 
and also they are not suitable for mass production (Sz-
abó, et al., 2010, Rafique and Iqbal, 2011).

CVD
CVD method known as simple way with gas precursor 
that containing carbon such as CO2 or C2H2, C2H4 and 
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other hydrocarbons (Guldi and Martín, 2010, Söylev, 
2011, Kumar and Ando, 2010) and temperature of 
CVD changing amount 350-1000°C (Meyyappan, 
2004, Guldi and Martín, 2010). Different parameters 
influence on CNT growth; such as: time and tempera-
ture of reaction, diameter of catalyst, rate and type of 
reactant gas (Öncel and Yürüm, 2006). Classification 
methods of CVD, based on energy source and cat-
egorization in various types; for example when heat 
source is thermal resistance, flame or infrared lamps, 
this CVD called thermal CVD (Meyyappan, 2004) 
and also mechanism and catalyst of process effective 
in nominated of CVD. Common methods for synthe-
sis CNT are: plasma enhanced PE-CVD (Plasma En-
hanced Chemical Vapor Deposition) (Boskovic, et al., 
2002, Meyyappan, et al., 2003, Hu, et al., 2009, Hof-
mann, et al., 2003), aerosol CVD AA-CVD (Aerosol-
Assisted Chemical Vapor Deposition) (Queipo, et al., 
2006, Byeon, et al., 2010, Abdullayeva, et al., 2015), 
with aerogel (Zheng, et al., 2002), with alcohol cata-
lyst assisted AC-CVD (Alcohol Catalytic Chemical 
Vapor Deposition) (Murakami, et al., 2003, Ayala, et 
al., 2008), with laser LCVD (Laser Chemical Vapor 
Deposition) (Guldi and Martín, 2010, van de Burgt, 
2014, Bäuerle, 1996), water assisted WA-CVD (Wa-
ter Assisted Chemical Vapor Deposition) (Patole, et 
al., 2008, Dupuis, 2005), hot filament HF-CVD (Hot 
Filament Chemical Vapor Deposition) (Sahoo, et al., 
2014, Chaisitsak, et al., 2004, Jung, et al., 2004), oxy-
gen assisted (Zhang, et al., 2005, Chen, et al., 2015), 
with plasma radio frequency RF-PE-CVD (Radio 
Frequency Plasma Enhanced Chemical Vapor Depo-
sition) (Yabe, et al., 2004, Wen, et al., 2007), with 
plasma microwave MPE-CVD (Microwave Plasma 
Enhanced Chemical Vapor Deposition) (Chen, et al., 
2005, Choi, et al., 2000) and catalytic CVD or CCVD 
(Catalytic Chemical Vapor Deposition) (Cantoro, et 
al., 2006, Biris, et al., 2006, Awadallah, et al., 2012). 
Fig. 2 shows variety of methods CVD for synthesis 
carbon nanotubes. Using plasma leading to increase 
velocity of reactions and Main properties of plasma 
enhanced is lower temperature than other methods, 
whilst minimum temperature of normal CVD 500˚C 
reported (Meyyappan, 2004), synthesis temperature 
of carbon nanotubes and carbon nanofibers by plasma 
assisted even 120°C reported (Boskovic, et al., 2002, 

Hofmann, et al., 2003) and also this type with compar-
ison other low temperature methods, have better verti-
cally growth (Meyyappan, 2004). In CVD with aero-
sol, aerosol using as catalyst which catalyst particles 
distribution on substrate and help to synthesize CNT 
on substrate (Queipo, et al., 2006) Many researchers 
reported this method synthesizing high quality single 
and multiwall carbon nanotubes (Queipo, et al., 2006, 
Byeon, et al., 2010, Abdullayeva, et al., 2015). In 
aerogel type, sediments deposit on aerogel. Efficiency 
of Aerogel CVD is high (200% weight percentage for 
single-wall). The key point for high efficiency is high 
surface area of aerogel and so increase performance of 
alumina catalyst (Su, et al., 2000). In alcohol CVD, al-
cohols use as carbon source (Maruyama, et al., 2004, 
Murakami, et al., 2003) which Fe and Co catalyst put 
on zeolite and evaporated alcohol (often methanol and 
ethanol), splashing over catalyst particles. Tempera-
ture of process is rather low (about 550°C) that lower 
than other common CVD methods. Diameter of car-
bon nanotubes about 1 nm and efficiency of process 
is 40% (Maruyama, et al., 2004, Murakami, et al., 
2003, Maruyama, et al., 2002). Due to the high purity, 
low production costs and high efficiency, this meth-
od can be used for mass production of carbon nano-
tubes. In L-CVD; focusing a laser beam on a small 
portion of the substrate, prevents damage of substrate. 
We have more control over synthesis parameters and 
on the other hand does not need to warm up all the 
substrate (van de Burgt, 2014, Rahmanian and Zan-
di, 2012). In water assisted CVD, the amount of wa-
ter entering the process can be controlled and with 
precise control of amount of water can be achieved 
over 7 mm length of CNT (Futaba, et al., 2005, Fu-
taba, et al., 2006, Chakrabarti, et al., 2006). In oxy-
gen assisted-CVD, with a certain proportion adding 
oxygen to other gasses, single walled CNT with high 
efficiency could be synthesised. In fact; by adding 
oxygen to hydrogen, can have more control over the 
process and stop destruction sp2 bonds that led to the 
steady alignment growth of single-walled nanotubes 
(Zhang, et al., 2005). Added oxygen also leads to the 
loss of amorphous carbon and other carbon impurities 
and remove the destructive precursor role during the 
growth (Chen, et al., 2015, Wen, et al., 2007) and on 
the other hand, increasing the purity and efficiency; 
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however, this method for some catalysts like separate 
iron nanoparticles due to carbothermal reaction, is not 
suitable (Byon, et al., 2007).

