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Abstract

The paper presents the results of carbon nanotubes synthesis from benzene in
fluidised bed reactor. Al,O; spheres with iron and nickel nanoparticles coating
were used as a catalyst for the synthesis of carbon nanotubes. To deposit nickel
nanoparticles on the surface of Al,O; spheres, the method of solution combustion
was used. Optimum temperature conditions and gas flow rates were worked out
for each of the catalysts. It was found that the best efficiency in the synthesis of
carbon nanotubes from benzene is shown by catalysts based on aluminium oxide
coated with iron. The obtained carbon nanotubes were studied by scanning electron
microscopy and Raman spectroscopy. It was found that at temperatures above
850 °C from benzene on Al,O; spheres with Ni/NiO, carbon frame structures are

Fluidised bed reactor; formed.

Carbon framework structure.

1. Introduction

In the synthesis of carbon nanotubes by the
chemical vapor deposition (CVD) method, the
main conditions affecting the structure and prop-
erties of synthesized carbon nanotubes (CNTs) are
the composition and ratio of the gas mixture, the
synthesis temperature, the structure and morpholo-
gy of the catalyst, etc. [1, 2]. Also, for the synthesis
of carbon nanotubes, polymer waste can be used,
as shown in [3].

The main influence on the structure of CNTs
is exerted by the morphology and activity of the
catalyst, as well as further processing methods, in-
cluding treatment with various chemical reagents.
[4, 5]. The catalyst is often a system that includes
a matrix and an active phase deposited on it. Ther-
mostable and chemically inert compounds, such as
silicon and aluminium oxide, are used as support
for the catalyst [6, 7]. Carbon nanotubes can be
synthesized in a flame using iron and nickel cata-
lysts as shown in [8].
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2. Experimental part

The synthesis of carbon nanotubes was carried
out in a vertical CVD reactor. To supply benzene
to the reaction zone, nitrogen was passed through a
glass bubbler with benzene (Fig. 1). A bubbler with
benzene was heated to a temperature of 6070 °C
to intensify the evaporation process, and as a con-
sequence, a higher benzene content in the supplied
gas mixture. Nitrogen passing through the bubbler
captured benzene molecules, which were transport-
ed by nitrogen to the reactor and served as a car-
bon source for the synthesis of carbon nanotubes.

The temperature regimes for the synthesis of
carbon nanotubes from benzene were worked out in
the range of 750-860 °C. At temperatures ranging
from 750 to 800 °C, the product is mainly amor-
phous carbon. The nitrogen flow rate varied from
300 to 1000 cm*/min. At a nitrogen flow rate of
less than 650 cm®/min, the benzene content in the
gas mixture is too low and no significant product
yield was observed. At a nitrogen flow rate over
700 cm?/min, due to the intensive flow rate, the
gas mixture does not have time to warm up before
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Fig. 1. Schematic of a vertical CVD setup for the synthesis of carbon nanotubes from benzene.

reacting with the catalyst and amorphous carbon
is mainly formed. Based on this, the most optimal
nitrogen rate is 650—700 cm?*/min.

In this work, Al,O; spheres with a diameter of
0.5-1 mm were used as a matrix for the prepara-
tion of catalysts. Al,O; spheres have the following
composition: ALL,O; — 93.6%, SiO, — 0.06%, Fe,0O5
—0.18%, Na,O — 0.45%.

As an active component of the catalyst, we used
compounds of the transition group metals: iron and
nickel, which are the most used catalysts in the
synthesis of CNTs. Ferrocene is the most useful
catalyst for the growth of carbon nanotubes. The
active component was applied by the impregnation
method; Al,O; spheres were impregnated with a
saturated solution of Fe(CsHs), (Sigma Aldrich) in
95% ethanol. After impregnation, the catalyst was
placed in an oven until the solvent was completely
removed. During the synthesis of CNTs, ferrocene
decomposes with the formation of pure iron by the
reaction:

Fe(CsHs), — Fe + 2CH, + 8C + H,.

