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Abstract. Soda sludge is characterized by a finely dispersed structure with a high pH
value. These two characteristics of the sludge allow it to be effectively used as a material that
inhibits vegetation growth. During operation, firebreaks can become overgrown with vegeta-
tion, which reduces their fire-fighting characteristics. The conducted analysis of the phyto-
toxicity formed by the sludge allowed us to establish the high efficiency of the proposed tech-
nology for the utilization of soda sludge. The technology does not require sludge preparation
for use, which allows us to consider it as the best available technology.
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AHHoTanums. [1lnamMm cogoBOro MpoU3BOACTBA XapaAKTEPU3YETCsl METKOJUCIEPCHOH CTPYK-
TypoH ¢ BBICOKMM 3HadeHHeM pH. DTH 1Be XapaKTEpUCTHKU IIIaMa MO3BOJIAIOT €ro 3 dexk-
THUBHO HCIIONB30BaTh B KaUECTBE MaTepHasia, yrHETAIOMEro pocT pacturensHocT. [lpn sxke-
IUTyaTalliy IPOTUBOMOXKAPHBIE MTOJIOCHI MOTYT 3apacTaTh PACTUTEIBHOCTBIO, UTO CHIKAET UX
MIPOTHUBOIIOKAPHBIC XapaKTepUCTUKU. [IpoBeneHHBIN aHATH3 (UTOTOKCHYHOCTH, (popMupye-
MBI [IJTAMOM, TTO3BOJIMJI YCTAHOBHUTH BBICOKYIO 3()()EeKTHBHOCTH NMPEINIOKESHHON TEXHOIOTHH
YTUIM3AIUK IIJIaMa COIOBOTO MPOM3BOJACTBA. TexHONIOTHsI HE TpeOyeT MOATOTOBKH ILIaMa
K MCIIOJIb30BAHUIO, YTO ITO3BOJIIET PACCMOTPETh €€ B KauecTBE HAaWIydIleil JTOCTYMHOH Tex-
HOJIOTHH.

KuroueBsie ciioBa: yTmiim3anus, IpoTHBONOXKapHbIE MIHEPAIN30BaHHBIE MOIOCHI, (PHUTO-
TOKCUYHOCTb, PECYPCHBII OTEHLHAI

Bkaan aBropoB. /lyeun K.I. — KOHIENITYaIU3anus, pa3padoTKa METOIOJIOTHH HCCIIEI0-
Banus. Canaxoe P.P. — KypupoBaHHE JaHHBIX, [TOJITOTOBKA YEPHOBHUKA PYKOMHCH, HAaITCaAHHE,
pELIEH3UPOBaHUE U PEIaKTUPOBAHUE PYKOMUCH. Bce aBTOPHI 03HAKOMIJIEHBI ¢ OKOHYATEIbHON
BepCHE CTaThu M OI0OPHIIH €e.

Hcropus crarbu: noctynuia B penakuuio 01.08.2025; nopaboTtana nocie pereH3npoBa-
Hus 25.08.2025; npunsTa k myonukamun 11.09.2025.

3asiBjieHHe 0 KOH(UIMKTE HHTEPeCcOB. ABTOPHI 3asBIIAIOT 00 OTCYTCTBUU KOH(IINKTA HH-
TEPECOB.

s umrupoBanus: [lyeun K.I, Canaxos P.P. Vicionb30BaHHE PECYpPCHOTO MOTEHIIMAIIA
niama cojioBoro npousBojcTsa // BectHuk Poccuiickoro yauBepcurera npy»x0b61 Hapoos. Ce-
pusi: Dxosorus U 6e30macHoOCTh ku3HeAesTenpbHocTu. 2025, T. 33. Ne 4. C. 452-460. http://
doi.org/10.22363/2313-2310-2025-33-4-452-460

Introduction

Surface water, groundwater, atmospheric air and soil are heavily influenced by
anthropogenic activities in the chemical industry. Their impact is especially notice-
able if the enterprise is located on the territory for several decades and its operation
generates large-scale waste, for which there are insufficient technologies for their
decontamination and recycling. The long-term placement of industrial wastes, even
at low hazards for environment (ENV), leads to depletion of the ability of ENV to
clean itself, which will lead to increased risks of man-made pollution. To reduce the
negative impact of industrial enterprises on ENV facilities in the Russian Federa-
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tion, several state programs and regulations have been adopted (“Environmental
protection”, “Circular economy”, “About the national security strategy of the Rus-
sian Federation”) aimed at creating conditions that would maximize the environ-
mental impact with minimal economic costs. This is achieved through the scientific
analysis of the mechanism for the technological transfer of industrial production to
the ENV and the development of technologies for the utilization of previously gen-
erated and accumulated wastes, based on the principle of maximum use of their
resource potential. In this paradigm, waste destruction technologies are not efficient
because they do not involve the use of material resources of waste to create new
socially demanded mothers, and the destruction itself requires energy costs. In most
cases, low-environmental large-scale wastes can be used as feedstock based on
their physical or chemical properties.

