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ABSTRACT: Introduction. Impregnation with a solution based on calcium polysulfide showed excellent results in the hydropho-
bization of concrete, brick and shell rock due to the formation of a water-repellent coating of sulfur nanoparticles on the surface of 
their pores. This paper presents the data of studying the properties of aerated concrete, widespread in construction practice, which 
has a widely developed pore system. Materials and methods. The data on the penetration of water into the studied samples of 
aerated concrete using the methods of visual examination, including electron microscopy, as well as methods for measuring the 
water absorption and strength of the samples impregnated with a solution based on calcium polysulfide are presented. Results. 
It is shown that aerated concrete impregnated with calcium polysulfide, despite the developed pore system, acquires pronounced 
water-repellent properties. It was found that the optimal processing time is 20 minutes, and the increase in the water-repellent 
properties of aerated concrete depends on the density of the impregnating solution. As a result of impregnation of aerated con-
crete by immersion in a solution with a density of 1.16 g/cm3, a decrease in 3.7 times occurs, and when treated with a solution with 
a density of 1.25 g/cm3, it decreases 6.8 times and becomes equal to 6%. For samples processed with the use of vacuum, in the case 
of processing a solution with a density of 1.16 g/cm3, water absorption decreases by 7.9 times, and when processing with a solution 
using vacuum, it decreases 19.8 times, while the compressive strength increases by 1.7 once. Samples of aerated concrete, treated 
with a polysulfide-based solution with a brush, showed that in this case, water absorption in the sprinkling mode decreases to values 
of 1.5–2.0%. Discussion. It is noted that during the surface treatment of aerated concrete, a chemically resistant, water-repellent 
layer 3–3.5 cm thick is formed, which reliably protects the material from the penetration of water and chemicals. The results of the 
performed experiments give reason to believe that on the surface of the pores of aerated concrete treated with a solution based 
on calcium polysulfide, as well as on the surface of the pores of previously investigated materials, a nanosized coating is formed of 
sulfur particles that hydrophobic aerated concrete. Conclusions. Comparison of the results for aerated concrete with excellent data 
for concrete, brick, shell rock shows that the efficiency for aerated concrete is no less and allows us to recommend the specified 
solution for long-term protection of the surface of aerated concrete walls.
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INTRODUCTION

The main reason for the degradation of porous build-
ing structures is the atmospheric-chemical factor. 

The use of protective coatings makes it possible to in-
crease the durability of buildings and structures by reduc-
ing the amount of water penetrating into the pores, but 
the main problem in this area is the service life of the coat-
ing itself, especially under conditions of constant exposure 
to water and sign-changing temperatures. The problem 

of long-term protection of concrete structures exposed 
to intense exposure to moisture and groundwater has not 
yet been resolved - the available deep penetration im-
pregnating compositions are quite expensive and cannot 
be effectively used in all the cases. In this regard, it is ur-
gent to search for a new effective and convenient method 
of long-term protection of building structures and prod-
ucts using various methods [1–2]. One of the methods 
of protection is based on the creation of a water-repellent 
effect in building materials by the use of impregnation 
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with sulfur melt [3–4], however, the application of the 
method is limited by the complexity of use associated with 
obtaining a melt and the need for evacuation. 

In works [5–8], a new method is proposed that allows 
increasing the durability of buildings and structures by re-
ducing the amount of water penetrating into the pores. 
The developed impregnating composition based on sulfur 
provides protection of building materials from weathering 
and corrosive environments for a long time. The technology 
for processing structural elements and products is simple 
and affordable: like most paints and varnishes, they are ap-
plied with a brush, pouring, spraying, dipping at any posi-
tive temperatures. The fundamental novelty of the proposed 
solution lies in the fact that hydrophobization is achieved 
using a material of inorganic nature – sulfur. The presence 
of sulfur in the pores of building materials gives them water-
repellent properties for a long time – in contrast to organic 
paints and varnishes. The uniqueness of the approach lies 
in the fact that at the stage of impregnation a water-soluble 
substance is used, within which sulfur molecules fall into 
the smallest pores of the material. 

