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ROLE OF DIAMOND ON CARBON NANOSTRUCTURE FORMATION
IN THE ARC DISCHARGE
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Thein�uence of diamondon carbonnanostructureformationin thearcdischargewasinves-
tigated.Theuseof theelectrodesmadeof graphitemixedwith diamondmicro-crystalsand
smalladmixtureof catalysts(Ni, CoandY) enhancestheproductionof single-walledcarbon
nanotubes.The nanotubesform a web-like product. The presenceof diamonddrastically
decreasestheanodeerosionrate,andtherebytheC2 radicalcontentin thearcplasmazone,
while theaverageplasmatemperatureremainsunchanged.

PACS: 52.80.Mg

1 Intr oduction

Many elementslikeFe,CoorNi arewell knowntosigni�cantly in�uencetheprocessof fullerenes
andcarbonnanotubes(CNTs) formation[1]. Multi-walledandsingle-walledcarbonnanotubes
(MWCNTs andSWCNTs,respectively), mostly found in the collectedsoot,can thenbe pro-
duced.In thecaseof puregraphitearcsublimation,only theMWCNTs areformedandthey are
foundexclusively in thecathodedepositcore[2]. In thepresentstudy, thein�uence of diamond
on anodeerosionrate,arc plasmaparametersandformationof the carbonnanostructureswas
investigated.Oneshouldmentionthat �ne diamondpowderhasalreadybeenusedin theCNTs
synthesis[3].

2 Experimental

Theexperimentalsystemandthearcingprocedurehave beendescribedin detailselsewhere[4].
Heterogeneousgraphiteelectrodesof 6 mmin diametercontainingdifferentmixturesof catalysts
wereused(Table1). Thedrilled graphiteelectrodeand�lled with puregraphitepowderwasalso
sublimatedfor comparison. The electrodeswere dc arcedin He atmosphereunderpressure
80kPa. Thebuffer gaspressurein thedischargechamber(0.0133m3 in volume)wascontrolled
automaticallywithin � 1 kPathroughouttheruns.Thearccurrent(53A) wasalsokeptconstant
within � 0.25A. The electrodegapandits positionon the optical axis wascontrolledwithin
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Tab. 1. Anodecomposition,arcdischargeconditionsandanodeerosionrate

Exp. run Anodecomposition(at %) Arc dischargeconditions Erosionratemgs� 1

1 C (puregraphite) 2.12
2 C/D� (48) p(He)= 80kPa 0.42
3 C/Ni(0.23)/Co(0.23)/Y(0.27) I = 53A 0.44
4 C/D(22.5)/Ni(0.13)/Co(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 emissionspectroscopy
of the arc zonewasperformedto determineplasmatemperatureandC2radicaldistributionsin
thearcplasmacross-section.Themethodappliedwasbasedon theself-absorptionphenomena
within thed3� g – a3� u (0-0,5165nm) emissionband[5]. Themorphologyof obtainedcarbon
productwasinvestigatedby scanningelectronmicroscopy (SEM). Additionally, measurements
by Ramanspectroscopy were performedto con�rm the presenceof SWNTs in the obtained
products.

3 Resultsand discussion

It follows from thecomparisonof theprocessingvariablesthat thedynamicsof theevaporation
processof puregraphite,graphitedopedwith metalcatalysts,andgraphitedopedwith amixture
of diamondandmetalcatalystanodesarequitedifferent(Table1).

The erosionrateof the electrodesdopedwith metalcatalysts(Ni, Co andY) is lower than
of the puregraphiteone. However, the additionof diamondpowder resultsin further erosion
ratedecrease.In thecaseof theelectrodedopedwith diamond,Y andNi powderstheerosion
rate was only ca. 0.2 mg s� 1, i.e. much lower than in the caseof pure graphiteelectrode.
This phenomenonmay be relatedto thenon-conductingcharacterof introducedmaterial. The
in�uence of diamonddopingon the whole processis alsore�ected in the morphology, length
andabundanceof theformedcarbonnanotubes.

