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Abstract. The article presents an alternative method of utilization of blast furnace slag and leachate from solid municipal
waste landfills, the formation of which occurs during the infiltration of atmospheric precipitation through the thickness
of deposited waste. The method is based on the conversion of leachate from the liquid phase to the solid aggregate state
by lithification using blast furnace slag as an astringent material. The hydraulic activity of slag, which depends on the
amount of oxides contained in it, has been estimated. The investigated slag belongs to the 3rd grade, which confirms
the possibility of its use as an astringent material. The filtrate was analyzed for the content of various elements, and the
maximum permissible concentrations for each element were found to be exceeded. Chemical and biological oxygen
demand were determined, and critically high values were installed (17200 mgO2/I and 4750 mgO2/l, respectively). The
lithification process was divided into two stages. The first stage was to reduce the organic component in the filtrate
using a coagulant, aluminum sulfate; the second stage was slag hydration. The optimum ratio of lithificate components
in terms of mixture solidification rate was established at 1:0.03:1.25 (leachate, coagulant, blast furnace slag). The ob-
tained material was analyzed for the solubility and content of various forms of metal. It is established that at infiltration
of atmospheric precipitations through lithificate only 3 % of material will be washed out; concentrations of gross and
mobile forms of heavy metals do not exceed the maximum permissible, except for the gross content of arsenic, mobile,
and water-soluble forms of which were not found. The values of chemical (687 mgO-/I) and biological (173 mgO2/l)
oxygen demand in the aqueous extract from lithificate decreased more than 25 times in comparison with the initial
filtrate. According to the results of toxicological studies, lithificate was assigned an IV class of waste hazard, which
confirms the possibility of its use as bulk material at landfills.

Keywords: metallurgical waste; blast furnace slag; municipal solid waste; leachate from solid municipal waste landfills;
utilization of technogenic waste; lithification; bulk material
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Introduction. Currently, the Russian Federation is experiencing steady growth in industrial produc-
tion. According to Federal State Statistics Service, industrial production grew by 3.5 % in 2023 compared
to the previous year!. At the same time, the basic branch of the economy that provides life support was
and remains the metallurgical industry, which annually becomes the leader of the positive dynamics of
the rate of development, where the growth in 2023 amounted to 9.5 % compared to 2022 [1, 2]. The
volume of pig iron smelting in Russia in December 2023 amounted to 4.4 million t, which is 3 % higher
than in December 2022; over the year it increased by 5.8 % and reached 54.6 million t [3]. Non-alloy steel
output in December 2023 increased by 13 % to 4.9 million t compared to the same period in 2022;
total growth for the year was 7.9 % (60.2 million t).

A negative factor in the development of industrial production is the increase in the volume of
waste generation, which is especially characteristic of enterprises of mineral and raw materials com-
plexes, where during the extraction and processing of minerals, multi-tonnage wastes are generated

! Industrial production in Russia. Moscow: Federal State Statistics Service, 2023, p. 259.
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Fig.1. Quantity of generated (1), utilized, and neutralized (2) wastes
in the metallurgical production by years

and accumulated — overburden, tailings, as well as processing wastes [4]. A significant position in the
formation and accumulation of industrial waste is occupied by the metallurgical processing of iron
and steel [5]. According to statistical data?, currently less than half of the generated wastes from
metallurgical production are utilized, which leads to their accumulation in the form of man-made
massifs on the territories of industrial enterprises (Fig.1) [6].

The main wastes of ferrous metallurgy are slag from blast furnaces and steelmaking [7]. The
output of blast furnace slag can reach 600 kg per 1 t of pig iron, and that of steelmaking slag is
200 kg per 1 ton of steel [8].

