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NAS RK is pleased to announce that News of NAS RK. Series of geology and technical 

sciences scientific journal has been accepted for indexing in the Emerging Sources Citation 
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate 
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation 
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of 
Science offers to researchers, authors, publishers, and institutions sets it apart from other 
research databases. The inclusion of News of NAS RK. Series of geology and technical 
sciences in the Emerging Sources Citation Index demonstrates our dedication to providing the 
most relevant and influential content of geology and engineering sciences to our community. 

 
 
Қазақстан Республикасы Ұлттық ғылым академиясы "ҚР ҰҒА Хабарлары. Геология жəне 

техникалық ғылымдар сериясы" ғылыми журналының Web of Science-тің жаңаланған нұсқасы 
Emerging Sources Citation Index-те индекстелуге қабылданғанын хабарлайды. Бұл индекстелу 
барысында Clarivate Analytics компаниясы журналды одан əрі the Science Citation Index Expanded, 
the Social Sciences Citation Index жəне the Arts & Humanities Citation Index-ке қабылдау мəселесін 
қарастыруда. Webof Science зерттеушілер, авторлар, баспашылар мен мекемелерге контент 
тереңдігі мен сапасын ұсынады. ҚР ҰҒА Хабарлары. Геология жəне техникалық ғылымдар 
сериясы Emerging Sources Citation Index-ке енуі біздің қоғамдастық үшін ең өзекті жəне беделді 
геология жəне техникалық ғылымдар бойынша контентке адалдығымызды білдіреді.  

 
 
НАН РК сообщает, что научный журнал «Известия НАН РК. Серия геологии и технических 

наук» был принят для индексирования в Emerging Sources Citation Index, обновленной версии Web 
of Science. Содержание в этом индексировании находится в стадии рассмотрения компанией 
Clarivate Analytics для дальнейшего принятия журнала в the Science Citation Index Expanded, the 
Social Sciences Citation Index и the Arts & Humanities Citation Index. Web of Science предлагает 
качество и глубину контента для исследователей, авторов, издателей и учреждений. 
Включение Известия НАН РК. Серия геологии и технических наук в Emerging Sources Citation 
Index демонстрирует нашу приверженность к наиболее актуальному и влиятельному контенту 
по геологии и техническим наукам для нашего сообщества. 
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SYNTHESIS OF CARBON NANOTUBES BY THE CVD METHOD  
ON THE SURFACE OF THE HYDROPHOBIC SHALE ASH 

 

Abstract. The paper presents a procedure for the synthesis of carbon nanotubes (CNTs) by the CVD (Chemical 
Vapor Deposition) method with the decomposition of carbon monoxide at a pyrolysis temperature of 800 ° C. Cobalt 
particles were used as the catalyst, and hydrophobic ash of the oil shale (Kendyrlik field) based on superhydrophobic 
soot was used as the support for the catalyst. The chemical composition was determined and the morphology of the 
surface of the samples was studied by using the methods of energy-dispersive X-ray spectroscopy, electron micro-
scopy and Raman scattering. The optimum condition for obtaining CNTs by a catalytic method was established, 
where the holding time was 120 min at a pyrolysis temperature of 8000С. The yield of carbon nanotubes per unit 
mass of catalyst was ~ 30%. 

Keywords: CNT, catalyst, pyrolysis, shale, ash, soot, CVD method. 
 
Introduction. The last decades were marked by a burst of scientific activity in the development and 

the study of carbon materials (CM). This was reflected in the purposeful synthesis of allotropic forms of 
carbon (carbines, fullerenes, nanotubes, circulites, etc.), as well as in the creation of a wide range of 
porous materials in a series of mixed (transitional) forms of carbon, of practical interest as adsorbents, 
catalysts and supports for catalysts [1].  

The discovery in 1991 of carbon nanotubes (CNTs) has caused a large number of studies devoted to 
the properties and applications of this modification of carbon in a wide range of fields of science and in-
dustry. The improved mechanical characteristics (tensile strength ~ 300 GPa, Young's modulus ~ 1000 GPa) 
combined with low density (~ 1.8 g/cm3) and nanometer sizes make it possible to consider carbon nano-
tubes as a promising reinforcing component [2]. Recently, in connection with their unique properties, the 
greatest interest among nanomaterials is attracted by carbon nanotubes - carbon allotrope with a cylindri-
cal nanostructure. 