3.1 Plasmatemperatureand C2 contents

Theresultsof thespectroscopicmeasurementsacrossa verticalsectionbetweentheelectrodes
areshown in Fig. 1. Thetemperatureswerederivedfrom non-Abelinvertedspectra.Therefore,
therespectivevaluescanbeinterpretedastheaveragetemperaturealongagivenchord(observa-
tion path)in thearccross-section.Let usnotethatdespiteof differenterosionratesthereis not
greatdifferencebetweenthetemperaturedistributionsrepresentingthedifferentanodecomposi-
tions.Thedeviationbetweenthetemperaturesoneshouldratherrelateto anerrorresultingfrom
theself-absorptionphenomenonaffectingtheintensitydistribution in therotationalstructureof
theC2(d 3� g ! a 3� u ,0-0)band[5]. Generally, thetemperaturevaluesareconsistentwith the
valuesalreadyobtainedwhenin�uence of Co/Ni on carbonnanostructureformationwasinves-
tigated[1]. The columndensitiesof the C2(a 3� u , v=0) radicalsin the arc plasmazonewere
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Fig. 1. Radialdistributionsof temperature(a) andcolumndensityof C2(a 3 � u , v=0) radicalacrosscarbon
arcplasma(b).

calculatedon thebasisof thetemperaturesandtheintegratedintensitiesof thenormalized(0-0)
vibrationalband[5].

It is clearlyseenthatin thecaseof thediamond-containinganode,theC2densityis distinctly
lower. This is due to the lower anodeerosionrate. Thus, one can say that the C2 content
in the plasmaphaseroughly follows the amountof carbonspeciesleaving the anodesurface.
Thesespecies,if complex, decomposesubsequentlytowardsthemoresimpleones,e.g. atoms
anddiatomicmolecules.At the temperatureprevailing in the anodetip (> 3000K), diamond
crystalsshouldconvert into graphitevery easily. However, graphiticspecieswhich areformed
undersuchconditionsareverylikely of muchlowersizethatthoseresultedfrom thearcablation
of ordinarygraphite.This probablyis themain reasonof differentbehavior of diamonddoped
electrodesin respectto �nal products.

3.2 Product compositionand morphology

Theapplicationof pureor mixedelectrodesmanifesteditself notonly in differentanodeerosion
ratebut alsoin differentbehavior with respectto theCNTsgrowth. For graphitemixedwith Ni
andCo, we did not observe high yield of CNTs. Underour experimentalconditionsthey con-
stituteat only a few percentageof total soot-product.WhenadditionallyY waspresent,besides
of soota web-like materialwasformed. Theexampleof SEM imageof as-obtainedproductis
shown in Fig. 2. However, thereis still not to many elongatedcarbonstructures.Surprisingly,
thediamonddrasticallychangedtheproductmorphology. The�nal productappearedalmostin
form of a web-like material.Thewebcanbeeasilyrecoveredfrom thecoversituatedabove the
arc(Fig. 3). TheSEM imageof thewebmorphologyis shown in Fig. 4. Theeffect of diamond
on carbonnanostructuresis evident. Thereareplentyof very thin andlong CNTs. Theanalysis
by HR TEM technique(resultsnot presentedhere)con�rmed thattheobtainedproductconsists
mostlyof SWCNTs.

A goodindicatorfor the presenceof SWCNTsis the Ramanspectrashown in Fig. 5. For
the sake of comparison,spectraof soot resultedfrom ablationof pure graphiteand graphite
mixedwith Ni/Co arealsoshown. Only in thecaseof C/D/Ni/Y electrode,a characteristiclow
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Fig. 2. SEM image of soot product. Anode:
C/Ni/Co. Fig. 3. Photo of web-like product. Anode:

C/D/Ni/Y.

Fig. 4. SEM imageof web-like product. Anode:
C/D/Ni/Y. Fig. 5. Ramanspectraof selectedproducts.

frequency bandat187cm� 1 is present.Thisbandcorrespondsto SWCNTbreathingvibrational-
mode[6]. Additionally, thebandat 1590cm� 1 correspondingto thetangentialstretchingmode
of well orderedgraphitematerialis muchstrongerthantheoneat 1320cm� 1 which originates
from a disorderedcarbon. Thus, in the caseof C/Ni/Co/Y electrodeonly MWCNTs could be
detected.

In summary, the presenceof a diamondpowder in addition to metal catalystsin�uences
not only theplasmacharacteristicsbut alsothemorphologyandquality of theobtainedcarbon
nanotubes.
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