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Abstract. The paper presents the results of a study devoted to expanding the functional properties of
one-component cement-silicate paints based on white Portland cement, soluble sodium glass and a
hardening retarder (sodium phosphate). Existing compositions, despite their exceptional performance
qualities, are not able to provide the entire range of required functional characteristics. Therefore, in
order to expand the areas of cement silicate paints application, additives based on aluminum powder
and nano-sized titanium dioxide were introduced into the coating composition. This resulted in the
increase in the electrical conductivity of the coating and made the paint self-cleaning due to
photocatalysis.

The study showed that the introduction of nano-sized titanium dioxide particles into the paint
composition provides the rapid degradation of organic pigments (within 2 days) due to the
photocatalysis reaction occurring under the influence of ultraviolet solar radiation. The pigments are
further removed due to precipitation. This helps to maintain the aesthetic properties of the paint even
in high dust conditions, for example, in conditions of sandstorms, which are frequent in the African
climate.

The introduction of aluminum powder into the paint composition reduces its electrical resistance (in a
wet state) from 5.05 kOhm for the reference sample to 2.7 kOhm for the modified sample. The
thickness of the applied paint was 350 microns. This can help the coating to absorb man-made
electromagnetic radiation due to shielding, while preventing the accumulation of static electricity on
the surface, which also contributes to less dust in the premises. In addition, the use of aluminum
powder instead of traditional electrically conductive carbon-containing additives allows maintaining
the aesthetically pleasant white color of the paint.
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1. INTRODUCTION

Currently, different types of water-based emulsion paints are widely used for the in-situ finishing
of building facades. Besides, some powder paints are applied to ceramic and sand-lime bricks during
their production at brick factories in order to accelerate the rate of construction and obtain better cover
qualities, provided by the paint application in factory conditions. The latter technology involves
melting the paint powder by a slight heating in special ovens to create a thin polymer-based coating on
the surface of the brick. However, despite its attractive appearance, the created coating has a dense
structure that does not allow the transfer of vapor and moisture from the enclosing walls to the surface.
As a consequence, this barrier for the passage of moisture between the brickwork and the layer of
powder paint leads to the peeling of the paint (Fig. 1a - building parapets).

The situation is aggravated by efflorescence, which forms in the interfacial layer (at the boundary
between the brick and the coating). When moisture migrates through the brickwork, the salts contained
in the brick and masonry mortar dissolve and get carried to the surface of the masonry in the form of
efflorescence. The recrystallization and significant increase in volume of efflorescence under the paint

film also cause the peeling off the impenetrable layer of powder paint from the surface of the
brickwork. (Fig. 1b).

Fig. 1. | ofoer paint on the parapet of a residential building (@), peeling of paint from
the surface of ceramic bricks (b).

The crystal size of sodium sulfate, which prevails in efflorescence composition, can vary
depending on the temperature and humidity of the environment by more than three times (Fig. 2) [1,

2]. Therefore, any slight change in temperature can lead to peeling of the paint layer from the surface
bricks.
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Fig. 2. Sodium sulfate state depending on the temperature and humidity of the environment.
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The abovementioned problem of paint coatings destruction on the facades of painted buildings is
not new and requires the development of compositions that can withstand the destruction and peeling
during the operation of buildings.

To prevent peeling of paint coatings from the facades of brick buildings, it is necessary to use
compositions that ensure normal mass transfer through the paint layer. The research team from
Kalashnikov Izhevsk State Technical University developed a cement-silicate two-component paint for
building facades finishing [3-5]. The advantages of the developed composition in comparison with
known silicate paints based on liquid potassium glass and zinc oxide hardener are the increased
durability of the composition and a lower price, provided by the use of cheaper liquid sodium glass
and a hardener based on Portland cement. Pilot industrial use of this composition has shown a
significant durability of the coating (over 25 years) without repainting. However, the application
technology of a two-component paint limits its widespread use in construction site conditions.

To increase the manufacturability of a cement-silicate paint, a one-component composition is
currently being developed, the production of which can be carried out in the form of a dry mixture.

The previous research [6] has shown that it is possible to replace the liquid potassium glass by the
dry powder of soluble glass, namely, by sodium silicate hydrate powder. In this case, all components
of the base mixture, including white Portland cement, sodium silicate hydrate, sodium phosphate
(soluble glass coagulation retardant) and alkali-resistant pigment, are mixed at the construction site
and kept for 15-20 minutes to ensure more complete dissolution of the sodium silicate hydrates. The
resulting solution of cement-silicate paint hardens within 1.5 to 2 hours depending on the sodium
phosphate content. The resulting coating becomes water resistant after 28 hours of curing.

The introduction of additional functional additives into the paint composition can significantly
expand the areas of developed composition application. Therefore, the aim of this research is to study
the properties of one-component cement-silicate paint modified with additives based on titanium
dioxide and aluminum powder in order to impart new functional properties to the composition.

