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Synthesis using arc discharge
method



Synthesis of MWNT using arc discharge:

If both electrodes are graphite, the main prodwdi be
MWNTs. But next to MWNTs a lot of side products are
formed such asullerenes amorphous carbgnand some
graphite sheets

Purifying the MWNTSs, means loss of structure armsorders
the walls However scientist are developing ways to gairepu
MWNTSs in a large-scale process without purification

Typical sizes for MWNTSs are an inner diameteiaf nmand
an outer diameter of approximatély nm

Because no catalyst is involved in this precethere Is no
need for a heavy acidic purification stephis means, the
MWNT, can be synthesised with a low amount of defect




Synthesis in liquid nitrogen

« A first, possibly economical route to highly craine
MWNTSs is the arc-discharge method in liquid nitrogewith
this route mass production is also possibiar this
option low pressures and expensive inert gaasesnot

needed.
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Magnetic field synthesis

o Svynthesis of MWNTSs in a magnetic field givesfatt-free
and high purity MWNTsthat can be applied as nanosized
electric wires for device fabrication. In this cage arc
discharge synthesis was controlled by a magnetigd &round
the arc plasma.

 Extremely pure graphite rods (purity > 9998) were
used as electrodadighly pure MWNTSs (purity > 95 %)
were obtained without further purification, whicisarders
walls of MWNTSs.




Figure 2-7: SEM images of MWNTs
synthesisedvith (a) and without (b) tr
magnetic field.

Figure 2-6. Schematic diagram of the
synthesis system for MWNTs in a
magnetic field.



Plasma rotating arc discharge

e A second possibly economical route to mass ymton of
MWNTs Is synthesis by plasma rotating arc dasqgb
technique.

« The centrifugal force caused by the rotatigenerates
turbulence and accelerates the carbon vapour pdigodar to
the anode.ln addition, the rotation distributes the micro
discharges uniformly and generates a stable plasma
Consequently, it increases the plasma volume aisgésdhe
plasma temperature
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Figure 2-8: Schematic diagram of plasma rotatindm“mmn

electrode system.



e At a rotation speed of 5000 rpm a vield of 6&va&s found

at a formation temperature of 1025 °C withogt tise of a
catalyst

 The yield increases up to 90% after purificatibmthe rotation
speed is increased and the temperature isgedlato 1150
°C. The diameter size was not mentioned in thisipatbn.




Laser ablation

In 1995, Smalley's group at Rice Universigparted the
synthesis of carbon nanotubes by laser vapmrsat

The laser vaporisation apparatus used by $yiall group
IS shown In Figure 2-9.

A pulsed, or continuous laser is used tooviap a
graphite target in an oven at 1200 °C.

The main difference between continuous and pubBser, is
that the pulsed laser demands a much higher ingdnsity
(100 kW/cn%) compared with 12 kW/cm

The oven is filled with helium or argon gas in @rdto keep
the pressure at 500 Torr

A very hot vapour plume forms, then expands andls
rapidly. As the vaporised species cool, small carbon
molecules and atoms quickly condense to forngelar
clusters, possibly including fullerenes.




e The catalysts also beqgin to condense, but moxehslat first
and attach to carbon clusters and prevent thesircgiointo
cage structureCatalysts may even open cage structures when
they attach to them.

 From these initial clusters, tubular moleculeswgmto single-
wall carbon nanotubes until the catalyst pksicbecome
too large, or until conditions have cooledfisiently that
carbon no longer can diffuse through or ottee surface
of the catalyst particles. It is also possili@at the particles
become that much coated with a carbon layer ttay
cannot absorb more and the nanotube stopwimggoThe
SWNTs formed in this case are bundled togebyevan
der Waalls forces




Figure 2-9: Schematic drawings of a laser ablatioparatus.



« This suggests that fullerenes are also prodimedlaser
ablation of catalyst-filled graphite, as is th&se when no
catalysts are included in the target. However, agibent laser
pulses excite fullerenes to emit C2 that adsoobs catalyst
particles and feeds SWNT growtHowever, there Is
iInsufficient evidence to conclude this with cantgi

 Laser ablation is almost similar to arc dischargi|ece the
optimum background gas and catalyst mix is theesas in
the arc discharge proceddiis might be due to very
similar  reaction conditions needed, and the reast
probably occur with the same mechanism.




SWNT versus MWNT In laser ablation

The condensates obtained by laser ablatiore a
contaminated  with carbon nanotubes and carbon
nanoparticles.

