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Abstract. In this work, composite materials based on carbon nanotubes and diatomite
(CNTs/DIATOMITE) have been obtained by chemical vapor deposition (CVD) in the 
Laboratory Synthesis of Carbon Nanomaterials in Flame of the Institute of Combustion 
Problems (Almaty, Kazakhstan). The synthesis of carbon nanotubes conducted by 
CVD method, as a matrix was used diatomite mineral saturated with aluminum nitrate 
(Al(NO3)3*9H2O) from 0.5 up to 1.5 molar concentration. An analysis of the results of 
the Raman spectra shows that, in highly disordered carbon materials, the ratio I(D)/I(G) 
is usually less than unity. With an increase in the ordering of the structure, this ratio 
increases until the sizes of the ordered regions reach ~10–20 nm. In the case of more 
ordered structures, with sizes larger than 10–20 nm, an increase in order is characterized 
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by a decrease in the I(D)/I(G) ratio. This pattern is most clearly manifested for samples 
with a catalyst concentration of 1.5 M: up to a temperature of 750 ℃, an increase in I(D)/
I(G) is observed simultaneously with a decrease in the width of the D and G (FWHM) 
peaks, and at a temperature of 800℃, the value of this ratio starts to decrease. The 
intensity ratio I(G)/I(2D) characterizes the long-range order of the structure. A decrease 
in this parameter with an increase in temperature indicates an increase in the quality of 
CNTs.

Keywords: diatomite, synthesis, carbon nanotubes, composite materials
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Аннотация. Бұл жұмыста көміртекті нанотүтікшелер мен диатомит
(CNT/DIATOMIT) негізіндегі композиттік материалдар Жану проблемалары 
институтының (Алматы, Қазақстан) көміртекті наноматериалдарды жалында 
синтездеу зертханасында химиялық будан тұндыру әдісі арқылы алынды. 
Көміртекті нанотүтікшелердің синтезі CVD әдісімен жүргізілді, матрица ретінде 
0,5-тен 1,5 молярлық концентрацияға дейінгі алюминий нитратымен қаныққан 
диатомит минералы (Al(NO3)3*9H2O) пайдаланылды. 
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Комбинациялық шашырау спектроскопиясы нәтижелерін талдау, алынған 
үлгілерде қатты реттелмеген көміртекті материалдарда I(D)/I(G) қатынасы 
әдетте бірден аз болады. Құрылымның реттілігі жоғарылаған сайын, бұл қатынас 
реттелген өлшемдер аумағы ~10–20 нм шамасына жеткенге дейін артады, 

Өлшемдері 10–20 нм-ден асатын неғұрлым реттелген құрылымдар жағдайында 
реттіліктің жоғарылауы I(D)/I(G) арақатынасының төмендеуімен сипатталады. 
Бұл үлгі катализатор концентрациясы 1,5 М болатын үлгілер үшін айқын 
көрінеді: 750℃ температурасына дейін D және G (FWHM) шыңдарының енінің 
төмендеуімен бір уақытта I(D)/I(G) өсуі байқалады, ал 800℃ температурада бұл 
арақатынастың мәні төмендей бастайды. 

I(G)/I(2D) қарқындылықтарының қатынасы құрылымның алыс тәртібін 
сипаттайды. Температураны жоғарылата отырып, осы параметрдің қысқаруы, 
КНТ-ның сапасының артқанын білдіреді.

Түйін сөздер: диатомит, синтез, көміртекті нанотүтікшелер, композитті 
материалдар 
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Аннотация. В данной работе композитные материалы на основе углеродных
нанотрубок и диатомита (УНТ/ДИАТОМИТ) были получены методом хими-
ческого осаждения из паровой фазы (CVD) в лаборатории синтеза углеродных 
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наноматериалов в пламени Института проблем горения (Алматы, Казахстан). 
Синтез углеродных нанотрубок проводили методом CVD, в качестве матрицы 
использовали диатомитовый минерал, насыщенный нитратом алюминия 
(Al(NO3)3*9H2O) от 0,5 до 1,5 молярной концентрации. Анализ результатов 
спектров комбинационного рассеяния света показывает, что в сильно 
неупорядоченных углеродных материалах соотношение I(D)/I(G), как правило, 
меньше единицы. С увеличением упорядоченности структуры это соотношение 
растет до момента достижения размеров упорядоченных областей ~10-20 нм. В 
случае более упорядоченных структур, с размерами более 10–20 нм, повышение 
упорядоченности характеризуется уменьшением соотношения I(D)/I(G). Наиболее 
четко эта закономерность проявляется для образцов с концентрацией катализатора 
1,5 М: до температуры 750℃ наблюдается рост I(D)/I(G) одновременно с 
уменьшением ширины пиков D и G (FWHM), а при температуре 800℃ значение 
данного соотношения начинает уменьшаться. Соотношение интенсивностей I(G)/
I(2D) характеризует дальний порядок структуры. Сокращение данного параметра 
с увеличением температуры говорит о повышении качества УНТ.

