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Abstract: Monitoring the condition of building structures based on composite materials in aggressive
environments shows that the deterioration of basic properties occurs under the influence of various
factors such as temperature and humidity changes, in addition to changes in the chemical composition
of air environment. In addition, the composite materials during the operation must retain not only
the mechanical properties laid down at the design stage, but also the electro-physical characteristics,
regardless of the type of destructive effects. In the current study, the quantitative assessment of the
result of the interaction of an aggressive sulphate-containing medium with composites modified
with conductive and dielectric additives was carried out. The effect of sulphate attack on the specific
electrical conductivity of cement composites was studied. The nature of the interaction was evaluated
by changing the properties of the samples of the developed compositions under the influence of a
single-normal solution of sodium sulphate. The analysis was carried out by means of potentiometric
titration using the exchange interaction method by fixing the degree of absorption of sulphate ions
and determining the concentration of calcium ions in the solution. The measurement of the solution
potential allowed determination of the quantitative indicators of the rate of calcium hydroxide
leaching from the sample structure, which is necessary to assess the intensity of the destruction
process and determine the nature of the change in strength properties. Measurements of the electrical
resistivity of samples under the constant influence of sulphate aggression were taken during 28 days
of observation. A method for quantifying the effect of a sulphate medium on a cement matrix
was proposed that enables the material durability to be predicted. The features of changes in the
morphology of structural components after exposure to aggressive solution were determined by
physical and chemical methods.

Keywords: concretes; mechanical properties; sulphur compounds; sulphate attack resistance; impedance;
electrical properties; sulphate attack

1. Introduction

The durability of cement composite is determined not only by its physical and me-
chanical properties, but also by its electrical characteristics, and can ensure the operational
reliability of materials. Studies aiming to stabilize the dielectric properties and the resis-
tance to sulphate attack of electrically insulating concrete have been successfully performed
in recent decades [1–3]. However, the corrosion resistance to sulphate attack of electri-
cally conducting composites has not been sufficiently studied. At present, the purpose
of preserving the electrical properties and durability of cement concretes is primarily to
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protect against aggressive influences. Waterproofing via surface penetration of the compo-
sitions or bulk thermocatalytic impregnations can be distinguished as the main methods of
waterproofing building capillary-porous materials [4–6].

As the most widespread and hybrid type of destructive process, the degree of material
resistance to sulphate corrosion is considered to be the main criterion for the effectiveness
of waterproofing [7–9]. Hybridity relates to the fact that sulphates in water increase
the solubility of the components of cement matrix, and also initiate the development of
exchange reactions between the components of cement matrix and a sulphate-containing
solution [2,6,7].

In addition, the action of sulphates can cause the crystallization and accumulation
of secondary poorly soluble reaction products with an increase in the volume of the solid
phase of the ettringite-taumasite system. This creates internal stress and leads to damage
to the concrete structure [6,7,10].

The degree of material resistance to sulphate attack is the main criterion for the ef-
fectiveness of waterproofing measures [7,8] because sulphate attack is the most common
type of destructive processes in cement matrix. This process is accompanied by the forma-
tion of compounds with a high quantity of crystallization water and the formation of the
ettringite-taumasite system [9,10].

Studies of sulphate attack and the formation of crystallohydrates of calcium hydro-
sulphoaluminate (ettringite) and calcium hydrosulphocarbosilicate (taumasite) in the struc-
ture of solid phase of concrete are widely presented in the literature of recent years [11–15].
Analysis of the studies has shown [7,16,17] that the formation of ettringite-type crystal hy-
drates occurs due to the reaction of sulphates with hydro-aluminates, whereas thaumasite
is formed due to the presence of sources of calcium silicates, sulphates, and carbonates at
relatively low ambient temperatures less than 15 ◦C.

Studies of synthesized pure samples of ettringite and thaumasite, and hydration
products formed in the structure of cement matrices [2,7], have shown that it is not possible
to draw unambiguous conclusions about the volume of these minerals [2,6,7,10].

Most researchers describe the effect of sulphate attack as a process in which the
sulphate ions in water, when penetrating into concrete, significantly increase the solubility
of the components of the solid phase of concrete, which accelerates the corrosion of the
first type [2,6]. Simultaneously, the development of exchange reactions occurs with the
substitution of the cation in the sulphate for the calcium ion from the concrete, which
initiates corrosion of the second type [2,6].

