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Abstract

Supported transition-metal catalysts were prepared on zeolite by self-propagating high-temperature syn-
thesis method and were tested upon receipt of carbon nanotubes by CVD. The effectiveness of zeolite as
matrix for catalysts in chemical vapor deposition synthesis of multiwall carbon nanotubesis is presented
here. Obtaining of carbon nanotubes on zeolite-based catalysts was characterized by the transmission and
scanning electron microscopy as well as Raman spectroscopy. For catalyst of zeolite-Cos0, the carbon
nanotubes have a diameter of 11 nm. For catalyst of zeolite-Fe,O5 the carbon nanotubes have a diameter
from 7 to 21 nm. Raman spectrum indicates at low defectiveness of obtained carbon nanotubes.
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Introduction

Carbon nanotubes due to their unique
physico-chemical properties are called as «materi-
als of the future» [1] it’s triggered an exceptional
splash during investigating of the carbon
nanomaterials. Carbon nanotubes are used in
many application fields such as energy, biotech-
nology, microelectronics, textile, etc. [2-4]. The
producing of composite materials on the basis of
carbon nanotubes is one of the main application
fields. There are many methods for the synthesis
of carbon nanotubes such as electro arc, CVD
synthesis, flame synthesis [5], etc. Currently,
CVD method is recognized as the leader in syn-
thesizing of CNTSs.

CVD method is an inexpensive system, and
there is a feasibility to use different catalysts and
various carbon containing sources in solid, liquid
and gas forms.Structure and properties of carbon
nanotubes depends on many factors: initial com-
ponents, composition and structure of catalyst,
synthesis conditions and other. The -catalysts
methods are applied for synthesis of carbon nano-
tubes.

Frequently, the catalyst is the complex of
matrix and active phases. The catalysts on the ba-
sis of transition metal particles from fine metal or
their compounds such as salts and oxides are the
most effective in the synthesis process of carbon

nanotubes. The silicon wafers [6], aerogels,
quartz, mesoporous silica [7] are used as matrixes
for the catalyst. Carbonaceous precursors are de-
composed into catalytic nanoparticles but the car-
bon is diffuse through a catalytic nanoparticle and
sprout into CNTs. There are two main model of
carbon nanotubes growth: «tip-growth model»
and «base-growth model».

Depending on composition and structure of
the catalyst there is one or the other growth mech-
anism. The choice of matrix for catalysts, its
structure predetermines the properties of final
product. Creation of new catalytic systems with
various composition of active phases and matrix
allows obtaining the carbon nanotubes with dif-
ferent morphology and properties.

Experimental

Obtaining of catalyst

It must be considered the nature of transi-
tion metal when choosing the catalyst. In series of
transition metals from Ti to Ni, the bonding force
M-C with filled electrons of d-level is rising [8].
The formation of strong bindings such as Ti, V,
Cr with carbon is determine their low catalytic
activity. For this reason such catalyst as oxides of
cobalt and iron were used.

For preparation of catalysts the synthetic
zeolite (80 % is silicon oxides) with apparent den-
sity of about 0.9187 g/cm® was used. The zeolite
has a structure of thin scaly plates. Previously, the
zeolite was heated at a temperature of 1000 °C for
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the removing of volatile compounds, and in syn-
thesis process of CNT the zeolite leave unchanged
its composition and structure. After thermal

treatment, investigations on zeolite with the help
of XRD and SEM methods were carried out (Fig.
1).
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Fig. 1 — SEM images and XRD diffractogram of pure zeolite

The base phase of zeolite is SiO, (80 %)
and small part of illite is KAI,(SizAl)O1o(OH)s.
The concentration of the active components of
zeolite was 3 wt. %. For preparation of zeolite-
based catalyst, a pure zeolite in amounts of 1 g
was introduced in aqueous solution of cobaltous
nitrate or ferrous chloride as well as glycine in
stoichiometric ratio.

After that the sample was dried for 30
minutes in air at 100 °C. Then the catalyst was
placed in a furnace where it was heated for 1 hour
at a temperature of 500 - 600 °C. The high tem-
perature initiates the self-propagating surface
thermosynthesis, the result of which is the for-
mation of cobalt oxide (Cos0,) or iron oxide
(Fe,O3) and ultradisperse particles [9].

3C0(NO3)2‘6H20 + 6C2H5N02+0.502 =
12C0O+33H,0+6N,+C030,

XRD analysis of obtained metals showed
that cobaltous oxide has the following formula
Co030, and the ferrous oxide - Fe,O3 (Fig. 2).

Synthesis of carbon nanotubes on the zeolite-
based catalysts by chemical vapor deposition

The chemical vapor deposition apparatus
was used for synthesis of carbon nanotubes. Gas
flow is - 650 cm*/min, H, - 150 cm*/min, C,H, —
19.5 cm*/min. The synthesis temperature is 710
°C, the synthesis time is - 20 minutes.

Results and Discussion

The obtained carbon nanotubes are grown
on zeolite-based catalysts and were investigated
by scanning (Quanta 3D 200i, FEI) and transmis-
sion electron microscopes (JEOL JEM-1011) as
well as Raman spectrometer (Solver Spectrum,
NT-MDT). Fig.3 shows the SEM and TEM imag-
es of carbon nanotubes are grown on zeolite with
Co030,.