A cylinder formed from a single graphite sheet is known as a single-walled carbon nanotube and 
usually has a diameter of about one nanometer to several tens of nanometers (about 30 to 50) and has a 
length that can be many orders of magnitude greater than the diameter. Multi-walled carbon nanotubes are 
carbon compounds with layers consisting of coaxially embedded tubes of different diameters (2÷100 nm) 
or rolled in the form of a scroll from one or more graphene sheets. Due to their structure, CNTs have a 
number of unique physical properties compared to traditional carbon-based materials. In particular, they 
are characterized by high tensile strength (exceeding the strength of steel), flexibility, thermal and elec-
trical conductivity. The most interesting property of carbon nanotubes is that they can have conductivity in 
metallic or semiconductor types, depending on their diameter and chirality [3]. 

Unique properties of carbon composite have caused their wide distribution in the chemical industry, 
due to heat resistance, thermal strength, high chemical resistance and specific strength. They are used for 
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obtaining high-temperature composite materials [4, 5], modified electrodes [6, 7], sorbents, catalytic 
systems [8-10], as well as in medicine, security and defense devices, power generation and storage 
devices, transport, communication, computer technology, building materials. Among the most important 
properties of CNTs, the connection between the geometric structure of a nanotube and its electronic cha-
racteristics should be mentioned first [11, 12]. The use of these materials in the electronics industry is 
explained by the properties of carbon nanotubes, such as mechanical ductility and significant thermal 
conductivity. Biocompatibility with human and animal tissues causes the possibility of their use in 
medicine as a carrier for targeted delivery of medicinal agents to target tissues under directed therapy. 

The developed surface and structure of CNTs determine their unique electrochemical and sorption 
properties, when realizing the conditions for their filling with gaseous or liquid substances. The distance 
between the layers in the multilayer carbon nanotube is close to the corresponding value for crystalline 
graphite (3.4 nm). This distance is sufficient for placing another substance inside the CNT, and the 
graphite shell provides a sufficiently good protection of the material contained in it from external chemical 
or mechanical action. Therefore, CNTs can be considered as a unique storage tank for substances that are 
in gaseous, liquid or solid state [13]. 

The prospect of modified CNTs due to the possibility of their effective use as reinforcing fillers of 
various composites, elements electronic and energy-saving devices, as well as the creation of biocom-
patible materials in medicine [14]. 

Methods for synthesizing nanotubes can be divided into non-catalytic and catalytic methods. In the 
non-catalytic method, carbon nanotubes are synthesized in helium by thermal spraying of a graphite 
electrode in arc discharge plasma. Alternative methods are the evaporation of a mixture of carbon and 
transition metals by a laser beam from a target (consisting of a metal alloy with graphite), methods of 
thermal chemical deposition, plasma-chemical deposition, etc. The catalytic methods are based on the 
pyrolysis of CO or hydrocarbons in the presence of metallic catalysts [1]. 

In the catalytic method of CNT synthesis, small particles of different transition metals, for example, 
elements of group 8, 6B, 5B or a mixture of two, three, four or more elements (including scandium, tita-
nium, vanadium, chromium, manganese, iron, cobalt , nickel, copper, zinc, yttrium, zirconium, niobium, 
molybdenum, etc.). Non-volatile metal oxides (magnesium, calcium, zirconium, aluminum, lanthanum, 
silicon, titanium), some salts (calcium carbonate, spinel, perovskite), zeolite, silica gel, airgel, natural clay, 
amorphous carbon are used as the catalyst support [15]. 

During the synthesis, nanotubes begin to appear from the catalyst bed, and their thickness directly 
depends on the size of the catalyzing metal. The surface is heated to high temperatures, and then the 
carbon-containing gas is supplied (methane, acetylene, ethylene, ethane, propylene, propane, ethyl or 
propyl alcohol, etc.). As a diluent gas, nitrogen or argon is used. This method of obtaining nanotubes is the 
most widespread [16, 17]. 

The main disadvantage of modern catalytic methods for the production of carbon nanotubes is that 
they consist of several stages. In addition, the catalyst is usually applied in the form of a powder on a 
substrate, where the main problem is separation from the last nanotubes. In this connection, there is a need 
to improve the catalytic process for the production of carbon nanotubes, as well as the need for a low-cost 
method of rapidly obtaining large quantities of high-quality pure CNTs of uniform dimension that would 
ensure a high yield. Also studies aimed at developing of various catalysts for the complex treatment of gas 
emissions of industry under more favorable conditions, are strategically important [18]. 