Mechano Thermal 
Mechano thermal containing two main steps; first 
producing amorphous carbon and subsequently, an-
nealing them in vacuum furnace (Byon, et al., 2007, 
Manafi, et al., 2011, Chen, et al., 2003). Carbon amor-
phisation have done by high energy ball milling. Mill-
ing time for synthesis amorphous carbon up to 180 h 
that change for different condition: difference in type 
of atmosphere (Argon or air), cup speed (300 rpm or 
more), ball to powder ratio, numbers of balls and pu-
rity of powders. With increasing milling time, crys-
tallite size decreasing and finally forming amorphous 
structure (Chen, et al., 2003). With attention to long 
time of milling, very small amount of metal powders 
due to Friction between the cup and balls, enter the 
graphite powder and possibility help to nucleation and 
growth of CNT in thermal step. Produced amorphous 
carbon was put in vacuum furnace. Temperature of 
furnace 1400°C for a few hours connects atoms of 
amorphous carbons together and forming carbon 
nanotubes. Structure of produced carbon nanotubes is 
usually springy multi walled nanotubes. Properties of 
Mechano thermal includes: simple process, suitable 
for mass production, low cost, and don’t need to spe-
cial equipment, but the time of process is too long and 
mechanism of process is not continuous and includes 

two steps (Manafi, et al., 2011, Chen, et al., 2003, Bai, 
et al., 2002)

Laser Ablation
In Laser ablation/vaporization, by strike pulsed laser 
or continuous wave laser on graphite target; nucleation 
and growth of carbon nanotubes to be started (Rafique 
and Iqbal, 2011, Terrones, 2003). First formation a hot 
evaporation and subsequently quickly cooled. Dur-
ing cooling of the samples, small molecules and car-
bon atoms quickly condense and form larger clusters 
and synthesized carbon nanotubes by van der Waals 
forces stay together. For producing multi wall carbon 
nanotubes use pure graphite rods and for single wall 
use composite block of graphite (Vander Wal, et al., 
2002, Vander Wal, et al., 2004). For producing single 
walled, Graphite composited with metal catalyst, such 
as Fe, Ni and Co and He-H2 and Ar use as ambient gas.

In pulsed laser, needs more intensity laser's light 
than continuous laser. Nd:YAG and CO2 are most 
common lasers used for laser ablation (Rafique and 
Iqbal, 2011). Diameters of CNT which produced by 
this method 4-30 nm and length of them is about 1 mi-
crometer. Byproducts and impurities are amorphous 
carbon, catalyst particles, fullerene etc. Catalyzers also 
help to growth of carbon nanotubes. Most of catalyst 
were used in laser ablation are: Co, Cu, Nb, Ni, Pt, Co/
Ni, Co/Pt, Co/Cu, Ni/Pt. quality of production related 
to target composition (Maser, et al., 2001), power of 
laser beam and laser properties (Rafique and Iqbal, 
2011, Braidy, et al., 2002a), catalyst type (Braidy, 
et al., 2002, Nishide, et al., 2003), type of ambient 
gas (Nishide, et al., 2003), temperature of reactions 
(Bandow, et al., 1998) and distance between substrate 
and target (Rafique and Iqbal, 2011). Produced carbon 
nanotubes by this method have high purity, high yield 
and most produced single wall CNT; but not suitable 
for mass production and also need expensive and es-
pecial equipment (Söylev, 2011). 

