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Introduction

In spite of the great attention that scientists give
to the processes occurring in the reactor for fullerene
synthesis [1-23], many problems have not been solved
yet.

Every experimental work, called to answer one
or another question, induces more questions than gives
answers.

The investigation presented is brought about by
the consideration of some processes occurring in the gas
phase and on the surface of the solid being in the
reaction zone.

Experiments performed are called to answer the
question about the effect that the nature of solid has on
the structure and morphology of products formed on its
surface.

Experimental

The work presented seeks to verify the
hypothesis about the influence that the nature of
substrate exerts on the structure and morphology of the
nanostructural carbon layer formed.

The arc vacuum plasmo-chemical apparatus
was used in the experiment. The reactor diameter was
1500 mm. The cores from MPG-7 graphite were used as
a source for carbon vapor. The cores were 800 mm in
length and had 9x9 mm cross-section. Graphite was
evaporated under He pressure about 0.5 at and at the
following arc parameters: current of 180 A and voltage
of 26 V.

The temperature of the external reactor wall
was kept constant (about 25-30 °C) due to the
temperature-controlling water-cooled jacket. As the
anode was consumed, the cathode was moved along the
reactor axis.

The special, inserted inside the reactor, cage
was designed (Fig.1) to resolve the problem posed. 9
specimens of foils from different metals (Ti, Fe, Cu, Al,
W, manganin, stainless steel, Ni, Mo) were radially fixed
in this cage. The graphite evaporated core was
equidistant from all the specimens. This provided equal
experimental conditions for all 9 specimens studied.

The core was evaporated for 3 h. Then the cage
was removed from the reactor. The layers formed on the
specimen surface were studied using TEM and SEM.
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Electron-microscopic ~ investigations = were
performed on the T-90 electron scanning microscope and
the electron transmission microscope.

Results and discussion

In the course of synthesis the out-growth called
deposit forms on the permanent electrode. It consists of
multi-wall carbon nanotubes and some amount of
graphitized mass. This product forms from charged
particles which move under action of the electromagnetic
field formed by electrodes at the temperature above 2000
°C (Fig.1). As deposit grows and remains conductor, its
structure forms in such a way that its ohmic resistance
remains minimum.

In the course of the arc graphite evaporation the
gase phase with T>2000K breaks loose from the arc
zone at the velocity about 20-25 m/c and reaches the
reactor wall for 3.5°10”c. Within this time a number of
reactions may occur: firstly, this is formation of
fullerenes and onions; when the gase phase contains
catalyst, the single-wall carbon nanotubes and other
nanostructures may form.

When the vapor phase reaches the wall,
nanostructures like tubes may also grow in the carbon
layer.

Microscopic investigations revealed that layers
on different metals differ by both the surface
morphology and by their structure in the layer depth
(Fig.2a,b,c). The sponge layer forms on the Fe specimen.
The slightly marked double-stage layer (vapor and some
particles go through the upper sponge layer and thicken
in the second one) is observed on copper. The brightly
marked two-ply layer forms on the surface of the Ti
specimen. In this case vapor and particles also go
through the upper sponge layer, thicken in the second
one and form monolith. The processes underlying this
effect require further investigations. Fig.2 shows
morphology of the surface of the layers formed.

Nanostructural investigations of the synthesis
products which are part of the layer formed were
performed using transmission electron microscopy. It
was revealed that besides different carbon nanoclusters
of indefinite form, layers contained nanotubes.
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Within each specimen tubes show equal

geometric structure, but they may differ by size.
However, in each metal the layer contains tubes with the
individual structure inherent only the tubes formed only
on this metal (Fig.3 a,b,c). Their structure strongly differ
from that usually observed in the stainless steel reactors
after synthesis of these materials (Fig.3, b).

Conclusions

In the course of the work it has been found that

the nature of the substrate metal affects both morphology
of the nanostructural carbon layer formed and the form
and the structure of the carbon nanotubes which are part
of these layers.

Apparently, being over the metal surface,

vapors of substrate metals have a special effect on
carbon vapor.