One of these large-scale wastes for which many recycling technologies have
been developed, but which are not used because of the complexity of the process of
disposal or because they require significant economic inputs, is sludge, from the
production of soda ash.

In Russia, about 70% of the total volume of calcareous soda is produced by am-
monia by two major producers JSC “Bashkiria soda company” (BSC) (located in the
city of Sterlitamak, the republic of Bashkortostan) and JSC “Berezniki soda plant”
(BSP) (located in the city of Berezniki, the Perm region). The BSC’s slurry storage
covers an area of about 460 hectares. The slurry storage of BSP is located on the bank
of the Kama River, has an active map of 155 ha and a closed area of 89 ha, an esti-
mated accumulated volume of slurries of about 20—21 million ton [1-3].

For the disposal of soda production sludge recycling technologies were previ-
ously developed that allow the use of soda production sludge to make building
materials [4-8], sorbents [9—11], process raw materials to produce various materials
[12—14] This technology implies the stage of preparation of sludge for further use,
which requires considerable material and economic costs. The proposed technolo-
gies for producing targeted products and building materials presented in scientific
publications did not always cover the full range of required characteristics. In par-
ticular, there are no studies on the resistance to frost, abrasion, durability, water-
resistance, no questions of subsequent disposal of the product obtained from sludge
after its use. The lack of such studies increases the risk of negative results in the
implementation of the proposed recycling technology.

Analysis of previously published studies of physical-mechanical, chemical
properties of soda production sludge allowed to determine a new direction of use of
its resource potential. Sludge is characterized by high alkaline potential and fine-dis-
persed mineral structure, which allows to create an environment to prevent or sig-
nificantly reduce the possibility of plant growth. It can be used to improve the ope-
rational characteristics of fire-resistant mineralized strips (FRMS) used to protect
settlements, forests and industrial facilities from fires. During operation, FRMS are
contaminated with grass and other vegetation, which impairs their fire-fighting
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functions [15]. According to GOST R 57972-2017, the main quality indicator of
FRMS is their mineralization (absence of organic). In the case of a FRMS, to reduce
the fertility of the top layer and create conditions for local suppression of plant
growth, it is possible to use soda production sludge.

Methods and materials

In the study used sludge BSP obtained from closed and active slurry storage.

GOST 12536-2014 was used to evaluate the physico-mechanical properties of
sludge. The granulometric composition was determined according to GOST 12536-
2014. For the evaluation of the chemical characteristics of the distiller fluid (liquid
phase sludge) methods were used according to SanPN 2.1.5.980-00; SanPN
2.1.4.1074-01.

The phytotoxicity of the mixture of soil and sludge was evaluated in accor-
dance with MP 2.1.7.2297-07, FR.1.39.2006.02264 and GOST R 22030-2009 un-
der ambient conditions. This method makes it possible to evaluate the suppress-
ing or stimulating effect of a newly introduced component. The experiment was
conducted using oat seeds. It was used as a clay loam that has a structure and
composition characteristic for the soil cover of the Perm Region (Loamy elu-
vio-deluvial soil over brownish podzolic clay soil). For the experiment four com-
positions of soil/sludge were used: 1 version ratio — 0/1; 2 versions — 1/3; 3 ver-
sions — 1/2; 4 versions — concrete sample (soil without sludge). Based on the
results of the measurement of the protruding roots, the effect of inhibition was
calculated by the formula: Ei = (Lc — Lex)/Lc - 100, where Ei — effect of in-
hibition, %; Lc — average root length in control, mm; Lex — average root length
in experiment, mm. Phytotoxicity is considered proven if the calculation ex-
ceeds 20 %.

GOST P 57972-2017 was used to determine the conformity of the minerali-
zed strips.

