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Abstract: With the development of technological innovations in the field
of construction, increasing the efficiency of energy-saving materials used,
more and more attention is paid to electrically conductive materials.
Electrical conductivity studies were carried out on samples of concrete
with graphene addition to obtain the current-voltage characteristics of the
material. In order to identify the mechanism of the effects of different
concentrations of graphene on electrical conductivity, a series of samples
with different concentrations of graphene was made. As a result of the
research, it was found that the dependence: the resistivity of the material-
the concentration is percolation, the concentration of graphene in the
amount of 8% of the mass of cement is the percolation threshold.

Introduction

The scope of application of electrically conductive heating elements made of concrete
is quite extensive, it can be as the creation of anti-icing structures of roads, sidewalks,
reducing the humidity of underground structures, heating concrete at a young age during
construction at a sub-zero temperature, it is important to note that giving electrically
conductive properties to structural concrete should be while maintaining the initial strength
characteristics of conventional concrete.

In various studies, graphite, fullerene, carbon nanotubes, carbon fiber, steel microwires and
other conductive additives were introduced into concrete. Figure 1 shows the schematic
arrangement of conductive inclusions in concrete with different elongation.
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Fig.1. Schematic representation of the concrete structure with various conductive
inclusions: concrete with graphite particles (a); concrete with short fibers (b); concrete with

long fibers (tangles) [1].
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Concrete with introduced graphite microparticles is known, it has a low electrical
resistance, but its significant drawback is the need to introduce large (up to 30 vol.%)
graphite concentrations. Indeed, graphite has a spherical shape, and in order to create
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conductivity through the entire sample, it is necessary to ensure that graphite particles
contact each other, and for round particles this is feasible only at their high concentrations.
At a graphite concentration of 30%, the strength of concrete is reduced by 10-30 times,
which is unacceptable for most applications, so such concrete has not found application.
From the point of view of ensuring conductivity, it is advisable to use conductive particles
with a large elongation - rods, fibers, therefore, in a number of works, nanotubes, carbon
fiber and other objects with a large elongation were introduced into concrete. The results
with carbon nanotubes can be considered successful, since the conductivity was achieved
with their insignificant content [1].

The production of domestic nanomaterials, in particular graphene, on the basis of the

Scientific and Practical Center of the NAS of Belarus for Materials Science, makes it
possible to improve technologies related to various composite materials. The joint work of
the Research Laboratory of Industrial and Civil Engineering of BNTU and the Scientific
and Practical Center of the NAS of Belarus for Materials Science involves the development
of electrically conductive concrete, which is a composite material with the addition of
graphene (5-8%), having electrical conductivity with a resistivity of the material, which is
then proposed to be used as an electrically conductive structural and heating material. The
influence of various carbon nanomaterials on the electrical conductivity of cement
composites was determined in studies [2].
It is well-known that the electrical resistivity of cement-based composites varies with age
due to changes of the amount of pore water [3,4]. The electrical resistivity of the
composites including conductive nanomaterials also changes as the curing age increases if
the amount of nanomaterials included is below the percolation threshold. This is because
the pore water helps to establish a continuous conductive pathway for current flow [5]. For
instance, as the pore is filled with water, a continuous conductive pathway is established, as
shown in Figure 2a, whereas if the water in the pore evaporates, the conductive path
becomes disconnected, as shown in Figure 2b.
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(a) full saturation condition, (b) dry condition
Fig.2 Schematic description for conductive pathway[2].

Therefore, the electrical resistivity of plain cement paste and cement composites with an
insufficient amount of carbon-based nanomaterials varies with the curing age [2].
When cement mortar is hardened, several phases can be distinguished: an aqueous solution
of cement, gel formation, crystallization. The formation of the gel is accompanied by
hydration of oxides; this process is determined by the mobility of OH-, Ca+ ions, which can
be investigated, in particular, by determining the electrical conductivity. Hardening cement
can be attributed to molecular crystals, the specific electrical conductivity of which is
determined by the ratio [1-3]:

o= ui xni(l)

where i is the type of charge carrier; ui , #i is the concentration and mobility of carriers,
respectively. In aqueous solution and gel, the charge carriers are ions (in aqueous solution,
these ions can be considered free charge carriers) [6, 7].

Cement binder is quite a suitable type, since its electrical resistivity is 6-8 orders of
magnitude higher than that of carbon, and the coefficient of linear expansion is close to the
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coefficient of linear expansion of the additive. The requirements for the range of
permissible operating temperatures are determined by the temperature resistance of cement
stone (+150 ° C), since carbon allows heating up to 550 ° C [8]. The heating rate depends
on the amount of carbon black. The higher its percentage, the faster the material heats up. A
composition with 13% carbon heats up to 50 °© C in 20 minutes, however, taking into
account the strength characteristics, a composition with a content of 10-11% carbon should
be adopted [9].

