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Abstract

Supported transition-metal catalysts were prepared on zcolite by sellzpropagating high-temperature syn-
thesis method and were tested upon receipt of carbon nanotubes by CVD. The elfectiveness of zeolite as
matrix for catalvsts 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 cleciran MICroscopy ns well as Raman spectroscopy. For catilyst of zealite-CoyOy the carbon

nanatubes have a dinmeter of 11 nm, For catulyst of sealite-Fey Oy the carbon nanotubes have a diameter
from 7 10 21 nm. Raman spectrum indicates at low defectiveness of abtained carbon nanotubes
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Introduction

Carbon panotubes  due o their unique
ph_ymcuwhcmicnl pm;mnic..x are called as wmateri-
als of the futures [ V] it's mggered an exceptional
splash during mvestigating ol the  carbon
nanomaterials.  Carbon  nanotubes  are used in
many application ficlds such as encrgy. biotech-
nology, microelectronics, textile, ete. |2-4]. The
producing of composite materials on the basis of
carbon nanofubes is one of the main application
ficlds. There are many methods for the synthesis
of carbon nanotubes such as clectra are, VD
synthesis, lame  synthesis [8]. ete. Currently,
VD method is recognized as the leader in syn-
thesizing of CNTs.

CVD method is an inexpensive system, and
there is a feasibility 1o use different catalysts and
various carbon containing sources in sohid, liquid
and gas forms.Structure and properties of carbon
nanotubes depends on many factors. imtal com-
ponents. composition and structure of catalyst,
synthesis conditions and other. The catalysis
methods are applicd for synthesis of carbon nano-
tubes.

Frequently, the catalyst is the complex of
matrix and active phasces. 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
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panatubes. The  silicon walers 0], acrogels,
quartz, Mesoporous silica [7] are used as matnxes
for the catalyst. Carbonaccous precursors are de-
composed into catalytic nanoparticles but the car-
bon is diffuse through a catalytic nanoparicle and
sprout into CNTs. There are two main maodel of
carbon nanotubes  growth:  «hp-growth maodel»
and «basc-growth modebs

Dependimg on composiion and structure ot
the catalyst there is one or the ather growth mech-
anism. The chotce of matrix for catalysts. i
structure  predetermines the propertics of final
product. Creation of new catalytic systems with
various composition of active phuses and matrix
allows obtaining the carbon nanotubes with dif-
ferent morphology and properues.

Experimental

Obraining of catalyst

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

For preparation of catalysts the synthetic
seolite (80 Y is silicon oxides) with apparent den-
sity of about 0.9187 giem' was used. The zeolite
has a structuge of thin scaly plates. Previously, the
at a wemperature of 1000 °C for

zeolite was heated

—



the removing of volatile compounds, and 1 syn-

thesis process of CNT the zeohte leave unchanged

s composition and  structure. After  thermal

rreatment. investgations on scahte with the help
of XRD and SEM methods were carried out (Fig.
[).
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SEM images and XRD diffractogram of pure zeolie

The base phase of zcolite 15 510, (80 %)
and small part of illite 18 KAL(SEADO((OH)-.
The concentration of the active components of
zeolitc was 3 wt. . For preparation of zeolite-
based catalyst, a purce zeolite in amounts of 1 g
was introduced in agueous solution of cobaltous
nitrate or ferrous chloride as well as glycine in
stoichiometric ratio.

After that the sample was dned for 30
minutes i air at 100 7C. Then the catalyst was
placed in a furnace where it was heated for 1 hour
at a temperature of 500 - 600 “C. The hugh tem-
perature  tutates  the  self-propagating
thermosynthests, the result of which is the tor-
mation of cobalt oxide (Coi04) or ron oxide
(Fe,01) and ultradisperse particles [9].

surface

3 (})(1\’()3)_»‘6’[7() % 6(}’]».\()3*0 o] ()3
12CO+33H 06N ,+Co 40,

XRD analysis of obtained metals showed
that cobaltous oxide has the tollowing formula
Co40y and the ferrous oxide - Fe.Oq (Fig. 2).
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Synthesis of carbon nanotubes on the ceolite-

based catalysts by chemical vapor deposiiion

The chemical vapor deposition apparatus
was used for synthesis of carbon nanotubes. Gas
flow is - 630 cm/min. Hs - 150 cmrmin, CoH;
19.5 ¢m"min. The synrhesis temperature is 710
“C, the synthesis time ts - 20 minutes,