According to TEM images, it can be seen
that multi-walled carbon nanotubes have a diame-
ter of about 11 nm.
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Fig. 2. XRD diffractograms of Fe,O3 and Co30, zeolite-based catalysts

Fig.3.SEM and TEM images of carbon nanotubes on zeolite-based catalysts with Coz0,.

Most nanotubes have an open end (the ar-
rows on TEM images shows the open ends of the
nanotubes); the absence of catalyst nanoparticles
at the ends of nanotubes indicates on introduction
of «base-growth model» where the interaction of
the catalyst nanoparticles and substrate (here the
zeolite particles) is strong. The rising carbon
nanotube is unable to rend off the catalyst nano-
particle from substrate, and therefore the crystalli-
zation of carbon nanotube is occurred on top of
metal particles [10].

Fig.4 shows the Raman spectrum of carbon
nanotubes on zeolite-based catalysts with Co30,.

The Raman spectrum of multi-walled nano-
tubes have two main maxima: at wave-length of

1300 - 1360 cm™ (D-band) — is the «defective
Raman zone» is conditioned by dispersion of
nanostructured defects of carbon nanotubes, as
well as at ~ 1580 cm™ (G-band) is characterized
by vibrations of sp® carbon-to-carbon bonds. The
presence of these peaks is a result of the longitu-
dinal oscillations of graphite layers [11].The ratio
of the peak intensities Ip/lg corresponds to a ratio
of defect structures (sp® configuration of carbon)
in the graphite-like structures (sp® configuration of
carbon) in carbon nanotubes. For the sample of
CNT the ratio of peak intensities is Ip/lg is 0.80.

Fig. 5 shows the SEM and TEM images of
carbon nanotubes are grown on zeolite with
Fe,0s.
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Fig.4.Ramanspectrumof carbon nanotubes on zeolite-based catalysts with Co3zO,.
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Fig. 5.SEM and TEM images of carbon nanotubes on zeolite-based catalysts with Fe,Os.

With the help of TEM images, it can be
seen that multiwall carbon nanotubes have a di-
ameters of about 7 and 21 nm respectively; also
the image clearly shows the platelet shape of zeo-
lite particles. As seen from the picture, the catalyst
particles are at the top of MWCNTs and some
catalyst particles are fixed at certain length of the
nanotube. The fact that this is a top but not the
basis of carbon nanotubes indicates a «cap» on the
upper part of catalysts particles. This case illus-
trates the «tip-growth model», where the interac-
tion of the catalyst and substrate is weak. The hy-
drocarbon is decomposed on the upper surface of
catalyst particles and carbon nanotube crystallizes
in place of coalescence of particles of catalysts
and substrate, after that the catalysts particle is
rend off from substrate, and further crystallization
of carbon nanotube leads to migration of catalyst
particles to upward. Until the top part of the metal

particles is open for access and decomposition of
hydrocarbon, the concentration gradient in the
metal particle enables to diffuse the carbon and
therefore provides a further growth of the carbon
nanotube [10]. Availability of a «cap» on top of
the catalyst indicates a cessation of growth and
deactivation of the catalyst particles. Fig. 6 shows
the Raman spectrum of carbon nanotubes on zeo-
lite-based catalysts with Fe,Os.

The spectrum of this sample has the follow-
ing peaks, peak D at a wave-length has 1355 cm™,
G maximum has 1572 cm™. For this sample of
CNT the ratio of peak intensity is Ip/lg is 0.67.
This ratio indicates at low defectiveness of ob-
tained carbon nanotubes. Raman defectiveness of
D-peak in graphite and nanotubes is similar. The
difference is the width at half height (FWHM —
full width at half maximum - standard expres-
sion).
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Fig. 6.Ramanspectrumof carbon nanotubes on zeolite-based catalysts with Fe,Os.

The spectrum of D-band of multiwall car-
bon nanotubes (3, = 80-90 cm™) is 2 times wider
than a similar spectrum of D-band of graphite (3,
= 32-35 cm™).For MWNTSs a sample is synthe-
sized on zeolite with Fe,O;, have a half value
width of D-band is &, = 52-75 cm™'[12].

Conclusions

The results of investigation have shown the
effectiveness of zeolite-based catalysts during
synthesis of carbon nanotubes with the help of
chemical vapor deposition method. The self-
propagating surface thermo synthesis method
promotes the producing of metal oxides particles
on zeolite. Carbon nanotubes were synthesized on
zeolite-based catalysts and were investigated by
transmission and scanning electron microscopy as
well as Raman spectroscopy. For the catalyst on
zeolite-Co30, the carbon nanotubes have a diame-
ter of 11 nm. For the catalyst on zeolite-Fe,O; the
carbon nanotubes have diameters from 7 to 21
nm. Raman spectrum indicates a low defective-
ness of obtained carbon nanotubes. Obtained re-
sults are confirmed the perceptiveness of zeolite-
based catalysts for synthesis of carbon nanotubes
by CVD.
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KATAJIM3ATOPBI HA OCHOBE HEOJIMTOB
JJIs1 CUHTE3A YIVIEPOAHBIX HAHOTPYBOK

