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Carbon is one of the most common elements and continues to amaze with its variety of forms.
It is the basis for living nature, fossils and millions of organic compounds. Carbon has a unique variety
of compounds, incomparable to other elements of the Periodic Table. Even in the form of a simple
substance, carbon is the leader in the variety of forms. The emergence of graphene is a striking
example of this diversity, which has given new impetus to nanotechnology [1,2].

Graphene is a nanoscale two-dimensional crystalline nanostructure consisting of carbon
particles arranged in a hexagonal or honeycomb lattice. It is accepted as a basic building block for
other forms of carbon such as fullerenes, carbon nanotubes and graphite layers. It was previously
thought that such a material could not exist due to its thermodynamic instability, but in 2004 Andre
Geim and Kostya Novoselov [3,4] were able to extract graphene from graphite using ordinary
adhesive tape. Their discovery led to an explosion in graphene research due to its amazing properties.
For this work they were awarded the Nobel Prize in Physics in 2010, and since then interest in
graphene has been growing rapidly, which is reflected in an increase in publications on this topic [5-
7].

The purpose of this work is the synthesis of carbon graphene-like nanomaterials using the
electric arc discharge method from coal and the study of their physicochemical and electrophysical
properties.

Experimental part. In the proposed method for producing graphene and graphene- containing
materials includes the following stages: preparation of raw materials, inflation and filling of the
reactor with inert gas, arc discharge at 100 A, 75 V, collection of the product.

In this study, graphene-containing nanomaterials were synthesized from activated carbon
obtained from coal from the Shubarkol deposits, grade D, by carbonization and activation. The
resulting carbon material has the following characteristics (%):Wr-1.10;Ad- 10.17;Vdaf-8.59.

The essence of the method is the thermal spraying of a carbon electrode in the plasma of an arc
discharge burning in an inert gas atmosphere. To obtain graphene, the process of electric arc discharge
of Shubarkol activated carbon was carried out in an inert atmosphere of nitrogen; the current strength
at a constant voltage of 75 V was 100 A in a quartz reactor.

The study of the structure and dimension of carbon nanomaterials was carried out using energy-
dispersive X-ray spectroscopy on a device SEM (Quanta 3D 200i )with attachment for energy
dispersive analysis from EDAX.

The type of carbon modification was studied using Raman spectroscopy using the Raman
scattering (RS) method. Raman spectra of samples were recorded using a scanning probe
microscopelntegra Spectra, using a laser with a radiation wavelength of 473 nm.

Determination of electrophysical characteristics (dielectric constante, electrical resistanceR)
were carried out by measuring electrical capacity samples on a serial device LCR-800 (meterL,C,R)
at an operating frequency of 1 kHz with a base error of

0.05-0.1% continuously, in dry air, in thermostatic mode with a holding time of 3 minutes at
each fixed temperature.
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Results.Scanning electron microscope analysis results. The carbon material formed in the
reactor showed the formation of flocculent carbon particles, possibly graphene-like materials(Fig. 1).

o

Figure 1. SEM image of samples obtained by electric arc method discharge:

(a) x500; (b) x5000; (c) 30000 A
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Figure 2. Elemental composition of carbon material formed in the reactor

The elemental composition of the porous carbon material after electric arc processing
is: carbon, oxygen, sodium, aluminum, silicon and calcium.

The Raman spectrum of the original Shubarkol coal shows a signal with characteristic
peaks D and G (1374.9 and 1594.3 cm-1). The D band is a disordered band associated with
structural defects and amorphous carbon, while the G band corresponds to in-plane coupling
of sp? carbon atoms. The broad D-band peak indicates that the sample contains a relatively
large amount of disordered structure and defects. The degree of graphitization is Gf=29.6% .
According to the ratios 1(D)/1(G)=0.67; 1(G)/1(D)=1.5; 1(G)/1(2D)=6; 1(2D)/1(G)=0.17, we can
say that there is no graphene and the original coal has different degrees of defectiveness, which
indicates the quality of the material. After the activation process of Shubarkol coal, the degree
of graphitization decreased to Gf=24%, but at the same time the peaks are 1363.7 cm-1(D);
1582.5 cm-1(G); 2725.9 cm-1(2D); increased their intensity and based on the proportions
1(D)/1(G)=0.89; It can be argued that the absence of graphene and activated carbon have a high degree
of defectiveness due to the appearance of meso- and macropores.

