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Introduction

Till now in a world the interest to problems of
obtaining and application of carbon nano-scale
materials, including carbon nanotubes (CNT), does
not decrease [1-2].

Alongside with development of methods
of synthesis of CNT the investigators search
constantly for ways of effective application of
these new materials in practice. So, the experts of
many countries consider, that to the most
perspective ranges of application CNT concern an
electron technology (diodes, transistors, integrated
plans, flat displays etc.), power engineering
(secondary generators of gases, lithium electrical
supplies), analytical technique (sensors, sondes of
microscopes), structural materials (composites) and
others ranges [3-4].

Among many methods of synthesis of
CNT most spread and most explored is evaporation
of a graphite electrode in helium plasma of electric
arc discharge. By this method CNT were obtained
for the first time [5]. It allows to obtain both one-
wall, and multiwall nanotubes, using manifold
catalytic agents. At the same time this method has
also such essential restrictions, as necessity of
application of high electrical load equipment,
complexity of control of parameters of process and
impossibility of its use for continuous manufacture
of nanotubes.

Attractive and one of the most perspective
methods of manufacture of CNT is also method of
chemical vapor deposition (CVD a method). The
method is rather simple and at the same time
uncloses broad possibilities for obtaining carbon
nanotubes both in laboratory, and in industrial
requirements.

Carbon nanotubes are produced by CVD
method, in basic, from acetylenes [6]. Apply to
these purposes also CO [7] and other carbon
containing chemical combinations. Practically
there are missing the literary data about synthesis
of CNT from toluene, and only in separate
publications [8-9] is mentioned a possibility of
nanotubes obtaining from this hydrocarbon,
nevertheless in them there are any data about
parameters of process and property of obtained
CNT. Therefore authors of presented job have used
this substance for examination of process of

440

synthesis of carbon nano-scale materials, in
particular, CNT.
Results and discussion

Examination of samples of a synthesized
material conducted on transmission electron
microscope (TEM) JCM 100CX. The analysis of
results of examination of temperature effect on
process of synthesis carbon nano-scale materials
showed, that at temperature 700 °C the obtained
material represents by itself carbon particles of
different sizes and shape. At temperature 800 °C
among carbon particles, which are combined in
aggregates, are presented single multi-wall
nanotubes.

With temperature rise up to 850-900 °C the
mixture of carbon particles and nanotubes is
observed, and nanotubes in one cases joint with a
massive concentration of a mixture carbon
particles, in others - have the manifold geometrical
shape, namely: direct and arched, nanotubes of the
spiral shape the bent bands, which, are more
probable than everything, consist from nanotubes.

|

Fig. 1. Cylindrical and polyhedral CNT

In some samples we have observed multi-wall
nanotubes in which the cross-section looks like
both circle, and hexagon (fig. 1).

Presence of nanotubes of the polyhedral shape
for the first time has discovered by Gogotsi with
the colleagues [10]. With temperature rise up to
1000 °C we observed occurrence of cylindrical



nanotubes, which ends have the cone-shaped
shape. Results of CNT synthesis at 1150 °C testify
to formation as nanotubes, and formations by
clongated shape. It is most probable, that it is
ingots of cast iron, which, according to the phase
diagram Fe-C, is obtained at temperature 1137 °C.
Characteristically, that at this temperature of
synthesis the nanotubes, in basic, have Y - the
similar shape (fig. 2).

Fig. 2. CNT of the Y-similar shape

In a temperature range 800 -1000 °C except
for nanotubes the carbon polyhedrons are
synthesized also.

Except for a mixture of particles of carbon and
nanotubes were explored as well film, which were
deposited on walls of a reactive vessel during
synthesis process. The structure of carbon films a
little than differs from such for a material of
synthesis of nanotubes. So, at catalytic pyrolysis of
toluene, it is necessary to take into account
processes both on a surface of the Fe-catalytic
agent, and in volume of the cabinet of synthesis.
The similar deductions were made also in the paper
[11], in which the authors explored pyrolysis of
acetylene.

Conclusion

1. By catalytic pyrolysis of toluene are obtained
multi-wall carbon nanotubes of the manifold
geometrical shape: cylindrical and hexahedral,
rectilinear and curvilinear, and also Y-similar.