Today, materials based on cement composites are increasingly used at the intersection
of construction materials science and instrument engineering. Accordingly, the need arises
for the development and research of new cement composites with a number of functional
properties. In addition to the study of physical and mechanical properties, during the
past ten years, active attention has been paid to the study of the electrical properties of
the solid phase in concrete and, as a result, concrete compositions with specified electrical
properties have been developed [18–21]. However, studies of the corrosion resistance of
cement composites with electrical properties are insufficient. Analysis and evaluation of
changes in the electrical resistivity under the influence of a complex of external factors [22]
is a priority in research, and considers promising practical applications of the modified
cement-based composites, such as resistive self-heating of road surfaces [23], grounding,
elimination of static electricity, and lightning protection [24,25].

Studies have shown [26,27] that the analysis and assessment of the degree of influence
of external factors on the solid phase of cement-based composites is possible due to
laboratory modeling of the hydrosulphate corrosion process, which consists of holding
samples in solution with a sodium sulphate amount of 1 to 10%. The use of the solution
of sodium sulphate [28,29] is preferred. This solution, unlike, for example, magnesium
sulphate [30], allows the ettringite–thaumasite system to be fully synthesized due to the
absorption of SO4

2– ions by samples from a Na2SO4 solution. This process intensifies the
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crystallization of salt in a moist environment, and leads to the salt crystallization in samples
and the further formation of cracks [23].

Studies of the mechanism of electrical conductivity of the solid phase of composite
based on Portland cement show that the hydrated concrete is a combination of hydration
products with non-hydrated clinker minerals [1,23], with thermodynamically unstable
compounds having imperfectly ordered crystal structures. It is shown [31] that the total
calculated change of the entropy in the reactions of the formation of calcium silicates,
aluminates, and aluminoferrites is significantly less than the entropy of the clinker ma-
terials themselves. In turn, these data confirm that the solid phase of concrete is not a
regular crystal lattice with the presence of vacancies in the nodes and a variety of ions
in the internodes. The bonds of these ions are significantly weaker than those in regular
crystals, which affects all the physical and chemical properties of cement-based composites,
including their electrical conductivity [1]. As a result, the combined action of thermal
motion and the electric field can lead to the creation of certain conditions under which
a particular ion can become a current carrier. Thus, the electrical conductivity of clinker
minerals can be attributed to the ionic type that is characterized by a strong dependence of
the electrical conductivity of concrete on the order of ions in its structure [23].

The quantitative values of the electrical conductivity of hydrated clinker minerals
are discussed in detail in paper [32]. The crystalline hydration products permeating the
cement gel contain water molecules in a chemically bound form. During the independent
synthesis of crystal hydration products and their subsequent study [23], it was found that
the nature of the electrical conductivity of these new formations is similar to the nature
of the electrical conductivity of clinker minerals. In the works of many authors, it has
been stated that the specific electrical resistances of the crystal hydration products of the
concrete are in the range from 106 to 9 × 109 Ω/cm.

It can be stated that the mineral components of Portland cement, crystal hydrates, and
cement matrix, overall, have an ionic character of electrical conductivity that depends on
the value of the positive entropy of crystals (crystals in the structure in which there are
violations in the arrangement and movement of particles), the degree of crystallization,
and the amount of adsorption-bound water.

The use of electrolytic additives effects the structure formation, and changes the
dispersion, quantity, and shape of hydrates [33–35]. In a number of studies [36,37], it was
found that the use of an electrolyte such as calcium nitrate reduces the degree of structure
crystallization of concrete in the long term due to the interaction of nitric acid salt with
aluminum-containing phases of Portland cement forming calcium hydronitroaluminates
and calcium hydroxynitrates. Due to their shielding ability, these compounds slow the
recrystallization of cement matrix. Despite the compacting effect and the increase in water
resistance with the addition of calcium nitrate, its use in concretes exposed to aggressive
media is limited because it enhances the corrosion processes of the solid phase of cement
matrix [7,38,39].

Analysis of the durability of cement-based composites is difficult because no unam-
biguous criterion currently exists for evaluating this parameter, in contrast to the mechani-
cal and electrical properties. Despite certain successes in laboratory studies of destructive
processes [12,13,40], the degree of reliability of quantitative analysis remains low due to
the high coefficient of variation of experimental data. To save resources, and to improve
the accuracy and sensitivity of the obtained data, a stochastic dynamic model for assessing
the effect of internal fluctuations on the destructive process of hydrosulfate corrosion was
proposed [11].

The proposed model focuses on the analysis of three aspects: the process of sulphate
ion transfer [7]; chemical reactions caused by the process of sulphate corrosion [6]; and the
combination of the hydraulic pressure of the solution and the chemical reaction between
the sodium sulphate solution and the components of solid phase of concrete [2].

