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Abstract. The possibility of forming materials, blanks and products made
of graphite by decomposition of liquid hydrocarbons heated to high
temperatures has been shown. Optimal modes for growing bulk products in
liquid hydrocarbons have been determined. It is presented the Raman
spectra of the obtained of graphite materials samples with the signs of
presence of carbon nanostructures of various types in these materials.

Introduction

The traditional method of obtaining products from graphite materials is the molding of
initial powders into porous blanks and subsequent high-temperature treatment. This method
is effective enough for creating small-sized, simple-shaped products. At the same time
pressing with subsequent high-temperature exposure does not always make it possible to
produce critical structural elements with the required operational properties.

One of the most interesting ways to solve the problem of creating products from
graphite materials is the development of fundamentally new additive technologies.
However, existing technological developments in this area [1-10] involve the use of binders
which often negatively affect the operational properties of products based on these
materials.

The aim of this work is to develop an additive technology of 3D printing of monolithic
product or billet made of graphite materials by means of its graphitization from liquid
hydrocarbons in the process of heating to high temperatures which makes possible to form
blanks or products made of graphite materials without binders.
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Experimental

In the process of obtaining a monolithic product or a graphite billet the parts made of this
material are placed in liquid hydrocarbon (transformer oil or industrial oil) and after that
one of the rod—shaped parts is connected to the plus of the welding device and the other to
the minus (Fig. 1).
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Fig. 1. The process of graphitization from liquid hydrocarbon: 1,2 — graphite parts, 3 — current source,
4 — terminal for connection to plus (+), 5 — terminal for connection to minus (-), 6 — gap between the
part-rod and the part-plate, 7 — container for liquid hydrocarbon, 8 - transformer T1500 or industrial
oil

In the process of heating the parts to a high temperature, an electric arc is formed
between the parts and liquid hydrocarbon evaporation occurs with the formation of carbon
on the surface of the parts.

The part connected to the minus is made in the form of a substrate plate. Both parts are
placed in a liquid hydrocarbon with a gap under each other. The rod part is installed with
the possibility of reciprocating movement in the process of heating in both horizontal and
vertical planes relative to the plate part and is heated with a current of 30-60 A. During the
heating process it takes place evaporation and dissociation of liquid hydrocarbon which
forms a coating of the junction with a layer of carbon material in contact with the surface of
the part-plate.

So, in the process of the product formation both parts with the same electrochemical
potential are used and at that the rod-shaped part acts as a catalyst for the process, while
liquid hydrocarbon is used as the main raw material for the resulting billet or product. The
catalytic properties of the rod part accelerate the decomposition of hydrocarbon at lower
current and temperature values. The placement of the rod part with a gap above the plate
part makes it possible to build up actively the layers of the resulting graphite from liquid
hydrocarbon on the substrate.

The translational movement of the rod part to the plate in the vertical plane allows
ensuring the arc process of building up the layers of graphite formed from liquid
hydrocarbon between the parts. During this process layers of newly formed graphite are
deposited on the plate part (substrate for layers). The subsequent vertical movement of the
rod part from the plate makes it possible for new portions of liquid hydrocarbon to enter the
gap and build up a new layer of graphite on the already formed layer or layers of graphite.
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At the same time it is possible to regulate the number of layers necessary to obtain a given
size of the billet or product.

The movement of the rod part in the layer build—up zone during reciprocating
movement in the horizontal and vertical planes relative to the substrate part, similarly to the
3D printing method, ensures the geometry of a given product. The rod part activates the
structure formation of a new material and the connection between the elements of the new
structure of graphite from liquid hydrocarbon.

Heating modes (30-60 A) affecting the arc formation process, the size of the gap
between the rod part and the substrate in the initial state and during the formation of layers
of the formed material on the plate as well as the speed of reciprocating movement during
heating in both horizontal and vertical planes relative to the part-plate can be used as
technological parameters of this process allowing to control the structure and properties of
the newly formed material between the parts (rod and plate).

Results and discussion

As complex experimental studies have shown the effect of increasing graphite layers in the
form of tightly packed structural elements and obtaining products from liquid hydrocarbons
is achieved using not only graphite electrodes but also copper—copper and nickel-nickel
electrodes. Such results indicate the expansion of the capabilities of this method which
involves the production of graphite materials in the process of utilization of various metallic
and non-metallic materials as electrodes.

The structure of the resulting graphite was studied by an Altami MET 5 optical
microscope and a multifunctional Raman spectrometer with Fourier transform Senterra
(Bruker, Germany) at a wavelength of 532 nanometers emitting gap and emitter power of
10 mW. The spectra were processed by OPUS 65 software in semi-automatic mode with
the Gauss function use.

The results of investigation of the graphite material structure obtained in the process of
the build-up during graphitization from transformer oil are shown in Fig. 2.

Fig. 2. Graphite layers obtained in the process of building them up during graphitization from
transformer oil T1500 and using graphite-graphite electrodes (a —x 200; b —x 1000)

6 samples with different production conditions were examined (Table 1).
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Table 1. Marking of samples

Characteristics of the conditions for obtaining a sample Marking
Material of electrodes Current value

Graphite-graphite, from the substrate | 40 A DMK-1

Graphite-graphite, from the substrate | 60 A DMK-2

Copper-Copper, from the substrate 40A DMK-3

Copper-Copper, from the substrate 30A DMK-4

Copper-Copper, from the substrate 50 A DMK-5

Copper-Copper, from the electrode 40 A DMK-6

Figure 3 shows the Raman spectra of graphite materials obtained by building up layers
of graphite released during the heating of hydrocarbons with graphite (samples No. 1-2)
and copper (samples No. 3-6) electrodes utilization.
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Fig. 3. Raman spectra of graphite materials obtained from hydrocarbons

The Raman spectra shown in Fig. 3 contain a number of characteristic peaks of different
intensities with different Raman shifts and geometries. The G—band is located near 1582
cm’! and reflects the degree of crystallization of the material. The D-band is located near
1350 cm™! and reflects the degree of structural disorder near the edge of the microcrystalline
structure. It is sufficiently pronounced G and D peaks in the Raman spectra of samples No.
2 and 3, for the rest of the samples these peaks are significantly smoothed and characterized
by an increase in their width. Comparison of the Raman spectra presented in Fig. 3 with the
results obtained in [11-22] suggests the presence of carbon nanostructures such as
nanofibers and nanotubes in the resulting material.
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Summary

The result of the research is the establishment of the possibility of forming materials, billets
and products made of graphite obtained by decomposition of liquid hydrocarbons such as
transformer and industrial oil when they are heated to high temperatures.
Optimal modes for growing bulk products in liquid hydrocarbons have been identified.
In terms of Raman spectroscopy method it has been studied the structural state of the
extended layers in liquid hydrocarbons indicating the presence of bands characteristic of
carbon nanomaterials in the RAMAN spectra.
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