During decomposition, iron particles are
formed on the surface of the spheres, which play
the role of an active phase in the growth of carbon
nanotubes. Nickel was deposited on the surface of
Al,O; spheres by the method of solution combus-
tion synthesis. For this, the Al,O; spheres were im-
pregnated with an aqueous solution of a mixture
of nickel nitrate and fuel. Citric acid (C,HgO,) was
used as a fuel. After impregnation with Al,O;, the
spheres were subjected to a drying process at a
temperature of 100 °C until the solvent was com-

pletely removed. After drying, the Al,O; spheres
were subjected to heat treatment at 260 °C in a ni-
trogen atmosphere, while an exothermic reaction
proceeds on the surface with the release of heat and
an increase in temperature to 1200 °C and the for-
mation of nickel nanoparticles with a small content
of nickel oxide. The resulting Ni/NiO nanoparti-
cles were studied by scanning electron microsco-
py, optical microscopy, BET (Brunauer, Emmett
and Teller) analysis, and X-ray phase analysis.

3. Results and discussion

To establish the phase composition of the Al,O;
spheres, an X-ray phase analysis was performed.
The results of X-ray phase analysis (Fig. 2) showed
that the catalyst matrix consists of y-Al,Os, a trace
amount contains impurity compounds, the content
of which is less than 1 wt.%. The BET analysis car-
ried out on the SORBTOMETR-M device showed
that the specific surface area of the Al,O; sphere is
248 m?/g, the specific pore volume is 0.106 cm’/g.

Figure 3 shows the diffractogram and SEM
(scanning electron microscope) image of a Ni/NiO
sample obtained from nickel nitrate and citric acid.

The interaction of nickel nitrate (Ni(NOs),) and
citric acid (C4HgO,) under the influence of high
temperature on the surface of Al,O; spheres forms
nanoparticles consisting of 85 % pure nickel (Ni)
and 15% nickel oxide (NiO). Particle sizes are
80-300 nm. Thus, based on the results of X-ray
phase analysis, the interaction of nickel nitrate and
citric acid forms a product consisting of 85% Ni
and 15% NiO.

Eurasian Chemico-Technological Journal 22 (2020) 235-239



G.T. Smagulova et al. 237

500 wm|

Fig. 2. X-ray diffraction and optical microscopy image of Al,O; spheres.
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Fig. 4. SEM image and Raman spectrum of carbon nanotubes synthesized on Fe@sp-AlLO; from benzene.

The catalysts synthesized on the basis of Al,O;
spheres with iron and nickel particles were used in
the synthesis of CNTs from benzene. It was experi-
mentally found that when using Fe (CsHs), on vari-
ous carriers and benzene, the optimum temperature
was 830 °C.

Figure 4 shows an SEM image and a Raman
spectrum of carbon nanotubes synthesized on Al,O;
spheres impregnated with a Fe(CsHs), solution.

l
PR
Fig. 3. X-ray diffraction and SEM-image of Ni/NiO.
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Based on the scanning electron microscopy im-
ages, it was found that as a result of the synthesis of
CNTs on Al,O; spheres impregnated with a solu-
tion of Fe(CsHs), from benzene, carbon nanotubes
with diameters from 27 to 135 nm were obtained;
helical one-dimensional structures are also present.
A small content of the amorphous carbon phase is
observed.
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Fig. 5. SEM images of carbon framework structures synthesized on Ni/NiO@ sp-Al,O; from benzene.
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Fig. 6. SEM image and Raman spectrum of carbon nanotubes synthesized on Ni/NiO@ sp-Al,Os.

The spectrum of this sample has the following
peaks, D-peak at 1360 cm™!, G-peak at 1600 cm™.
For this CNT sample, the peak intensity ratio I,/I
is 0.65. This ratio indicates a low defectiveness of
the obtained carbon nanotubes.

It was experimentally found that for the Ni/NiO
catalyst when using benzene, the most optimal tem-
perature is 850 °C. It was also found that graphene-
like structures are formed at temperatures above
850 °C. Figure 5 shows SEM images of these car-
bon nanostructures synthesized on Al,O; spheres
with deposited Ni/NiO nanoparticles.

Analysis of SEM images shows that the thick-
ness of the “walls” of the framework structures
varies from 45 to 300 nm. Outwardly, these struc-
tures have a graphene-like structure.

Figure 6 shows the SEM image and Raman spec-
trum of carbon nanotubes synthesized on Al,O;
spheres with deposited Ni/NiO nanoparticles.