The purpose of this work is the synthesis of carbon nanotubes (CNTs) by CVD (Chemical Vapor 
Deposition) method with the decomposition of carbon monoxide in argon, at a pyrolysis temperature of 
800 ° C on the surface of the catalyst (10% Co / 5% soot / 85% ash of shale) and study physicochemical 
properties of the obtained samples. In the CVD method occurs pyrolysis of carbon-containing gas and the 
dissolution of carbon in the catalyst nanoparticles, which оften there are materials with high solubility of 
carbon (Fe, Co, Ni) [19]. 

Research method. Samples of carbon nanotubes (CNTs) were obtained in LLP "Institute of Coal 
Chemistry and Technology» (Astana, Kazakhstan). A catalyst based on cobalt, which was obtained from 
0.5 M CoCl2 in an alcoholic solution in an ultrasonic bath, was used as a stationary layer. The ash part of 
the oil shale of the Kendyrlik deposit (Kazakhstan) and soot was used as a carrier. To obtain samples of 
shale ash, the sample was pre-crushed on a hammer mill (Molot-200) to a fraction of 0.1 mm, and then 
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subjected to heat treatment in a muffle furnace at a temperature of 900 ° C in a current of air for 60 
minutes. Samples of carbon black were obtained by electrochemical gassing in an electric field of high 
voltage on an electrochemical aeroion installation of the series B0-B9 at JSC "Company Absolute 
Kazakhstan" (Karaganda, Kazakhstan) under the guidance of prof. A.V. Borisenko. The catalyst was then 
dried in a muffle furnace at 100 ° C for 15 minutes, treated in an inert argon medium at 400 ° C for 1 hour.  

The CNT synthesis by gas phase deposition (CVD) was carried out at atmospheric pressure in argon 
at 800 ° C for 60 and 120 minutes in a horizontal tubular quartz reactor (figure 1). 

 

 
Figure 1 – Schematic diagram of a laboratory installation for the synthesis of CNT:  
1 - gas cylinder (argon); 2 - carbon monoxide (CO); 3 - quartz reactor; 4 - LATR;  

5 - temperature sensor; 6 - a flask for controlling the gas outlet; 7 - gas outlet 
 

The quartz reactor was heated and cooled in an inert argon medium at a gas velocity of 80 cm3/min. 
Carbon monoxide was used as the carbon source (carbon-containing raw material), the feed rate was 80-
100 cm3/min. 7 g of catalyst was charged to a horizontal cylindrical quartz reactor (3) (with an internal 
diameter of 30 mm). The reactor is wrapped in a nichrome spiral and insulated with asbestos to heat the 
furnace. The temperature in the reactor was set by means of a heating element (LATR) (4) and monitored 
according to the indications of a digital thermal sensor "Aries TRM1" (5) equipped with a thermocouple 
of the chromel-alumel type introduced into a special pocket of the reactor. The temperature in the reactor 
was maintained with an accuracy of ± 0.2 °C. Up to 150 °C, the temperature increases at a rate of 
2°C/min, after 150°C increases at a rate of 1°C/min. 

Element composition, structure and dimension of the catalyst of CNTs were studied on a SEM 
Phenom XL device (the Netherlands), SEM device (Quanta 3D 200i) with an attachment of energy-
dispersive spectrometry (EMF), also on a portable X-ray fluorescence spectrometer S1 Titan (Germany). 

Raman spectroscopy was measured using a Solver Spectrum (NT-MDT) apparatus, using a 100x 
objective and exciting radiation in the visible range from a semiconductor laser λ = 473 nm. The accumu-
lation time for all spectra was 30 seconds. The original spectra were processed in the Origin Lab program. 

Results and discussion. The results of the elemental analysis, presented in table 1, show that the ash 
part of the shale contains the main compound of silicon, aluminum, calcium and iron, and the carbon 
content is only 4.6%, due to the intensive release of volatile organic compounds after heat treatment. The 
elemental composition of the carbon soot indicates the presence of C, O and Ca, which confirms the 
results of studying the components of soot obtained by the electronic microprobe JCXA 733 by the 
scientists of Absolute Kazakhstan Company (Karaganda), where the composition (%): С - 87.88; О - 8.85; 
Al is 1.08; Si - 2.01; S = 0.15 [17]. 

Electron microscopic images of Kendyrlyk shale ash and soot are presented in figures 2 and 3. 
Analysis of the the surface morphology of the samples showed that the cleavage surface is represented             
by structural heterogeneity and has dense formations with strong agglomerates with particle sizes of                      
~ 155 ± 900 nm. In some places, the cleavage surface is plate-stepped. 