Ключевые слова: диатомит, синтез, углеродные нанотрубки, композитные 
материалы

Introduction
Nanotechnology has an essential place in the progress of the latest technology, and 

is the leading investment field in all research fields. 
Carbon nanotubes (CNTs) can be used to produce durable and electrically conductive 

composite materials. Due to its unique physicochemical properties, even small additives 
of CNTs in various materials can significantly improve their mechanical and electrical 
characteristics. In this regard, the development of new simple and effective methods 
for the synthesis of metal-carbon composite materials, ensuring a uniform distribution 
of carbon nanostructures associated with a metal matrix, is an urgent task, allowing to 
obtain multifunctional materials of a new generation.

Since 1991 (Iijima, 1991) carbon nanotubes have been discovered and promising 
reinforcements for nanocomposites, due to the extraordinary mechanical and physical 
properties of carbon nanotubes, i.e. extraordinary high strength-to-weight ratio, high 
aspect ratio and high fracture strain and magnificent flexibility. The utilize of CNTs 
in metallic composites have been published (Liao et al., 2010; Pérez-Bustamante et 
al., 2010; Kwon et al., 2009; Laha et al., 2009; Esawi et al., 2010; Kwon et al., 2010). 
Nevertheless, the dispersion and processing problems are the main obstacles for the 
metal CNTs composites due to the strong van der Waals forces of gravitation between 
these long and thin tubes. In comparison with the polymer-CNTs composites, the mixing 
process of metal-CNTs is more difficult (Liao et al., 2011; Li et al., 2010). For instance, 
metallic powder, such as aluminum (Al) powder in contradistinction to polyesters, 
cannot be dissolve in efficient liquid surfactant and then cannot be ultrasonicated with 
CNTs, whereas blast could take place due to the high energy and the H2 made from the 
reaction of Al powder and H2O.
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Effort at producing Al-CNTs by melt mixing were not satisfying as a result of poor 
Al-CNTs wettability, high viscosity of Al and strong agglomeration of CNTs.

Aluminum-based composites containing multi-walled carbon nanotubes (MWCNTs) 
are obtained by a powder metallurgy itinerary involving a ball-milling technique. The 
composite containing the isolated MWCNTs shows a good strength but poor electrical 
and thermal conductivities. The bonded MWCNTs act as a channel for conducting 
of electrons or phonons. As a result, both the isolated MWCNTs and the networked 
MWCNTs might be excellent alternatives depending on the application aim (Shin et al., 
2012). 

Authors of the work (Sohail et al., 2020) highlighted some recent development 
on electrochemical platforms based on single-walled and multi-walled CNTs, and 
nanocomposites as a biomaterial with desirable properties in the field of agriculture and 
biotechnology. Thus, in order to apply carbon-based nanomaterials as an engineering 
toolkit for different applications, including agricultural and biotechnological fields it is 
possible to get such kind of nanomaterials by functionalization of their structure.

Aluminum (Al) is one of the most extensively used lightweight materials for 
structural applications due to its high strength℃to℃weight ratio, superior corrosion 
resistance, and machinability. Therefore, Al matrix is being considered as the most for 
the reinforcement of CNTs due to their mentioned advantages (Dinesh et al., 2020).

In (Lei et al., 2010) work Al/carbon composites were produced using polyvinyl 
alcohol as carbon source. Hence, that the carbon content influences the electrochemical 
performance of composites. In comparison with pure aluminum, the composites show 
improved cycle performance, though the initial irreversible capacities increase. The 
existence of carbon layer could buffer the volume expansion of Al, thereby maintaining 
a stable conductive network between metal particles and other electric materials. 
Results indicate that carbon coating is a feasible method to improve the electrochemical 
performance of metal aluminum. 

