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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-Co3O4 the carbon 

nanotubes have a diameter of 11 nm. For catalyst of zeolite-Fe2O3 the carbon nanotubes have a diameter 

from 7 to 21 nm. Raman spectrum indicates at low defectiveness of obtained carbon nanotubes. 

 

Key words: zeolite, catalyst, self-propagating 

surface thermosynthesis, carbon nanotube 

 

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 CNTs.  

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 

М-С 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
3
 was used. The zeolite 

has a structure of thin scaly plates. Previously, the 

zeolite was heated at a temperature of 1000 °С 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 SiO2 (80 %) 

and small part of illite is KAl2(Si3Al)O10(OH)2. 

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 (Co3O4) or iron oxide 

(Fe2O3) and ultradisperse particles [9]. 

 

3Сo(NO3)2·6H2O + 6C2H5NO2+0.5O2 = 

12CO+33H2O+6N2+Co3O4 

 

XRD analysis of obtained metals showed 

that cobaltous oxide has the following formula 

Co3O4 and the ferrous oxide - Fe2O3 (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
3
/min, H2 - 150 cm

3
/min, C2H2 – 

19.5 cm
3
/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 

Co3O4. 

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 Fe2O3 and Co3O4 zeolite-based catalysts 

       
 

Fig.3.SEM and TEM images of carbon nanotubes on zeolite-based catalysts with Со3O4. 

 

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 Со3O4.  

The Raman spectrum of multi-walled nano-

tubes have two main maxima: at wave-length of 

1300 - 1360 cm
-1 

(D-band) – is the «defective 

Raman zone» is conditioned by dispersion of 

nanostructured defects  of carbon nanotubes, as 

well as  at ~ 1580 cm
-1

 (G-band) is characterized 

by  vibrations of  sp
2
 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 ID/IG corresponds to a ratio 

of defect structures (sp
3
 configuration of carbon) 

in the graphite-like structures (sp
2
 configuration of 

carbon) in carbon nanotubes. For the sample of 

CNT the ratio of peak intensities is ID/IG is 0.80.  

Fig. 5 shows the SEM and TEM images of 

carbon nanotubes are grown on zeolite with 

Fe2O3.  
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Fig.4.Ramanspectrumof carbon nanotubes on zeolite-based catalysts with Со3O4. 

 

       
 

Fig. 5.SEM and TEM images of carbon nanotubes on zeolite-based catalysts with Fe2O3. 

 

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 Fe2O3. 

The spectrum of this sample has the follow-

ing peaks, peak D at a wave-length has 1355 cm
-1

, 

G maximum has 1572 cm
-1

. For this sample of 

CNT the ratio of peak intensity is ID/IG 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 Fe2O3. 

 

The spectrum of D-band of multiwall car-

bon nanotubes (δν = 80-90 cm
-1

) is 2 times wider 

than a similar spectrum of D-band of graphite (δν 

= 32-35 cm
-1

).For MWNTs a sample is synthe-

sized on zeolite with Fe2O3, have a half value 

width of D-band is δν = 52-75 cm
-1

[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-Co3O4 the carbon nanotubes have a diame-

ter of 11 nm. For the catalyst on zeolite-Fe2O3 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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Аннотация 

Катализаторы переходных металлов на носителе были получены методом самораспространяющегося 

поверхностного термосинтеза на цеолите и были протестированы на процесс получения углеродных 

нанотрубок с помощью метода CVD. В работе представлены возможность применения и эффектив-

ность использования цеолита в качестве матрицы для катализаторов в синтезе одно- и многостенных 

углеродных нанотрубок методом химического парофазного осаждения. Углеродные нанотрубки, по-

лученные на катализаторах на основе цеолита были исследованы с помощью, просвечивающей и ска-

нирующей электронной микроскопии, и спектроскопии комбинационного рассеяния света. Для полу-

чения катализатора цеолита Co3O4 углеродные нанотрубки имеют диаметр 10,7-10,9 нм. Для катали-

затора цеолит-Fe2O3 были получены углеродные нанотрубки с диаметром от 6,8 до 20,9 нм. Спектр 

комбинационного рассеяния указывает на низкую дефектность полученных углеродных нанотрубок. 

Ключевые слова: цеолит, катализатор, самораспространяющийся поверхностный термосинтез, угле-

родные нанотрубки 
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Аннотация 

Тасымалдағыштағы ауыспалы металдардың катализаторлары өздігінен таралатын беттік термосинтез 

әдісімен цеолитте алынды және CVD тәсілі арқылы көміртекті нанотүтікше алу процесінде 

тексерілді. Осы жұмыста химиялық газфазалы тұндыру әдісімен бір және көпқабырғалы көміртекті 

нанотүтікше синтезі үшін катализатор матрицасы ретінде циолитті қолдану тиімділігі және 

мүмкіндігі көрсетілген. Циолит негізіндегі катализаторларда алынған нанотүтікшелер сәулелену және 

сканерлеу микроскопы, жарықты комбинациялық шашырату спектроскопиясы көмегімен зерттелді. 

Циолит-Co3O4 катализаторын алу үшін  көміртекті нанотүтікшелер диаметрі 10,7-10,9 нм. Ал цеолит-

Fe2O3 катализаторы үшін  көміртекті нанотүтікшелер диаметрі 6,8 ден 20,9 нм дейін болды. 

Комбинациялық шашырату спектрлері алынған көміртекті нанотүтікшелердің дефектілігі төмен 

екенін көрсетті. 

Түйінді сөздер: цеолит, катализатор, өздігінен таралатын беттік термосинтез, көміртекті нанотүтікше 

 