All mentioned above require further additional

investigations.
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BJIUAHMUE ITPUPOIBI MATEPUAJIA CTEHKH PEAKTOPA HA
MOP®OJIOI'NIO U CTPYKTYPY IPOAYKTOB AYT'OBOI'O
PACHBIJIEHUSA TPAPUTA

3osorapenko A.JL.°, CaBenko A.®D., AntponoB A.H., Maiictpenko M.U., Huxkyaenko P.H.,
Baacenko A.1O., IImmyk B.K., Ckopoxox B.B., Illyp /I.B., Crenanayk A.H.?, Boiiko I.A.%
Wuctutyt npobnem matepuanosenenust HAH Ykpaunsi, JTabopatopust Ne67,
yn. Kpxxmwxkanosckoro 3, Kues, 03142 Ykpauna
) Hanmonansnerii TexHUIECKHiA YHUBEPCUTET YKpauHbI
“Kuesckuii [lonurexnnueckuit Muctutyr”,
npocnekt [To6eas 37, Kues, Ykpanna

Beenenue

Hecmotps Ha Oombiioe BHUMaHHE, YAETISEMOE
y49eHBIMU [1-4] W3yYEeHHUIO TPOIECCOB, MPOMCXO-
JSIIIUX B PEAKTOPE JYyrOBOTO CHHTE3a (yIJUIEPEHOB
[1-4], Do-mpexHeMy MHOTHE BOIIPOCHI OCTaKOTCS
0e3 OTBETOB.

Kaxnmas okcrepumenranbHas paborta, MpH-
3BaHHas OTBETUTHb HA TOT WJIM MHOW BOIPOC, BBI-
3bIBaeT OOIBIIIE BOIIPOCOB, YeM JaeT OTBETOB.

Hacrosmiee uccrnegoBanue cBS3aHO C PacCMOT-
PEHHEM HEKOTOPBIX MPOLECCOB, MPOUCXOIAIINX B
ra3oBoil (haze W Ha MOBEPXHOCTH TBEPJOTO Tela,
HaXOJSIIErocs B 30HE PEAKIIHH.

[IpoBogMMBIE SKCIIEPUMEHTHl MPU3BaHBI JaTh
OTBET Ha BOIPOC, BIHUSET JIM MPHUPOAA TBEPIOTO
Tena Ha CTPYKTYpy U MOP(OIOTHIO MPOIYKTOB,
00pa3yoIIUXCs Ha €T0 MOBEPXHOCTH.
JKCNepUMeHTAIbLHAN YacTh

Lenpro HacTOsmIel paboOTHI ObLIA TMPOBEpKa
TUIOTE3bl O BIMSHAW TPHPOIBI TOAJIOXKKHA Ha
CTPYKTYpy ¥ MOp(OJIOTHIO 00pa3yromeiics HaHo-
CTPYKTYPHOU yTIE€POJHOU MJICHKH.

B skcnepumeHTe HCIONB30Balll AYTOBYIO Ba-
KYYMHYIO TUIAQ3MOXMMHYECKYIO YCTaHOBKY C JHa-
MeTpoM peakTtopa 150 MMm. B xadecTBe McTOUHHMKA
YIIEPOJHOTO Tlapa WCIIONB30BAJM CTEPKHH U3
rpadura mapku MIII-7 nmuuoit 800 MM ¢ morme-
peunsiM cedenueM 9 x 9 mMm. ['padur mcmapsm
npu nasineHnn He okono 0,5 atmM W mapamerpax
nyru: Toke 180 A u HampspkeHuu 26 B.

TeMmneparypa BHEIIHEH CTEHKH peakTopa IMoJ-
JIEPIKUBAJIACH TIOCTOSHHOM 0K0J10 25-30 °C 3a cuer
TEPMOCTATUPYIOIIEH BOAOOXIKAAEMON pyOaIku.
[To Mepe pacxomoBaHus aHOMA KATO[| IIepeMeIa-
Cs BIOJIb OCH PEaKTopa.