Slags formed during iron smelting are products of the interaction of initial components under the
influence of a high-temperature regime — ore, fuel, and flux [9]. Fuel provides heating of charge mate-
rials up to temperatures of 1400-1600 °C and is a catalyst for chemical reactions in ore melting.
Coking varieties of hard coal — coke — are used as fuel [10, 11]. Waste rock from the ore part of the
charge and ash from coke combustion are converted into slag by adding flux, a material that reduces
heat consumption for the melting of some oxides [12]. The melting temperature of such oxides can
be 1700 °C and higher, which is impossible to realize in the conditions of blast furnace operation. At
a certain ratio of oxides composing the main part of the ore waste rock (SiO», Al>03, CaO, and MgO),
by adding flux, compounds with a melting point of 1300 °C are formed, which makes it possible to
separate the useful part from the waste part in the ore charge. Depending on the composition of the
ore charge, one or another flux is used: basic, acidic, or alumina. In most cases, the ore mined contains
acidic rock, which implies the use of basic flux, represented by limestone.

Thus, the composition and properties of the obtained slag depend on the chemical and mineral
composition of iron ore, ash from coke combustion, added flux, and the operating condition of the
blast furnace [13-15]. The chemical composition of blast furnace slag is mainly represented by such
elements as silicon, calcium, aluminum, and magnesium, and, to a lesser extent, iron, manganese, and
sulfur. The mass fraction of blast furnace slag components is, %: SiO2 — 33.0-44.0; CaO — 30.0-49.0;
Al>,03 — 4.5-20.0; MgO — 1.5-15.0; FeO — 0.5-3.0; Fe20O3 — 0.3-0.8; MnO — 0.3-3.0; SO3 — 0.4-2.5.

One of the peculiarities of slag is its similarity in component composition to cement in terms of
lime, silica, and alumina content. For this reason, the main methods of handling this waste can include
its use as a binder material or aggregate in the production of cement and concrete, as well as in road
construction [16-18]. Less frequently, slag is used in the production of slag wool as a thermal insula-
tion material and mineral fertilizer [19, 20]. In this case, the amount of slag produced significantly
exceeds the volume of utilization, which leads to its accumulation and, as a consequence, the for-
mation of technogenic massifs. This determines the relevance of the search for new ways of utilizing
the waste under consideration.

2 Education, utilization, neutralization, and disposal of production and consumption waste in the Russian Federation. Moscow:
Federal State Statistics Service, 2023, p. 209.
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The article considers an alternative method of
utilization of blast furnace slag together with the
liquid waste of municipal solid waste (MSW) land-
fills — leachate, which is formed as a result of bio-
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ronment. There is pollution of surface and under-
ground water bodies with salts of heavy metals and
organic compounds coming from leachate, soil pollution, and, as a consequence, changes in their
composition and reduction of plant communities [22, 23].

To treat leachate from landfills, it is possible to use various methods of effluent treatment —
mechanical, physical-chemical, biological, and combined, which are insufficiently effective and eco-
nomically inexpensive [24]. Therefore, leachate is often collected and used in the irrigation of the land-
fill body to accelerate the process of decomposition of accumulated waste, which leads to its re-accu-
mulation.

One of the possible options for leachate utilization is the conversion from the liquid to the solid
phase. This method of stabilization is called lithification of landfill leachate. Up to now, various
methods of leachate lithification have been considered, in particular the method of mixing leachate
with shale ash and ash from the incineration of MSW as a binding material [25-27]. The development
of this direction is difficult due to the lack of sufficient quantities of binder material of anthropogenic
origin (shale ash). The main disadvantage of using ash from the incineration of MSW remains the
difficulty of continuous regulation of the composition of municipal waste incoming to incineration
plants in order to control the concentration of heavy metals in the ash. The Saint Petersburg Mining
University developed a formulation of technology from landfill leachate with the use of binding ma-
terial based on steelmaking slag [28]. However, the volume of formed steelmaking slag is two times
lower than the volume of blast furnace slag formation. At the same time, blast furnace slag has better
hydraulic activity due to the increased content of CaO, which should lead to an increase in the strength
characteristics of the resulting lithificate. Therefore, it seems promising to use blast furnace slag as a
binding material.

