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Eledric-arc discharge deposition was used to
produce CNT products. Design and eledric scheme ae
discussed in detail s, as well as the technologicd feaures.
On the basis of DTA-TGA results there ae discussd the
outputs of all technological schemes applied. It's
establi shed that maximum CNT formation isin the form of
compad cathode deposits (“stubs’), but the latter has
restricted conditi ons of formation, that may be some of
difficultiesin scaing of CNT production.

Asamain apparatus for the ac-discharge growth
we used a slightly modified install ation for the Czochral ski-
crystal growth. Inside the growth camera of this furnace
there wasinstalled a spedal graphite cnstruction for
producing of high-temperature plasmain the dired current
discharge ac in the Ar atmosphere & controlled presaure.
Some experiments were caried out with dopants that were
powders of pure metals (Fe, Ni, Co) mixed with graphite
powder to give the dopant/anode mncentration of 0,5-3 %
at.

As an express-method for the analysis of carbon
depasits we used DTA-TGA method. The experiments
confirmed known from the literature (seg e. g. [1])
temperature intervals of burning different deposit
components: the amorphous carbon nano-particles were
burnt before 500 °C, fullerenes — before 650 °C, nano-tubes
— before 750 °C, and crystalline graphite was oxidized at
800-900°C.

The stub depaosit was formed in the very narrow
range of voltage and current, and at a definite inter-
eledrode gap. The gap sizewas grictly bound by the nature
of the processand was automaticdly establi shed and self-
supparted on the same meaning during the stub growth. All
the atemptsto lower or to increase the gap led either to
short-cut or to ceasing of stub formation. Maximum length
of the stub, produced by this process was 20-35 mm, with
~ 6,1 mm in diameter, whereas massloss acounted for the
soot and loose cahode deposit, was about 20%. Average
stub growth rate was 12.4+0.5 mnvmin.

At the Co-dopng with concentration < 3 at. % we
did not find any noticeale differencein the ac-discharge
regimes in comparison with thase without dopant. At the
Co-concentration of 3 % at, in the cre of the stub the small
droplets of metal were found, that were the evidence of
incomplete metal evaporation and itsinteracion with
cabon vapor. At Ni-doping (0,5 % at.), the length of the
stub produced was about 42 mm.

Using of the alditional graphite screens permitted
usto increase the stub length up to 50mm at the same ac-
discharge parameters. It was also found that the screens
geometry influences the deposit compositi on.

Analysis of carbon deposits by DTA-TGA showed
that the maximum nano-tube cntent was in the stubs, both
doped and undoped, though the rate of depaosit formation in
the form of stubsis next to the lowest (Fig. 1).
Nevertheless the stub growth ratein argon is 10 times
higher than that in helium at similar arc discharge
parameters. The posshiliti es of the ac discharge
optimization are discussed. It isfound that the stub grows
in argon only at very narrow set of parameters (inter-

eledrode gap, current, and gas presaure). The CNT content
in the body of the stub may be & high as 80 %.

Reference
1. ZhangH., Wang D., Xue X. et a. The dfed of helium

gas pressure on the formation and yield of nanotubesin arc
discharge. J. Phys. D 1997, 30(3); L1.

mgmin

200

Fig.1. Rateof formation (mg/min) for different arc
depasits; | - current: a - cahode deposit undoped (I=60 A);
b - cathode depasit doped (1=60 A); ¢ - cathode deposit
undoped (1=170 A); d - stub doped; e - stub undoped, f, g -
cahode deposit (different screens applied); h- soot from
reador walls, cathode deposit with insulated screen.

Fig.2. CNT-bundlesreveded by SEM.

Fig. 3. Multiwall CNT by TEM.