Flame Synthesis
In this method, CNT synthesizing by direct combus-
tion of carbon source in presence of an oxidizing gas 
(Terrones, 2003). Generally; flame synthesis contain 
of three steps: First; producing carbon source by hy-
drolysis of hydrocarbon. Second; diffusion of carbon's 
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atoms to metallic catalyst and third; nucleation car-
bon nanotubes on surface of catalyst and it's gradual 
growth. Oxidation gas can be oxygen or nitrogen and 
carbon feedstock are acetylene, methane, ethanol and 
ethylene. Type of flame created, have essential role on 
quality of produced carbon nanotubes and determinate 
amount of amorphous carbon in final producing. For 
optimizing condition, must be controlled tempera-
ture, composition of fuel gas and catalyst of reactions 
(Height, et al., 2004, Height, et al., 2003). This way 
is economic, suitable for mass production and most 
synthesizing single walled CNT, but rate of growth is 
relatively low (Lee, et al., 2002, Wu, et al., 2016).

Arc Discharge
Arc discharge known as one of oldest method for pro-
ducing carbon nanotubes (Iijima, 1991). Two high-
purity graphite rods used as anode and cathode and 
by applied direct current (in some cases pulsed cur-
rent), a stable arc is created. Due to the power of cre-
ated arc, carbon separated from anode and condensed 
on cathode to forming of soot (Terrones, 2003). Arc 
discharge done in various environment such as: liq-
uid environment (liquid nitrogen, toluene, not ionized 
water), gas environment (Ar, Ar-H, He) or in plasma 
rotating arc discharge. Plasma rotating arc discharge 
is an economic method for large-scale synthesis of 
carbon nanotubes (Smeulders, et al., 2005). Cen-
trifugal force which created by rotation, accelerating 
the evaporation of anode and also cause uniform and 
stable dispersion of arc and so increases volume and 
temperature of discharge plasma. Most carbon nano-
tubes that synthesised by arc method are multi walled 
but by penetration graphite rods and filling them with 
graphite's powder and metal catalyst; can be achieve 
to single wall carbon nanotubes. Pressure of Steam 
chamber and flow rate; are two key parameters for 
controlling the process. In arc discharge; speed of pro-
cess is high and synthesis condition is controllable, 
but both of quality of productions and efficiency of 
process is low (Söylev, 2011).	

CONCLUSIONS

Among of the main methods for synthesising carbon 

nanotubes, chemical vapour deposition due to simplic-
ity, controllable mechanism, high ability for synthesiz-
ing aligned CNT, variety modified types for producing 
different kind of CNT, high efficiency close to 100% 
and suitable for mass producing; is the most attractive 
way for synthesis of carbon nanotubes. Flame syn-
thesis have high potential for producing economical 
large scale of CNT that have a simple mechanism; but 
increasing impurities is a big problem in this mecha-
nism. Laser ablation and Arc discharge are common 
method for synthesis CNT that both of them are not 
suitable for mass production, besides that; quality of 
yields in arc discharge is low. The problem of mass 
production also exists for electrolysis, and this method 
used in laboratory scale. In mechano thermal despite 
simplicity and large scale of production, not continu-
ous (consist of two steps) and process is very slow. 

REFERENCES

Abdullayeva, S., Musayeva, N., Frigeri, C., Husey-
nov, A., Jabbarov, R., Abdullayev, R., Sultanov, C. 
A. & Hasanov, R. 2015. Characterization Of High 
Quality Carbon Nanotubes Synthesized Via Aero-
sol-Cvd. Journal: Journal Of Advances In Physics, 
11.

Aliev, A. E., Oh, J., Kozlov, M. E., Kuznetsov, A. A., 
Fang, S., Fonseca, A. F., Ovalle, R., Lima, M. D., 
Haque, M. H. & Gartstein, Y. N. 2009. Giant-
Stroke, Superelastic Carbon Nanotube Aerogel 
Muscles. Science, 323, 1575-1578.

Ando, Y., Zhao, X., Sugai, T. & Kumar, M. 2004. 
Growing Carbon Nanotubes. Materials Today, 7, 
22-29.

Awadallah, A. E., Abdel-Hamid, S. M., El-Desouki, 
D. S., Aboul-Enein, A. A. & Aboul-Gheit, A. K. 
2012. Synthesis Of Carbon Nanotubes By Ccvd 
Of Natural Gas Using Hydrotreating Catalysts. 
Egyptian Journal Of Petroleum, 21, 101-107.