Results

Production of calcined soda by the ammonium process is controlled by the
formation of a distillate liquid (pulp), which consists of solid (mineral) and liquid
phase. During a long stay in the slurry reservoir under the action of gravity forces,
the solid and liquid phases are separated. The solid phase settles on the bottom, and
the liquid phase is thrown into the surface water object.

The liquid phase of pulp from the production cycle is characterized by a strong
alkaline medium (up to pH = 12.4) and mineralization up to 180 10 g/ I. It contains
a significant amount of dissolved ions — chlorides, sulfates, sodium and potas-
sium, ammonium Table 1.
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Table 1. Chemical composition of the liquid phase of the waste pulp of the BSP, g/I

Sample co_llectlon NH + cr Ca?+ Na +K* HCO,-, SO = ) Tot_al ) pH
location 4 mr/n 4 mineralization

Reset from the BSP | 190+0.5 | 1105 | 42+0.5 2741 63+2 7.4+0.5 180+10 12.4

The part of the cur-

rent sludge storage

facility map oppo- | 15.5£0.5| 15£0.5 | 7+0.5 |4.8+0.25 39+2 1.9£0.1 27+3 11.5

site the discharge

from the BSP

Source: compiled by K.G. Pugin, R.R. Salakhov.

The chemical composition of the dried sludge is a mixture of magnesium and
calcium carbonates, as well as calcium sulphate.

Main chemical compounds in the mineral (solid) part of the sludge: CaCO,
from 49 to 64 %; MgCO, from 19 to 26 %; Ca(OH), from 3 to 11 %; SaC , from 5
to 10 %; SiO, + Al O, from 4 to 11 %; CaSO, from 3 to 10 %; SiO, to 4.7 %. This
indicates a high alkali resource potential of the sludge.

Two samples from the closed slurry storage map (samples 1 and 2) and the
active map (samples 3 and 4) were used to determine the granulometric composition.
The granulometric composition of the sludge is shown in Table 2.

Table 2. Granulometric composition of sludge

Sieve mesh Sieve residue, % by weight
size, mm Sample 1 Sample 2 Sample 3 Sample 4
5 — — — —
2 2.5 1.7 - 0.1
1 17.2 12.7 7.2 9.8
0.5 28 21.9 18.8 16.6
0.25 22.4 27.5 17.6 16.8
0.1 25.3 28.7 37.5 32.9
Passed through 4.6 7.5 18.9 23.8
sieve 0.1

Source: compiled by K.G. Pugin, R.R. Salakhov.

The analysis of the granulometric composition of the mineral part of the
sludge showed that in samples 1 and 2 there are particles of about 2 mm size, and
the predominant particle size is from 1 to 0.1 mm. In samples 3 and 4, the
predominant particle size is between 0.5 mm and less than 0.1 mm. With long-
term presence of sludge in the slurry storage, fine particles are separated into
larger ones. The results are corrected with the results obtained previously by
C.M. Blinov et al. [4].

The results of phyto-toxicity studies on sludge have shown that it is useful to
use sludge as a material to create conditions for local plant suppression. Previously
obtained by E.V. Kalinina and L.V. Rudakova germination pea seeds, Figure 1, with
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different soil pH. In the first variant sludge was used as soil, in the second variant a
mixture of sludge and soil, third (control) soil [16].

a b c

Figure 1. Results of the phytotoxicity experiment for different soil compositions:
a-pH-12.8;b-pH-8.6;c-pH-7.0
Source: compiled by E.V. Kalinina [16].

The highest phytotoxic effect was 100% in the first option (Figure la).
Germination of seeds took place but there was no growth. Visually, it can be
determined that the high pH of the soil (added sludge) creates conditions for
suppression of pea seed growth.

Additionally, we conducted a phytotoxicity study using oat seeds. The results
of the contact phyto-testing carried out using mixtures with different soil/sludge
combinations are presented in Table 3.

Table 3. Phytotesting results

Soil/sludge Average root length, | Average sproutlength, Inhibition effect, %
composition cm cm
0/1 0.7 0.9 83
1/3 1.7 2.3 59
1/2 2.8 3.4 33
1/0 (checking) 4.2 55 0

Source: compiled by K.G. Pugin, R.R. Salakhov.

The experiment confirmed that the use of soda production sludge can create
conditions to significantly slow down the growth of plants until they stop growing
and dying. At high pH, the soil calcium binds phosphorus compounds, making it
inaccessible to plants, water balance is disrupted, and nutrients are poorly assimilated
by plants.

