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Abstract
Subsurface use waste accounts for the overwhelming majority of waste generated and accumulated in Russia.

The increase in the volume of processing of minerals by the mining and processing industries leads to an aggravation
of environmental problems — the negative impact of overburden dumps, tailings of enrichment and processing of mineral raw
materials on the environment is increasing. Using the example of three types of rocks, the possibility of using carbonate
subsurface use waste as raw materials in the formation of photocatalytic composite materials (PCM) in the production
of building materials and products and simultaneously solving environmental problems of territories through large-scale
utilization of man-made waste, is considered. A complex of physical (porosity, specific surface area, dispersion, surface
morphology) and chemical (chemical composition, acid-base centers, zeta potential, hydrogen index) studies of the properties
of carbonate materials of various genetic types have been carried out to determine the possibility of their use as a substrate
in the production of PCM. The photocatalytic material obtained by depositing sol-gel synthesized titanium compounds onto
a mineral carrier is intended for incorporation into cement building composites and for giving them self-cleaning properties
during operation. The mineral powders of limestone from the Tyushevskoye (T) and Porechenskoye (P) deposits and marble
from the Polotskoye deposit were ranked according to certain requirements — dispersion, porosity, and adsorption activity.
The establishment of numerical indicators for each type of raw material made it possible to determine the degree
of suitability of mineral powders of carbonate rocks for the production of composite materials introduced into
the composition of building materials. A ranking of mineral powders was carried out to increase the potential
efficiency of use in the composition of PCM in the following sequence: limestone T — limestone P — marble.
PCM based on carbonate carriers exhibit high rates of organic pollutant degradation (more than 90 %) and are applicable
as photocatalytic agents.

Keywords
carbonate raw materials; limestone; marble; building materials; photocatalyst; composite material

Funding

The study was carried out as part of the implementation of the State assignment of the Ministry of Education and Science
of the Russian Federation N FZWN-2023-0006 using the equipment of the High Technology Center of BSTU named
after V.G.Shukhov.

Received: 31.07.2024 Accepted: 02.07.2025 Online: 23.09.2025 Published: 29.12.2025

Introduction

The availability of mineral resources is an important competitive advantage of the Russian economy,
which determines the country’s place and role in the international arena. Along with high rates
of mining and processing of minerals, the mining and processing industry is one of the main sources
of large-tonnage waste, similar in composition and properties to natural raw materials. Subsurface
use wastes are represented by overburden and host rocks, sludge, tailings of mineral processing
and other wastes from geological survey, exploration, extraction and primary processing of mineral
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raw materials, containing or not containing minerals and components. According to Rosstat data
for 2023, 8666.3 million t of waste were generated by mining enterprises, of which about 40 %
(3564.8 million t) are recycled. The main ways to reduce environmental damage from the release and
accumulation of mining waste are to reduce their volume, neutralization and utilization [1].

The need to dispose of subsurface use products by involving waste in industrial use is due to the
high environmental burden on the environment [2]. The expansion of the range of technologies for
the use of secondary mineral resources in the creation of high-tech products with high added value
can significantly contribute to solving the problems of the most complete use of waste and resource
conservation.

Rocks of carbonate composition are among the most widespread and demanded types of mineral
raw materials used in the production of a wide range of products. During the extraction and processing
of carbonate rocks (limestone, chalk, shell limestone, dolomite, marble, calcareous tuff, marls), the
proportion of waste generated can be 30-40 % of the total mass of the processed material. Among
relatively monomineral rocks, they occupy the third place in the line of raw materials for building
materials, behind clays and quartz sands. Among the modifiers of mineral origin, limestone (22 %),
blast furnace granular slag (58 %), and pozzolan additive (15 %) are the most widely represented in
the market of additive cements. Mineral powders, which act as fillers in building products and struc-
tures, compact the structure of concrete, allowing to reduce cement consumption and reduce the cost
of the product [3, 4].

To assess the possibility of using carbonate waste as a potential mineral raw material in the
production of photocatalytic composite materials (PCM) intended for the production of self-cleaning
building materials, studies were conducted where monomineral rocks of various genetic types, such
as limestone and marble, were considered as model systems.

The high interest in self-cleaning materials is confirmed by the growth of research into the crea-
tion of photocatalytic components and their use in the construction industry [5, 6]. Synthesis [7],
modification (doping, sensitization to visible light) [8-10], and the use of an affordable and effective
photocatalyst, titanium dioxide, in building materials [11-13], are being studied.