At present, several basic methods exist for studying hydrosulphate corrosion: the use
of stochastic dynamic reactions of nonlinear systems [11], the potentiometric method [41],
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the Moskvin and Kind methods [7], etc. The potentiometric method of analysis is widely
used because it allows the capabilities of the analysis of organic and inorganic substances
to be expanded with the provision of the most sensitive and accurate data.

The aim of the study was to evaluate the effect of hydrosulphate corrosion on the
electro-conducting properties of cement composite by means of the potentiometric method
and titrimetric analysis of a mono-normal solution of sodium sulphate, with subsequent
assessment of the morphological changes in the material structure.

2. Materials and Methods
2.1. Materials

The following components were used for the preparation of samples: Portland ce-
ment CEM I 32.5 N of the Novorossiysk Cement Plant with the chemical composition:
CaO—66.73%; SiO2—23.22%; Al2O3—5.16%; Fe2O3—4.42%; SO3—0.47%; mineral compo-
sition: C3S—65%; C2S—13%; C3A—4%; C4AF—18% according to the test certificate from
manufacturer; the fine aggregate is fractionated quartz sand with the fineness modulus
(Abram’s fineness modulus) of Mf = 1.25; the mixing liquid with pH of 6.8 ± 0.01; modified
technical sulfur as the electro-insulating ultrafine additive; suspension of technical soot
UPC-MIX-1 produced by Novy Dom LLC as the electrically conductive component. Types
and quantities of modifiers were determined previously [42,43].

The modified sulphur was obtained from sulphur of technical grade 9998 correspond-
ing to the Russian standard of 127.1–93. The main physical properties of technical sulphur
are: particle shape-hemispherical; bulk density—1.3 g/cm3. Chemical and material com-
position: mass fraction of sulphur—99.99%; mass fraction of ash—0.005%; mass fraction
of organic substances—0.005; mass fraction of water—0.01%. Surface modification of
sulphur was carried out to ensure its uniform distribution in the structure of the material,
as considered in detail in paper [42].

The study of the effect of hydrosulphate corrosion on the electrical, physical, and
mechanical properties of cement matrices was carried out on three compositions. The
compositions are shown in Table 1.

Table 1. Composition of the samples under study.

Sample CEM I 42.5
g

Quartz
Sand

Industrial
Soot, %

Industrial
Sulfur, %

Calcium
Nitrate %

Water-to-
Cement Ratio

Polymer-
Cement Ratio

Control
800 1600

- - -
0.5

-
Non-conductive

concrete - 7 - 0.05

Electrically
conductive concrete 7 - 3 -

2.2. Sample Preparation

Studies of the corrosion resistance of concrete show the need to plan experiments by
choosing the optimal geometric dimensions of samples that allow the most reliable results
to be obtained. Cubes with a size of 20 × 20 × 20 mm were used to assess the degree of
aggressive influence. These dimensions were chosen on the basis of previous studies by
Kind [7,42], and on the basis of the need for parallel tracking of several characteristics. The
small size of the samples allows the test time to be reduced because the small samples
contribute to the rapid interaction of the aggressive solution with the entire volume of
cement matrix. Cubes with a size of 70 × 70 × 70 mm were used to evaluate the strength
and electrical properties of materials [44,45].

Additives of modified industrial sulphur and suspensions of industrial soot were
used to obtain the conductive and non-conductive materials and to evaluate their behavior
in aggressive environments [42,43]. Additives were added in the amount of 7% of binder
mass, for which the optimal quantity was determined on the basis of previous studies [43].
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Demolding the samples was carried out after 2 days. Samples with modified technical
sulphur were subjected to additional volumetric thermocatalytic treatment at 180 ◦C for
60 min, and then gradually cooled to room temperature for 2 h [4,5,42]. All samples were
stored in wet conditions for 28 days and then, after 28 days, the samples were loaded
into the aggressive hydrosulphate medium. Studies of physical, chemical, and technical
characteristics were carried out after storage in the aggressive environment.