Ayala, P., Gruneis, A., Grimm, D., Kramberger, C., 
Engelhard, R., Rummeli, M., Schumann, J., Kal-
tofen, R., Buchner, B. & Schaman, C. 2008. Cy-
clohexane Triggers Staged Growth Of Pure And 
Vertically Aligned Single Wall Carbon Nanotubes. 
Chemical Physics Letters, 454, 332-336.



54

Bai, J., Hamon, A.-L., Marraud, A., Jouffrey, B. & 
Zymla, V. 2002. Synthesis Of Swnts And Mwnts 
By A Molten Salt (Nacl) Method. Chemical Phys-
ics Letters, 365, 184-188.

Bandow, S., Asaka, S., Saito, Y., Rao, A., Grigorian, 
L., Richter, E. & Eklund, P. 1998. Effect Of The 
Growth Temperature On The Diameter Distribu-
tion And Chirality Of Single-Wall Carbon Nano-
tubes. Physical Review Letters, 80, 3779.

Bäuerle, D. 1996. Laser-Chemical Processing: Recent 
Developments. Applied Surface Science, 106, 
1-10.

Biris, A., Biris, A., Lupu, D., Trigwell, S., Dervishi, 
E., Rahman, Z. & Marginean, P. 2006. Catalyst 
Excitation By Radio Frequency For Improved 
Carbon Nanotubes Synthesis. Chemical Physics 
Letters, 429, 204-208.

Boskovic, B. O., Stolojan, V., Khan, R. U., Haq, S. 
& Silva, S. R. P. 2002. Large-Area Synthesis Of 
Carbon Nanofibres At Room Temperature. Nature 
Materials, 1, 165.

Braidy, N., El Khakani, M. & Botton, G. 2002a. Ef-
fect Of Laser Intensity On Yield And Physical 
Characteristics Of Single Wall Carbon Nanotubes 
Produced By The Nd: Yag Laser Vaporization 
Method. Carbon, 40, 2835-2842.

Braidy, N., El Khakani, M. & Botton, G. 2002b. Sin-
gle-Wall Carbon Nanotubes Synthesis By Means 
Of Uv Laser Vaporization. Chemical Physics Let-
ters, 354, 88-92.

Byeon, H., Kim, S. Y., Koh, K. H. & Lee, S. 2010. 
Growth Of Ultra Long Multiwall Carbon Nano-
tube Arrays By Aerosol-Assisted Chemical Vapor 
Deposition. Journal Of Nanoscience And Nano-
technology, 10, 6116-6119.

Byon, H.-R., Lim, H.-S., Song, H.-J. & Choi, H.-C. 
2007. A Synthesis Of High Purity Single-Walled 
Carbon Nanotubes From Small Diameters Of Co-
balt Nanoparticles By Using Oxygen-Assisted 
Chemical Vapor Deposition Process. Bulletin Of 
The Korean Chemical Society, 28, 2056-2060.

Cantoro, M., Hofmann, S., Pisana, S., Scardaci, V., 
Parvez, A., Ducati, C., Ferrari, A. C., Blackburn, 
A. M., Wang, K.-Y. & Robertson, J. 2006. Cata-
lytic Chemical Vapor Deposition Of Single-Wall 
Carbon Nanotubes At Low Temperatures. Nano 

Letters, 6, 1107-1112.
Chaisitsak, S., Yamada, A. & Konagai, M. 2004. Hot 

Filament Enhanced Cvd Synthesis Of Carbon 
Nanotubes By Using A Carbon Filament. Dia-
mond And Related Materials, 13, 438-444.

Chakrabarti, S., Nagasaka, T., Yoshikawa, Y., Pan, L. 
& Nakayama, Y. 2006. Growth Of Super Long 
Aligned Brush-Like Carbon Nanotubes. Japanese 
Journal Of Applied Physics, 45, L720.

Chen, G. Z., Kinloch, I., Shaffer, M. S., Fray, D. J. 
& Windle, A. H. 1998. Electrochemical Investiga-
tion Of The Formation Of Carbon Nanotubes In 
Molten Salts. High Temperature Material Process-
es, 2, 459-470.

Chen, S., Chang, L., Peng, C., Miao, H. & Lue, J.-T. 
2005. Growth Of Carbon Nanotubes At Low Pow-
ers By Impedance-Matched Microwave Plasma 
Enhanced Chemical Vapor Deposition Method. 
Journal Of Nanoscience And Nanotechnology, 5, 
1887-1892.

