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ABSTRACT: The data of studies on the effectiveness of impregnating Aquastat waste generated as a result of the development of 
limestone-shell rock deposits are presented. As a result of sand impregnation, the water absorption coefficient as a result under-
went a significant decrease from 7 to 17 times, while the water absorption coefficient decreases from 32.5% for the initial to 1.9% 
impregnated. Even treatment with low concentrated (ρ = 1.17 g / cm3) calcium polysulfide solution made the water absorption 
coefficient to decrease to a value of 4.5%. As a result of impregnation of crushed stone from limestone-limestone with a solution 
of calcium polysulfide, the water absorption coefficient decreases from 25.0% for untreated to 5.2% for treated, and the decrease 
in the coefficient of water absorption is greater for concentrated solutions. It was found that a solution density of 1.24 g/cm3 is 
sufficient to reduce the water absorption coefficient to a value of 5.2%, the same as for a density value of 1.35 g/cm3. Comparison 
of the results of impregnation with «Aquastat» solution and sulfur melt showed that as a result of treatment with sulfur melt, the 
water absorption coefficient decreases by 13.3 and strength increases by 2 times, and as a result of impregnation with «Aquastat» 
solution decreases by 4.62%, strength increases by 1.35 times. Despite the high efficiency of sulfur melt processing, such treatment 
has drawbacks associated with the use of autoclave technology and high temperatures.
The results of the modification of sand and crushed stone from shell rock by impregnating it with the «Aquastat» solution, a signifi-
cant decrease in the water absorption parameter, an increase in compressive strength, revealed the possibility of using impregnated 
crushed stone as the layer material lying at the base of the road structures of local roads in the form of crushed stone and sand 
instead of the more expensive imported crushed stone.
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Conversion of limestone-limestone mining waste 
by impregnation with polysulfide solutions

INTRODUCTION

Shell rock is a type of porous limestone, consisting 
of mollusks shells, sand and clay that pressed for thou-

sands of years under high pressure and temperatures. The 
material is given to man by nature and is completely ready 
for use. The large distribution of limestone makes it pos-
sible to extract it in various regions of the world [1–6]. 
The majority of large deposits are confined to the western 
part of Russia. There are quarries for the extraction of this 
stone in the  Voronezh, Tula, Belgorod, Arkhangelsk and 

Vologda regions. Limestone is also mined in the North 
Caucasus, the Urals, in certain regions of Siberia and 
in the Moscow region. The most profitable deposits are 
located in the central regions of the European territory 
of Russia. The Chelyabinsk region has the largest reserves 
in the Urals, and in Siberia: Novosibirsk, Kemerovo re-
gions and the Krasnoyarsk Territory. There were explored 
122 limestone deposits in Kazakhstan, suitable for lime 
production, and the reserves of these deposits are very 
extensive. Kazakhstan can be considered as a Klondike 
for the production of various types of lime and has an 
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excellent regional location for the supply of limestone 
and finished lime to neighboring regions and countries 
of the Customs Union.

Shell rock mined in quarries often has a widely de-
veloped capillary system in its microstructure, filled with 
air. Due to this fact, the stone has high noise-canceling 
properties and minimal thermal conductivity, which 
allows to save on expensive energy resources. For the ex-
traction of shell rock, explosive, excavator, and com-
bine methods are used, and a lot of waste is generated 
in the form of crushed stone and small crumbs, which 
can be used during construction and road filling. Despite 
the widespread use of limestone-shell rock in construc-
tion, it is necessary to note some of its shortcomings, 
which can reduce the operational characteristics and 
durability of building materials. This material is hygro-
scopic, has a significant porosity of 22–50%, gradually 
dissolves in water, the dissolution rate increases when 
exposed to groundwater and precipitation saturated 
with acidic compounds, which determines its relatively 
low frost resistance (frost resistance grade F15–F35) 
and a decrease in strength upon saturation with water, 
the softening coefficient is 0.6–0.9. Thus, the issues 
of protection of building materials from limestone-shell 
rock from moisture and increasing their durability are 
relevant [7–9].

