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The paper presents the results of the development of a method for manufacturingigraphite and
alumina films in a polymer matrix. The difficulties arising in the formation of films onythelsurface of
glass and aluminium substrates are determined. It is established that plastic iS‘the best material for
substrates. The results of measuring the electrical parameters of the film reSiStancepare presented. It
was found that with additional heating of the substrates, the films of graphite particleS‘are made more
homogeneous. These films are stable to mechanical influences, as théy do nat break down on contact
with the measuring probes.
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Introduction

Nowadays, carbon films are widely used in engineering and industry [1, 2]. There are various
methods for obtaining carbon films: magnetron Sputtering of graphite [3-5], atomization of graphite
by an ion beam [6, 7], laser ablation of a_target [8]. All of them require the creation of special
conditions with the use of complex and expensive equipment [9].

The aim of the work is to develep ‘& method for obtaining graphite and alumina films in a
polymer matrix and to study their eleCtro-physical parameters.

It was noted in [10, 11] that@#f,a substance is mechanically cut to the smallest size, then in the
total mass of the particles obtained, seme of them may have dimensions on the order of hundreds or
less than nanometers.

It is natural to assume/that When obtained powder is dissolved, the rate of settling of the
particles and their distributionsalong the thickness of the solution will depend on the mass and
dimensions accordingly. First of all, the heaviest particles will drop to the bottom, the particles of
medium size (apdimass)will sink to the bottom of the vessel at a lower speed, and the lightest will
be in the upper,layersof the solvent, and may remain suspended for a longer time. Proceeding from
this, we proposed a simple [12] technique for the formation of films of graphite and alumina
particlesiong salid surface (quartz glass).

An investigation of the absorption spectra of the initial solutions showed [13] that the optical
density of the solutions increases with increasing depth of sampling. Using the method described in
this,paper, we obtained films of graphite and alumina particles on the surface of various substrates.
The results of the investigations are presented in [14]. It was found that the films obtained from
samples taken at different solution depths differ in the absorption density. The results of a study of
the microstructure of films with an electron microscope showed that the particle sizes increase with
increasing sampling depth.

The results presented in this paper are the next stage of the experimental work related to the
production of films of graphite particles, both on the surface of the polymer film and in the matrix
of polymer films (PVA).
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1. Methods of forming films on surfaces of various substrates

1.1 The films formation on the surface of glass substrates

The first films in the polymer matrix were formed on the surface of glass substrates. To
achieve homogeneity of graphite films, without any chips or lumens, with close packing in a row,
we prepared polymeric solutions with different concentrations of graphite particles. The resulting
solutions were spread on the surface of the glass substrates. Until complete drying, the film, was
aged for 10-12 hours. Then, using tweezers carefully removed from the surface of thegsubstrates.
Repeated experiments using glass substrates showed that PVA films are fastened togheir surfaces
rather tightly. And when they tried to remove them, the tapes burst. The result is sh@wn in Figure'1.
Particularly strong sticking is observed for films with a high concentration of graphite:

Fig.1. Film obtained from thesurface of a glass substrate.

The next part of prepared polymer solutions with graphite particles was partially applied to the
aluminium substrate and to the plastic substrate.

1.2 The films formation onfthe,surface of aluminium substrates

Consider the situation wijth the,use of aluminium substrates. The surface of the aluminium
substrate was pre-polished, themyafter‘chemical cleaning, it was washed under a stream of distilled
water. The films were applied.as described above. At the end of the time to dry the time, we found
that the films from thezaluminium surface exfoliate unevenly. That is, if the film is saturated with
graphite particles, then it'does not exfoliate from the aluminium surface. In this case, the opposite
effect is observed, forfilms with a lower concentration of graphite particles. As they dry up, the
films themsely€s exfieliate from the surface of the aluminium substrate.

Thus,_experiments using glass and aluminium surfaces as substrates showed that the films
strongly fstick” As*a result the attempt to remove them leads to the destruction of the integrity of
thesefilms. In/the case of an aluminium substrate, films are destroyed where the concentration of
graphite particles are high. In this case, an interesting picture is observed, the graphite powder
cambines into local groups and forms islands, both on the surface of the polymer film and inside the
filmThe lower part of these islets adheres to the surface of the aluminium substrate, and as a result,
it can no longer be torn off.