The working hypothesis of the study is that the difference in the coefficient of linear
expansion of graphene and cement binder made it possible to assume that the resistivity of
electrically conductive concrete will decrease as the concrete strength increases, at the same
time, when the percolation threshold is reached, the resistivity will not increase.

Methods

Prism samples from cement mortar for determining the range of graphene
concentrations to identify the percolation threshold.In the first stage of the research,
samples with a concentration of graphene by weight of cement of 4%, 6%, 10% . Two
electrodes were installed in the samples, measurements were carried out using a two-probe
method.

I

:

WT- current source; A - ammeter;
IT - potentiometer; R et. - reference resistance
Fig.3. The scheme of measuring the resistivity by the two-probe method

According to the measurement results, resistance was observed in samples with a
concentration of 6% and 10% 15 and 31 times lower compared to samples with a 4%
concentration, and 29 and 56 times lower compared to the control samples.

The next stage of the study of the effect of different concentrations of graphene on
electrical conductivity was the study of samples of cement-sand mortar with an additive
concentration by weight of cement in 5%, 6%, 8% by the four-probe method.

Most methods of measuring the specific electrical conductivity of materials are based on
determining the voltage drop at some part of the sample through which an electric current is
passed. A number of physical effects and phenomena may occur at the contact of the
material and the metal electrode during the flow of an electric current, which may introduce
a significant error in the measurement results and in some cases make such measurements
impossible. The most important for concrete are galvanic effects. These phenomena must
be taken into account not only when measuring the specific conductivity, but also in all
other cases when an electric current flows through the measured sample with metallic
contacts, it is necessary to strive for such experimental conditions that the effect of the
phenomena is minimal.

The simplest method for determining resistivity is to measure the resistance of a sample
of a regular geometric shape with a constant cross-section. However, this method is not
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suitable for technological purposes due to the complexity of sample preparation and the
inability to control the properties of the material in any part of the sample. In addition, the
resistivity determined by this method is the average value over the entire volume of the
sample and is true only for a homogeneous sample. Probe methods are most often used to
measure resistivity, which allow avoiding these disadvantages. In the production and
laboratory practice of monitoring the physical parameters of materials, methods of
measuring resistivity are widely used, both at direct and alternating current.

A four-probe resistivity measurement method was used for the research, since it is the
most common. The main advantage of the four-probe method is that it does not require the
creation of ohmic contacts to the sample and it is possible to measure the resistivity of
samples of a wide variety of shapes and sizes. The condition of its applicability from the
point of view of the sample shape is the presence of a flat surface, the linear dimensions of
which exceed the linear dimensions of the probe system. The essence of the four-probe
method of measuring resistivity is as follows. Four metal probes are placed along one line
on the flat surface of the sample (Fig.4). Current I is passed through two external probes (1
and 4), and the potential difference U is measured between two internal probes (2 and 3).
The measured values of the potential difference between probes 2 and 3, the current
flowing through probes 1 and 4, can determine the resistivity of the sample.

Fig.4 The measurement scheme by the four-probe method.

Test program

The measurements were carried out on a device manufactured by the Russian company
"Electro Chemical Instruments" single-channel potentiostat-galvanostat P-40X. Resistance
determination was carried out in the potentiostat mode in the linear scan mode. In the linear
scan mode, the device scans the potential or current at a given speed. Measurements of the
of the samples were carried out in current—voltage characteristics the ranges from 0to 5V

andup to 3 A.
Table 1. Mixture proportions
. Dosage graphene,% by
No. Modifier Ww/C weight of Binder Storage
ferent (without

1.1 rgiaifﬁgné)w thou 0.5 Storage
2.1 0.5 > humidi
2.2 Graphene 0.5 6 550, iSy
23 0.5 8 ’

Plates representing a stainless steel mesh pressed with graphite paper were used as
electrodes.
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Fig.5.The process of measuring the resistance of samples by the 4-probe method.
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Fig. 6. Current—voltage characteristics ( U-I ) of the a)control samples and with an additive
concentration of b)5%, ¢)6%, d)8%.

Results and Discussion

During the measurements, the values of the polarization resistance in the samples of
cement—sand mortar at the age of 7, 21 days were obtained. An experimental linear
dependence of the potential on the current strength is obtained (Fig.6) in the specified range
of variations for a voltage of 0-5 V and a current of up to 3 A. Experimentally confirmed
that the resistance-concentration relationship is percolation. The concentration of the
additive was determined to reach the percolation threshold.
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Fig. 7. Resistivity of samples aged 7 days.
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Fig. 8. Resistivity of samples aged 21 days.

Conclusions

The electrical resistivity of samples with a graphene concentration of 8% has a rather
low value. The low graphene content ensures the preservation of the strength characteristics
of the solution. The obtained conductivity parameters are sufficient for use in compositions
for the manufacture of heating elements for structures whose icing entails a violation of
operational characteristics. Taking into account the fact that graphene is produced in
Belarus, as well as its low cost, all this makes it possible to use this material in the
construction and reconstruction of buildings and structures for various purposes.
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