A factor limiting the use of titanium dioxide in concrete products is its inertia with respect to the
components of the hardening system, which leads to the weathering of loose photocatalyst particles
from the surface of the finished product and a decrease in the efficiency of self-cleaning during
operation. The problem of fixing a photocatalytically active component in a building material is pro-
posed to be solved by using a composite material of the “core — shell” type, in which the photocatalyst
is previously deposited on a carrier. In this case, the carrier must actively interact with the basic
substance of the matrix, have a chemical affinity with it, participate in the processes of structure
formation, strengthening the cement-concrete matrix of the material.

The analysis of foreign and domestic studies has shown positive results of the synthesis and
introduction of PCM into the composition of building products, in which silica [14-16] and alumino-
silicate raw materials [17-19] are used as photocatalyst carriers. The possibility of using carbonate
materials has been less studied [20]. As for silica and aluminosilicate compositions, when using
carbonate carriers, it is possible to achieve activation of the transformation of photogenerated
electron-hole pairs on the surface of the photocatalyst as a result of the interaction between TiO>
and CaCOg, as well as an increase in the degree of adsorption of pollutants for their subsequent
decomposition [4].

*Production and consumption waste generation by type of economic activity in the Russian Federation.
URL: https://rosstat.gov.ru/storage/mediabank/Oxr_otxod1-okved2 2023.xls (accessed 31.07.2024).
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Carbonate rocks are widespread in the Earth’s crust and occur as waste from the mining and
processing industry [21-23], the effectiveness of their use in finely dispersed form in new generation
concrete compositions has been proven [24-26]. A large number of carbonate rocks deposits makes
it possible to expand the mineral resource base for the production of photocatalytic composite mate-
rials and, consequently, the range of building materials and products with self-cleaning effects.
The use of mining and processing industry waste in composite materials will expand the range of
technologies for the utilization of carbonate raw materials in the production of high-tech products. In
this regard, it is important to study the possibility of photocatalyst deposition on carbonate materials.

The requirements for silica carriers of a photocatalytic agent for use in cement systems have been
established: high SiO, content (more than 70 %), carrier dispersion in the range of 0.1-500 um with
polymodal particle distribution, the presence of mesopores 2-50 um in size, high activity rates of
Lewis and Bronsted adsorption centers on the carrier surface [27].

The paper presents the results of studying the complex of physical-chemical properties of car-
bonate materials of various genetic types as model systems for ranking the effectiveness of using a
photocatalytic agent as a carrier in a composite material of the “core — shell” type for involving car-
bonate raw materials of both natural and man-made origin in the PCM production technology.

Methods

Types of carbonate materials. Powdered, finely dispersed carbonate materials of various genetic
types used in the composition of concrete as mineral additives of sedimentary chemogenic origin
were used in the work — limestone T (OOO Stromis, Lipetsk Region, Tyushevskoye deposit), lime-
stone P (OOO Tsentr-lzvestnyak, Tula Region, Porechenskoye deposit); metamorphic origin — mar-
ble dust MD as a waste from grinding and fractionation of natural marble (OOO Rif-micromramor,
Chelyabinsk Region, Magnitogorsk, Polotskoye deposit). All types of carbonates have a white color,
which allows them to be used in mixtures with white cement.

Carbonate materials were studied in the condition in which they were obtained from suppliers
and used in the production of building materials. Thus, the use of these types of mineral powders
makes it possible to minimize the cost of additional preparation (by grinding) of the carrier during
the PCM preparation.

Sol-gel deposition of a photocatalytic agent on a carrier. Photocatalytic composite materials
were synthesized using sol-gel technology to pre-verify the ranking of carbonate rocks in terms of
the effectiveness of using a photocatalytic agent as a carrier. Sol compositions and technological
parameters of sol-gel synthesis were developed earlier [28]. The technology consists in mixing a
titanium precursor in a spirit solvent in the presence of a carrier, as a result of which new formations
of titanium compounds are fixed on its surface, and subsequent temperature treatment, which pro-
motes the crystallization of titanium hydrates and oxyhydrates into anatase. As a result of structural
transitions, a “photocatalyst — carrier” composite material is formed, capable of decomposing
complex organic pollutants into simple ones when irradiated with ultraviolet light.