2. By an optimal temperature gamut of
synthesis nanotubes from toluene with application
Fe catalytic agent is 800-900 °C.

441

3. By a method of catalytic thermal
decomposition of toluene were synthesized both
nanotubes mixture with carbon particles, and dense
film of ranked structure.

4. The yields of toluene pyroysis in a
temperature range 600-800 °C consist of
amorphous carbon. The occurrence in a gas phase
of ranked carbon, which deposits as a film on walls
of a reactive vessel, testifies to diffusion of atoms
of the catalytic agent in a gaseous fluid at high
temperatures (above 1000 °C).
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HOJYYEHME YTJIEPOAHBIX HAHOPASMEPHBIX CTPYKTYP IIYTEM
KATAJIUTHYECKOI'O IIUPOJIN3A TOJYOJA

Cunaenko I1.M., lnanak A.H., Kasepuna C.H., lllyp I.B., ®upcros C.A., Cxopoxox B.B.
HNuctutyT npo6iem matepuanoBenenus HAH Ykpaunsi,
yi1. Kpxxwkanosckoro 3, Kues, 03142, Ykpauna

BBeaenune
o Hacrosimiero BpeMEHH B MHUPE HE
YMEHBUIAETCS] UHTEPEC K BOIPOCaM MOJYYEHHUS U

NPUMEHECHUS YTJICPOTHBIX HaHOPa3MEPHBIX
MarepuaioB, B TOM 4YHCIE W  YIJIEPOIHBIX
HaHOTPYOOK
(YHT) [1-2].

Hapsiny c paszpaboTkoii criocoOoB cuHTE3a
YHT wuccnepoBarenu IIOCTOSIHHO MINYT IIyTH

3G GEKTUBHOTO  MPUMEHEHUS  ATHX HOBBIX
MaTepUaJIOB Ha IpakTuke. Tak, CHEUaIUCThI
MHOTHX CTpaH CYMTalT, 4YTOo K Haubomee
MEepCHeKTUBHEIM oOnacTsiv  mpumeHenuss YHT
OTHOCSATCA  DJEKTPOHHas  TeXHUKa  (AMOABI,
TPaH3UCTOPBI, HMHTEIPAIbHBIE CXEMBI, IIJIOCKHE

OUCIUIEM W Jp.), DHEpreTuka (aKKyMYJISTOPHI
rasos, JIUTHEBBIE HMCTOYHUKHU TOKa),
aHaJUTHUYECKass TeXHUKAa  (CEHCOPBI,  30HJBI
MHUKPOCKOIIOB), ~KOHCTPYKIMOHHBIE MaTepHabl
(xoMmo3uTel) U T. 10 . [3-4].

Cpemn metonoB cunte3a YHT mambGonee
pacrpocTpaHeHHBIM U HanOosee uccle0BaHHBIM
SIBIISIETCSl PacTbUICHHE I'padUTOBOTO DIIEKTPoJia B
TeIMeBON IIa3Me  3JIEKTPOAYTOBOTO paspsja.
Otum MetonoM YHT ObUIM MONyYEeHBI BIIEPBEIC
[5]. On mo3BomnseT moiydarh Kak OJHOCTCHHBIC,
TaK W  MHOTOCTEHHBIE  HAHOTPYOKH, TIpHU
WCTIIONIb30BaHME Pa3HOOOpa3Hble KaTaan3aTopos. B
TO JK€ BpeMs JTOT METOI WMEeT H TakKue
CYIIIECTBEHHBI OTpaHUYCHUS, KaKk HEOOXOIMMOCTh
MPUMEHEHUSI  DHEPrOeMKOro  00OpYyIOBaHUSA,
CJIO)KHOCTP YTIPABJICHUS TTapaMeTpaMHu Iporecca u
HEBO3MOXKHOCTH ~ €r0  HWCIIONIB30BAaHUS IS
HENpPEepHIBHOTO CHHTE3a HAaHOTPYOOK.