Methods. The object of the study is blast fur-
nace slag from a metallurgical plant in the Lipetsk
region. Hot liquid slag masses are discharged into
trenches and cool down naturally [29]. Sampling
was carried out in the area of slag discharge after its
cooling on a uniform network according to PND F
12.4.2.1-99 “Waste of mineral origin. Recommen-
dations on sampling and preparation of samples.
General provisions”. The site is characterized as ho- N
mogeneous by the composition, coarseness and Mois- ;2
ture content of the material (Fig.3). Selected 22 point X
samples (marked in red on Fig.3) were combined into  RZY e o ;
one and delivered for further analysis to the laboratory F|g 3. Blast furnace slag sampling scheme
of Saint Petersburg Mining University. at the primary processing site

Fig.2. Scheme of landfill leachate formation
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Blast furnace slag as additives in cement production should meet the requirements of GOST
3476-2019 “Blast furnace slag and electrothermophosphorus granulated slag for cement production”.
Assessment of slag hydraulic activity is carried out by the quality coefficient, which depends on the
content of some oxides. At the content of magnesium oxide (MgO) of more than 10 %, the coefficient
is determined by the formula

_ Ca0+Al,0,+10
Si0, + TiO, + (MgO —10)

The component composition of slag was determined according to GOST 5382-2019 “Cements
and cement production materials. Methods of chemical analysis” by X-ray fluorescence (XRF)
method using a sequential wave dispersive X-ray fluorescence spectrometer XRF-1800 by Shimadzu
[30]. A laboratory sample of blast furnace slag was selected for analysis. The material was crushed
to particles less than 30 um and then pressed into tablets.

The leachate was sampled at the landfill located in Gatchina district, Leningrad region. The leachate is
collected by means of a drainage system, passing through the thickness of the deposited waste, and is further
directed to a storage pond, from which it is used for irrigation of the body of the massif to accelerate the
decomposition process of the deposited waste. In this case, there is a re-accumulation of leachate and an
increase in concentrations of pollutants: heavy metals, hard-to-oxidize organics, etc. The content of metals
and metalloids in the leachate was determined by atomic absorption spectroscopy according to the method
M-02-2406-13% using an optical emission spectrometer with inductively coupled plasma Shimadzu
ICPE-9000 (Japan). Mass concentrations of anions were measured by ion chromatography according to the
method M-02-1805-09* using an ion chromatograph Shimadzu (Japan) LC-20 Prominence.

The normal process of slag hydration is hindered by the presence of a high content of organic
substances in the leachate. To determine the content of organic substances in the leachate, chemical and
biological oxygen demand (COD and BOD) were determined. COD was determined by the spectro-
photometric method according to FR.1.31.2013.16588°, and BOD was determined by the manometric
method according to FR.1.31.2015.20690°.

The lithification process is divided into two stages and consists of mixing leachate and blast
furnace slag with the addition of a coagulant to activate the solidification process of the mixture by
precipitating suspended solids and some organic compounds.

At the first stage of experimental studies, the selection of coagulant was carried out according to
the highest rate of mixture solidification. For this purpose, different coagulants were added to four sam-
ples of filtrate in a ratio of 1:0.05 (200 ml of filtrate and 10 g of coagulant). The resulting solution was
stirred until the gassing reaction was stopped. The most widely used reagents for wastewater treatment
were used as coagulants: slaked lime, aluminum sulfate, iron (111) chloride, and iron (111) sulfate. At the
end of the coagulation process, one part of slag (200 g) was added to the obtained mixture, after which
the mixture was stirred to form a homogeneous mass. According to the curing time of the mixture, the
best coagulant was determined. To determine the effectiveness of the coagulant, a comparison sample
without the addition of coagulant was additionally prepared in a 1:1 ratio (200 ml of filtrate and
200 g of slag).

The second stage of research consisted of the selection of the optimal ratio of components —
coagulant and blast furnace slag. For this purpose, the coagulant selected in the first stage was added

3 M-02-2406-13. Methods of quantitative chemical analysis. Determination of elements in drinking, mineral, natural, waste
water, and atmospheric precipitation by the atomic absorption method. St. Peterburg: Analyt, 2013, p. 25.