2.3. Solution Preparation

The potentiometric method was used to analyze the effect of the aggressive sulphate
medium on the properties of cement matrix [41]. This method includes the reconstruction
of hydrosulphate corrosion conditions using the 1% Na2SO4 solution, in addition to the
titrimetric analysis of the solution within the control time to assess the rate of absorption
of SO4

2− ions and the release of calcium hydroxide. The method of solution preparation
was as follows: the distillate with a temperature of 20 ± 1 ◦C was poured into a measuring
cylinder; the powder of Na2SO4 × 10H2O was poured into water and mixed in a laboratory
vessel for 3–5 min until the salt was completely dissolved in the water. Further, the cubes
of 20 × 20 × 20 mm and 70 × 70 × 70 mm were placed in the resulting solution in the
desiccator, and the percentage of Na2SO4 was defined due to the short-term exposure
of the samples to sulphate attack [46,47]. The samples were kept in solution for 28 days
with control measurements on the 7th, 14th, and 28th day of exposure. The samples
were removed from the solution at each target date and subjected to strength tests and
electrical resistance measurements. The physical and chemical properties of the samples
were determined after 28 days of exposure in solution.

2.4. Testing Methods

The compressive strength of the samples was determined using aPGM-100MG4-A
hydraulic press.

The determination of the change in the resistance of samples was carried out using a
MNIPI E7-20 device. The resistivity index was calculated in units of Ω × cm (Ohms, Ω).
The resistivity was calculated based on the data obtained from the device and the geometric
parameters of the samples according to the formula [25]:

ρ = R·A/L, Ω × cm, (1)

where ρ is the specific electrical resistance of the sample; R is the resistance of sample; Lis
the distance between the probes; A is the cross-sectional area of sample.

Titrimetric analysis [48] was used to determine the process of sulphate corrosion. As
ST5000-F pH meter with an ST350 electrode was used to determine the hydrogen index.
Each two days, until 28 days, the hydrogen index and titration tests were performed.
In the titration test, the1% H2SO4solution and phenolphthalein were used to define the
volume of solution required for neutralization. This method (titrimetric analysis) quan-
tifies the expended volume of the titrant (a solution of a reagent with a precisely known
concentration) required for the reaction with the titrated substance. Lime released from
cement matrix reacts with sulphate ions, releasing sodium hydroxide into the solution
when the samples are in the sodium sulphate solution. Crimson staining occurs when
phenolphthalein is added to this solution. The reaction proceeds according to the following
scheme: Ca(OH)2 + Na2SO4 +2H2O → CaSO4 × 2H2O + 2NaOH. At the control time,
the titration of the resulting solution is performed with the 1% H2SO4 solution without
removing the samples from the aggressive medium. Neutralization occurs by the reaction:
NaOH + H2SO4 → Na2SO4 + 2H2O. The amount of the consumed H2SO4 solution used
to neutralize the indicator shows the volume of sulphate ions absorbed by samples. The
higher the volume of the spent reagent, the lower the corrosion resistance of samples.

The nature of structural changes was assessed using Thermo Fisher Scientific Quattro
S and Tescan Mira3 XMU, Waltham, MA, USA scanning electron microscopes. The Thermo
Fisher Scientific Quattro S survey was performed in the low-vacuum mode at 20 kV without
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sputtering at the pressure of 50 Pa. The survey on the Tescan Mira 3 XMU was carried out
at 20 kV with gold deposition on the samples.

Studies of the physical and chemical characteristics of compositions were carried
out using the differential thermal analysis with a combined thermogravimetric anal-
ysis device and differential scanning calorimetry TGA/DSC 1 manufactured by CJSC
Mettler-Toledo Vostok.

Infrared spectroscopy of samples was performed on the “IRAffinity-1” Shimadzu,
Japan, which registers the adsorption spectra of various substances and measures the
transmittance in the range from 4000 to 450 cm−1. The error of the spectrophotometer on
the wave number scale is ±0.5 cm−1.

3. Results and Discussion

It is known the nature of the microstructure and composition of the solid phase
play an important role in determining the physical and mechanical properties of cement
matrix. The process of capillary diffusion is initiated when the samples are immersed in an
aggressive solution. The sulphates penetrate into cement matrix and enter the exchange
reaction with the reactively active components to form the products of the expansive phase.

The titrimetric analysis shown in Figure 1 indicates that the solid phase of the control
and electrically conductive concretes intensively absorb sulphate ions during the first
14 days in the volumes of 26.2 mL (the control composition) and 26.7 mL (the electrically
conductive composition). According to previous research data, this volume of absorbed
sulphate ions can be considered to be directly proportional to the volume of leaching
portlandite [7,41]. The correlation of the data on the absorption of sulphates with the loss of
mechanical strength suggests that a significant leaching of portlandite from the solid phase
leads to a decrease in the compressive strength of both compositions due to formation of
pores and voids. By analyzing the rate of leaching of components of these compositions,
it is possible to predict a significant loss of strength in the long term associated with
sample decomposition.
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Figure 1. The rate of absorption of SO4
2− ions by concrete samples from a 1N aqueous solution of Na2SO4. (The coefficient

of variation in determining the strength was V = 4.3% (control composition); V = 5.2% (electrical insulation composition);
V = 4.8% (electrically conductive composition). Rcom—compressive strength, MPa).