One of the simplest and most technologically ad-
vanced methods for solving the problem of improving 
operational properties and increasing durability is impreg-
nation with polysulfide solutions. So, an impregnation 
was carried out for shell rock, providing deep penetration 
of the polysulfide solution into the material [10]. As a re-
sult, it was shown that the impregnation of limestone-shell 
rock with polysulfide solutions improves the operational 
properties and increases the durability of wall, facing and 

road building materials based on it, exposed to atmo-
spheric influences.

It should also be noted that in many quarries in Russia 
and the Republic of Kazakhstan, as a result of the barbaric 
mining of limestone in order to use it as a facing mate-
rial, a significant amount of limestone has accumulated 
in the form of sand of various fractions, the improve-
ment of its operational characteristics along with crushed 
stone would make it possible to obtain a very important 
building material sand for road construction. The posi-
tive results of the use of polysulfide solutions can serve as 
an incentive for the processing of waste from limestone 
quarries of limestone (in the form of sand and gravel), 
which in the natural state do not possess the set of physi-
cochemical properties necessary for their use in road and 
industrial construction [11–13]. Thereby, an experiment 
was conducted on the impregnation of limestone sand 
and crushed stone in order to reduce the water absorp-
tion parameter, using the polysulfide solution treatment 
technique [14–17].

MAIN PART

To modify the properties, we used sand as screen-
ing of limestone-shell rock of the Beineu deposit of the 
Mangistau region of a fraction of 2.5 mm, which is formed 
when crushed stone is obtained from limestone-shell rock. 
The indicated fraction of sand was impregnated with so-
lutions of calcium polysulfide of various densities, Fig. 1 
shows images of sand of the initial 1a and impregnated 
with a solution of calcium polysulfide with a density 
of 1.24 g/cm3 for 1 hour.

Fig. 1 shows that the impregnation leads to a no-
ticeable change in the color of sand, and studies have 
shown that the impregnation of sand led to a noticeable 

Fig. 1. Sand fraction 2.5 mm from the screening of limestone-shell rock, a – the original, b – impregnated 
with a solution of «Aquastat» with a density of 1.24 g/cm3 for 30 minutes; c – impregnated with the Aquastat 
solution with a density of 1.24 g/cm3 for 60 minutes

а b c
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increase in bulk density in the range from 23–28% and 
an increase in the degree of impregnation (increase in 
the weight of the impregnated sample). The coefficient 
of water absorption as a result of impregnation decreased 
repeatedly from 7 to 17 times (see table 1). Even when 
processing with a low-concentrated (ρ = 1.17 g/cm3) cal-
cium polysulfide solution, the water absorption coefficient 
decreased to a value of 4.5%, an increase in the solution 
concentration led to a further decrease in the water ab-
sorption coefficient to 1.9%.

In experiments on the modification of crushed stone 
of limestone-shell rock, samples of the Beineu deposit 
of the Mangistau region were used. To study the effect 
of the concentration of the impregnating solution on its 
water absorption, samples of limestone rubble were im-
pregnated with solutions of calcium polysulfide of various 
densities; the appearance of the original (unimpregnat-
ed) gravel and impregnated samples is shown in Fig. 2. 

The impregnation was carried out by immersion of sam-
ples of crushed stone from limestone-shell rock (fraction 
10–20 mm.) in solutions for one hour (see Fig. 2), the re-
sults of measuring the bulk density and water absorption 
coefficient are shown in table 2.