4 M-02-1805-09. Methodology for measuring the mass concentration of nitrite, nitrate, chloride, fluoride, bromide, sulfate, and
phosphate ions in natural, drinking, and waste water samples by ion chromatography. St. Peterburg: Analyt, 2009, p. 20.

5 FR.1.31.2013.16588. Methodology for measuring bichromate oxidizability of water (COD) in drinking, surface natural,
sewage, sea water, swimming pool water, and process water by spectrophotometric method. Moscow: Ecoinstrument, 2013, p. 15.

6 FR.1.31.2015.20690. Methodology for measuring biochemical oxygen consumption in natural and waste water samples by gas
phase pressure change (manometric method). Moscow: Ecoinstrument, 2015, p. 30.
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to five samples of filtrate in the ratio of 1:0.05 and different amounts of slag parts: 1, 1.25, 1.5, 1.75,
and 2 (200, 250, 300, 350, and 400 g).

After determining the optimum amount of slag introduced by the rate of solidification of the
mixture, the determination of the minimum required amount of the selected coagulant was carried
out. For this purpose, coagulant in the amount of 0.01 to 0.05 parts (2, 4, 6, 8, and 10 g) and the
previously selected optimal amount of slag were added to five samples of filtrate.

The obtained lithificate was analyzed for solubility by the gravimetric method according to
GOST 33135-2014 “Public roads. Viscous petroleum road bitumen. Method for determining
solubility”. For this purpose, an aqueous extract of lithificate was prepared according to
GOST 26423-85 “Soils. Methods of determination of specific electrical conductivity, pH, and dense
residue of water extract”. The solubility was calculated by the formula

o 100(m, —m,)
o

smpl

where my is the mass of the weighing cup with filter dried, g; mz is the mass of the weighing cup with
filter dried with sediment, g; msmpi is the mass of the lithificate sample taken for analysis, g.

Toxicological studies of the lithificate were carried out to establish its hazard class by biotesting
on a testing culture of Chlorella vulgaris algae. For this purpose, the multiplicity of the dilution of
water extract from the obtained waste, at which there is no harmful effect on hydrobionts, was deter-
mined. The study was carried out according to the method of PND FT 14.1:2:3:4.10-04" and consisted
of recording the difference in optical density between the test culture of Chlorella algae grown in a
medium containing no harmful substances (the control) and the test sample of water extract, which
may contain harmful substances. An aqueous extract of lithificate was prepared, and dilutions of
10, 100, 1000, and 10,000 times were carried out according to the methodology for production and
consumption waste. The toxicity criterion is considered to be a decrease in the value of optical density
compared to the control variant (distilled water) by 20 % or more, as well as in algae growth stimu-
lation by 30 % or more.

In cases of growth suppression by more than 20 %, the toxic dilution rate is calculated according
to the formula

(IR -1gR)(1,-0,2)
-1

TDR =10 +1g R,

where Py is the dilution rate (the highest) at which the percentage of deviation was below the toxicity crite-
rion (20 %); P is the dilution rate (the lowest) at which the percentage of deviation was above the toxicity
criterion; In and I, are the deviations from the control corresponding to these dilutions, shares.

In order to establish the degree of leachability of the organic component from the lithificate,
COD and BOD were determined in the aqueous extract using the same methods as for the leachate.

The determination of the gross concentrations of metals and metalloids, as well as their mobile
and water-soluble forms, in the lithificate was carried out by atomic absorption spectrometry. To
determine the gross forms of elements, microwave decomposition of pre-crushed lithificate in a mix-
ture of concentrated acids (nitric, hydrochloric, and hydrofluoric) For the determination of water-
soluble forms, an aqueous extract was prepared according to GOST 26423-11 “Methods of determi-
nation of specific electrical conductivity, pH, and dense residue of aqueous extract”. For the determi-
nation of mobile forms, an extract from lithificate with an acetate-ammonium buffer solution with a
pH of 4.8 was prepared according to RD 52.18.2898.

Results. The presented method of utilization of blast furnace slag together with landfill leachate
is based on the transition of leachate from a liquid aggregate state to a solid, stable form using crushed
blast furnace slag with particle sizes up to 5 mm instead of cement as a binding material (Fig.4).