The chemical and mineral compositions of carbonate materials were studied using an ARL 9900
WorkStation X-ray fluorescence spectrometer and an ARL X’TRA X-ray diffractometer (Cu-anode).
When measuring the chemical composition, the error in determining the amount of oxides that make
up the materials under study is within £0.25 wt.% for CaO and +0.1 wt.% for the other oxides.
X-ray phase analysis was used to determine the qualitative content of minerals in the composition of
carbonate raw materials, and therefore quantitative measurement errors were not taken into account.

The particle size was determined by laser diffraction using an Analysette 22 NanoTec plus laser
analyzer.
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The specific surface area was assessed by the method of breathability on the PSKh-11M(SP) device,
the specific active surface and porosity at the nanoscale were assessed by the method of low-temperature
nitrogen adsorption/desorption using the BELSORP-MINI X device.

The pH value of an aqueous suspension of carbonate materials was determined by the poten-
tiometric method using an Orville ML-51 digital pH meter. When determining the pH of aqueous
suspensions of powdered materials, three parallel measurements were carried out, the error between
the obtained values did not exceed 2-3 %.

The electrokinetic potential ({-potential) of the particle surface charge (at a concentration of 1 g/l
of raw material) was studied electrophoretically using a Zetatrac laser analyzer.

The concentration and distribution of acid-base centers on the surface of carbonate materials
were detected using a spectrophotometric method for evaluating the adsorption of indicators from an
aqueous medium with a pKa in the range from —4.4 to 12.8 on a UNICO 2802S spectrophotometer.

The microstructural features of carbonate materials were studied using a Tescan MIRA 3 LMU
scanning electron microscope.

The photocatalytic activity of powder materials was assessed by the degree of degradation of the
organic pollutant [29] rhodamine B (an aqueous solution with a concentration of 4-10~* mol/l)
according to the UNI 11259 method at an ultraviolet irradiation intensity of 2.7 W/m? using the GIMP
2.10.8 program.

Photocatalytic composite materials were synthesized using the developed sol-gel technology,
where the studied carbonates were introduced into the reaction mixture as a photocatalyst carrier.

The photocatalytic ability of materials is confirmed, according to the UNI 11259:2016 standard, if
the condition of discoloration of Ry rhodamine B is more than 20 % after 4 h of ultraviolet irradiation and
more than 50 % after 26 h of irradiation from the initial value of the color coordinate a of the Lab color
space, characterizing the position of the color on the axis between red and green.

Two milliliters of an aqueous solution of rhodamine B was applied to the prepared samples of
powdered materials. After keeping in the dark for 30 min, the samples were exposed to ultraviolet
radiation. Before and after 4 and 26 h of exposure, the colorimetric method was used to determine
the coordinate a and calculate the degree of discoloration of the dye:

R, = H—-a, .100 %,
a4

a0 — a26
a‘26

-100 %.

Rze =

Results discussion

The presence of impurities in the composition of the carbonate carrier can affect both the nature
of the deposition of the photocatalytic agent on it and the interaction of PCM based on it with the
cement binder during hydration. In this regard, a comparative assessment of the compositions of car-
bonate raw materials was carried out.

Table 1

Chemical and mineral composition of the studied materials

Content of oxides, wt.%
Ca0 SiO, ALO; MgO Fe,0; S0O; K0 Na,O SrO TiO, CO, loi*

Material

Limestone T 522 | 282 110 | 092 | 044 | 017 | 0.12 | 0.08 | 0.04 | 0.03 42 0.08
Limestone P 534 | 151 | 0.68 | 090 | 0.23 | 0.08 | 0.06 | 0.07 | 0.05 | 0.01 43 0.01
Marble dust MD 55 0.12 | 0.06 | 0.31 | 0.02 - - - 0.02 | 0.002 43 1.47

*1.0.i. — losses on ignition.