Data given in table 2 show that the impregnation 
of crushed stone as well as sand in solutions of calcium 
polysulfide of various densities leads to a significant de-
crease in the coefficient of water absorption, at the same 
time, bulk density increases slightly. As a result of im-
pregnation of crushed stone from limestone-shell rock 
with a solution of calcium polysulfide, the bulk density 
of crushed stone increased by an average of 2.4%. From 
table 2 it is also seen that the water absorption of the 
initial samples is 25.0%, and treatment with a solu-
tion with the lowest density equal to 1.17 g/cm3 leads to 
a threefold decrease in this parameter, and a parameter 
value of 8.1% is achieved. It was found that a gradual 

Table 1
Physico-mechanical properties of sand from limestone-shell rock, fraction 2.5 mm, 
impregnated in solutions of calcium polysulfide of various densities 

№ The density 
of the solution, g/cm3

The degree of prop, 
%, 1 h Bulk density, g/cm3 The coefficient of water 

absorption,%

original – – 0.551 32.5
1 1.16 14.25 0.701 4.5
2 1.17 17.17 0.679 3.5
3 1.19 17.33 0.678 2.2
1 1.20 17.68 0.683 2.6
5 1.22 19.27 0.697 2.5
4 1.24 21.69 0.693 2.0
6 1.35 22.64 0.704 1.9

Fig. 2. Impregnation of crushed stone samples by immersion in «Aquastat» solutions of various densities in the range 
from ρ = 1.17 g/cm3 to ρ = 1.35 g/cm3; a – impregnation of crushed stone samples; b – the appearance of the samples

а b
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increase in the density of the impregnating solution 
leads to a monotonic decrease in the coefficient of wa-
ter absorption. The smallest value of the parameter 
of water absorption which equals to 5.2% belongs to 
a sample impregnated with a solution of calcium poly-
sulfide with a maximum density of 1.35 g/cm3. It was 
found that solution density of 1.24 g/cm3 is sufficient 
to reduce the water absorption coefficient to a value 
of 5.2%, the same as for a density value of 1.35 g/cm3. 
The latter is important because it allows for hydropho-
bization of crushed stone and sand to dispense with 
solutions of a density of no more than 1.24 g/cm3, which 
are much easier to prepare than more concentrated with 
a density of 1.35 g/cm3.

It should be noted that traditionally sulfur in construc-
tion was used as a melt [18–20], which was used to im-
pregnate building materials. For comparison, the method 
of hydrophobization with a polysulfide solution and a sul-
fur melt is shown in Table 3 below, which shows the values 
of a number of parameters of limestone rubble impreg-
nated under different conditions. The comparison shows 

a significant increase of 2.1 times the compressive strength 
during the treatment with sulfur melt, while the treatment 
with a solution of calcium polysufide leads to an increase 
in this parameter by 1.36 times. The water absorption 
of crushed stone during treatment with a solution of cal-
cium polysulfide decreases by 4.6 times, and when treated 
with a molten sulfur it decreases by 13 times.

But when comparing the effectiveness of the meth-
ods used, it is necessary to take into account the dif-
ficulties of using a sulfur melt in order to hydrophobize 
building materials. Impregnation of materials with a sul-
fur melt includes a number of successive technological 
processes: heating of sulfur to 150оC; drying and heat-
ing products at a temperature of 130–140оC; immer-
sion of products in the melt and impregnation; extrac-
tion of products from molten sulfur and their cooling. 
To carry out effective sulfur melt impregnation, it is 
necessary to use a sealed bath equipped with a vacuum 
system. As practice has shown, the following disad-
vantages are also inherent in the method of impregna-
tion of concrete products with a sulfur melt. Firstly, 

Table 2
Dependence of bulk density and coefficient of water absorption of crushed stone on the density 
of the «Aquastat» impregnating solution

№ bulk density ρ, g/cm3 solution density ρ, g/cm3 water absorption, %
original – 0.675 25.0

1 1.17 0.685 8.1
2 1.19 0.697 7.9
3 1.20 0.679 7.5
4 1.22 0.686 6.5
5 1.24 0.682 5.2
6 1.35 0.691 5.2