During the drying stage this substance decomposes 
and a water-insoluble (hydrophobic) layer of elemental 
sulfur is formed on the surface of the pores. At the drying 
stage, this substance decomposes and a water-insoluble 
(hydrophobic) layer of elemental sulfur nanoparticles is 
formed on the pore surface. The use of deep impregna-
tion allows, along with an increase in strength and frost 
resistance, a decrease in water absorption, to significantly 
increase resistance to atmospheric factors, chemical resis-
tance to acids, saline solutions, oil products. The mineral 
nature of the coating, formed from sulfur nanoparticles, 
ensures its durability, and the water-repellent proper-
ties inherent in elemental sulfur blocks the access of wa-
ter. The surfaces treated with the proposed composition 
acquire not only hydrophobic properties, but also pro-
nounced bactericidal properties, as a result, the processes 
of decay and mold formation are prevented.

This method improves the mechanical characteristics 
of building structures (piles, bridges, floor arches, tunnels, 
trays, culverts, wells, sidewalk and road slabs, curb stones, 
etc.) operating in conditions of atmospheric factors and 
groundwater. The method of hydrophobization with poly-
sulfide solutions is also protected by a Russian and Eur-
asian patent [9, 11]. Currently, the method has become 
widespread and is used to strengthen wells [12–14].

At the same time, there are other building materi-
als (foam concrete, aerated concrete, wood, etc.), which 
also need long-term and reliable protection from atmo-
spheric factors. For this purpose, aerated concrete was 
investigated, which has a developed porous structure and 
is exposed to water. Autoclaved aerated concrete is one 
of the most popular building materials used in the con-
struction of individual houses. It is popular due to its 
excellent consumer properties: low thermal conductivity 

and environmental friendliness. But at the same time 
aerated concrete is characterized by a high value of water 
absorption (30–50%) and relatively low values of com-
pressive strength, which significantly limits its use. This 
material is also popular abroad, work is underway to ob-
tain materials and methods for protecting aerated concrete 
[15–22]. In this work, a composition based on calcium 
polysulfide was used to modify the properties of aerated 
concrete; the latter was impregnated with the material and 
its properties were studied.

METHODS AND MATERIALS

To carry out the work, a solution based on calcium 
polysulfide (calcium pentasulfide CaS5) with different 
densities in the range from 1.16 g/cm3 to 1.25 g/cm3 was 
used, and aerated concrete with a density of 0.547 g/cm3 
with dimensions of 16×4×4 cm was used as samples. Since 
aerated concrete is mainly used as a wall material, it was 
processed with a brush, in addition, it was also tested 
by immersing the samples in a solution based on cal-
cium polysulfide. The impregnation of aerated concrete 
samples was carried out by completely immersing them 
in a bath with a polysulfide solution so that the solution 
level exceeded the level of the upper edge of the samples 
by at least 5 cm. The impregnation of aerated concrete 
samples was carried out with various durations (from 10 to 
80 minutes) 20 minutes.

 Water absorption measurements were carried out 
according to the method described in GOST 12730.3-
2020. Determination of water absorption with preliminary 
evacuation of the samples was carried out in a chamber 
from which air was evacuated and an impregnating so-
lution was supplied until the samples were completely 
covered with the solution. The strength measurements 
of the initial and impregnated samples were carried out 
in accordance with GOST 10180-2012. The depth of pen-
etration of the impregnating solution into the depth was 
checked by analyzing sections of freshly impregnated 
samples. The analysis of the size of sulfur nanoparticles 
and the distribution of the hydrophobizing material in 
the pores was carried out by Shimadzu Wing SALD-7071 
and an AXIOVERT.A1 microscope.

RESULTS

Since aerated concrete, like most building materials, is 
an inorganic material and is wetted with water, and gradu-
ally water fills the pores of aerated concrete (Fig. 1a). 
Treatment with a solution based on calcium polysulfide 
leads to the coloring of aerated concrete in a light green 
color, in addition, the appearance of sulfur nanoparticles 
on the surface of aerated concrete leads to the appearance 
of water-repellent properties (Fig. 1b), a drop of water on 
the surface of the sample is not absorbed.
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The samples were processed by immersion in a solu-
tion based on calcium polysulfide of various densities for 
1 hour; the results are shown in Fig. 2. The water absorp-
tion of the original non-impregnated samples was 35.6%. 
The data presented in Fig. 3 show that water absorption 
decreases when using a solution with a density equal to 
1.16 g/cm3, water absorption decreases by 3.7 times, and 
when treated with a solution with a density of 1.25 it de-
creases by 6.8 times. For samples processed with the use 
of evacuation, in the case of processing a solution with 
a density of 1.16 g/cm3, water absorption decreases by 
7.9  times, and when processing with a  solution with 

a density of 1.25, it decreases 19.8 times. Thus, a solution 
based on calcium polysulfide effectively hydrophobizes 
aerated concrete and can be used to protect structures 
made of this material. For example, the walls of low-rise 
buildings that have water-repellent properties can be laid 
out of aerated concrete blocks.