Chen, W., Zhao, J., Zhang, J., Gu, L., Yang, Z., Li, X., 
Yu, H., Zhu, X., Yang, R. & Shi, D. 2015. Oxygen-
Assisted Chemical Vapor Deposition Growth Of 
Large Single-Crystal And High-Quality Monolay-
er Mos2. J. Am. Chem. Soc, 137, 15632-15635.

Chen, Y., Conway, M. & Fitzgerald, J. 2003. Carbon 
Nanotubes Formed In Graphite After Mechanical 
Grinding And Thermal Annealing. Applied Phys-
ics A: Materials Science & Processing, 76, 633-
636.

Chen, Y., Conway, M., Gerald, J. F., Williams, J. & 
Chadderton, L. 2004. The Nucleation And Growth 
Of Carbon Nanotubes In A Mechano-Thermal 
Process. Carbon, 42, 1543-1548.

Cho, W. S., Hamada, E., Kondo, Y. & Takayanagi, K. 
1996. Synthesis Of Carbon Nanotubes From Bulk 
Polymer. Applied Physics Letters, 69, 278-279.

Choi, Y. C., Bae, D. J., Lee, Y. H., Lee, B. S., Park, 
G.-S., Choi, W. B., Lee, N. S. & Kim, J. M. 2000. 
Growth Of Carbon Nanotubes By Microwave 
Plasma-Enhanced Chemical Vapor Deposition At 
Low Temperature. Journal Of Vacuum Science & 
Technology A: Vacuum, Surfaces, And Films, 18, 
1864-1868.

Dupuis, A.-C. 2005. The Catalyst In The Ccvd Of Car-
bon Nanotubes—A Review. Progress In Materials 

Seyed O. Mirabootalebi & Gh. H. Akbari



55

Int. J. Bio-Inorg. Hybr. Nanomater., 6(2): 49-57, Summer 2017

Science, 50, 929-961.
Futaba, D. N., Hata, K., Namai, T., Yamada, T., Mizu-

no, K., Hayamizu, Y., Yumura, M. & Iijima, S. 
2006. 84% Catalyst Activity Of Water-Assisted 
Growth Of Single Walled Carbon Nanotube For-
est Characterization By A Statistical And Macro-
scopic Approach. The Journal Of Physical Chem-
istry B, 110, 8035-8038.

Futaba, D. N., Hata, K., Yamada, T., Mizuno, K., Yu-
mura, M. & Iijima, S. 2005. Kinetics Of Water-
Assisted Single-Walled Carbon Nanotube Syn-
thesis Revealed By A Time-Evolution Analysis. 
Physical Review Letters, 95, 056104.

Guldi, D. M. & Martín, N. 2010. Carbon Nanotubes 
And Related Structures: Synthesis, Characteriza-
tion, Functionalization, And Applications, John 
Wiley & Sons.

Guo, T., Nikolaev, P., Rinzler, A. G., Tomanek, D., 
Colbert, D. T. & Smalley, R. E. 1995a. Self-As-
sembly Of Tubular Fullerenes. The Journal Of 
Physical Chemistry, 99, 10694-10697.

Guo, T., Nikolaev, P., Thess, A., Colbert, D. T. & 
Smalley, R. E. 1995b. Catalytic Growth Of Sin-
gle-Walled Manotubes By Laser Vaporization. 
Chemical Physics Letters, 243, 49-54.

He, H., Pham-Huy, L. A., Dramou, P., Xiao, D., Zuo, 
P. & Pham-Huy, C. 2013. Carbon Nanotubes: Ap-
plications In Pharmacy And Medicine. Biomed 
Research International, 2013.

Height, M. J., Howard, J. B. & Tester, J. W. 2003. 
Flame Synthesis Of Carbon Nanotubes. Mrs On-
line Proceedings Library Archive, 772.

Height, M. J., Howard, J. B., Tester, J. W. & Vander 
Sande, J. B. 2004. Flame Synthesis Of Single-
Walled Carbon Nanotubes. Carbon, 42, 2295-
2307.

Hofmann, S., Ducati, C., Robertson, J. & Kleinsorge, 
B. 2003. Low-Temperature Growth Of Carbon 
Nanotubes By Plasma-Enhanced Chemical Vapor 
Deposition. Applied Physics Letters, 83, 135-137.

Hu, C.-T., Liu, C.-K., Huang, M.-W., Syue, S.-H., 
Wu, J.-M., Chang, Y.-S., Yeh, J.-W. & Shih, H.-C. 
2009. Plasma-Enhanced Chemical Vapor Deposi-
tion Carbon Nanotubes For Ethanol Gas Sensors. 
Diamond And Related Materials, 18, 472-477.