Based on the analysis of microphotographs and elemental composition of the soot, it can be con-
cluded that the basis is a structured carbon matrix composed of particles with dimensions of ~80 - 800 nm, 
which  are  indicated  in  micrographs.  The  spherical  shape  is due to the fact that the liquid-like particles 
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Table 1 – Elemental composition of ash from the Kendyrlyk oil shale and soot 
 

Element 
Wt. % 

Shale ash Soot 

C 4.59 83.67 

O 37.33 11.09 

Na 0.68 – 

Mg 1.37 – 

Al 6.99 – 

Si 29.91 – 

K 2.37 – 

Ca 10.54 5.24 

Fe 6.20 – 
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Figure 2 – Electron microscopic images of ash from the Kendyrlyk oil shale 
 

 
х30 000 
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Figure 3 – Electron microscopic images of soot 
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formed by the associates of the graphene clusters are assembled into droplets that are self-compacted by 
the action of capillary forces [1]. Different microstructural models of the organization of primary particles 
suggest that in the near-surface layer a part of graphenes is located parallel to their outer surface. As noted 
[1], primary globules of carbon soot are usually grouped in fairly strong formations of a certain form 
(primary aggregates), from which less strong secondary aggregates (or agglomerates) are formed. 
Depending on the method of packing the primary carbon globules in the aggregates, spherical, ellipsoidal, 
linear and branched carbon soot particles are classified. 

Figure 4 shows SEM photographs of the catalyst (10% Co / 5% soot/ 85% ash of shale) after syn-
thesis by the CVD method at a temperature of 8000C, the synthesis time of 60 (a) and 120 (b) min. 

 

      

a 
 

     

b 

Figure 4 – SEM images of the catalyst after synthesis of CVD, synthesis time:  
a – 60 min; b – 120 min 

 
As can be seen from the data obtained on the surface of hydrophobic shale in the presence of Co-particles, 
carbon filaments (filaments) were formed after the synthesis and a carbon material known as CFC-
catalytic fibrous carbon is produced. The process of forming filaments includes the following successive 
stages: the complete decomposition of the hydrocarbon on one of the faces of the metal with the adsorp-
tion of carbon atoms on it, their dissolution and diffusion through the volume of the metallic crystallite, 
followed by the release and formation of graphene on the other face. In this case, the formed graphene 
exfoliates from the surface of the metal, giving way to the growth of the next. The scheme of the process 
of obtaining the CFC from carbon monoxide using the kobolt catalyst is shown in figure 5. 
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Figure 5 – Scheme for the production of CFC based on Co-catalyst 
 

In stage A, the carbon monoxide decomposes on the surface of the cobalt particles dispersed on the 
surface of the hydrophobic ash of the oil shale. Carbon is dissolved in metallic cobalt particles to form 
Co3C. As a result of the growth of the fibers (stage B), the catalyst particles are separated from one ano-
ther. Growing fibers (stage C), interwoven into dense tangles, occupy an increasing volume. Note that this 
feature can be used to produce products of the desired shape from carbon materials. Carbon fibers are 
known to be graphite-like layers. In this case, the nature of the packing of the layers is determined by the 
mutual orientation of the faces in the crystallites of the catalyst used. There are three main types of 
packing layers: 1 - layers in the form of nested one in the other cones - "fish bone"; 2 - layers located 
perpendicular to the axis of the fiber - "deck of cards"; 3 - nested in one another cylinders, oriented along 
the axis of the fiber - nanotubes [1]. The derivation of certain types of CFCs depends on the catalytic 
systems and the synthesis conditions. From the literature data it is known that when using a Co catalyst, 
nanotubes oriented along the fiber axis are formed, which represent extended structures folded into single 
or multilayer tubes with a diameter of 100 to 500 nm and a length of about 8 μm. The morphology of the 
grown CNT is a tubular, curved shape (figure 5). Experimentally it is extremely difficult to synthesize 
HLCs of the same type with ideal packing of layers. 

Table 2 shows the chemical composition of the catalyst after synthesis (10% Co/5% carbon soot/85% 
ash of shale), which is determined on a portable X-ray fluorescence spectrometer S1 Titan (Germany). The 
elemental composition confirms the content of the active metal (Co) in the catalyst (9.53%). 
 