"PND F T 14.1:2:3:4.10-04. Methodology for measuring the optical density of Chlorella vulgaris Beijer for determining the
toxicity of drinking, fresh natural, and waste water, water extracts from soils, sewage sludge, production, and consumption wastes.
Moscow, 2014, p. 36.

8 RD 52.18.289-90. Methods of measuring the mass fraction of mobile forms of metals (copper, lead, zinc, nickel, cadmium, cobalt,
chromium, and manganese) in soil samples by atomic absorption analysis. Moscow: State Committee on Hydrometeorology, 1990, p. 36.
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Fig.4. Landfill leachate, blast furnace slag, and lithification product obtained

Blast furnace slag is well studied as a material used as a mineral additive to cement and concrete.
It can be used as a binding component and as an aggregate instead of crushed stone [31, 32]. Its use
as an additive solves two main environmental problems: the reduction of carbon dioxide emissions
into the atmosphere during cement production as well as the partial utilization of waste and its recy-
cling.

The composition of the investigated slag, as well as the quality coefficient calculated on its basis,
are presented in Table 1. According to the data obtained, the studied slag belongs to the 3rd grade,
which indicates its low activity and unsuitability for use as a binding material in the manufacture of
cements and high-strength concrete [33, 34]. Thus, there is a need to find an alternative way of uti-
lizing blast furnace slag. It is proposed to use it as a hydraulic binder for the stabilization of liquid
waste from landfills.

Table 1
Chemical composition of blast furnace slag
Mass fraction of components, %
Sample
SIOZ CaO A|203 MgO FezO3 MnO 503 TIOZ Cl K
. Not more Not more Not more | Notmore | Not less
Norm for grade 3 | nfr |/t /e ani50 | " | thanao | | than40 | than0.1 | than1.20
Less th
Blast furnace slag | 405 | 381 | 58 105 | 047 | 033 | 24| 039 gsgotoi‘” 1.30

*No regulation.

The composition of landfill leachate depends largely on the composition of stored waste and its
storage conditions, climatic conditions and the time of landfill operation [35]. The composition of
leachate used in this study is presented in Table 2.

Table 2
Indicators of leachate from landfills

Indicator Significance MAC®
pH 7.8 6.0-9.0
Electrical conductivity, pSm/cm 46,000 n/r*
BOD5, mgOa/I 4,750 2
COD, mgO2/I 17,200 15
Solid residual, mg/dm? 13,405 1,500
Chlorides, mg/dm? 6,075 350
Sulfates, mg/dm? 252 500
Hydrocarbonates, mg/dm?3 12,501 n/r

*No regulation.

9 SanPiN 1.2.3685-21. Hygienic standards and requirements for ensuring safety and (or) harmlessness to humans from environ-
mental factors. Moscow: Ministry of Health and Social Development of Russia, 2021, p. 419-510.
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End of Table 2

Indicator Significance MAC
Nitrates, mg/dm3 51.9 45.0
Nitrites, mg/dm? 13.8 3.0
Ammonium-ion, mg/dm? 1,894 15
Potassium, mg/dm? 1,266 n/r
Sodium, mg/dm? 2,384 200
Calcium, mg/dm? 365 180
Magnesium, mg/dm? 168 50
Total iron, mg/dm? 9.8 0.3
Copper, mg/dm3 0.3 1.0
Cadmium, mg/dm? 0.267 0.001
Mercury, mg/dm? <0.005 0.0005
Cobalt, mg/dm?3 <0.05 0.1
Chromium, mg/dm? 2.31 0.05
Lead, mg/dm? <0.1 0.01
Arsenic, mg/dm? <0.01 0.01
Zinc, mg/dm3 6.5 5.0
Nickel, mg/dm? 0.40 0.02
Manganese, mg/dm? 0.2 0.1
Aluminum, mg/dm?3 5.1 0.2

- I"1
AuTwphsem
93;2000':]

Fig.5. Selection of the optimal coagulant according to the speed of curing of the mixture:
a —on the day of mixture preparation; b — on the 10th day of curing;

I — without coagulant; Il — Ca(OH); 11l — Alx(SO4)s; IV — FeCls; V — Fey(SO4)3

This is an open access article under the CC BY 4.0 license

Thus, exceedances of the maximum admissible concentration (MAC) established for water in un-
derground and surface water bodies of economic and drinking water use are observed almost for each
of the above indicators. Thus, the content of ammonium ions exceeded MAC more than 1,000 times.