According to the data presented in Figure 1, and confirmed by the coefficient of
variation, the electrical insulation composition demonstrates consistently high mechanical
compressive strength for 28 days, in contrast to the control and the electrically conductive
compositions. The volume of sulfates absorbed by the electro-insulating cement composite
after 28 days was 20.2 mL. During the absorption of the solution, the appearance of micro-
and macro-cracks in the sample was not detected. Analysis of the volume of the absorbed
solution enables an assumption to be made about the optimality of the pore space in
samples. The control composition and the conductive composition have a more developed



Appl. Sci. 2021, 11, 8509 7 of 13

pore structure that leads to a significant absorption of the aggressive solution. The electrical
insulation composite is characterized by a low leaching rate of portlandite.

The study of the electrical resistivity under the influence of hydrosulphate corrosion
shows that a significant quantity of mobile ions appears as a result of the diffusion of
an aggressive solution in the solid phase of cement matrix that, accordingly, reduces the
electrical resistivity of samples. In the future, the expansive phase (minerals formed with
significant volume, such as ettringite) in the concrete structure reduces the volume of
the pore space due to the formation of a low-conducting crystal-hydrate structure, which
increases the specific electrical resistance of the compositions. It is necessary to note the
preservation of the effect of the electrical insulation layer because the resistivity of the
non-conducting composition is four-fold higher than the resistivity of the conducting
composition on the 28th day of the test (Figure 2).
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Figure 2. Effect of sulphate attack on the electrical resistivity of samples.

Changes in the physical, mechanical, and electrical properties of composites are caused
by physical–chemical transitions with the formation and growth of expansive phases. Dif-
ferential thermal analysis was used to determine the causes of changes in the physical
and mechanical properties of the conductive composition, as shown in Figures 3 and 4.
The differential thermal spectrum of the control sample (Figure 3)after exposure to aggres-
sive media for 28 days is characterized by an endothermic peak at 136.5 ◦C (this peak is
characteristic of decomposition of free water, calcium hydrosilicates, and ettringite) and
the peak of 492.5 ◦C (this peak is characteristic of the decomposition of portlandite). The
uncharacteristically low intensity of the portlandite decomposition peak and the signifi-
cantly lower mass loss of the sample at this stage should be noted. This effect is associated
with a significant amount of portlandite dissolved as a result of aging in the aggressive
environment. The endothermic effect at the temperature of 575.95 ◦C is associated with the
partial dissociation of chemically bound water from calcium hydrosilicates. The endother-
mic peak of 794.30 ◦C is caused by the process of decomposition of calcium carbonate and
dehydration of the CSH phase.
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Figure 4. The spectrum of differential scanning calorimetry of the sample with the addition of an
electrically conductive component of 7% and calcium nitrate of 3% after 28 days in the aggressive
environment. 1 stage–mass of sample 83 mg, masse loss 4.49 mg; 2 stage–mass of sample–82.13 mg,
mass loss 0.86 mg; 3 stage–mass of sample 80.1 mg, mass loss 2.03 mg.

When comparing the spectra of the control and electrically conducting compositions,
it was found that the endothermic peak of 146.5 ◦C corresponding to the dehydration of
calcium hydrosilicates, free water, and ettringite appears in the electrically conducting
composition in the temperature range from 90 to 400 ◦C on the DTA curve. In addition,
the mass loss of the sample in this stage is higher, which may indicate a larger volume
of formed ettringite. The endothermic peak of 451.3 ◦C corresponds to the beginning of
the thermal decomposition of calcium hydroxide and calcium hydrosilicates. Free calcium
oxide is formed during the endothermic reaction. In the air environment, free calcium oxide
reacts actively with carbon dioxide, leading to the process of secondary carbonation. The
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burning of organic products in the material composition, which leads to the intensification
of the process described above, should also be noted. An intense exothermic effect with
the temperature peak of 528.0 ◦C corresponds to the oxidation reaction of carbon black,
whereas the formation of gaseous products leads to the appearance of a local curvature
on the thermogravimetric curve. The endothermic effect in the temperature range of
600–1000 ◦C (including the peak of 778.6 ◦C) with the loss of 2.7% of the sample mass
corresponds to the decomposition of calcium carbonate, and the removal of chemically
bound water from calcium hydrosilicates and ettringite. The increase in mass loss can also
be due to the secondary carbonation of cement matrix. Repeated thermal analysis in an
inert gas environment is necessary to clarify the features of the process.

