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Thein uence of diamondon carbonnanostructuréormationin the arcdischage wasinves-
tigated. The useof the electrodesnadeof graphitemixed with diamondmicro-crystalsand
smalladmixtureof catalystgNi, CoandY) enhanceghe productionof single-valled carbon
nanotubes.The nanotubedorm a web-like product. The presenceof diamonddrastically
decreasethe anodeerosionrate,andtherebythe C, radicalcontentin the arc plasmazone,
while the averageplasmatemperatureemainsunchanged.

PACS: 52.80.Mg

1 Intr oduction

Many elementdik e Fe,Coor Ni arewell knownto signi cantly in uencetheproces®f fullerenes
andcarbonnanotubegCNTs)formation[1]. Multi-walledandsingle-walled carbonnanotubes
(MWCNTs and SWCNTSs, respectiely), mostly found in the collectedsoot, canthen be pro-
duced.In the caseof puregraphitearc sublimation,only the MWCNTs areformedandthey are
foundexclusively in the cathodedepositcore[2]. In the presenstudy thein uence of diamond
on anodeerosionrate, arc plasmaparametersnd formation of the carbonnanostructuresvas
investigated Oneshouldmentionthat ne diamondpowderhasalreadybeenusedin the CNTs
synthesig3].

2 Experimental

The experimentakystemandthearcingprocedurénave beendescribedn detailselsavhere[4].
Heterogeneougraphiteelectrode®f 6 mmin diameteicontainingdifferentmixturesof catalysts
wereused(Tablel). Thedrilled graphiteelectrodeand lled with puregraphiteponvderwasalso
sublimatedfor comparison. The electrodeswere dc arcedin He atmospheraunder pressure
80kPa. Thebuffer gaspressurén the dischagechambei(0.0133m? in volume)wascontrolled
automaticallywithin 1 kPathroughoutheruns.Thearccurrent(53 A) wasalsokeptconstant
within  0.25A. The electrodegapandits position on the optical axis was controlledwithin
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Tah 1. Anodecompositionarcdischage conditionsandanodeerosionrate

Exp.run | Anodecomposition(at %) Arc dischageconditions | Erosionratemgs *
1 C (puregraphite) 2.12
2 C/D (48) p(He)= 80kPa 0.42
3 C/Ni(0.23)/C0o(0.23)/Y(0.27) | =53A 0.44
4 C/D(22.5)/Ni(0.13)/Co0(0.13) U=29 31V 0.53
5 C/D(24)/Ni(4)/Y(1) 0.21
- diamond

1 mm using an optoelectronicsystem([4]. During the arcing, optical emissionspectroscop
of the arc zonewas performedto determineplasmatemperatureand C,radical distributionsin
thearc plasmacross-sectionThe methodappliedwasbasedon the self-absorptiorphenomena
within thed® 4—a®  (0-0,5165nm)emissionband[5]. The morphologyof obtainedcarbon
productwasinvestigatedy scanningelectronmicroscoly (SEM). Additionally, measurements
by Ramanspectroscop were performedto con rm the presenceof SWNTsin the obtained
products.

3 Resultsand discussion

It follows from the comparisorof the processingariablesthatthe dynamicsof the evaporation
proces®f puregraphite graphitedopedwith metalcatalystsandgraphitedopedwith a mixture
of diamondandmetalcatalystanodesarequite different(Table1).

The erosionrate of the electrodeglopedwith metalcatalysts(Ni, Co andY) is lower than
of the pure graphiteone. However, the additionof diamondpowder resultsin further erosion
ratedecreaseln the caseof the electrodedopedwith diamond,Y andNi powdersthe erosion
ratewasonly ca. 0.2mgs !, i.e. muchlower thanin the caseof pure graphiteelectrode.
This phenomenomay be relatedto the non-conductingcharactef introducedmaterial. The
in uence of diamonddoping on the whole processs alsore ected in the morphology length
andahundanceof theformedcarbonnanotubes.