Samples impregnated under vacuum with different 
duration of keeping in solution were tested for compres-
sive strength (Fig. 3). The data on the dependence of the 
strength on the residence time in the solution show that 
the residence time in the solution equal to 20 minutes 
is sufficient for the solution to be absorbed. The results 

Fig. 1. The appearance of aerated concrete: a – untreated; b – processed

Fig. 2. Water absorption of aerated concrete samples impregnated by immersion in a solution based 
on calcium polysulfide of various densities at atmospheric pressure (Δ) and using vacuum (●)

a b
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show an increase in compressive strength from 1.75 MPa 
to 3 MPa when held in solution for more than 20 minutes; 
further holding does not lead to a noticeable increase in 
strength.

Since the main application of aerated concrete is 
supposed to be the protection of walls that are exposed 
to moisture in the sprinkling mode, the samples were 
repeatedly brushed and dried under natural conditions. 
The processing was carried out as follows. Repeated 
brush strokes were applied layer by layer until the solu-
tion was absorbed by the aerated concrete. Then, after it 
was absorbed, but not dried, a second layer was applied 
in the same way. Then the process was repeated a third 
time. Figure 4 shows sections of dried samples after three 
brush treatments; it can be seen that the solution applied 
with a brush successively penetrates into the depth of the 
sample. The treatment was carried out with a solution 

with a density equal to 1.24 g/cm3. The results showed 
that after passing the hand three times, the penetration 
depth exceeds 2 cm.

Samples treated with a brush were tested for water ab-
sorption, for this purpose they were processed in the spray 
mode. For this purpose, the samples were exposed to 
water droplets in a similar manner to rainfall for 1 hour. 
It was found that water absorption does not exceed 1.5–
2.0% for those treated three times with a brush (Fig. 5). 
Thus, brushing or spraying a solution based on calcium 
polysulfide on a wall lined with aerated concrete can pro-
tect the material from water penetration, even without 
using additional protection measures, by applying plaster 
or other water repellents to the wall.

Samples soaked in a solution of calcium polysulfide 
were examined by direct observation in reflected light on 
an AXIOVERT.A1 microscope. Figure 6 shows the mi-

Fig. 3. Dependence of the compressive strength of aerated concrete samples impregnated 
by immersion in a solution based on calcium polysulfide on the duration of holding in the solution

Fig. 4. Samples of aerated concrete cut impregnated with a solution based on calcium polysulphide with a density equal 
to 1.24 g/cm3: a) initial non-impregnated; b) processing with a single pass of the brush; c) processing with a double 
pass of the brush; d) processing by three passes of the brush

a b c d
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crostructure of aerated concrete samples impregnated 
with polysulfide solutions. From Figure 6 it can be seen 
that the voids between the grains of aerated concrete are 
filled with a composite of sulfur nanoparticles and calcium 
carbonate, as a result, the compressive strength increases 
(Fig. 3) and water absorption decreases (Fig. 6).

DISCUSSION

The data obtained in the work show that aerated con-
crete is successfully hydrophobized by impregnation with 
a solution based on calcium polysulfide, despite the fact 
that it has a well-developed pore system, that is, there are 
many voids inside aerated concrete. To find out at the ex-
pense of which particles the aerated concrete is hydropho-
bized from the polysulfide solution, after impregnation 
and drying, particles were separated from the pore space 

of the material. For this, the impregnated sample of aer-
ated concrete was dried and dissolved in a solution of hy-
drochloric acid. The dispersed powder that precipitated 
was washed with distilled water and dried, then the coarse 
fraction was separated from the fine fraction in a centri-
fuge. Then the fine fraction was analyzed using a laser 
analyzer, as a result, differential and integral distributions 
of the sizes of sediment particles were obtained, similar to 
those in ([8], Fig. 2). They showed that the average par-
ticle size is 20 nm, and X-ray phase analysis showed that 
the particles are elemental sulfur with an orthorhombic 
crystal lattice structure similar to the results ([8], Fig. 3).