The high content of organic substances in leachate (COD = 17200 mgO2/l) slows down the
process of blast furnace slag hydration. According to GOST 23732-2011 “Water for Concrete and
Mortars: Specifications” the oxidizability of water used for the preparation of concrete mixtures
should be no more than 15 mg/l. Therefore, the lithification process was divided into two stages. The
first stage is represented by the process of particle coagulation [36, 37]. The high intensity of precipita-
tion is visually observed when aluminum and iron (111) sulfates are used, which indicates their high
coagulating ability (Fig.5). Aluminum sulfate was chosen for further studies due to its lower toxicity
compared to iron (111) sulfate.
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Fig.6. Selection of lithificate formulation:
a — the optimal amount of slag introduced: | — 400 g; 11 — 350 g; 111 - 300 g; IV — 250 g;
b — the optimal amount of coagulant added: 1 -8 ¢g; Il -6 g; lll -4 g;1V-2¢g

Preliminary coagulation triggers the second stage of lithification: the direct solidification of the
mixture with the help of blast furnace slag. Based on the results of laboratory studies, the optimal
formulation of lithificate in terms of solidification time was selected: 200 ml of filtrate, 6 g of
aluminum sulfate, and 250 g of blast furnace slag (Fig. 6). The ratio of components — filtration,
coagulant, and blast furnace slag — was chosen because, at the introduction of more slag, the rate of
solidification does not change, and at a lower dosage of Al>(SOs)3, the coagulation process is not
started. The complete solidification of the lithificate occurred after 14 days from the beginning of the
experiment. The highest rate of strength gain of the mixture was noted for the slag fraction smaller
than 1 mm.

Based on the results of experimental studies on the solubility of lithificate, it was found that only
3 % of the resulting material would be leached by the infiltration of precipitation through it.

The results of studies of the obtained lithificate for the content of gross, mobile, and water-solu-
ble forms of metals and metalloids are presented in Table 3. The pH of the lithification salt extract
was over 12. The determined concentrations were compared with MAC for loamy and clayey soils
with a pH of salt extract greater than 5.5.

Table 3
Elemental content in lithifacate
" )
et | o g | of et | ot AR g | st | omsof e

' ' ' in soil, mg/kg in soil, mg/kg
Total iron 2,531 146 0.9 n/r nir
Zinc 3 0.3 0.1 220 23
Aluminum 4,967 198 17 n/r n/r
Chromium 126 1.6 0.1 n/r 6.0
Nickel 55 1.6 0.4 80 4.0
Cadmium Less than 0.01 Less than 0.05 Less than 0.05 2.0 n/r
Copper 2.2 Less than 0.5 0.5 132 3.0
Manganese 1,471 410 1.9 1,500 100
Lead Less than 0.05 Less than 0.5 Less than 0.5 130 6.0
Cobalt Less than 0.01 Less than 0.5 Less than 0.5 n/r 5.0
Calcium 223,963 75,728 3,528 nir n/r

10 SanPiN 1.2.3685-21, p. 541-545.
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O
End of Table 3
G . Concentrations MAC MAC of mobile
ross Concentrations
Element . . of water-soluble forms, of substances | forms of substances
concentrations, mg/kg | of mobile forms, mg/kg A Lo
mag/kg in soil, mg/kg in soil, mg/kg