Iijima, S. 1991. Helical Microtubules Of Graphitic 

Carbon. Nature, 354, 56.
Ji, S.-R., Liu, C., Zhang, B., Yang, F., Xu, J., Long, J., 

Jin, C., Fu, D.-L., Ni, Q.-X. & Yu, X.-J. 2010. Car-
bon Nanotubes In Cancer Diagnosis And Therapy. 
Biochimica Et Biophysica Acta (Bba)-Reviews 
On Cancer, 1806, 29-35.

Jung, K. H., Boo, J.-H. & Hong, B. 2004. Synthesis Of 
Carbon Nanotubes Grown By Hot Filament Plas-
ma-Enhanced Chemical Vapor Deposition Meth-
od. Diamond And Related Materials, 13, 299-304.

Kang, Z., Wang, E., Gao, L., Lian, S., Jiang, M., Hu, 
C. & Xu, L. 2003. One-Step Water-Assisted Syn-
thesis Of High-Quality Carbon Nanotubes Di-
rectly From Graphite. Journal Of The American 
Chemical Society, 125, 13652-13653.

Khosravian, N. & Rafii-Tabar, H. 2007. Computation-
al Modelling Of The Flow Of Viscous Fluids In 
Carbon Nanotubes. Journal Of Physics D: Applied 
Physics, 40, 7046.

Kumar, M. & Ando, Y. 2010. Chemical Vapor Deposi-
tion Of Carbon Nanotubes: A Review On Growth 
Mechanism And Mass Production. Journal Of Na-
noscience And Nanotechnology, 10, 3739-3758.

Kumar, U., Sikarwar, S., Sonker, R. K. & Yadav, B. 
2016. Carbon Nanotube: Synthesis And Applica-
tion In Solar Cell. Journal Of Inorganic And Or-
ganometallic Polymers And Materials, 26, 1231-
1242.

Kusunoki, M., Suzuki, T., Kaneko, K. & Ito, M. 1999. 
Formation Of Self-Aligned Carbon Nanotube 
Films By Surface Decomposition Of Silicon Car-
bide. Philosophical Magazine Letters, 79, 153-
161.

Lee, S. J., Baik, H. K., Yoo, J.-E. & Han, J. H. 2002. 
Large Scale Synthesis Of Carbon Nanotubes By 
Plasma Rotating Arc Discharge Technique. Dia-
mond And Related Materials, 11, 914-917.

Luxembourg, D., Flamant, G. & Laplaze, D. 2005. 
Solar Synthesis Of Single-Walled Carbon Nano-
tubes At Medium Scale. Carbon, 43, 2302-2310.

Mahanandia, P., Vishwakarma, P., Nanda, K., Prasad, 
V., Barai, K., Mondal, A., Sarangi, S., Dey, G. & 
Subramanyam, S. 2008. Synthesis Of Multi-Wall 
Carbon Nanotubes By Simple Pyrolysis. Solid 
State Communications, 145, 143-148.

Manafi, S., Rahimipour, M. & Pajuhanfar, Y. 2011. 



56

The Synthesis Of Peculiar Structure Of Spring-
Like Multiwalled Carbon Nanotubes Via Mecha-
nothermal Method. Ceramics International, 37, 
2803-2808.

Mansoor, M. & Shahid, M. 2016. Carbon Nanotube-
Reinforced Aluminum Composite Produced By 
Induction Melting. Journal Of Applied Research 
And Technology, 14, 215-224.

Maruyama, S., Kojima, R., Miyauchi, Y., Chiashi, S. 
& Kohno, M. 2002. Low-Temperature Synthesis 
Of High-Purity Single-Walled Carbon Nanotubes 
From Alcohol. Chemical Physics Letters, 360, 
229-234.

Maruyama, S., Murakami, Y., Shibuta, Y., Miyauchi, 
Y. & Chiashi, S. 2004. Generation Of Single-
Walled Carbon Nanotubes From Alcohol And 
Generation Mechanism By Molecular Dynamics 
Simulations. Journal Of Nanoscience And Nano-
technology, 4, 360-367.

Maser, W. K., Benito, A. M., Munoz, E., De Val, G. 
M., Martínez, M. T., Larrea, Á. & De La Fuente, 
G. F. 2001. Production Of Carbon Nanotubes By 
Co2-Laser Evaporation Of Various Carbonaceous 
Feedstock Materials. Nanotechnology, 12, 147.