Table 2 – Chemical composition of catalyst (wt%) 
 

t, 
min  

SiO2 Co Fe2O3 CaO MgO Al2O3 K2O MnO TiO2 P2O5 Cl Sdaf Сdaf 

60 9.97 9.53 4.53 3.09 1.36 0.70 0.31 0.16 0.16 0.03 0.25 0.30 69,55 

120 9,58 10,02 4,68 2,81 1,03 0,65 0,22 0,10 0,18 0,01 0,12 0,08 76,68 

 
Figure 6 shows the Raman spectra of the catalyst after synthesis (t = 60 min) in the wave interval 

200-3200 cm-1. The sample mainly contains carbon in the amorphous state (a) and in the form of graphite 
(b) [20]. The peak in the 2730 cm-1 region indicates the possibility of containing polycrystalline graphite 
structures - carbon nanotubes (b). The sample contains cobalt oxide (470, 512 cm-1) (c) [21]. A peak in the 
region of 455 cm-1 in figure 6 (d) indicates the presence of compounds containing SiO4 groups. 

Figure 7 shows the Raman spectra of the catalyst after synthesis (t = 120 min). As the results showed, 
the sample is heterogeneous, consists of several components. The main part is carbon in the phase of 
defective graphite (a). In addition, there are regions containing crystalline graphite structures (possibly 
carbon nanotubes), as evidenced by narrow peaks at 1360, 1575, 2720 and 2940 cm-1 (b). Less intense 
peaks in the low-frequency region of the spectrum (190, 470, 510, 675 cm-1) shown in figures (b) and (c) 
may indicate the presence of traces of Co3O4 cobalt oxide [22]. 
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a)     b) 
 

 
 

c)  d) 
 

Figure 6 – Raman spectra of the catalyst after CVD synthesis at t = 60 min 
 
 

 
 

а)  b) 
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c) 

Figure 7 – Raman spectra of the catalyst after CVD synthesis at t = 120 min 
 

After synthesis, carbon materials in the form of a film were formed on the walls of the reactor. The 
elemental composition of the carbon material showed the presence of 100% pure carbon (figure 8). 

 

 
 

Figure 8 – Elemental composition of the film after synthesis (T = 8000C) with a holding time: a - 60 min; b - 120 min 
 

Figure 9 shows SEM photographs of carbon films on the walls of a quartz tube after synthesis by the 
CVD method at a pyrolysis temperature of 8000C, the synthesis time being 60 min. Carbon material was 
formed as graphite sheets (also known as graphene), in which the carbon atoms are ordered into sheets 
with a thickness of 10 to 20 μm. As can be seen from figure 9 (b) the material consists of spherical forms 
of carbon with dimensions from 200 nm to 1.0 μm. This is due to the fact that during gas-phase thermal 
decomposition of hydrocarbons, the reaction can proceed through a heterogeneous mechanism with 
product deposits - pyrolytic carbon (PC) on the equipment walls or other porous materials introduced into 
the reaction zone. 

In this case, the PC is produced in the form of a dense film with a metallic sheen that reproduces all 
the details of the surface. The process of pyrocarbon formation can be considered as the crystallization of 
carbon products from the gas phase on the substrate. Growth centers are the embryo of carbon formed 
from graphenes and their clusters on the surface. During the growth process, carbon atoms from the gas 
phase interact with the embryos, forming a dense mass. When the pyrolytic layer reaches 10 nm, the 
influence of the nature of the substrate on the process of its isolation disappears, and the rate of pyrocar-
bon formation becomes proportional to the surface of the film. Depending on the pyrolysis temperature, 
the growing carbon layers can form either a turbostratic or graphite-like structure. Pyrocarbon, as a carbon 
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а) 

      
 b) 

Figure 9 – Electron microscopic images of the film after synthesis at t = 60 min,  
on the device: a - SEM Phenom XL (Netherlands); b - SEM (Quanta 3D 200i) 

 
material, has properties that make it attractive enough for industrial use. However, in view of the fact that 
it is formed only on free heated surfaces, making any products based on pyrolytic carbon is very difficult. 
In recent decades, the direction associated with the preparation of carbon-carbon composites has been 
rapidly developing [1]. 

An electron microscopic image of a fragment of a carbon material containing CNTs is shown in 
figure 10, where the retention time of the synthesis was 120 min. Particles of CNT with diameters from     
50 to 500 nm are clearly visible, which are folded into a single, seamless seam cylinder. The length of 
nanotubes can reach tens of micrometers, the end of such a tube can be an open or closed fullerene-like 
hemisphere. The cylindrical surface of the tubes is formed by hexagons. In real nanotubes, due to the 
existence of penta- and heptagons, structural defects, the formation of bridges and the sparking of a 
cylindrical surface are observed [1]. 