At the Institute of Combustion of Problems carried out experimental work relating 
to the synthesis of carbon nanotubes using shungite and hydrophobic sand substrate 
(Temirgaliyeva et al., 2017). Currently it was obtained carbon nanotubes on the 
surface of diatomite mineral saturated with aluminum nitrate (Nazhipkyzy et al., 2018; 
Nazhipkyzy et al., 2022). The obtained diatomite based composite material containing 
carbon nanotubes can be used in water purification, in electrochemistry and as an 
additive for energy intensive materials.

Materials and methods
In this work diatomite is impregnated with saturated solution of Al(NO3)3℃9H2O 

and ethanol. Then was dried in an oven for 15 minutes. Farther samples are ground and 
transferred to special boats for heating in a CVD furnace up to 650, 700, 750, 800°C 
in an inert atmosphere with the participation of propane. The technique for obtaining 
composite materials containing CNTs is shown in the Fig.1.
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Figure 1. The technique for the obtaining composite materials containing CNTs

The process of growth was carried out by catalytic decomposition of a propane-
butane gas mixture on a diatomite substrate with a previously prepared catalyst.

Subsequently, the resulting aluminum particles catalyze the synthesis of multi-wall 
carbon nanotubes in concentration from 0.5 to 1.0.

The obtained CNTs were characterized by Raman scattering method (Solver 
Spectrum instrument (NT-MDT)) using 473 nm laser at the National Nanotechnology 
Laboratory of Open Type, al-Farabi Kazakh National University. All spectra were 
normalized and the width and intensity of the peaks were studied.  

Microscopic studies were carried out on a scanning electron microscope (SEM) 
«Quanta 200i 3D», FEI Company, USA, in the open-type nanotechnology laboratory at 
the Al-Farabi KazNU.

Results and discussions
It is obvious from SEM images (Fig. 2–4) that carbon nanotubes synthesized at high 

temperatures of 700, 750 and 800°C are approximately the same for all concentrations 
(0.5; 1.0; 1.5). The diameter of obtained carbon nanotubes were in the range from 46.6 
to 202.3 nm.
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Figure 1. The technique for the obtaining composite materials containing CNTs

The process of growth was carried out by catalytic decomposition of a propane-butane gas mixture 
on a diatomite substrate with a previously prepared catalyst.

4𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴(𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁3)3 → 2𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴2𝑁𝑁𝑁𝑁3 + 12𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁2 + 3𝑁𝑁𝑁𝑁2
Subsequently, the resulting aluminum particles catalyze the synthesis of multi-wall carbon nanotubes

in concentration from 0.5 to 1.0.
The obtained CNTs were characterized by Raman scattering method (Solver Spectrum instrument

(NT-MDT)) using 473 nm laser at the National Nanotechnology Laboratory of Open Type, al-Farabi
Kazakh National University. All spectra were normalized and the width and intensity of the peaks were
studied.  

Microscopic studies were carried out on a scanning electron microscope (SEM) "Quanta 200i 3D",
FEI Company, USA, in the open-type nanotechnology laboratory at the Al-Farabi KazNU.

Results and discussions
It is obvious from SEM images (Fig. 2–4) that carbon nanotubes synthesized at high temperatures of

700, 750 and 800°C are approximately the same for all concentrations (0.5; 1.0; 1.5). The diameter of
obtained carbon nanotubes were in the range from 46.6 to 202.3 nm.

а) Т=650℃ b) Т=700℃
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Figure 2. CNTs at different temperatures (0,5 М; AlСl3*6H2O)
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Figure 3. CNTs at different temperatures (1 М; AlСl3*6H2O)
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Figure 3. CNTs at different temperatures (1 М; AlСl3*6H2O)
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Figure 2. CNTs at different temperatures (0,5 М; AlСl3*6H2O)
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Figure 3. CNTs at different temperatures (1 М; AlСl3*6H2O)
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Figure 4. CNTs at different temperatures (1,5 М; AlСl3*6H2O)

In highly disordered carbon materials, the I (D) / I (G) ratio is usually less than unity (Fig.5, c). With
an increase in the ordering of the structure, this ratio increases until the size of the ordered regions reaches
~ 10–20 nm.