Meyyappan, M. 2004. Carbon Nanotubes: Science 
And Applications, Crc Press.

Meyyappan, M., Delzeit, L., Cassell, A. & Hash, D. 
2003. Carbon Nanotube Growth By Pecvd: A Re-
view. Plasma Sources Science And Technology, 
12, 205.

Mukherjee, A., Majumdar, S., Servin, A. D., Pagano, 
L., Dhankher, O. P. & White, J. C. 2016. Carbon 
Nanomaterials In Agriculture: A Critical Review. 
Frontiers In Plant Science, 7.

Murakami, Y., Miyauchi, Y., Chiashi, S. & Maruyama, 
S. 2003. Characterization Of Single-Walled Car-
bon Nanotubes Catalytically Synthesized From 
Alcohol. Chemical Physics Letters, 374, 53-58.

Nishide, D., Kataura, H., Suzuki, S., Tsukagoshi, K., 
Aoyagi, Y. & Achiba, Y. 2003. High-Yield Pro-
duction Of Single-Wall Carbon Nanotubes In Ni-
trogen Gas. Chemical Physics Letters, 372, 45-50.

Novoselova, I., Oliinyk, N., Volkov, S., Konchits, A., 
Yanchuk, I., Yefanov, V., Kolesnik, S. & Karpets, 
M. 2008. Electrolytic Synthesis Of Carbon Nano-
tubes From Carbon Dioxide In Molten Salts And 

Their Characterization. Physica E: Low-Dimen-
sional Systems And Nanostructures, 40, 2231-
2237.

Öncel, Ç. & Yurum, Y. 2006. Carbon Nanotube Syn-
thesis Via The Catalytic Cvd Method: A Review 
On The Effect Of Reaction Parameters. Fuller-
enes, Nanotubes, And Carbon Nonstructures, 14, 
17-37.

Patole, S., Alegaonkar, P., Lee, H.-C. & Yoo, J.-B. 
2008. Optimization Of Water Assisted Chemical 
Vapor Deposition Parameters For Super Growth 
Of Carbon Nanotubes. Carbon, 46, 1987-1993.

Queipo, P., Nasibulin, A. G., Jiang, H., Gonzalez, D. & 
Kauppinen, E. I. 2006. Aerosol Catalyst Particles 
For Substrate Cvd Synthesis Of Single‐Walled 
Carbon Nanotubes. Chemical Vapor Deposition, 
12, 364-369.

Radushkevich, L. & Lukyanovich, V. 1952. O Struk-
ture Ugleroda, Obrazujucegosja Pri Termiceskom 
Razlozenii Okisi Ugleroda Na Zeleznom Kontak-
te. Zurn Fisic Chim, 26, 88-95.

Rafique, M. M. A. & Iqbal, J. 2011. Production Of 
Carbon Nanotubes By Different Routes-A Re-
view. Journal Of Encapsulation And Adsorption 
Sciences, 1, 29.

Rahmanian, M. & Zandi, M. 2012. Carbon Nanotubes 
Grown By Co2 Laser-Induced Chemical Vapor 
Deposition On Quartz. Int. J. Electrochem. Sci, 7, 
6904-6909.

Ren, Z., Lan, Y. & Wang, Y. 2012. Aligned Carbon 
Nanotubes: Physics, Concepts, Fabrication And 
Devices, Springer Science & Business Media.

Sahoo, S. C., Mohapatra, D. R., Lee, H.-J., Jejurikar, 
S. M., Kim, I., Lee, S.-C., Park, J.-K., Baik, Y.-
J. & Lee, W.-S. 2014. Carbon Nanoflake Growth 
From Carbon Nanotubes By Hot Filament Chemi-
cal Vapor Deposition. Carbon, 67, 704-711.

Sgobba, V. & Guldi, D. M. 2009. Carbon Nanotubes—
Electronic/Electrochemical Properties And Appli-
cation For Nanoelectronics And Photonics. Chem-
ical Society Reviews, 38, 165-184.

Smalley, R. E., Dresselhaus, M. S., Dresselhaus, G. 
& Avouris, P. 2003. Carbon Nanotubes: Synthesis, 
Structure, Properties, And Applications, Springer 
Science & Business Media.

Smeulders, D., Milev, A., Kannangara, G. K. & Wil-

Methods for synthesis of carbon nanotubes - Review



57

Int. J. Bio-Inorg. Hybr. Nanomater., 6(2): 49-57, Summer 2017

son, M. 2005. Rod Milling And Thermal Anneal-
ing Of Graphite: Passing The Equilibrium Barrier. 
Journal Of Materials Science, 40, 655-662.