The chemical and mineral composition of the studied materials (Table 1, Fig.1) is typical for car-
bonate sedimentary and metamorphic rocks, the content of CaO is 52-55 wt.%, CO; is 42-43 wt.%,
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sistance [31, 32]. In both cases, the level of dispersion of additives is in the range of 400-500 m?/kg [33]
and is comparable to the rational values applied to carriers when preparing PCM, therefore, the charac-
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The nature of the particle size distribution has been determined by laser diffraction
(Fig.2). Limestones are characterized by a polymodal particle distribution. The particle sizes
of limestone T are in the range of 0.15-195 um (peak values at 13-17, 85-105 pum), limestone P —
0.1-135 um (peak values at 2.5-4, 13-17, 65-75 um) (Fig.2, a, b). Marble dust has three peak
values of 1.5-2.5, 9-14, and 60-65 um (Fig.2, c). Among the studied carbonate materials, marble
dust is characterized by the highest dispersion, and limestone T is characterized by the lowest
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Based on the results of the granulometric 2444
o L . 2500
composition determination, the ranking of carbonate
materials proposed as a carrier of the photocatalytic 2000
agent was carried out according to the degree of
increase in dispersion: limestone T — limestone P — £ 1500
marble dust. E
The specific surface area of mineral materials 5 1000
was analyzed based on the results of the assessment of
breathability (PSKh method) and nitrogen adsorption 500
(BET method). The obtained data correlate with each 0
other (Fig.3), however, the significant difference in PSKh BET
values is explained by the peculiarities of studying the a7 WP & MD

total specific surface area using the gas-adsorbate ad-
sorption method, which takes into account the meso-
and microporosity of the material.

Among the studied carbonate materials, marble dust is characterized by the largest specific sur-
face area of particles (Ssp.pskn = 682 m2/kg, SspeeT = 2444 m?/kg), the smallest is the limestone of the
Tyushevskoye deposit (Ssppskn = 400 m?/kg, Sspser = 2054 m?/kg). According to the increase
in specific surface area, the materials under consideration can be ranked in the sequence: limestone
T — limestone P — marble dust.

The quality of the photocatalyst’s fixation on the carrier is influenced by both chemical and
physical-mechanical processes, which include imperfections of its surface — developed morphology
and high porosity. During sol-gel deposition of TiOg, it is necessary to take into account the carrier
porosity, the higher it is, the more photocatalytic agent can be embedded in the surface structure of
the carrier material and the higher its operational efficiency will be. The use of the most dispersed
raw materials with high specific surface area and porosity will lead to an increase in the active
specific surface area of TiO2 in the photocatalytic composite material. The nanoporosity charac-
teristics of the studied carbonate materials were also determined by the method of low-tempera-
ture nitrogen adsorption/desorption.

Analysis of the carbonate raw materials porosity showed the predominance of mesopores on
their surface (from 2 to 50 nm according to IUPAC recommendations), the size of which ranges
from 2 to 20 nm. Since limestone is a chemogenic sedimentary rock, the presence of nanometer-
sized pores is characteristic of this type of material. The pore size on the surface of the studied
limestone species is in the range of 2-6 nm (Fig.4, a, b). The difference in porosity of the studied
raw powders is insignificant or absent, therefore, the effect on the differences in the specific
surface area of these materials lies in their dispersion.

Fig.3. Specific surface area of carbonate materials

1

1 10 100 1000 10 100 1 10 100 1000
dylim dfum

—=— Desorption

Fig.4. Porosity of carbonate materials: a— T; b —P; c— MD
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The composition and morphostructural features of the carrier largely determine the properties of
its surface, which have a significant effect on the result of sol-gel synthesis and the photocatalytic
activity of the composite material. High Lewis and Bronsted acidity values, the pH of the aqueous
mineral solution close to the pH of the titanium dioxide sol and the pH of the matrix of the building
composite, as well as low values of the {-potential of the raw material can increase the efficiency of
fixing the photocatalytic agent on the surface of the carbonate carrier in obtaining a stable “core — shell”
system. Changes in the {-potential make it possible to study the process of adsorption on the minerals
surface, which is important when studying the mechanism of deposition of titanium compounds
during sol-gel synthesis, for which the initial value of the electrokinetic potential was determined.

The efficiency of fixing titanium dioxide particles on the surface of the mineral components
of the carriers largely depends on the adsorption properties of raw materials at the interface of the
“solution — solid” phases [4]. The adsorption activity of the raw material is determined by the pH and
C-potential of the aqueous mineral solution (at a concentration of 1 g/l of the raw material) and the
acid-base centers of Lewis and Bronsted, in connection with which a set of indicators determining
the adsorption properties of the studied components was studied.