Jns pemieHuss MOCTaBICHHOH 3agauMl pa-
0OTHI OBbLIIa M3TOTOBJICHA CIICI[HANIbHAS BCTABJISIO-
mascss BOBHYTPh peakTopa oooiiMa (puc.l), Ha KO-
TOpOM paananbHO OBUIM 3aKperuieHbl 9 00pa3ioB
u3 onbr paznuunbix Metaiios (Ti, Fe, Cu, AL, W,
ManranuH, Hep)kaBeromas crainb, Ni, Mo). I'pa-

(UTOBBIN HCHapsieMblil CTEpKEHb ObLT paBHOYIA-
JIeH OT BCeX 00pa3ioB. DTUM JOCTHTAINCH OJIHA-
KOBBI€ JSKCIIEPHMEHTANbHbIE YCIOBUS IS BCEX
JIEBATU UCCIIETYEMBIX 00pasIioB.

CrepxeHb ucnapsuii B TedyeHue 3-x yacos. Ilo-
cie 3Toro o0oiiMa WM3BIEKanach W3 peakTopa M
TPOBOIMIINCH AJIEKTPOHHO-MUKPOCKOITUYECKHUE
(ITSM u COM) wuccrnenoBaHus IUICHOK, 00pa3o-
BaBIIIUXCS HAa TIOBEPXHOCTH 00Pa3IoB.

ONEeKTPOHHO-MUKPOCKOTIMYECKHUE  HCCIIE0BA-
HUSl TPOBOAMIM Ha 3JEKTPOHHOM CKaHUPYIOIIEM
mukpockorne T-20 U 3JIeKTpOHHOM IMPOCBEYHBAIO-
eM MHAKPOCKOIIE.

Oo6cy:xneHue pe3yabTaToB

B xone cuHTe3a Ha HEpacxooyeMOM INIEKTPOAE
obOpazyeTcsi HapoCT, Ha3bIBaeMbIN nermo3uToM. OH
COCTOUT U3 MHOTOCTEHHBIX YTJIEPOIHBIX HAHOTPY-
00K M HEKOTOPOro KOJNWYeCTBa IpaUTH3UPOBAH-
HOHM Macchl. DTOT MPOIYKT (PopMHpYeETCs U3 3aps-
JKEHHBIX YaCTHII, IBIKYIIMXCS MO/ BO3JEHCTBHEM
3NIEKTPOMAarHUTHOTO MOJIsl, 00pa3yeMoro 3JeKTpo-
namu 1ipu temmneparype Bbime 2000 °C (puc. 1).
BBuny Toro, 4to memo3WT B XOA€ pOCTa MPOIOI-
JKaeT OCTaBaTbCid TOKOBOJOM, TO €ro CTPYKTypa
(hopMupyeTcst TakKUM 00pa3oM, YTO €r0 OMUYECKOE
COTIPOTHBJICHUE OCTAETCSI MUHUMAITbHBIM.

B xozxe nyroBoro ucmapenusi rpadura razopas
¢aza, umeromass T > 2000K, BeIpbIBacTcs u3 00-
JacTd Jyrd co Cckopocthio ~20-25 M/c um 3a
3,5-107c mocTHraeTr CTEHKH peakTopa. 3a 9TO Bpe-
Ms1 MOTYT MIPOTEKATh Psifl PEaKLUUii: BO-IEPBBIX, 3TO
rporiecc o0pa3oBaHus (yIIIEpEHOB U TYKOBHIL, a B
Clly4ae IPUCYTCTBHSA B Ta30BOH (ha3e KaTammuzaropa
— MOTYT 00pa30BBIBATHCS OJHOCTEHHBIC YTIIEPOJI-
HbI€ HAHOTPYOKH ¥ JPyTrHe HAaHOCTPYKTYPHI.

B cnyuae ecnm mapoBas (aza mocturaer cTeH-
KH, TO B COCTaBe yIJIEPOJHOH IJICHKH MOTYT PAaCTH
TaKke HAaHOCTPYKTYPBI MOJA00HBIE TPYOKaM.