Table 3
Dependence of strength and coefficient of water absorption of crushed stone during treatment with calcium polysulfide 
solution and sulfur melt. Designations in the table: ND – regulatory documents on test methods; 1 – control sample; 
2 – processed sample

The name 
of indicators ND

Solution impregnation Aquastat 
ρ = 1.24 g/cm3, temperature 24оC, 

1 hour

Sulfur melt impregnation 
temperature 160оC, 30 min

1 2 1 2
Density, g/cm3 GOST 9758 792 801 763 842
The compressive 
strength in the cylin-
der, MPa

GOST 9758 0.53 0.72 0.58 1.24

Water absorption, % GOST 9758 24.0 5.2 28.0 2.1
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for the implementation of sulfur melt impregnation, it 
is necessary to heat both sulfur and concrete products 
to a temperature of 140–150оC, which significantly in-
creases the energy intensity of the process. In addition, 
heating products to such temperatures can cause stresses 
in the material and lead to a decrease in strength. Sec-
ondly, due to the relatively high viscosity of the sulfur 
melt, it is necessary to use evacuation or overpressure, 
which greatly complicates and increases the cost of sul-
fur melt impregnation technology.

It should also be noted that the process is sensitive 
to temperature fluctuations, since sulfur is liquid only 
in a certain temperature range. Therefore, in spite of a 
marked improvement in the characteristics (water ab-
sorption, frost resistance, mechanical strength, chemical 
resistance) of sulfur-impregnated concrete, this method 
was not widely used, even despite the environmental safety 
of the impregnated products. The disadvantage in this 
method is the difficulty of impregnation from the molten 
state. Currently, products impregnated with molten sulfur 
are used in special cases when it is necessary to protect 
concrete from aggressive environments (acidic environ-
ments and saline solutions) [21–22].

FINDINGS

1. Research data on the efficiency of impregnation 
with polysulfide solutions of sand and gravel formed dur-
ing the development of limestone-shell rock deposits and 
their use in road dumping have been presented. As in ear-
lier studies, impregnation allows polysulfide molecules to 
penetrate into the pore structure of limestone-limestone 
and, when the material dries, sulfur nanoparticles crys-
tallize from its polysulfide solution in its pores, partially 
filling the pore space and forming a protective, durable, 

insoluble hydrophobic coating that impedes the penetra-
tion of water into the shell pores.

2. As a result of sand impregnation, the water absorp-
tion coefficient drastically decreases from 7 to 17 times, 
the water absorption coefficient decreases from 32.5% for 
the initial to 1.9% impregnated. Even when treated with 
a weakly concentrated (ρ = 1.17 g/cm3) calcium polysul-
fide solution, the water absorption coefficient decreased 
to a value of 4.5%.

3. As a result of impregnation of crushed stone from 
limestone-limestone with a solution of calcium polysul-
fide, the coefficient of water absorption decreases from 
25.0% for untreated to 5.2% for treated, and the decrease 
in the coefficient of water absorption is greater for con-
centrated solutions. It was found that a solution density 
of 1.24 g/cm3 is sufficient to reduce the water absorption 
coefficient to a value of 5.2%, the same as for a density 
value of 1.35 g/cm3.

4. Comparison of the results of impregnation with 
«Aquastat» solution and sulfur melt showed that as a result 
of treatment with sulfur melt, the water absorption coef-
ficient decreases by 13.3 and strength increases by 2 times, 
and as a result of impregnation with «Aquastat» solution 
decreases by 4.62%, strength increases by 1.35 times. De-
spite the high efficiency of sulfur melt processing, such 
treatment has drawbacks associated with the use of auto-
clave technology and elevated temperatures.

5. The results of the modification of sand and crushed 
stone from shell rock by impregnating it with «Aquastat» 
solution, a significant decrease in the parameter of wa-
ter absorption, increased compressive strength, revealed 
the possibility of using impregnated crushed stone as 
the layer material lying in the base of road structures of lo-
cal roads in the form of crushed stone and sand instead 
of more expensive imported rubble.
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