3.1 Plasmatemperatureand C, contents

Theresultsof the spectroscopitneasurementacrossa vertical sectionbetweenthe electrodes
areshavn in Fig. 1. Thetemperaturesverederivedfrom non-Abelinvertedspectra.Therefore,
therespectie valuescanbeinterpretedasthe averagetemperaturelonga givenchord(obsena-
tion path)in the arc cross-sectionLet us notethatdespiteof differenterosionratesthereis not
greatdifferencebetweerthetemperaturelistributionsrepresentinghe differentanodecomposi-
tions. Thedeviation betweerthetemperaturesneshouldratherrelateto anerrorresultingfrom
the self-absorptiophenomenomffecting the intensitydistribution in the rotationalstructureof
theCy(d® 4! a® ,0-0)band[5]. Generallythetemperaturevaluesareconsistentvith the
valuesalreadyobtainedwhenin uence of Co/Ni on carbonnanostructuréormationwasinves-
tigated[1]. The columndensitiesof the Co(a® , v=0) radicalsin the arc plasmazonewere
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Fig. 1. Radialdistributionsof temperaturga) andcolumndensityof C2(a® , v=0) radicalacrosscarbon
arcplasma(b).

calculatedon the basisof thetemperatureandthe integratedintensitiesof the normalized(0-0)
vibrationalband[5].

It is clearlyseerthatin the caseof thediamond-containingnodethe C,densityis distinctly
lower. This is dueto the lower anodeerosionrate. Thus, one can say that the C, content
in the plasmaphaseroughly follows the amountof carbonspeciedeaving the anodesurface.
Thesespeciesjf comple, decomposesubsequentlyowardsthe more simpleones,e.g. atoms
anddiatomicmolecules. At the temperaturerevailing in the anodetip (> 3000K), diamond
crystalsshouldcorvertinto graphitevery easily However, graphiticspecieswvhich areformed
undersuchconditionsareverylik ely of muchlower sizethatthoseresultedrom thearcablation
of ordinarygraphite. This probablyis the main reasonof differentbehaior of diamonddoped
electrodes$n respecto nal products.

3.2 Product compositionand morphology

Theapplicationof pureor mixedelectrodesnanifestedtself notonly in differentanodeerosion
ratebut alsoin differentbehavior with respecto the CNTsgrowth. For graphitemixedwith Ni
andCo, we did not obsere high yield of CNTs. Underour experimentalconditionsthey con-
stituteat only a few percentagef total soot-productWhenadditionallyY waspresentpesides
of soota web-like materialwasformed. The exampleof SEM imageof as-obtainedproductis
shavn in Fig. 2. However, thereis still notto mary elongatedcarbonstructures.Surprisingly
the diamonddrasticallychangedhe productmorphology The nal productappearedlmostin
form of a web-like material. The web canbe easilyrecoveredfrom the cover situatedabove the
arc(Fig. 3). The SEM imageof theweb morphologyis shavn in Fig. 4. The effect of diamond
on carbonnanostructureis evident. Thereareplenty of very thin andlong CNTs. Theanalysis
by HR TEM technique(resultsnot presentedhere)con rmed thatthe obtainedproductconsists
mostlyof SWCNTSs.

A goodindicatorfor the presenceof SWCNTSsis the Ramanspectrashavn in Fig. 5. For
the sale of comparisonspectraof sootresultedfrom ablation of pure graphiteand graphite
mixedwith Ni/Co arealsoshann. Only in the caseof C/D/Ni/Y electrodea characteristidow
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Fig. 2. SEM image of soot product. Anode:

C/Ni/Co. Fig. 3. Photo of web-like product. Anode:
C/DINilY.

Fig. 4. SEMi f -lik duct. Anode: .
CI/?D/Ni/? imageof web-like product. Anode Fig. 5. Ramanspectraof selecte¢products.

frequeny bandat187cm 1 is presentThisbandcorrespondso SWCNT breathingvibrational-
mode[6]. Additionally, thebandat1590cm ! correspondingdo thetangentialstretchingmode
of well orderedgraphitematerialis muchstrongerthanthe oneat 1320cm * which originates
from a disorderedcarbon. Thus, in the caseof C/Ni/Co/Y electrodeonly MWCNTSs could be
detected.

In summary the presenceof a diamondpowder in additionto metal catalystsin uences
not only the plasmacharacteristichut alsothe morphologyand quality of the obtainedcarbon
nanotubes.
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