Söylev, D. 2011. Optimization Of Carbon Nanotube 
Properties By Controlled Amount Oxidizers. 
İzmir Institute Of Technology.

Su, M., Zheng, B. & Liu, J. 2000. A Scalable Cvd 
Method For The Synthesis Of Single-Walled Car-
bon Nanotubes With High Catalyst Productivity. 
Chemical Physics Letters, 322, 321-326.

Szabó, A., Perri, C., Csató, A., Giordano, G., Vuono, 
D. & Nagy, J. B. 2010. Synthesis Methods Of Car-
bon Nanotubes And Related Materials. Materials, 
3, 3092-3140.

Terrones, M. 2003. Science And Technology Of The 
Twenty-First Century: Synthesis, Properties, And 
Applications Of Carbon Nanotubes. Annual Re-
view Of Materials Research, 33, 419-501.

Toubestani, D. H., Ghoranneviss, M., Mahmoodi, A. 
& Zareh, M. R. Cvd Growth Of Carbon Nano-
tubes And Nanofibers: Big Length And Constant 
Diameter.  Macromolecular Symposia, 2010. Wi-
ley Online Library, 143-147.

Van De Burgt, Y. 2014. Laser-Assisted Growth Of 
Carbon Nanotubes—A Review. Journal Of Laser 
Applications, 26, 032001.

Vander Wal, R. L., Berger, G. M. & Ticich, T. M. 
2004. Flame Synthesis Of Carbon Nanotubes Us-
ing Catalyst Particles Prepared By Laser Ablation. 
Prepr. Pap.-Am. Chem. Soc., Div. Fuel Chem, 49, 
879.

Vander Wal, R. L., Hall, L. J. & Berger, G. M. 2002. 
Optimization Of Flame Synthesis For Carbon 
Nanotubes Using Supported Catalyst. The Journal 
Of Physical Chemistry B, 106, 13122-13132.

Varshney, K. 2014. Carbon Nanotubes: A Review On 
Synthesis, Properties And Applications. Interna-
tional Journal Of Engineering Research, 2, 660-
677.

Viculis, L. M., Mack, J. J. & Kaner, R. B. 2003. A 
Chemical Route To Carbon Nanoscrolls. Science, 
299, 1361-1361.

Wen, Q., Qian, W., Wei, F. & Ning, G. 2007. Oxygen-
Assisted Synthesis Of Swnts From Methane De-
composition. Nanotechnology, 18, 215610.

Wu, H., Li, Z., Ji, D., Liu, Y., Li, L., Yuan, D., Zhang, 
Z., Ren, J., Lefler, M. & Wang, B. 2016. One-Pot 
Synthesis Of Nanostructured Carbon Materials 
From Carbon Dioxide Via Electrolysis In Molten 
Carbonate Salts. Carbon, 106, 208-217.

Yabe, Y., Ohtake, Y., Ishitobi, T., Show, Y., Izumi, T. 
& Yamauchi, H. 2004. Synthesis Of Well-Aligned 
Carbon Nanotubes By Radio Frequency Plasma 
Enhanced Cvd Method. Diamond And Related 
Materials, 13, 1292-1295.

Zhang, G., Mann, D., Zhang, L., Javey, A., Li, Y., Ye-
nilmez, E., Wang, Q., Mcvittie, J. P., Nishi, Y. & 
Gibbons, J. 2005. Ultra-High-Yield Growth Of 
Vertical Single-Walled Carbon Nanotubes: Hid-
den Roles Of Hydrogen And Oxygen. Proceed-
ings Of The National Academy Of Sciences Of 
The United States Of America, 102, 16141-16145.

Zhang, Y., Gamo, M., Xiao, C. & Ando, T. 2002. Liq-
uid Phase Synthesis Of Carbon Nanotubes. Physi-
ca B: Condensed Matter, 323, 293-295.

Zheng, B., Li, Y. & Liu, J. 2002. Cvd Synthesis And 
Purification Of Single-Walled Carbon Nanotubes 
On Aerogel-Supported Catalyst. Applied Physics 
A: Materials Science & Processing, 74, 345-348.

AUTHOR (S) BIOSKETCHES

Seyed Oveis Mirabootalebi, M.Sc., Department of Material Science and metallurgy, Shahid Bahonar 
University of Kerman, Iran, Email: oweiys@gmail.com

Gholam Hossein Akbari, Associate Professor, Department of Material Science and metallurgy, Shahid 
Bahonar University of Kerman, Iran, Email: ghh.akbari@gmail.com