Barium 798 156 2.1 nir n/r
Magnesium 31,374 7,200 48 nir nir
Sodium 7,036 2,500 1,687 nir n/r
Potassium 8,132 2,001 967 n/r n/r
Strontium 525 318 16.2 nir n/r
Vanadium 28 1.6 Less than 5.0 150 nir
Mercury Less than 0.01 Less than 0.005 Less than 0.005 21 n/r
Arsenic 31 Less than 0.05 Less than 0.05 10.0 nir
Titanium 3,048 Less than 5.0 Less than 5.0 n/r n/r

It follows from the obtained data that concentrations of gross content of heavy metals and their
mobile forms in lithificate do not exceed MAC in the soils of settlements, except for the gross content
of arsenic. According to the research conducted, mobile and water-soluble forms of arsenic in extracts
from lithificate were not found. In the case of atmospheric precipitation impacting lithificate, arsenic
migration into the natural environment does not occur [38].

The obtained values of COD (687 mgO-/I) and BOD (173 mgO2/I) for the aqueous extract from
the lithificate water decreased more than 25 times compared to the same values in the leachate.

According to the results of toxicological studies, the toxic dilution multiplicity of aqueous extract
from the obtained waste was established, at which the growth suppression occurs in comparison with
distilled water by 20 % — 48.5 (Table 4). According to the order of the Ministry of Natural Resources
of Russia!! at the dilution multiplicity of aqueous extract from 1 to 100, the waste can be referred to
the IV class of danger.

Table 4

Biotesting on Chlorella algae culture (Chlorella vulgaris)

O i | oremen | custyssssmen
Control 0.048 0.048 - -
1 0.016 0.015 76.1 Affects
10 0.036 0.036 25.0 Affects
100 0.040 0.040 17.7 Doesn't affect
1000 0.042 0.042 13.6 Doesn't affect
10000 0.044 0.044 9.4 Doesn't affect

* Minus the optical density after the addition of chlorella before culturing.

Based on the results of studies of the composition and properties of lithificate, it is proposed to use
it as a techno-soil (Fig.7) to create an insulating intermediate layer for waste storage in accordance with
the instructions for the design, operation, and reclamation of landfills for solid municipal waste'?. Lime-
stone waste, slag from TPPs, gypsum-containing waste, etc. are used as insulating materials at landfills
for solid municipal waste storage. Other industrial waste in the IV class of hazards is allowed. Insulation
with the material is carried out daily with a layer thickness of 0.15 to 0.25 m. Thus, the use of lithificate

11 Order of the Ministry of Natural Resources and Environment of the Russian Federation N 536 dated December 4, 2014, “On
Approval of Criteria of Waste Attribution to I-V Hazard Classes by Degree of Negative Environmental Impact”.

12 Instructions on the design, operation, and reclamation of landfills for solid municipal waste. Moscow: Ministry of Construction
of the Russian Federation, 1996, p. 39.
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in the research as an alternative insulating material is relevant to the ac-
tivity of landfills for solid waste [39-41].

Conclusion. As a result of the conducted research, the method
of utilizing blast furnace slag together with landfill leachate was de-
veloped. The method is based on solidification of leachate by adding
blast furnace slag as a binding material.

Before introducing the crushed slag, a coagulant is added to the
liquid waste to reduce the high concentrations of organic compounds

N

Fig.7. Bulk material based in it. Aluminum sulfate was chosen as a coagulant — a reagent with
on landfill leachate he hiah lati bili d h q q
and blast furnace slag the highest coagulation ability compared to other tested compounds.

The conducted experiments allowed us to establish the optimal
dosage of coagulant and blast furnace slag introduction into the leachate in the ratio 1:0.03:1.25 (fil-
trate, aluminum sulfate, blast furnace slag). The formulation can be applied to other objects of the
study. However, fluctuations in the composition of filtrate and blast furnace slag can slightly affect
the lithification, which requires some adjustment of the doses of the introduced components.

The application of the obtained material was found to form an insulating layer in the filling of
production and consumption wastes [42]. The IV class of hazard of the obtained lithified material
was established, as well as the absence of mobile and water-soluble forms of toxic elements in it,
which confirms the possibility of its use. As a result, the negative impact on the environment will be
reduced due to the utilization of two types of accumulated waste at once.
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