I'.T. CMaFyJIOBal’Z*, H.I'. ipuxoasko™®, H.P. I'ycemnos™”, P. Hemkaesa™”,
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AHHOTAIMSA

KaranuzaTopbl nepexoHbIX METAJUIOB Ha HOCHUTENE OBUIH MOTYyYEHBI METOJIOM CaMOPACIPOCTPAHSIONIETOCs
MIOBEPXHOCTHOI'O TEPMOCHHTE3a HA LIEOJUTE U ObUTM MPOTECTUPOBAHBI HA MPOLIECC MOMYUYEHHS YIIIEPOAHBIX
HaHOTPYOOK ¢ momouipio MeTona CVD. B pabore mpeacraBieHbl BO3MOXHOCTh IpUMeHEHUs U 3 dekTus-
HOCTBb MCIIOJIb30BAaHUA LICOJIUTA B KAYECTBC MATPHIBI JJId KaTAJIM3aTOPOB B CUHTE3C OAHO- U MHOT'OCTCHHBIX
YIIEPOIHBIX HAHOTPYOOK METOJOM XMMHYECKOro napoda3Horo ocaxaeHus. YTiaepoaHble HaHOTPYOKH, mo-
JydeHHBIE Ha KaTaln3aTopax Ha OCHOBE LIEOJINTA ObUIM MCCIEAOBAHbI C TOMOILBIO, IPOCBEUYMBAIOIIEH U CKa-
HUPYIOLIEH 37IeKTPOHHON MHKPOCKOIIHH, M CTIEKTPOCKOITUH KOMOMHAIIMOHHOTO paccesiHust ceera. [is momy-
yeHns karanmzaropa rneonnuta CozO, yrirepoaasie HaHOTPYOkH uMmeroT auamerp 10,7-10,9 am. [{ns karamu-
3aropa 1eonuT-Fe,03; ObuTH ToTydeHB! yTIIepoIHbIe HAHOTPYOKH ¢ nuameTpoMm oT 6,8 1o 20,9 um. Crnextp
KOMOMHAIIMOHHOT'O PACCESHMS YKa3bIBACT Ha HU3KYIO J1e(DEKTHOCTh MOJIyUYESHHBIX YIJIEPOIHBIX HAHOTPYOOK.
KiioueBble cj10Ba: [IEOHT, KaTaIH3aTOP, CAMOPACTIPOCTPAHSIOIINIACS TOBEPXHOCTHBIM TEPMOCHHTE3, yIiIe-
POIHbBIE HAHOTPYOKH

HOEOJIMT HETT3IHJE ’KACAJITAH KATAJIM3ATOPJIAPJIA KOMIPTEK
HAHOTYTIKIIEJIEPAIH CUHTE3I
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Kany npo6nemanapsr nacTrTyThI, 050012, Kasakcran, Anmarts K., beren6aii 6atsip ker., 172
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AHHOTAIUSA

TacbIMaIaFbIITaFbl aybICTIANBI METANIAPABIH KaTalu3aTopJiapbl ©3/ITiHEH TapalaThiH OETTIK TEPMOCHHTE3
oMiciMeH LeoauTTe aiblHAbl skoHe CVD Tociyi apKbLibl KOMIPTEKTI HAHOTYTIKIIE aly MpPOIECiH/Ie
Tekcepinai. Ochbl JKYMbICTa XUMHSJIBIK Ta3das3aibl TYHABIPY dJiciMeH Oip jKoHe KenKaObIpFaibl KeMipTeKTi
HAHOTYTIKIIE CHHTE31 VIIIH KaTaju3aTop MaTpUIAchl PETIHAE MMHMOJUTTI KOJIAaHy THIMILIIN JKoHE
MYMKIHIT KepceTinred. [{noauT Heri3iHaeri KkaTtanu3aropiap/a ajblHFaH HAHOTYTIKILEJIEp COyJIeIeHY KOHE
CKaHepJiey MHUKPOCKOIIBI, KapbIKThl KOMOMHALMSUIBIK IIAIIBIPATY CIIEKTPOCKOMUSICHI KOMEriMEH 3epTTeNi.
Huonut-Co30, KaTanu3aTophliH aly YIIiH KeMIpTeKTi HaHOTyTikenep auamerpi 10,7-10,9 am. An neonut-
Fe,O; kaTamu3aropsl YINIH KOMIPTEKTI HaHOTYTiKiienep auamerpi 6,8 nmen 20,9 HM geiiiH OOJIbL
KoMOnHauusnplK mamslpaTy CHIEKTpJiepi ajJblHFaH KOMIipTEKTi HaHOTYTIKWIEeTIepAiH AeeKTUIri TeMeH
EKEHIH KOpPCEeTTi.

Tyitinai ce3nep: neonuT, KaTanu3aTop, O3/AirHEH TapalaTbiH OETTIK TEPMOCHHTE3, KOMIPTEKTI HAHOTYTIKIIIE
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