2. MATERIALS AND METHODS

The main components of the base composition are white Portland cement and soluble sodium glass.

In this research, hydrated sodium silicate powder produced by OOO Laysan in accordance with TU
20.13.62-060-00883732-2019 and meeting the requirements of TU 20.13.62-001-06051139-2020 (Fig.
3a) was used. The silicate modulus of the product varies from 2.8 to 3.4. The mass fraction of
components, according to the quality certificate, is 24.13% for sodium oxide (Na,O) and 70.83% for
silicon dioxide (SiO,). In accordance with the passport data, the time for complete dissolution of
sodium silicate hydrate particles in water is 20 minutes at room temperature. If the holding time is not
observed when dissolving a dry mixture of one-component cement-silicate paint, sodium silicate
hydrate does not completely dissolve (Fig. 3b), which leads to a decrease in the adhesion of the paint
to the surface being painted.

% 000 K s Quatte i s
Fig. 3. Microstructure: sodium silicate hydrate powder (a), chipping of the base composition of
cement-silicate paint with incomplete dissolution of sodium silicate hydrate (b).
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To prevent instant hardening of the system, a retarder was introduced - sodium phosphate NazPO,
according to GOST 201-76 in an amount of 3% by weight of Portland cement.

To expand the functional properties, nanotitanium dioxide with an average particle size of 26 nm
was introduced into the composition of the cement-silicate paint. It ensured the creation of self-
cleaning paint due to photocatalysis. Before use, the powder produced by ZAO PromKhimPerm was
pre-fired at a temperature of 550°C and covered with paraffin to eliminate fire and explosion hazards.

To increase the electrical conductivity of the paint, a conductive component was added in the form
of aluminum powder grade PAP-1 according to GOST 5494-2022.

3. RESULTS AND DISCUSSION

When a dry composition of cement-silicate paint is mixed with water, sodium phosphate interacts
with calcium hydroxide, which is formed during the hydrolysis of the main mineral of Portland
cement, tricalcium silicate [7]. The formed calcium hydroxide reacts with sodium phosphate. The
product of the interaction in the form of calcium phosphate blocks the cement particles from the action
of water and slows down the coagulation process.

Energy dispersive analysis of the cement-silicate paint confirmed the described hydration process
for cement-silicate paint (Fig. 4).
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Fig. 4. Energy dispersive analysis of the crystalline hydrate phase in cement-silicate paint: (a) —
microstructure of the crystalline hydrate phase in the area of analysis, (b) — chemical composition of
hydration products in the structure of hardened paint.

When sodium phosphate is exhausted, cement hydration continues, providing further strengthening
and increasing water resistance of hydration products, which are represented mainly by calcium
silicate hydrates. Carbonization of liquid glass and calcium hydroxide also take place [8].

A photocatalyst in the form of nanotitanium dioxide, introduced into the paint, accelerates the slow
processes of pollutants decomposition under exposure to sunlight in the ultraviolet range. The
resulting products of decomposition are easily washed off by precipitation [9].

Along with the decomposition of organic pollutants, the process of photocatalysis, i.e. absorption
of UV radiation by the TiO, photocatalyst, also leads to the formation of hydroxyl groups OH", which
increase the surface energy of the coating and contribute to its increased hydrophilicity [10].
Nanotitanium dioxide can also promote surface disinfection [11].

The photocatalytic reaction proceeds as follows (Fig. 6):

- Ultraviolet radiation excites (activates) the valence electron of a semiconductor TiO,;

- The excited valence electron moves to an orbit with a higher energy level (photoexcitation);

- Pairs of electrons (e-) and holes (h+) are formed, creating conditions for reduction and oxidation.

Oxidation and reduction reactions:

h*+ H,0 - H" + OH ¢ + 0, — O, +H'—OH* (1)
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Organics decompose:

OH™ + C,H,Cl,+++— CO,+H,0+CI +H" (2)
where O, — superoxide (hydrophobic).
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Fig. 6. Photocatalysis reaction.

The study on the possibility of photocatalysis in the developed cement-silicate paint with
nanotitanium dioxide was carried out after applying paint with a thickness of 100 microns to glass
plates and covering it with the organic pigment Rhodamine S, followed by exposure to the ultraviolet
radiation in OBNP "GENERIS" irradiator. For the experiment, the compositions were modified with
5% and 10% of nanotitanium dioxide photocatalyst powder.

The experimental results confirming the degradation of Rhodamine S pigment are presented in
Figures 6b and 6c. Visual assessment clearly indicates the degradation of the organic pigment
“Rhodamine S” after exposure to the ultraviolet solar radiation in field conditions in the span of 2
days, followed by exposure to precipitation at a temperature of 14 °C (Fig. 7).