For the Ni/NiO catalyst on Al,O; spheres,
benzene forms multi-walled carbon nanotubes
with a diameter of 40—-120 nm. The spectrum of

this sample has the following peaks, D-peak at
1345 cm™, G-peak at 1600 cm™'. For this CNT sam-
ple, the peak intensity ratio I/I; is 0.78. This ra-
tio indicates a relatively high defectiveness of the
obtained carbon nanotubes and the presence of an
amorphous phase.

4. Conclusions

As a result of the work carried out, the optimal
conditions for the synthesis of carbon nanotubes in
a fluidised bed reactor from benzene were deter-
mined. For the first time, the solution combustion
method was applied to obtain the active phase of
catalysts in the form of Ni/NiO on the surface of
AlLO; spheres for the synthesis of carbon nano-
tubes from benzene. It was found that the follow-
ing synthesis conditions meet the optimal condi-
tions for the synthesis of carbon nanotubes from
benzene: nitrogen consumption 650—700 cm*/min,
synthesis temperature 850 °C. The best indicators
of catalytic activity during the synthesis of carbon
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nanotubes were shown by Al,O; spheres impreg-
nated with a Fe(CsHs), solution. In this case, car-
bon nanotubes were synthesized with diameters
from 27 to 135 nm with an insignificant content
of amorphous carbon. It was experimentally found
that at temperatures above 850 °C from benzene
on Al,Oj; spheres with deposited Ni/NiO nanoparti-
cles, graphene-like structures with a wall thickness
of frame structures from 45 to 300 nm are formed,
which opens up the prospect of using this method
for the synthesis of graphene structures. For the
Ni/NiO catalyst on Al,O; spheres, benzene forms
multi-walled carbon nanotubes with a diameter of
40-120 nm.

Acknowledgment

The work was carried out as part of the proj-
ect «Production of carbon nanotubes in a fluidized
catalyst bed reactor and their application in elec-
tric-energy systems» (AP05135539) grant financ-
ing of the Ministry of Education and Science of the
Republic of Kazakhstan.

References
[1]. H.U. Rashid, K. Yu, M.N. Umar, M.N. Anjum,

Kh. Khan, N. Ahmad, M.T. Jan, Rev. Adv.
Mater. Sci. 40 (2015) 235-248.

[2].

[3].

[4].

[5].

[7].

[8].

. C. Oncel,

A. Yahyazadeh, B. Khoshandam, Results
Phys. 7 (2017) 3826-3837. DOI: 10.1016/.
rinp.2017.10.001

G. Smagulova, N. Vassilyeva, B. Kaidar,
N. Yesbolov, N. Prikhodko, R. Nemkayeva,
Eurasian Chem.-Technol. J. 21 (2019) 241-245.
DOTI: 10.18321/ectj865

Z.R. Ismagilov, S.A. Yashnik, N.V. Shikina,
E.V. Matus, O.S. Efimova, A.N. Popova, A.P.
Nikitin, Eurasian Chem.-Technol. J. 21 (2019),
291-302. DOI: 10.18321/ectj886

Y.M. Manawi, Ihsanullah, A. Samara, T. Al-
Ansari, M.A. Atieh, Materials 11 (2018) 822.
DOI: 10.3390/mal11050822

Y. Yirim, Fuller.

Carbon N. 14 (2006) 17-37.
10.1080/15363830500538441

W.-W. Liu, A. Aziz, S.-P. Chai, A. Rahman
Mohamed, U. Hashim, J. Nanomat. 2013 (2013)
Article ID 592464. DOI: 10.1155/2013/592464
Z.A. Mansurov, Journal of Materials Science
and Chemical Engineering 2 (2014) 1-6. DOI:
10.4236/msce.2014.21001

Nanot.
DOI:

Eurasian Chemico-Technological Journal 22 (2020) 235-239


https://www.sciencedirect.com/science/article/pii/S2211379717305612?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S2211379717305612?via%3Dihub
https://ect-journal.kz/index.php/ectj/article/view/865
https://ect-journal.kz/index.php/ectj/article/view/886
https://www.mdpi.com/1996-1944/11/5/822
https://www.tandfonline.com/doi/abs/10.1080/15363830500538441
https://www.tandfonline.com/doi/abs/10.1080/15363830500538441
https://www.hindawi.com/journals/jnm/2013/592464/
https://www.scirp.org/journal/paperinformation.aspx?paperid=41994
https://www.scirp.org/journal/paperinformation.aspx?paperid=41994