The rock-forming mineral of the studied materials is calcite. This polymorphic modification has
an isle structure consisting of CO2™ groups and Ca?* cations arranged along a rhombohedron in a unit
cell and which are potential limiting for this mineral. To determine the {-potential of calcite, it is
important to take into account that, firstly, calcite is soluble in water and Ca®* and CO3" ions, depend-

ing on pH, go into solution or settle on the surface of the mineral, secondly, carbon dioxide CO>
contained in the air can interact with the solution and affect the pH and the concentration of Ca?*,
CO: and HCO; ions [34].

The pH value for the studied carbonate materials is 10.75 for T; 10.31 for P; 9.95 for MD, which
indicates their alkalinity and the presence of mainly hydroxide ions on the surface of the particles. The
carbonate materials under consideration are characterized by a positive electrokinetic potential. T and
P limestones are less stable with {-potentials of 4.78 and 4.83 mV, and marble dust, with a (-potential
of 20.53 mV, is more stable in an aqueous mineral solution.

The formation of amorphous titanium dioxide particles in the process of sol-gel technology
involves the hydrolysis and polycondensation reactions of the titanium precursor in a dispersion
medium with the formation of OH-groups, and therefore an additional source of protons capable
of binding titanium oxyhydrates to the surface of the carrier is an additional factor in the adhesion of
titanium formations to the surface of the carrier. The formed water participates in hydrolysis, thereby
condensation of the partial hydrolysis products with the oxygen-titanium chain formation. It is
important to study the set of acid-base centers of Lewis and Bronsted carrier materials, which best
reflects the reactivity of the surface in donor-acceptor interactions. The indicator adsorption method
makes it possible to quantify the Lewis and Bronsted adsorption centers, differentiating them by type
and concentration depending on the dissociation constant pKa of the indicator used [35, 36].

The distribution of acid-base active centers according to the studied indicators is similar for all
studied carbonate materials (Fig.5), but there are differences in their concentration (Table 2).

The surface of limestone T demonstrated the adsorption of indicators with pKa equal to 2.5 and
10.5, which correspond to acidic and basic Bronsted centers. The concentration of the main centers
of this material exceeds the concentration of acidic ones according to the set of indicators used.

Limestone P is characterized by a surface with a high concentration of active centers. With pKa
equal to —0.29 (Lewis base), 2.5 (Bronsted acid), 10.5 (Bronsted base), the concentration of active
centers is 52.2, 6.5 and 4.8 mmol/g. The surface of this limestone is also characterized by a higher
concentration of major centers.
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Fig.5. Distribution of acid-base centers on the surface of carbonate materials
Table 2
Concentration of acid-base active centers on the surface of carbonate materials, mmol/g
. Lewis bases Bronsted acids Bronsted bases
Material 440 0-7 713 Total

Limestone T 0.66 7.06 13.87 216
Limestone P 56.11 13.01 6.47 75.7
Marble dust MD 12.37 28.75 16.4 57.5

The concentration of acid-base centers of the marble dust surface is 9.5 mmol/g at pKa =-0.29,
22.4 mmol/g at pKa = 2.5, 7.5 mmol/g at pKa = 10.5. Marble dust has a higher surface acidity than
limestone, while there is also a significant content of the main centers. Marble dust has a metamorphic
origin, a cleaner chemical composition and a higher specific surface area, which determines the
difference in the concentration of acid-base centers from the studied limestones [4].

The highest concentrations of the main Lewis centers and the total concentration of acid-base
centers according to a set of indicators are observed on the surface of limestone T (75.7 mmol/g),
the highest concentration of Bronsted centers, both acidic and basic, on the surface of marble dust
particles.

The acid-base properties of the carrier surface make it possible to predict the possibility and
nature of sedimentation of a photocatalytic agent on it. Since hydrolysis and polycondensation reac-
tions during sol-gel synthesis of titanium dioxide particles are accompanied by the release and addi-
tion of OH ~ groups, the activity of acidic Bronsted centers on the surface of carbonate materials
should be taken into account for effective deposition [4]. Based on this, marble dust with a total
number of Bronsted centers of 45.15 mmol/g is the most suitable for use as a carrier in a photocata-
lytic composite material.

Next, the microstructure of carbonate materials was evaluated (Fig.6), selected as the carrier of
the photocatalyst composite material.