In the case of pure graphite electrodes, MWMould be
svnthesised, but uniform SWNTs could be synthdsigea
mixture of graphite with Co, Ni, Fe or Y was usagtead of
pure graphite.

SWNTs synthesised this way exist as ' ropes’ , gpad-2-10.
Laser vaporisation results in a higher yield foVI$T
synthesis and the nanotubes have better propeuids a
narrower size distribution than SWNTs produced aog-
discharge.

Nanotubes produced by laser ablation are purertdugoout
90 % purity) than those produced in the arc disph@rocess.
The NI/Y mixture catalyst (Ni/Y is 4.2/1) gave thest yield.




« The size of the SWNTs ranges from 1-2 nfor example
the Ni/Co catalyst with a pulsed laser at 12Z@ives
SWNTs with a diameter of 1.3-1.4 nm. In case of @tionious
laser at 1200 °C and Ni/Y catalyst (NI/Y is 2:@15 %),
SWNTs with an average diameter of 1.4 nm were formiial
20-30 % vyield, see Figure 2-10.

Figure 2-10: TEM images of a bundle of
SWNTs catalysed by Ni/Y (2:0.5 at. %) mixture,
produced with a continuous laser.




Large scale synthesis of SWNT

 Because of the good quality of nanotubes produmedthis

method, scientists are trying to scale up laddation.
However the results are not yet as good as tlog arc-
discharge methqgdout they are still promising. In the next
two sections, two of the newest developmentdarge-scale
synthesis of SWNTs will be discussed. The firstthe ‘ultra
fast Pulses from a free electron las@thod, the second is
‘continuous wave laser-powder’ methodscaling up s
possible, but the technique is rather expensivetallee laser
and the large amount of power required.




Ultra fast Pulses from a free electron laser
(FEL) method

Usually the pulses in an Nd:YAGystem have width of
approximately 10 nan this FEL system the pulse width is ~
400 fs. The repetition rate of the pulse isorenously
Increased from 10 Hz to 75 MHz. To give the béaemsame
amount of energy as the pulse in an Nd:Y&Gtem, the pulse
has to be focused. The intensity of the lasedhke behind
the lens reaches ~5 x1@/cn¥, which is about 1000 times
greater than in Nd:YAGystems.




A jet of preheated (1000 °C) argon through a reozgrb is
situated close to the rotating graphite target,cWwhgtontains
the catalyst.

e The arqgon gas deflects the ablation plume appratam 90°
away from the incident FEL beam direction,eating
away the carbon vapour from the region innfr@f the

target

e The produced SWNT soot, is collected in @dcfinger.
This process can be seen in Figure 2-11. Tdid yat this
moment IsL.5 g/h which is at 20 % of the maximum power
of the not yet upgraded FEL. If the FEL is upgchde full
power and is working at 100 % power, a yieldt6fg/hcould
be reached since the yield was not limited by dser power.




With this method the maximum achievable yield with current
lasers is 45 g/h, with a NiCo or Nidatalyst, in argon atmosphere
at 1000 °C and a wavelength of ~3000 nm.

The SWNTs produced in bundles of 8-200 hm and gtlheof 5-

20 microns has a diameter range 1-1.4 nm
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Figure 2-11: Schematic '
drawings of the ultra fast- ‘
pulsed laser ablation Algen |
apparatus. -



Continuous wave laser-powder method

* This method is a novel continuous, highly prodeetaser-
powder method of SWNT synthesis based on the &sdation
of mixed graphite and metallic catalyst powderal®kW
continuous wave CQaserin_an argon or nitrogen stream
Because of the introduction of micron-size tipha
powders, thermal conductivity losses are signifilya
decreased compared with laser heating of thedmnlid
targets in known laser techniqués a result, more effective
utilisation of the absorbed laser power for materi
evaporation was achieved. The set-up of the lggmaratus is
shown in Figure 2-12.




The established yield of this technique was 5 4/Ni/Co mixture
(Ni/Co is 1:1) was used as catalyst, the tempegat@s 1100 °C.
In the soot &\WNT abundance 0f0-40% w as found with a
mean diameter df.2-1.3 nm An HRTEM-picture of this sample is
shown in Figure 2-12.
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Figure 2-12: (Left) The principle scheme of thewgetfor carbon SWNT production by
continuous wave laser-powder method (Right) HRTEM 8WNT-bundle cross-
section.