Results and Discussion

The obtained carbon nanotubes are grown
on zeohite-based catalysts  and were investigated
by scanning (Quanta 3D 2001, FED and transmis-
ston electron microscopes (JEOL JEM-T0TY as
well as Raman spectrometer (Solver Spectrum,
NT-MDT). Fig 3 shows the SEM and TEM wmag-
¢s of carbon nanotubes are grown on zeolite with
Co:0,.

According to TEM unages, 1t can be seen
that multi-walled carbon nanotubes have o drame-
er of about Honm,
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with the help ol TEM images. ! can be
seen that multiwall carbon nanotubes have 4 di-
ameters of abowt 7 and 21 am respectively also
the image clearly shows the platelet shapu ol 7ce-
lite particles. Asg seen from the picture. the catalyst
particles are at the top of MWCNTs and some
catalyst particles arc fixed at certain length of the
panotube. The fact that this is & 10p hut not the
basis of carbon nanotubes indicates @ «capy» on the
uppd‘ part of catalysts particles. This case itlus-
trates the wtip-growth models, where the interae-
tion of the catalyst and substrate 1s weak. The hy-
drocarbon 1§ decomposed on the upper surface of
catalyst particles and. carbon nanotube crystatlizes
in place of coalescence Of particles ol catalysts
and substrate, after that the catalysts particle is
rend off from cubstrate, and further crystallizaton
ol carbon nanotube leads 10 migration o catalyst
particles to upward. Until the top part o the metal
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Fig 4 Rumanspectrumol carban nanotubues OB seolite-based catalysts with Cob

panotubes on reulite-hased cutalysts with Feals

{\;H‘X\c'lcn s open for agaess and decomposiion ol
hy«,h‘m‘:\r\mn‘ the concentration gradicnt 10 the
metal p;tl'\ldc enables 1o ditfuse the carbon and
theretare provides @ further growth ol the curbon
nanotube {101 Avarlability of a «cap» on top ol
the catalyst indicates @ cessation of growth and
deactivation of the catalyst particles. Fip. 6 shows
(he Raman speetrum ol carbon nanotubes on e
lite-hased catalysts with FeaOx

The spectrum of this sample has the follov-
g peaks. peak [ ata was c-tength bas | 3RS em
G maximum has 1872 ¢m . For this sample ol
CNT the rato of peak intensity is b/l i 067
This ratio indicates at low defectivencss of ob-

tamed carbon nanotubes. Raman defectiveness of

D-peak in graphite and nanotubes s similar. The
difference 15 the width at hatf height (FWHM

full width at fall maximum standurd expres

stond.
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The spectrum of D-hand of multiwall car-
ot panotubes (o - %0-90 e’y is 2 times wider
than amilar spectruin of D-band of yraphite (B
(31§ em ).For MWNTs a sample is synthe-

ared on seolite with FeOs have @ hall value
wudth of D-band 1 5, = 52-75 em T2}

ﬁwwc\usiu ns

The results of investigation have shown the

sf¥eotiventss of seolite-based catalysts during

centhesis of carbon nanotubes with the help of
chermgal  vapar deposition method. The sell
pmpugmjng gurfacc  thenma .\ym\wsip method
prOmotes the pr\‘)ducing of metal oxides particles
on 200HIC. Curbon panotubes were symhcsi'/.ud on
mx\\m:-buscd catalysts and were investigated by
gransmission and scanning clectron MICTOSCOPY a8
qeell as Raman SPECLTOSCopy- For the catalyst on
z.ccﬁxlci,'cn()q the curbon panolubes have 2 diame-
ger of 11 oM For the catalyst on '/,colf\\m\'f'e;.(h the
carbon panotubes have diameters [rom 7w 21
pm. Raman gpectrum indicates @ {ow defectives
pess ol obtaincd carbon nanotubes. Obtained re-
gults arc confirmed the ;wrccpl‘wcncss of zeolite:
pased catalysts for synthesis of carbon nanotubes

by CVD
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