The structure of sedimentary raw materials is a collection of irregularly shaped particles of
various sizes with no visible pores. Microphotographs of limestone T allow to characterize it as
a powdered material with irregularly shaped particles ranging in size from 1 to 40 um (Fig.6, a, d).
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Fig.6. Morphostructural features of carbonate materials:
T (a, d); P (b, €); MD (c, )

Limestone P is characterized by smaller particles from 0.8 to 20 um (Fig.6, b, e). The analysis
of microphotographs of carbonate materials, which makes it possible to estimate the particle size of
the material, correlates with the results of particle size distribution obtained using laser diffraction
(see Fig.2).

Marble dust, due to its genesis (industrial waste), is characterized by a polydisperse distribution
of flour particles ranging in size from 300 nm to 3 um, as well as the content of larger particles of
material fragments reaching 20-30 um (Fig.6, c, f).

A comparative assessment of the physical and chemical properties of carbonate materials has
been carried out and a ranking matrix has been presented in terms of the potential effectiveness of
using a photocatalytic agent as a carrier in a composite material intended for use in building materials
based on cement binders (Table 3).

The results of the analysis of the physical-chemical properties of the studied carbonate materials
of various types indicate their compliance with the requirements for carriers in the composition of a
composite material of the “carrier — photocatalyst” type for use in building materials based on cement
binders. According to the set of properties, carbonate materials can be pre-ranked to increase the
efficiency of their use as a carrier in the following sequence: limestone T — limestone P —
marble dust MD.

To verify the preliminary ranking of carbonate raw materials according to their physical-chemical
properties, a comparison was carried out with the results of assessing the photocatalytic activity of
photocatalytic composite materials synthesized on their basis. The study of the possibility of using a
carbonate carrier in the composition of a composite material establishes the ability of the synthesized
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material to organic dyes degradation. A comparison of the results of evaluating the photocatalytic
activity of synthesized PCM obtained by sol-gel deposition of titanium oxides and hydroxides on a
carrier followed by heat treatment at 550 °C was carried out with the widely used photocatalytic
product Degussa P-25 (P-25) as a control sample.

Table 3
The ranking matrix of carbonate materials
The sequence of increasing the potential efficiency of use
Characteristic |

Chemical composition of the raw material

CaO content, wt.% Limestone T Limestone P Marble dust MD

Dispersion by laser diffraction method Limestone T Limestone P Marble dust MD

Specific surface area (PSKh) Limestone T Limestone P Marble dust MD

Specific surface area (BET) Limestone T Limestone P Marble dust MD
Active centers, mmol/g

Total amount Limestone T Marble dust MD Limestone P

Bronsted centers Limestone P Limestone T Marble dust MD

An analysis of the comparison results (Fig.7) showed that the raw materials do not have photo-
catalytic properties. A slight decrease in the color saturation of the contaminant rhodamine B after
4 h (3-14 %) and 26 h (about 40 %) of ultraviolet light exposure is explained by the natural sorption
of the dye into the volume of the powder material.

The high photocatalytic activity of the synthesized materials, exceeding that of the control
sample P-25 with a lower TiO2 content in the studied samples, may be due to the specifics of
the interaction of anatase with a carbonate substrate, which promotes the separation of photoexcited
electrons and holes, while a high specific surface area combined with a suitable pore size can promote
the adsorption of organic molecules on the surface of photocatalysts and near it [37].

Marble dust-based PCM exhibits the highest photocatalytic activity. This may be due to both its
increased dispersion and the increased content of active Bronsted centers (45.15 mmol/g) acting as
centers of OH™ groups, which could contribute to better fixation of titanium compounds on its surface
during sol-gel synthesis.

100 o3 96

o]
o

[o2}
o

N
o

Degree of the dye degradation, %
S
o

o

E R4 E R26

Fig.7. Discoloration of the surface of the studied materials. P-25 — photocatalytic product Degussa P-25;
T and P — limestones; MD — marble dust; PCM-T, PCM-P, PCM-MD — composite materials
on appropriate carriers; R4, R26 — the time of irradiation of samples with ultraviolet
light (4 and 26 h)
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The concentrations of active Bronsted centers on the surface of T and P limestones, which con-
tribute to the fixation of titanium dioxide particles, are close (19.48 and 20.93 mmol/g), and therefore,
PCM based on them after 26 h of irradiation shows a degradation of the dye 91-93 %, which is less
than that of PCM-MD (96 %), but higher than that of the control P-25 (89 %).