Fig. 7. Processing of paint samples coated with the organic dye "Rhodamin S" with an ultraviolet
irradiator OBNP "GENERIS" (a), samples of cement-silicate paint before field testing (b), after
exposure to ultraviolet radiation and subsequent precipitation (c)).
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All these aspects of the self-cleaning effect result in reduced maintenance costs and longevity of
color shades. Therefore, photocatalyzed nanoTiO, cement silicate paint has not only aesthetic, but also
economical advantage. In addition, nanotitanium oxide can help accelerate the hydration of Portland
cement and improve the durability of cement silicate paint [12].

Another factor that undermines the aesthetic properties of the finished surface is dispersed dust that
accumulates on the finishing material due to static electricity. In a number of industries, especially in
workshops for the production of microelectronics, the requirements for the prevention of dust
accumulation on the walls are increased. Therefore, finishing materials, such as marble tiles, are used
in order to prevent the accumulation of dust by reducing the level of static electricity. Obviously, this
significantly increases the cost of buildings. Consequently, paint and varnish coatings are needed that
can eliminate the accumulation of static electricity without increasing the final price. Some researches
show [5, 13] that multiwalled carbon nanotubes (MWCNTS) introduced into the composition of
cement-silicate paint, can increase its electrical conductivity by several times, which can lead to the
“draining” of the electric charge, reducing the accumulation of dust on the surface of the facades or
internal walls of buildings with high requirements for dust control. However, the complex technology
of introducing MWCNT dispersion into cement-silicate paint and its high cost reduce the effectiveness
of the composition [14, 15].

It is proposed to replace the conductive component in the mixture composition with a cheaper
additive, namely, aluminum powder of grade PAP-1 in accordance with GOST 5494-2022.

To determine the electrical conductivity of cement-silicate paint with aluminum powder PAP-1,
paint samples were prepared and applied to the surface of a glass plate with glued copper electrodes
(Fig. 8a). After applying the paint, the samples were kept until setting and hardening for 24 hours in
normal conditions and connected to the electrodes of the E7-20 immittance meter (Fig. 8b).

Fig.k'8. Preparation of a base from a glass plate with glued copper electroes @), mplé.affer applying
paint with a conductive additive (b).

Analysis of the electrical conductivity of cement-silicate paint using an E7-20 immittance meter
(Fig. 9) showed a decrease in the electrical resistance of the samples in a wet state from 5.05 kOhm for
the reference sample to 2.7 kOhm for a sample modified with aluminum powder in an amount of 0.4%
by weight of white Portland cement. The thickness of the applied paint was 350 microns.

Fig. 9. Measuring the resistance of cement-silicate paint with a conductive additive using an E7-20
immittance meter: a) test sample, b) E7-20 immittance meter.
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Therefore, the developed cement-silicate paint with conductive components has an increased
electrical conductivity, which ensures the removal of static electricity and helps to absorb man-made
electromagnetic radiation due to shielding [13]. Shielding leads to the weakening of electric and
electromagnetic fields and prevents the penetration and impact of such fields on elements of premises
and buildings. Besides, it suppresses electronic interference emanating from electrical and electronic
industrial equipment and devices.
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Fig. 10. Microstructure of a cement-silicate paint with the addition of aluminum powder in an amount
of 0.4% of the weight of Portland cement: a) at 3500-fold magnification, b) at 6525-fold magnification
(the marker is located on the surface of calcium alumosilicate hydrate).

Analysis of the microstructure of a cement-silicate paint, modified with aluminum powder in an
amount of 0.4% by the weight of Portland cement (Fig. 10) showed a significant change in hydration
products with the formation of an amorphous structure in combination with crystal hydrates based on
low-basic calcium aluminosilicate hydrates, which is confirmed by energy-dispersive analysis,
presented in Table 1.
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Table 1. Results of energy dispersive analysis.
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Thus, aluminum powder particles not only contribute to an increase in the electrical conductivity of
the a cement-silicate paint, but also affect the formation of hydration products as a result of exchange
reactions, therefore, compacting the material structure.

4. CONCLUSIONS

Thus, a one-component silicate paint has been developed, in which Portland cement is used as a
hardener, liquid sodium glass is replaced with powdered sodium silicate hydrate, and sodium
phosphate is used to prevent early coagulation of the paint solution.

It has been established that one-component silicate paint, when modified with nanotitanium
dioxide, exhibits surface self-cleaning properties during operation due to photocatalytic reactions.

The use of a conductive component based on aluminum powder as a modifying additive instead of
expensive multi-walled carbon nanotubes reduces the cost of the finished dry mixture composition and
prevents the accumulation of static electricity on the surface being finished.

The research was carried out in the Federal State Budgetary Educational Institution of Higher
Education “Kalashnikov Izhevsk State Technical University" with funds from the Ministry of
Education and Science grant No. 075-15-2023-590 (head — Yakovlev G.1.).
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