Figure 11 (a) shows the Raman spectrum of the film after synthesis (t = 60 min). The sample is homo-
geneous in structure, a spectrum characteristic of amorphous carbon is observed. Comparison of the 
Raman spectrum of the investigated sample with Raman spectra for various forms of carbon [1] reveals a 
similarity (in terms of structural closeness) of the spectrum to nanocrystalline carbon with different quasi- 
graphite crystallite sizes. 

Figure 11 (b) shows the Raman spectrum of the film after synthesis (t = 120 min), which is the            
most typical for carbon nanotubes of a rather high degree of ordering, as evidenced by the peak at                    
2730 cm-1. 
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а) 

     

b) 

Figure 10 – Electron microscopic images of the film after synthesis at t = 120 min, 
on the device: a - SEM Phenom XL (Netherlands); b - SEM (Quanta 3D 200i) 

 

 

а)              b) 

Figure 11 – Raman spectra of the film after CVD synthesis: a - t = 60 min; b - t = 120 min 
 

Conclusions. Thus, the proposed method of carbon nanotubes is based on the method of chemical 
(catalytic) vapor deposition, which is the most promising method of industrial production and provides a 
product with a relatively high multilayeredness and homogeneity of the fraction, which determines the 
achievement of the strength characteristics required for structural materials. As a result of the high-
temperature process, carbon nanotubes (CNTs) were obtained at 8000С (in an inert atmosphere) by the 
CVD method (chemical Vapor Deposition) with the decomposition of monoxide on the Co catalyst 
surface, where the hydrophobic ash of the Kendyrlik (Kazakhstan) based on soot. The optimum condition 
for obtaining CNTs by a catalytic method was established, where the holding time was 120 min at a 
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pyrolysis temperature of 800 0С. The yield of carbon nanotubes per unit mass of catalyst was ~ 30%. The 
carbon nanotubes obtained by this method can be used as a power filler in the production of composite and 
heat-insulating materials. 
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КӨМІРТЕКТІ НАНОТҮТІКШЕНІ CVD ƏДІСІМЕН  

ГИДРОФОБТЫ СЛАНЕЦ КҮЛІНІҢ БЕТІНДЕ СИНТЕЗДЕУ  
 

Аннотация. Жұмыста көміртекті нанотүтікшені (КНТ) CVD (Chemical Vapor Deposition) əдісімен 
көміртегі монооксидінің 800 °С пиролиз температурасында ыдырауы нəтижесінде синтездеуге негізделген. 
Катализатор ретінде кобальт большектері, ал катализаторға тасымалдағыш ретінде супергидрофобты күйе 
негізіндегі гидрофобты сланец күлі («Кендырлык» кеніші) қолданылды. Энергодисперсионды рентгенді 
спектроскопия, электронды микроскопия жəне комбинациялық шашырау əдістері арқылы зерттелген үлгі-
лердің химиялық құрамы жəне беттік морфологиясы анықталды. КНТ каталитикалық əдіспен алудың 
оптимальді шарттары анықталды, пиролиз температурасы 800 0С, ұсталу уақыты 120 мин. Катализатордың 
массасына салыстырғанда көміртекті нанотүтікшенің шығымы 30 % құрады.  

Түйін сөздер: КНТ, катализатор, пиролиз, сланец, күл, күйе, CVD əдісі. 
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CИНТЕЗ УГЛЕРОДНЫХ НАНОТРУБОК МЕТОДОМ CVD  
НА ПОВЕРХНОСТИ ГИДРОФОБНОЙ ЗОЛЫ СЛАНЦА 

 
Аннотация. В работе представлена методика синтеза углеродных нанотрубок (УНТ) методом CVD 

(Chemical Vapor Deposition) при разложении монооксида углерода при температуре пиролиза 800 °С. В ка-
честве катализатора были использованы частицы кобальта, а в качестве носителя для катализатора приме-
нялась гидрофобная зола сланца (месторождения «Кендырлык») на основе супергидрофобной сажи. С ис-
пользованием методов энергодисперсионной рентгеновской спектроскопии, электронной микроскопии и 
комбинационного рассеяния определен химический состав и изучена морфология поверхности исследуемых 
образцов. Установлено оптимальные условие для получения УНТ каталитическим способом, где время вы-
держки составил 120 мин при температуре пиролиза 8000С. Выход углеродных нанотрубок на единицу массы 
катализатора составил 30 %. 
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