[IpuBnekarenbHBIM ¥ OJHUM U3 HambOoee
MEePCIEKTUBHBIX METOJ0B u3roToBieHuss YHT
SBIISIETCS TAKXKe METOJ] Ta30(h)a3sHOr0 XUMHUIECKOTO
ocaxaeHusi. MeToa JOBOJIBHO MPOCTON U B TO K€
BpeMsSI OTKPBIBA€T INHPOKHE BO3MOXKHOCTH ISt
MOJTy9YeHUs] YIIEPOAHBIX HAHOTPYOOK Kak B
mabopaTopHBIX, TaK W B  TNPOMBIIUICHHBIX
YCIIOBUSIX.

YrnepoaHple HAaHOTPYOKH CHHTE3HPYIOT,
B OCHOBHOM, M3 auneTtwieHa [6]. [Ipumensitor nis
3THX IIeNiell Takke OKCUA yriepoja [7], u apyrue
YIIIEPOACOAEPIKALLNE XUMHUECKHUE COEIHMHEHUS.
[IpaxTruecku OTCYTCTBYIOT JUTEepaTypHbIE
JaHHele 0 cuHTese YHT w3 Tosyosa, W JiMmb B
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OTHeNpHBIX poboTax [8-9] ymommuaercs o
BO3MOXKHOCTH TIOJIYYEHHS HAHOTPYOOK M3 3TOTO
YIJIEBOJOPOJIa, TEM HE MEHEE B HUX OTCYTCTBYIOT
Kakue-T1u00 JaHHbIE O MapaMerpax Ipolecca U
corictBa YHT. IloaToMy aBTOpBI 1aHHOH paboThI
HACHOJIB30BAIA ~ MMEHHO 3TO  BELIECTBO UL
HCCIENOBAaHUS IIPOLECCAa CHHTE3a  YIJIEPOAHBIX
HaHOpa3MEPHBIX MAaTepUaIIOB, B yacTHOCTH, YHT.

Pe3yabTaThl 1 UX 00Cy:KIEeHUE

UccnenoBanne 00pa3moB CHHTE3HMPOBAHHOTO
MaTepuajga MPOBOAMIM Ha TPAHCMUCCHOHHOM
anekTpoHHOM MuKpockone JCM 100CX. Ananus
pe3yIbTaToB HCCIIeIOBAHUS BIMSHUS
TEeMIIEpaTypsl Ha MPOLECC CHHTE3a YIJIEPOIHBIX
HAaHOPa3MEPHBIX MAaTEpUAIOB  IIOKAa3bIBACT, YTO
npu temneparype 700 °C momydeHHBIE 00pa3Lbl
MOPEACTaBIsUIM  COOOI0  YIIIEPOAHBIE YACTUYKH
pasHbIx pasmepoB u Qopmel. [Ipu Temmeparype
800 °C cpemum  YIJIEPONHBIX  YaCTHUYCK,
OOBbEIMHEHHBI B arperarbl,  BCTpPEYAIOTCA
ONMHOYHbIE MHOTOCTEHHBIE HAHOTP) OKH.

oy ]
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Puc. 1. Hunmuaapuyaeckue u Muororpanusie YHT.

C moBpimieareM TemiiepaTypel 1o 850-900°C
HaAOJIOIAeTCs CMECh YIJIEPOJHBIX YACTHUYCK WU
HaHOTPYOOK, TpHWYeM HAHOTPYOKH B OIHUX
CITydasix COC/INHCHHBIC c MaCCHBHBIM
COCPEZIOTOYCHUEM CMECH YTIIEPOIHBIX YaCTUYCK, B
JIPYyTUX - UMEIT pa3HOOOpa3Hyl TeOMeTpu-
yeckylo  QopMy, a HMEHHO: TpsSMble W
nIyrooOpa3Hble, HAaHOTPYOKH CIUpaNbHON (OPMEL,
COTHYTBIE TIOJOCHI, KOTOpbIC, BEpOsITHEE BCETO,
COCTOSIT M3 CPOCTKOB HAHOTPYOOK. B HekoTophIX
obpasmax ocajka HaO0JIro1aTn CPOCTKH
HAHOTPYOOK, TpUYEM B TMOMEPCUYHOM CCUCHUH



HAaHOTPYOKH  HUMEIOT  Kak Tak ©
LIECTHYTOJIBHUK (pHc.1).

