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Carbon nanoubes can be defined as cylindrical sructures of diminutive nano-scale
dismeters forged by carbon soms, These cylindrical molecules have a dismeler mensuring on the
ranometer scale, with one nanometer being equivalent to one-bilhonth of & meter. Catbon
nanolubes ure unique given that the boadeng bet ween dilferent soms making them is very strong
ind have extreme aspect riatios {Lambin 249}, In science, the unique propenies of cirbon
nanotubes makes them applicable inelectronics, nanoiéchnology, oplics, as well as other hields of
technology and miaterial science (Lambin 249), Owing © nanommbes ' exiraordinary meehanical and
electrical properties as well o8 themmal conductivity, carbon nanotubes can slso be used as
additives i prroduction of various $tractural mate dals. This piaper will discuss carboi nanotubes,
their structure, properties, a8 well as their techniques.
Svnthesis
WVarious techniques have been conceptuali sed to prodoce nanotubes in sizeable quantities. These
techniques include laser ablation, arc discharge, and chemical vapor disposition (CVD).
Arch-Discharge technique utilizes high temperatures usually above 17005 for carbon
nanobes synthedis Essentidl v, this process causes the expansion of carbon nimotube S with
less defects compared to other methods. According to Lumbin {231 ), arch-discharpe use wiler-
coobed high—quulity electrodas with dismeters of between 6-12 mm. sepiraied between 1-2 mm
gaps in chamber with helium. The chambers contiin graphite ansle and cathode a5 well s

melils catalvsts and evaporated cirbon molecules.
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The major advantage of arc-discharge is that it is a simple echnique that produces high-
quality nanotubes. Again, the echnique is inexpensive in comparison  other methods. The
drawhack of arc discharge is that it utilizes very high lemperatures. Accordingly, purification
will be required te cleanse the nanotubes of impurities. Furthe rmore, sometimes il produces
tangled nanotobes (Lambin 251).

Laser ablaton entails the use of a pulsed laser o vaporize a graphite substance in high-
lemperaiure reactor. Aninerl pas is bled into the reactor Lo spead up the production of nanoubes.
A witer-cooled surface is included into the system o provide a platform where vaporized carbon
condenses, The laser ablation technigue vields approximately 70% carbon nanoubes with a
controllable dixmeier based on resction temperature { Lambin 251).

The masin advantapes of the Lser ablation method are that it consists of high vield
nunptubes with relutively low metallic impurities due 1o the kingd of metallic moms producad,
which tend-w g vaporate fromethe wheend onee itis closed:- The drawback of this echnique is
that the nanodubes produced are nod uniformly straight singe they contun some branching.
Apain, laser ablation technique is not economically viable becasuse the procedure involved entals
high-impurity praphite rods. Moreover, the lsser power needed for the process is very high and
end up not producing lower quantity of nanotubes compated w are-discharge echnique.

Chemical Vapor Disposition {CVID} s the most preferred method for penerating carbon
nanoiubes, In CVD technique, metal nanoparticles are mlded 1o u catalyst substance such as
AlDn or Mg 1o increase the surfisos area io create a space for Higher yieks for the cnaltic
reaction {Teker ef al. 271}, On the various method s discussed shove, CVD is the most applicable

especially for mdustrial-scule deposition because it 5 capable of generating nanotubes directly
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unlike other tec hniques, A pain, VD" price/unit ratio is cost effec tive, hence giving users a
profil ncentive.

The e ad vantage afthe CVD method s that i is mosteconamical and practical
method for large-scide production of nanotubes. Accordingly, the methad s Simple, utilizes low
temperaiures, ind produces subsiances with high rates of purity, The main dissdvantage of the
CVD s that 1t not tmmune o defects. Agaimn, synthesiced carbon nanotubes arsing from the
technique are usually single-wall nanotubes.

Characterization

Current discoveries in science and technology have motivated further research on the
apphication o carbonmanstructrures. In this regard, varous productions methods for caborn
nanotubes have been discoverad. Parumeters such as surfsce ares. size distribution, structure,
qurfacechirpe, surfsce chemist'y, purity of samples, b8 well 8 sgplomeraie STules Rive a
significant impact on the-receptivity of carbon nanctubes {Aphbools 289, Most of the methods
used o produce nanotubes Lake place either with process pases or in a vacuum {Aghooks 289).
The CVD growth technique is the most popalar since it vields higher quantity of nano
substunces as well &5 sccording a higher degree of control over length, diameter, and
mirrphology {Agboota 2891 While using particulse catalysts can produce lrge quanttes of
namubes, achieving the repeatsbility is o mapor problem with all the three techniques.

Whiste vet the technique used, carbon nanolubes will always have impurities such as non-
carbomeus impurities and some Torm afcarhon impurities. As sueh, one oughi techoose i
method that promises low rates of impurities while offering high quantity of nanotubes,

Conclision
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Since this discovery on carbon nanoubes wis masde, they huve been found 10 hive unique
applica ions in the various felds of science. In pariicular, this iechnology can be applied in the
Fiekl of medicing. However, there rémuins a couple of issuey (o be resolved if these
echnologies are to be utilized effectively. Bsues surrounding the dwiston of individual
nanotubes, présence of recidonl meials, os well o8 sénsitivity o varions’ pases wnd spacies need

1o be addressed as far as production of carbon nanotubes is concerned.
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