1.3 Formation of films on the surface and in the matrix of a polymer film

The next series of experiments was carried out using substrates made of plastic materials. It
was found that graphite polymer films, irrespective of the concentration of graphite particles, peel
well from the surface. In general, based on the results of the performed work, we found that the
graphite films in the polymer matrix most closely meet our requirements. The thickness of the films
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does not exceed 200 nanometers, under mechanical influence the film does not collapse and, finally,
it is content with the flexible, which allows it to be shaped as desired. The appearance of graphite
films in PVA with a matrix is shown in Fig. 2.
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Fig.2. Appearance of graphite films in a polyme repared by the first method.
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Fig.3. Appearance of a graphite film in a polymer matrix prepared by the second method.
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2. Discussion of results

As we see from this figure, the films obtained by the second method turned out to be most
uniform. The thickness of the films obtained also does not exceed 200 nanometres.

As in the case of the first films obtained on the surface of glass or quartz substrates, these films
in the polymer matrix were also measured for electrical resistance. However, unlike the previous
films, while measuring the resistance of these films, we found that there is no electrical connection.
Upon close examination of the surface of the films under an optical microscope, it was found that
most of the graphite particles are inside the polymer film, and a small part on its surface.'As a
result, it turned out that the film visually looks uniform with a dense packing of particlesybut in
reality consists of torn off from each other local areas. An attempt to eliminate thiS problem'by
reducing the thickness of the polymer matrix has not been successful. The re-manufactured films,
when examined under an optical microscope, were identical to the previous ones, The‘thickness of
the polymer film decreased, but, however this was not enough, the graphite, particles ffad much
smaller dimensions and, most importantly, they were stratified. While "we assumed that
homogeneous particles in the matrix will tend to line up uniform rows and form a‘denser packing.
Thus, it turned out that the particles of graphite form a homogeneous layer,/ut/these“layers do not
bind to each other. It is possible that additional energy is notyenough te®further combine the
particles.

Based on these considerations, we decided to introduce change$ in the procedure for the
production of films. It was necessary to create conditions foradditional thermal heating of the
substrates. It was assumed that some of the heat would e transferred to the particles. With an
additional supply of thermal energy, the particles will be able t@ line up in a row.

The attempt to warm up the aluminium substrate failed. Even with a slight increase in
temperature, the film was deformed. The use of gpenyfire resulted in immediate ignition of the films
on an aluminium substrate. In this regard, it Was decided to use only plastic substrates with high
beads. The surface on which the polymer swasyburied was immersed in a container of hot water. In
this case, the part on which the polymer film dripped remained naturally from the upper side. The
procedure for manufacturing graphiteffilmsiinsa polymer matrix was as follows. A plastic box with
a flat surface is installed in the container. The capacity is filled with hot water to the level of the
side edges. Thus, the surface of theyplastic box remains above the surface of the water. A prepared
polymer solution with graphiteiparticles is added to the open part of the plastic surface. Within two
hours from the moment when the ‘polymer film was filled, the plastic box, and therefore the polymer
matrix, is maintained at.a high temperature (~ 60 ° C). Thus, supply of additional, external energy is
necessary for aligning graphtte particles into homogeneous series. It was expected that we would
obtain a homogeneous, coatinuous layer of graphite particles.

Conglusion

Recently the carbon, particularly, a form of it as graphite, is one of the active area of research.
The interestiS increased due to the discovery of nanotubes, fullerenes and monolayers of a graphite
crystal. It was found that films with a thickness of only a few atomic layers of graphite (graphene),
in their properties are a semimetal with a small overlap of the conduction band and the valence
band. Also, a significant field effect and ambipolar Hall effect were detected, which allows using an
applied external field not only to change the conductivity of the material, but also to change the
main type of charge carriers. The results stimulated further investigation of graphite films.
Observation of the field effect together with metallic conductivity allowed us to assume that
graphite films may be of interest for microelectronics and nanoelectronics.

Modern microelectronics tends to miniaturize. As existing technologies and materials approach
the limit of their capabilities, an active research of new materials and principles of operation of
devices is conducted. Semiconductor materials used in modern microelectronics have some
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fundamental limitations. One of the main ones is the restriction of the concentration and mobility of
charge carriers. The use of all-metal transistors, that is, the use of metal as the main material of
microelectronics, would undoubtedly have a positive effect on the speed and other characteristics of
the devices. However, this idea encounters other obstacles: it is impossible to control the
conductivity of "thick™ metal films due to the fact that the field is completely screened already at a
depth not exceeding a nanometer. Films of this thickness cannot be used for these purposes, as they
are extremely unstable.

Our studies of thin-film graphite have shown that the stability of these materials can be
achieved by forming in a polymer matrix. Investigations of the electrical resistance patameters of
films have shown that, on average, this value for films varies in the range from two hun@red t6*three
hundred Ohms.
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