Hanuune HaHOTPYOOK MHOTOTpaHHOH (HOPMBI
ormMeyan [Toromu ¢ kommeramu [10]. C
MOBEIIICHHEM  Temmepatypel 1o 1000 °C
Habronanu HOSIBJICHUE LHWINHAPUYECKUX
HaHOTPYOOK, KOHIIBI KOTOPBIX HUMEIOT
KOHyC000pa3Hyo ¢opMmy. Pe3ymbratel  cHHTE3a
YHT npu 1150 °C cBUAETEIBCTBYIOT 00
00pa30BaHMHU KaK HAHOTPYOOK, TaKk U 00pa3oBaHUI
yanuHeHHo# ¢opmel. Hanbonee BeposaTHO, 4TO 3TO
CIIUTKH YyTyHa, KOTODBIH, COIJIaCHO Iuarpamme
coctosiHust Fe-C, MokeT 0O0pa3oBBIBaTHCSA MPH
temnepatype 1137 °C. XapakTepHo, 4yTO MpH 3TOH
TeMIepaType CHHTe3a HaHOTPYOKH, B OCHOBHYIO,

uMeroT Y — nmogo0Hy0 (hopmy (pI/IC.2i.

KpyT,

Puc. 2. YHT Y-nonoGHo¥ (hopMbI.

B Temmeparypaom mmamazone 800 —1000 °C

KpOME HAaHOTPYOOK CHHTE3UPYIOTCS  TaKke
YTIIEpOAHbIE MHOTOTPaHHUKH.
Kpome cmecnm  wactmduek — yriiepoga M

HaHOTPYOOK WCCIENOBANA TakKe W IUICHKH,
KOTOpBIE OCWKIATUCh HAa CTEHKaX peakTropa B
mporecce CHHTe3a HaHOTPyOok. CTpykTypa
YIIEPOAHON IUIGHKH Mall0 4YeM OTJIHYaeTcs OT
TaKOW ISl MaTepraja CHHTe3a HaHOTpYyOoK. Mrak,
pH  KaTaJUTHYECKOM  THPOIU3E  TOJIyoJa,
HEOOXOIMMO yYWUTHIBATh MpoIecchl Kak Ha
moBepxHOCTH Fe-karanmmsartopa, Tak M B o0beMe

KaMepbl cuHTe3a. [lomoOHBIE BBIBOIBI  OBLIH
cAelaHbl Takke B podote [11], B KOTOpOH aBTOPHI
WCCIENIOBAII  OCOOEHHOCTH  B3aMMOZCWCTBUS
KaTaJIu3aToOPOB C YTIIEPOIOM.
BriBoabI

1. KaranutuyeckuMm MHUPOIU3OM  TOJyOJa
TIOJTyYCHBI MHOTOCTEHHBIE YTIEPOIHBIC
HAaHOTPYOKH  pa3HOOOpa3HOW  TeoMeTpUYecKOu
(OpMBI:  IMWIMHAPUYECKHE U  IISCTUTPAHHBIE,
MPAMOJIMHEVHBIE U KPUBOJIMHENHBIE, a Takke Y -
O/I00HEIE.

2. OnTuManabHBIM TEMIIEpaTypPHbIM

Mara30HOM CHHTE3a HAaHOTPYOOK U3 TOJIyosla C
npumenenueM Fe karanmmsaropa ects 800-900 °C.
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3. MeTooM KaTaJIUTUYECKOTO TEPMUUYECKOTO
Pa3JoXKEeHHUs TOJIyoja ObUTM CHUHTE3MPOBAHBI Kak
CMECh HAHOTPYOOK C YIJEPOJHBIMU YaCTHUYKAMHU,

TaKk M IUIOTHBIE IUIEHKM  YIOPSJOYEHHOM
CTPYKTYpBL.
4. IlpomykTsl  mMponu3a  Toilyojla B

temrieparypaom auamazone 600-800 °C cocrosT
u3 amopdHoro yriepona. llosBieHue B ra3zoBoit
dasze  yHOpSIOYCHHOIO  YINIEpOJAa,  KOTOPBIH
OCaX/IaeTCs B BUJIC IUICHKA HA CTEHKaxX peakTopa,
CBHUIETEILCTBYET 0 i dyzun aToOMOB
KaTajgu3aTopa B Ta30BYI0 CpPEAy IIPH BBICOKHX
temrreparypax (Bormre 1000 °C).
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