The temperature peaks corresponding to the decomposition of ettringite and thauma-
site due to their crystal-chemical similarity coincide on the thermograms [49]. Based on this,
the IR analysis method was used to obtain additional information, as shown in Figure 5.
The results of scanning electron microscopy are shown in Figure 6.
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Figure 5. IR spectra of samples after 28 days in the aggressive environment: (A) the spectrum of the
sample with 7% of the conductive component and 3% of the calcium nitrate; (B) the spectrum of the
control sample.

Analysis of the IR spectra of the control and electro-conducting composites showed the
presence of -Si-O- groups in the composition of calcium hydrosilicates, and characteristic
peaks of the absorption of duplets in the range from 1083.99 to 1010 cm−1 were observed
in the structure of materials after exposure to aggressive environment. In addition, a
duplicate peak in the region of 694 cm−1 indicates the presence of sulphate groups because
the main reflection is superimposed on the silicate groups. The peaks in the region of
3340.71–3630.03 cm−1 correspond to the valence vibrations of OH− groups that are in free
and chemically bound form, and are included in portlandite, hydrosilicates, and ettringite.
An increase in the peak intensity in this region in the electrically conducting composition
in comparison with the main component—the silicate phase—indicates the formation of a
larger amount of hydrosilicate gel in the material volume. The deformation and valence
vibrations of the C-O bond characteristic of calcite are indicated by peaks of 1417 and
873 cm−1. The peak intensity of 1417 cm−1 is responsible for the degree and depth of
carbonation [50,51]. The shift of the peak from 1473 to 1417 cm−1 indicates a decrease in
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the carbonation degree of modified composition, which may be due to a large volume of
dissolved portlandite.
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Analysis of the microstructure of the control sample showed the presence of an amor-
phous hydrosilicate phase with characteristic crystalline inclusions. The microstructure
of the electrically conductive concrete in Figure 6 is characterized by a smaller amount
of the crystalline phase, probably due to the significant amount of the added electrically
conductive modifier, which can affect the formation of hydration products. Both composi-
tions are characterized by the presence of pores and voids caused by the influence of the
aggressive environment. Moreover, portlandite and calcium hydro-aluminates are almost
absent in the microstructure after the sample was aged under aggressive conditions. The
microstructure of the samples is also characterized by the presence of hexagonal prismatic
needle-like structures, which are typical for thaumasite. These features lead to a decrease
in the strength characteristics of the samples.

Structural optimization of the electrically conductive composition with the directed
formation of low-soluble calcium hydrosilicates is necessary in further research.

4. Conclusions

The influence of hydrosulphate corrosion on the electrical and mechanical properties
of the solid phase of cement matrices modified with electrically conductive and non-
conductive components was studied.

Titrimetric analysis can be used for the indirect assessment of the nature of the pore
space of fine-grained concrete, in addition to the determination of the degree of corrosion
processes under the influence of a sulphate aggressive environment.
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Analysis of the rate of absorption of sulphate ions by cement matrices with different
modifiers showed that the control and conductive composition are significantly more sus-
ceptible to sulphate corrosion (the volumes of the absorbed solution on the 28th day were
31.6 and 32.6 mL, respectively). From the perspective of the durability of the electrically
conductive composite, it is necessary to optimize the pore space of the modified matrix, in
combination with the use of construction methods.

Analysis of changes in the strength characteristics confirmed the need to use protective
non-conductive layers to increase the durability of electrically conductive materials. The
compressive strength of the control and conducting compositions after 28 days of exposure
to the aggressive environment were almost the same (22.1 and 23.2 MPa, respectively). The
compressive strength of the non-conducting composition was 30% higher, at 34.4 MPa.

Physical and chemical studies of control and electrically conductive cement compos-
ites have shown that increasing the durability of these materials is possible with the use of
additional protective layers when operating in an aggressive sulphate environment. The
process of ettringite formation begins when interacting with the aggressive environment,
which is accompanied by the leaching of portlandite from the material structure. This
leads to a decrease in compressive strength during long-term operation. To better under-
stand the effects of long-term exposure of modified composites to sulphate attack, further
investigation must be carried out.
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