According to the research of the Sukachev Institute of Forests about 60% of
major natural fires occur precisely because of their rise and accumulation of
combustible materials on their surfaces.
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Depending on the working element used (by means of which the soil is developed),
the cross section of the fire-resistant strip can be triangular, trapezoidal or straight-
coal. The rectangular transverse shape of the FRMS is shown in Figure 2.

B

Figure 2. Rectangular cross-section of the PMP: B — strip width, d — excavation width,
h — excavation depth, W — excavation soil, t — excavation soil layer thickness

Source: compiled by K.G. Pugin, R.R. Salakhov.

While creating FRMS, a d-wide recess is formed, which on the obverse side
provides a mineral surface layer from which vegetation and the upper fertile layer
are removed. The depth / is generally sufficient to prevent the spread of lateral sub-
terrestrial grass shoots, but the depth /4 promotes the accumulation on its surface of
organic matter (leaves, tails, etc.), which creates conditions for grass seed
germination. Under these conditions, a rapid mineralization of the strip will occur
with loss of fire-resistant properties.

To increase the effective operating time of the FRMS, it is recommended that
the FRMS be removed by filling with sludge, which will prevent the accumulation
of organic residues (leaves, tails, branches, etc.) on the strip.

The granulometric composition of sludge allows it to be introduced into the soil
with a direct FRMS device and create a more dense structure of FRMS soil. Due to
the fact that sludge is classified as class 5, it can be used in building technologies
without restriction.

Impoundment of soda production sludge, which in its composition contains
calcium carbonate, will form a high soil pH, which leads to the disturbance of the
aboriginal structure of the soil characteristic for this area, and also forms an adverse
chemical and physical action on soil microorganisms.

Conclusions

The soda production sludgh as a fine structure, with high pH can create at the
chemical and physical level conditions reducing vegetation growth that can be used
for FRMS device.

The time of effective use of FRMS can be increased by reducing nutrients in the
surface layer of FRMS, increasing pH and structure density, which reduces the
growth rate and spread of plants. It is proposed to prevent the accumulation of
combustible organic materials on the surface of a FRMS by filling the mineralized
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strip with sludge at all depths. This technical solution will allow to maintain the fire-
resistant properties of the undamaged strips for a longer period, effectively use the
resource potential (high alkalinity and fine mine structure) of soda production sludge.

Sludge recycling technology meets environmental requirements and can be
found to be efficient. It does not require advanced processing equipment and
additional sludge processes.

References

[1] Kalinina EV, Glushankova IS, Sabirov DO. Sorbent for the purification of water from oil
based on soda sludge. Bulletin of Perm National Research Polytechnic University. Ap-
plied Ecology. Urban studies. 2017;(4):37-49. (In Russ.) https://doi.org/10.15593/2409-
5125/2017.04.03 EDN: YLDAIG

[2] Glushankova IS, Dokuchaeva DV, Kalinina EV, Demina EN. The application of sorp-
tion materials based on soda ash waste for purification of surface wastewater from high-
ways. Transport. Transport structures. Ecology. 2017;(4):64-75. (In Russ.) https://
doi.org/10.15593/24111678/2017.04.05 EDN: YLBFDC

[3] Kucherik GV, Gontarenko DV, Omelchuk YuA., Sytnikov DM., Flerko OV. Evaluation of
the toxicity of liquid waste from soda production and the prospects for their disposal.
Power plants and technologies. 2021;7(3):97-105. (In Russ.) EDN: GYDZCT

[4] Krasilnikova SA, Blinov SM, Krasilnikov PA, Belkin PA. World experience using of soda
production waste. Ecology and industry of Russia. 2021;25(12):48-53. (In Russ.) https://
doi.org/10.18412/1816-0395-2021-12-48-53 EDN: GJKISH

[5] ZongY, GonglJ, ZhangJ, SuY, Hu C, Li T, Wu'Y, Jiang M. Research status of soda residue
in the field of environmental pollution control. Royal Society of Chemistry Advances.
2023;13:28975-28983. DOI: 10.1039/D3RA04863B

[6] Zhao X, Liu C, Wang L, Zuo L, Zhu Q, Ma W. Physical and mechanical properties and
micro characteristics of fly ash-based geopolymers incorporating soda residue. Cement
and Concrete Composites. 2019;98(7):125-136. https://doi.org/10.1016/j.cemcon-
comp.2019.02.009

[7] Leont’ev SV, Titova LN. The use waste of production of soda ash to obtain building ma-
terials. Modern technologies in construction. Theory and practice. 2018;2:315-324.
(In Russ.) EDN: MHDWGT