Analysis of the Raman spectrum of the grown graphene layer "Shubarkol" after an arc
discharge showed that wider peaks with centers around 1363.7 cm are visible in the spectrum-1(D)
and 1582.5 cm-1, caused by graphene (ordered carbon sp2), respectively, and a relatively low and
wide peak centered around 2725.9 cm-1, corresponding to the 2D peak. After arc treatment, the
Raman spectra show a high degree of graphitization Gf =80.7% and the spectra are similar to the
peaks of pure graphene. According to the ratios of these peaks, 1(D)/I(G) = 0.12; I(G)/1(D)=8.33;
1(G)/1(2D)=2.94; 1(2D)/1(G) = 0.34 it is clear that the resulting materials are of high quality and
ordered; in the same way, by proportions we can say that after an arc discharge, multilayer graphene
was obtained on the walls of the reactor.
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Figure 3. Raman spectra: a-pristine Shubarkol coal, b-Shubarkol activated carbon,
c-Shubarkol activated carbon after arc treatment

By permeability and electrical resistance, the original coal does not have semiconductor
properties, its dielectric constant remains very low over the entire range of temperatures under study,
therefore, from an electrical physical point of view, this material is not of interest. Activated carbon
"Shubarkol™ has mainly average material values. The maximum value of electrical conductivity is
achieved at a temperature of 393 K and is 2.62x106at 1 kHz. A study of the dependence of electrical
resistance on temperature shows that in the range from 293 to 333 K the material has variable
conductivity, from 333 to 393 K - semiconductor, from 393 to 453 K - metallic, and from 453 to 483
K - again variable conductivity. After an arc discharge, the material has very high electrical
permeability. As shown in Fig. 4 there is a noticeable improvement in the electrical properties. The
maximum value of electrical permeability reaches 7.20-108and more at 1 kHz at a temperature of
433-483K and in the same range the material has semiconductor properties. A study of the effect of
temperature on the electrical resistance of a material shows that in the range from 293 to 333 K it
changes in a variable manner, and when the temperature rises to 333-423 K and again to 433-483 K,
semiconductor conductivity appears.
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Figure 4. Dependence of dielectric constant (a) and electrical resistance (b) on temperature
at a frequency of 1 kHz

Electrical resistance after an arc discharge shows the lowest value compared to the original
ones. Based on the electrical data of Shubarkol coal, activation energies were calculated in activated
carbon and after arc treatment. Shubarkol activated at a temperature of 333-393 K and 1 kHz imparts
activation energy Ea.=123.26 kJ/mol, and after the arc discharge this figure dropped to Eac=55.54
kJ/mol at a temperature of 323-423 K.

Conclusions. Based on Raman spectroscopy data and electrical properties (dielectric constant
and electrical resistance), it was shown that the synthesized products have a high degree of
graphitization and long-range structural order (2D peak), which indicates the formation of graphene-
containing nanomaterials. These results provide a possible route for low-cost mass production of
high-quality graphene samples. Electrical resistance (R), electrical capacity (C) and dielectric
constant (g), electrical resistivity (R) graphene-containing materials in the temperature range 293—483
K. After arc treatment, the activation energy decreased, which demonstrates an increase in electrical
properties. As a result, we obtained high-quality carbon nanomaterials similar to graphene and with
high electrical conductivity properties.

The research was carried out with the financial support of the Science Committee of the
Ministry of Science and Higher Education of the Republic of Kazakhstan (Grant No. AR19577512.
Development of scientific and technical foundations for the production of microporous carbon
nanomaterials for the separation and storage of hydrogen).
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