650 700 750 800

40

60

80

100

120

140

160

180

200

220

240

260

280

300

FW
H

M
(D

)

Temperature, 0C

0.5 M
1 M
1.5 M

Al concentration

650 700 750 800
35

40

45

50

55

60

65

70

75

80

85

90

95

FW
H

M
(G

)

Temperature, 0C

0.5 M
1 M
1.5 M

Al concentration

a b

650 700 750 800

0.6

0.7

0.8

0.9

1.0

1.1

1.2

1.3

1.4

1.5

1.6

I(D
)/I

(G
)

Temperature, 0C

0.5 M
1 M
1.5 M

Al concentration

650 700 750 800
2

4

6

8

10

12

14

16

18

20

22

I(G
)/I

(2
D

)

Temperature, oC

0.5 M
1 M
1.5 M

Al concentration

c d
a – dependence of the FWHM of the D peak on the synthesis temperature;

b – dependence of the G peak width on the synthesis temperature of MWCNTs;
c – dependence of the ratio of intensities I (D)/I(G) on the synthesis temperature of MWCNTs;
d – dependence of the ratio of intensities I (G)/I(2D) on the synthesis temperature of MWCNTs

Figure 5. Raman spectra of CNTs at different temperatures

In the case of more ordered structures with sizes greater than 10–20 nm, an increase in the ordering
is characterized by a decrease in the I(D)/I(G) ratio. This pattern is most clearly manifested for samples 
with a catalyst concentration of 1.5 M up to a temperature of 750℃, an increase in I(D)/I(G) is observed
simultaneously with a decrease in the width of peaks D and G (FWHM) (an increase in crystallinity), and
at a temperature of 800℃, the value this ratio begins to decrease (Fig.5, a-b).
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In the case of more ordered structures with sizes greater than 10–20 nm, an increase in the ordering
is characterized by a decrease in the I(D)/I(G) ratio. This pattern is most clearly manifested for samples 
with a catalyst concentration of 1.5 M up to a temperature of 750℃, an increase in I(D)/I(G) is observed
simultaneously with a decrease in the width of peaks D and G (FWHM) (an increase in crystallinity), and
at a temperature of 800℃, the value this ratio begins to decrease (Fig.5, a-b).
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In highly disordered carbon materials, the I (D) / I (G) ratio is usually less than unity (Fig.5, c). With
an increase in the ordering of the structure, this ratio increases until the size of the ordered regions reaches
~ 10–20 nm.
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at a temperature of 800℃, the value this ratio begins to decrease (Fig.5, a-b).

a – dependence of the FWHM of the D peak on the synthesis temperature;
b – dependence of the G peak width on the synthesis temperature of MWCNTs; 

c – dependence of the ratio of intensities I (D)/I(G) on the synthesis temperature of MWCNTs;
d – dependence of the ratio of intensities I (G)/I(2D) on the synthesis temperature of MWCNTs

Figure 5. Raman spectra of CNTs at different temperatures

In the case of more ordered structures with sizes greater than 10–20 nm, an increase 
in the ordering is characterized by a decrease in the I(D)/I(G) ratio. This pattern is most 
clearly manifested for samples with a catalyst concentration of 1.5 M up to a temperature 
of 750℃, an increase in I(D)/I(G) is observed simultaneously with a decrease in the 
width of peaks D and G (FWHM) (an increase in crystallinity), and at a temperature of 
800℃, the value this ratio begins to decrease (Fig.5, a-b).

Thus, it can be assumed that in the temperature range 700–750℃, the sizes of ordered 
crystal structures reach 10–20 nm and continue to grow with a further increase in the 
synthesis temperature.

The intensity ratio I(G)/I(2D) characterizes the long-range order of the structure 
(Fig.5, d). A decrease in this parameter with an increase in temperature indicates an 
increase in the quality of CNTs. 

So, at high temperatures (700–750℃), the degree of long-range order is approximately 
the same for all concentrations.

Conclusion
In this article, the composite materials containing carbon nanotubes production 

technique was discussed. Multiwalled carbon nanotubes were synthesized by CVD 
method onto diatomite substrates. From SEM images it is clear that obtained carbon 
nanotubes at high temperatures of 750 and 800°C approximately the same for all 
concentrations. The diameter of obtained carbon nanotubes was in the range from 46.6 
to 202.3 nm.
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