The impregnating solution in this case is a carrier of a 
hydrophobizing agent (sulfur nanoparticles), which in 
the composition of calcium polysulfide molecules, the size 
of which does not exceed 0.5 nm, easily penetrates not 
only into the pores, but also into the smallest capillary 

Fig. 5. Dependence of water absorption of aerated concrete 
under sprinkling conditions, depending on the frequency of treatment

Fig. 6. Image of the pore space of aerated concrete impregnated with a polysulfide solution: 
a – an increase of 500 times; b – an increase of 1000 times

a b
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tracts of aerated concrete. At the drying stage, the calcium 
polysulfide molecule is destroyed, and sulfur nanoparti-
cles are formed, which are hydrophobic by their chemical 
nature. Microscope data (Fig. 6) show how nanoparticles 
crystallized from a polysulfide solution at the stage of aer-
ated concrete drying form a protective coating in the pore 
structure, taking up free space in the pores.

Due to the low viscosity, the impregnating solution 
easily penetrates deep into the material, if applied with 
a brush, it penetrates to a depth of 3–3.5 cm (Fig. 4), when 
immersed in the solution, it can completely impregnate 
the sample, reduce it from 35.6% to a value equal to 5%, 
and in the case of vacuumization, it reduces water absorp-
tion to 2% (Fig. 2). The fact that this material is excellently 
hydrophobized by a polysulfide solution can be seen with 
the naked eye: for an untreated sample, water immedi-
ately penetrates deep into the material, and in a processed 
sample it lies in the form of a spherical drop until it evapo-
rates (Fig. 1). The data on water absorption are comparable 
with the corresponding data for shell rock 2–3% [7, 8], 
concrete 0.5–2.5% [6, 15], brick 4–5% [5]. An improve-
ment in the parameters of water absorption and strength, 
as well as a slight change in color (acquiring a weak green 
color) when modifying aerated concrete with a polysulfide 
solution, make it possible to hope that this method of hy-
drophobization will be widely used. The presented data on 
the penetration of water into the studied samples of aerated 
concrete shows that the method of improving the properties 
of aerated concrete by impregnating samples with a solution 
based on calcium polysulfide works excellently in this case 
and can be recommended for use in low-rise construc-
tion of cottages, as well as when using aerated concrete as 
a material for internal partitions of buildings. 

CONCLUSIONS

1. Treatment of aerated concrete with a solution based 
on calcium polysulfide demonstrates that a pronounced 
hydrophobic effect is observed (see Fig. 1).

2. Impregnation of aerated concrete samples with a so-
lution based on calcium polysulfide showed that with an 
increase in the density of the solution, the efficiency of im-
pregnation increases to density values equal to 1.25 g/cm3, 
treatment at atmospheric pressure reduces water absorption 
by 6.8 times, and when using a solution of calcium poly-
sulfide water absorption is reduced by 7.9 times, and when 
treated with a solution of calcium polysulfide with the use 
of evacuation, it is reduced by 19.8 times.

3. Water absorption of the original aerated concrete 
equal to 35% decreases as a result of surface treatment 
with a solution based on calcium polysulfide to water 
absorption of 1.5–2.0% in the sprinkling mode, which 
allows using aerated concrete for laying walls without 
additional hydrophobization (Fig. 5).

4. Studies on the AXIOVERT.A1 microscope (Fig. 6) 
made it possible to find out that after impregnation of aer-
ated concrete, its pores are filled with hydrophobic sulfur, 
which causes a water-repellent effect and an increase in 
strength.

5. As a result of the experiments, it was found that 
the effect of hydrophobization of aerated concrete is 
achieved due to the formation of a nanoscale coating 
consisting of sulfur nanoparticles with a size of 20 nm, 
which is formed during the transformation of calcium 
polysulfide into hydrophobic sulfur particles, as a result, 
significantly reduces water absorption, which leads to an 
increase in durability.
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