[Ipu mpoBeneHNN MHKPOCKOIIHMYECKUX HCCIIe-
JIOBaHUHN OBIJIO YCTaHOBJIEHO, YTO IJICHKH Ha paz-
JUYHBIX METaIaX OTIUYAITCA Kak Mopdonorue
MTOBEPXHOCTH, TaK W CTPYKTYypOol IO TIIyOWHE
mieHku (puc. 2 a, 0, B). Ha o6pasne u3 Fe obpazy-
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eTcs TyOuaTas IJieHKa, Ha MeIu Ke HaOIromaeTcs
c1aboBBIpAKEHHAs JIByXCTyIeHYarTas IJIeHKa (map
YU HEKOTOPBIC YACTHIIBI, MPOXOAs Yepe3 BEpXHUU
ryOuaTelii CIOW YIUTOTHSIOTCS BO BTOPOM), a Ha
MOBepXHOCTH oOpas3na u3 Ti sfpko BeIpakeHHas
JIBYXCJIOWHAsl TJICHKAa (B 3TOM Cily4ae, aHaJloTH4-

KaToz
TepmoCTat He
Boza f
— ] /
(1 Oboima
0bpa3ipl
A ::;%’7
s
«l 1 rpaduUTOBBbIN
||~ CTepkeHb
1 ///k
u o [7 u
AHO :j_Epﬂa
——lL—‘\\\\\\\\$
Puc. 1

HO, TTap W YacCTHIIbL, TIPOXOJS Yepe3 BEpXHUH ry0-
YaThlid CIOH, YIIOTHIIOTCSA BO BTOPOM U 00pa3yroT
pu 3ToM MoHoauT). [Iporecchl, Jexalue B OCHO-
BE€ 3TOTO SBJIEHUS, TPeOYIOT NajbHEWUIIero u3yde-
umus. Ha Puc. 2 r mokazana mopQoiorus moBepx-
HOCTH 00pa3yIoIIUXCs TICHOK.

[Ipy HAHOCTPYKTYPHOM HCCICIOBAHUHU TIPO-
IYKTOB CUHTE3a, BXOJAIIMX B COCTaB 00pa30BaB-
nielcsl TUICHKH, € TMOMOIIBI0 MPOCBEUHBAIOIICH
JJIEKTPOHHOW MHKPOCKOIUU YCTAaHOBJICHO, YTO
IUICHKA B CBOEM COCTaBe, KPOME Pa3IMYHbIX YIJie-
POIHBIX HAHOPAa3MEPHBIX KIACTEPOB HEOMpese-
JIEHHOHM ()OPMEI, cofepKaT HAaHOTPYOKH.

TpyOku B mpenenax Kaxaoro odpasia UMEIT
OJIMHAKOBOE T€OMETPUIECKOE CTPOCHUE, HO MOTYT
OTJIHYATHCS N0 pazMepy. OIHAKO, KaXKAbIiH MeTallT
HUMeeT B COCTaBe IJICHKH TPYOKH, UMCIOIIHE WH/IU-
BHJIyallbHOE CTPOCHHUE, MPUCYIIEE TOIBKO TpPYyO-
KaM, 00pa3yIolIMMCsl TOJNBKO HA 3TOM METale
(Puc. 3 a, 6, B). IX cTpocHHE CHIBHO OTIMYACTCS
OT TOr'o, KOTOPOC IMPUBBLIKIIM BUACTH UCCJIICAOBATEC-
JIM, CHHTE3UPYIOIINE 3TH MaTEPHAbl B PEaKTOpax
3 Hepxkagetomei ctamm (Puc. 3. 6).
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BopiBoabI

B xoae paboThl OBUIO YCTaHOBJICHO, YTO IMPH-
polla MeTaJlTa MOJIOKKY BIUSET KaK Ha MOp(oJIo-
THIO 00pasyromelcs HaHOCTPYKTYPHOU YTIIEpO/I-
HOHM TICHKW, TaK M Ha (OpMYy U CTPOCHUE YTJe-
POIHBIX HAHOTPYOOK, BXOMSAIIMX B COCTaB ATHX
IJICHOK.

[To-BuaumoMy, mapel METAIOB IOIJIOKKH,
HaxoJsluMecsd Hal MOBEPXHOCThIO MeTajula, OKa-
3BIBAIOT Ha YTIIEPOIHBIN Map 0co00e BIUIHNUE.

Bce 310 TpebOyeT manpbHEHIIMX ITOTOTHUTEITH-
HBIX UCCJIEJOBAHUM.
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