[8] Badikova AD, Sakhibgareev SR, Fedina RA, Rakhimov MN., Tsadkin MA. Effective
mineral additive on the basis of wastes of petrochemical plants for a concrete structural
mix. Nanotechnologiesin Construction. 2020;12(1):34—40. https://doi.org/10.15828/2075-
8545-2020-12-1-34-40 EDN: EWGXQT

[9] Boev EV, Islamutdinova AA, Aminova EK. Production of construction calcium silicate.
Nanotechnology in Construction: Scientific Online Journal. 2021;13(6):350-357. https://
doi.org/10.15828/2075-8545-2021-13-6-350-357 EDN: GQFWLZ

[10] Bykovsky NA, Puchkova LN, Fanakova NN. Study of the toxicity of distiller fluid ammo-
nia-soda production on different test objects. Ecology and Industry of Russia.
2015;19(10):48-51. (In Russ.) https://doi.org/10.18412/1816-0395-2015-10-48-51 EDN:
UMKVFV

[11] Latipova ZB, Khalikov RM, Glazachev AO, Davletberdin DD. Geoecological aspects of
the use of lime-containing large-tonnage soda production waste in Bashkortostan. Prob-
lems of regional ecology. 2023;(4):68-72. (In Russ.) https://doi.org/10.24412/1728-
323X-2023-4-68-72 EDN: ZFOTOL

TTPOMBILIJIEHHA A1 OKOJIOI's 459


https://doi.org/10.18412/1816-0395-2021-12-48-53
https://doi.org/10.18412/1816-0395-2021-12-48-53
https://doi.org/10.1016/j.cemconcomp.2019.02.009
https://doi.org/10.1016/j.cemconcomp.2019.02.009
https://doi.org/10.18412/1816-0395-2015-10-48-51

Pugin K.G., Salakhov R.R. RUDN Journal of Ecology and Life Safety. 2025;33(4):452-460

[12] Glushankova IS. Kalinina EV, Demina EN. Modified sorbents based on soda production
sludge for extracting ions of heavy metals from aqueous solutions waste water. Theoreti-
cal and Applied Ecology. 2018;(3):100—108. (In Russ.) EDN: YXSWHR

[13] Petrosyan VS, Tikhonova 10, Epifantsev AS, Tsvetkova E. Developing an industrial sym-
biosis of chemical industries: a case study. Ecology and Industry of Russia.2021;25(8):28—
33. (In Russ.) https://doi.org/10.18412/1816-0395-2021-8-28-33 EDN: YSKVCS

[14] Keimirov MA, Hangeldiev AT. Processing of wastes of chemical productions. Bulletin of
the Technological University. 2020;23(12):85-88. (In Russ.) EDN: SJTIRX

[15] Tsvetkov IV, Kulnev VV, Kumani MV. Using fractal methods to assess soil structure after
the creation of firebreaks. Forestry Information. 2024;(3):121-130. (In Russ.) https://
doi.org/10.24419/LHI1.2304-3083.2024.3.10 EDN: ZZAPXF

[16] Kalinina EV, Rudakova LV. Decrease of toxic properties of soda production sludge and its
utilization. Bulletin of the Tomsk Polytechnic University. Engineering of Georesources.
2018;329(6):85-96. (In Russ.) EDN: SQPKIJF

Bio notes:

Konstantin G. Pugin, Doctor of Engineering Sciences, Professor of the Department of Con-
struction Technologies, Perm State Agrarian-Technological University named after Academi-
cian D.N. Pryanishnikov, 23 Petropavlovskaya St, Perm, 614990, Russian Federation; Profes-
sor of the Department of Automobiles and Technological Machines, Perm National Research
Polytechnic University, 29 Komsomolsky Ave, Perm, 614990, Russian Federation. ORCID:
0000-0002-1768-8177; eLIBRARY SPIN-code: 7972-1668. E-mail: 123zzz@rambler.ru

Rafael R. Salakhov, Postgraduate student of the Department of Environmental Protection, Perm
National Research Polytechnic University, 29 Komsomolsky Ave, Perm, 614990, Russian
Federation. ORCID: 0009-0001-8934-8454, eLIBRARY SPIN-code: 8216-1809. E-mail:
veronika815@inbox.ru

460 INDUSTRIAL ECOLOGY


https://doi.org/10.18412/1816-0395-2021-8-28-33