According to the degree of increase in photocatalytic activity, composite materials after exposure
to UV light are arranged in the following order: PCM-MD - 61 %, PCM-P — 71 %, PCM-T —76 %
(4 h), PCM-T - 91 %, PCM-P — 93 %, PCM-MD - 96 % (26 h). Marble dust showed lower sorption
of organic dye after 4 h of UV irradiation (3 %), which could also affect the relatively low photo-
catalytic activity of PCM-MD after 4 h compared with PCM on limestones.

Analysis of the results of discoloration of the contaminant showed that the photocatalyst-carrier
composite materials synthesized by sol-gel deposition, where carbonate material is used as a carrier
of the photocatalytic agent, are active photocatalytic systems providing oxidation-reduction reactions
under the influence of ultraviolet irradiation, which leads to degradation of the contaminant.

Based on the results of the photocatalytic activity of the synthesized composite materials, it is
possible to establish requirements for carbonate raw materials-carriers of the photocatalytic agent:
CaCOs content of at least 90 %, carrier dispersion in the range of 0.1-150 um with polymodal particle
distribution, specific surface area of 400-700 m?/kg, the presence of mesopores 2-50 um in size, high
activity rates of centers Lewis and Bronsted adsorption on the surface of the carrier.

The ranking according to the degree of effectiveness of carbonate raw materials is preliminary
and will be clarified at the stages of sol-gel deposition, heat treatment, its physical-chemical interac-
tion with the components of cement and concrete systems, their influence on the processes of their
phase and structure formation, properties, fixation in the concrete matrix, assessment of the photo-
catalytic activity of concrete with PCM. The ranking of the effectiveness of carriers at various
technological stages of PCM production and their comparison is necessary to establish the needed
and sufficient criteria for evaluating raw materials and their weight. In the future, with the expansion
of the range of raw materials used as carriers of the photocatalytic agent, this will allow for their
preliminary predictive rapid assessment.

Conclusion

Waste from mining and mining processing industries are the most common types of waste.
A promising way to use the host and overburden rocks located in landfills, as well as highly dispersed
waste from the processing of mineral resources, is to include them in composite materials. In order
to reduce the volume of waste from the main production and obtain marketable products, the possi-
bility of using carbonate mineral materials in composites intended for incorporation into the materials
and products of the construction industry is being considered. The proposed method of disposal of
highly dispersed subsurface use waste will reduce the ecological burden on the environment.

The paper shows the fundamental possibility of using carbonate raw materials as a promising
carrier of a photocatalytic agent in the composition of photocatalytic composite materials, which will
make it possible to apply the results obtained when adapting the technology of sol-gel synthesis of
PCM when using carbonate waste from various industries. Limestone powders from the
Tyushevskoye (limestone T) and Porechenskoye (limestone P) deposits, as well as marble dust from
the Polotskoye deposit, used in the production of building materials as mineral dispersed fillers, are
considered as model systems of carbonate composition.

The physical-chemical characteristics of carbonate raw materials are determined, which are criteria
for evaluating the efficiency of distribution and fixation of a photocatalytic agent during its synthesis.
The particle size of the studied materials is in the range of 0.1-150 um, specific surface area is
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400-600 m?/kg, pores are 2-50 nm in size, pH is 7-11, high concentration of acid-base centers of
Bronsted and Lewis, developed surface morphology. According to the set of characteristics, carbonate
materials are ranked according to the increase in the potential efficiency of their use as a carrier of
a photocatalytic agent in the following sequence: limestone T — limestone P — marble dust MD.

The ranking is confirmed by the results of the assessment of photocatalytic activity based on
photocolorimetric measurements of the degree of degradation of the model organic contaminant rho-
damine B under ultraviolet exposure to the surfaces of raw materials in their initial state and photo-
catalytic composite materials synthesized on their basis. It has been established that photocatalytic
properties not inherent in the raw materials are actively manifested in composites synthesized on
their basis and exceed the values demonstrated by the commercial photocatalyst P-25. The most
photocatalytic activity (96 %) was shown by a composite material based on marble dust, for lime-
stones T and P it was 91 and 93 %.

Thus, the fundamental possibility of using carriers of the carbonate composition in the produc-
tion of photocatalytic composite materials of the “core — shell” composition is shown.
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