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Abstract

Objectives. To determine the physical and chemical properties (bulk density, ash content, total
pore volume, abrasion, humidity, sorption capacity) of sorbent based on ash-and-slag waste
Jfrom heat power engineering, calcined and modified with a Tiprom K organosilicon water repellent.
Methods. The physicochemical properties of the modified sorbent were determined using
an experimental method according to the methods of regulatory documents on equipment
verified and certified in the prescribed manner.

Results. Ash and slag taken from the ash dump of the Novocherkasskaya GRES power station
were dried, then calcined at a temperature of 600°C for 30 min and modified with a Silor
hydrophobizing silicon-containing liquid (HSL). The modifier/ash ratios (by weight) were 1:20,
1:10, 1:5, 1:3, and 1:2. The optimal ratio was 1:5 at a sorption capacity with respect to hexane
of 0.86 g/ g. The modification temperature was optimized in the temperature range of 110-200°C.
The optimal approach it to dry samples at 160°C to constant weight. At a temperature of 200°C,
sintering of the material was observed. The analysis of HSL modifiers was carried out in terms
of the price/ sorption properties ratio. The following were considered as HSL: Silor, HSL-11BSP,
HSL 136-157M, PROFILUX, Tiprom K, Tiprom U. The optimal modifier Tiprom K was selected.
The physicochemical properties of the modified sorbent obtained at a ratio of 1:5 (by weight)
and dried at 160°C were experimentally determined. The sorption properties were studied on
the water surface with respect to various oil products: fuel oil, kerosene, AI-92 gasoline, nefras,
oil sludge, and n-hexane. The smallest sorption capacity was obtained with respect to n-hexane,
amounting to 0.86 g/g. During the experiment, it was found that half of the sorption capacity
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was filled with oil in the first minutes of contact. Complete sorption time was 30-40 min for
relatively light hydrocarbons (n-hexane, AI-92 gasoline, kerosene, nefras), 40-60 min for oil
sludge, and more than 60 min for fuel oil. Experiments established that the sorption process
does not depend on the matrix (salinity) of water. A visual assessment of the color intensity
of the residual spot of oil sludge allowed a conclusion to be made about a significant content
of oil products in the case of sorption of oil sludge by quartz sand based on the residual yellow
layer of oil sludge. In the case of sorption of oil sludge by calcined and modified sorbents, the
residual oil products were insignificant. A comparative analysis of data on the effectiveness
of the developed sorbent and currently available analogues based on sludge and slag is
presented.

Conclusions. The next physicochemical properties of the sorbent modified with HSL Tiprom K
were determined: bulk density was 0.621 g/mL, ash content was 97.1%, total pore volume
by water was less than 0.05 mL/g, attrition was 8.8%, humidity was less than 0.5%; sorption
capacity, in g/ g: for n-hexane, 0.86; for AI-92 gasoline, 0.89; for nefras, 0.93; for kerosene, 0.99;
for oil sludge, 1.18; for fuel oil, 1.46. The efficiency of cleaning a solid surface from oil sludge
with a calcined sorbent was 97%, and with a modified sorbent 95%. The modified sorbent
has high buoyancy when saturated with oil products and the ability to retain them for
a long time.

Keywords: sorbent, ash-and-slag waste, thermal power engineering, oil products, water-
repellent silicon-containing liquids
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AHHOMaAyuUst

Ifenu. Onpedenerue QUIUKO-XUMUUECKUX C80UCM8 (HACLINHOU NJIOMHOCMU, 30JbHOCMU,
CYMMAPHO20 06bema nop, UCMUPAEeMOCMU, BIAAHOCMU, COPOUUOHHOU emikocmu) copbeHma
HQ OCHO8€E 30JI0ULLAKO8bIX 0MX0008 MEenlo9HeP2EMUKU, NPOKAEeHHO020 U MOOUDUUUPOBAHHO20
KpemHutiopeaHuueckum auopogpobuzamopom Tunpom K.

MemoOust. Dusuko-xumuueckue ceolicmaed MOOUPUUUPOBAHHO20 copbeHma onpedeneHbl
9KCNepUMEeHMANbHbIM MEMOOOM NO MEMOOUKAM HOPMAMUBHBLX O0KYMEHMO8 HA 060pYy008aHUU,
nogepeHHOM U ammeCmo8aHHOM 8 YCMAHOB8LeHHOM nopsioke.

Pesynemamet. 3osi0wnakx, omobparHslll Ha 3on0omeane Hoeouepkacckoii 'POC, ebicyuieH,
npokaneH npu memnepamype 600°C 8 meueHue 30 MUH U MOOUPUUUPOBAH 2UOPOPobUIUPY-
towell KpemHuticooeprkauieli xuoxkocmoto (I'KXK) mapku Cunop. HcenedogaHsbl cOOMHOUEHUS
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Mmoougpurxarm/3ona (no macce) 1:20, 1:10, 1:5, 1:3, 1:2. OnmumaibHbM NPUHSMO COOMHOULE-
Hue 1:5 npu copbyuuUoHHOU emKocmu no omHouleHur K H-zexcary 0.86 2/2. IIposedena onmu-
Mmusayusi memnepamypsl moougukayuu 8 uxrmepsane memnepamyp 110-200°C. Haubosnee
ONMUMANbHbIM slesislemcst 8blcyuiuearue obpasyoe npu 160°C 0o nocmositHHol maccel. Ilpu
memnepamype 200°C Habnooanocb chekaHue mamepuana. Beinonnen ananuz moougpuxamo-
poe I'KXK no coomHoweHuio yeHa/copbyuoHHble ceolicmea. B rkauecmee I'KXK paccmompernl
mapru: Cunop, 'KXK-11BCII, 'KXX 136-157M, PROFILUX, Tunpom K, Tunpom Y. Belbpar onmu-
ManbHbLil moduguramop mapku Tunpom K. DkcnepumeHmanbHO onpedesieHbl husuKo-xumuue-
cKue ceolicmea MOOUPUUUPOBAHHO20 copbeHma, NoaYueHHo20 npu coomHoweHuu 1:5 (no macce)
u evlcywerHozo npu 160°C. HsyueHbl e20 copbUUOHHbLE ceolicmea HA 600HOU nosepxHocmu
Nno OMHOWEHUI K PA3NUUHbIM Hehmenpooykmam: masymy, KepocuHy, beHsuHy mapku AH-92,
Hedppacy, Hedhmeulnamy u H-2eKcaHy. HaumeHbwias COpOUUOHHAS. eMKOCMb NOSYUEHA NO OMHOWEHUIO
K H-2ekcary, komopast cocmagusa 0.86 2/ 2. B xo0e sKkcnepumeHma YcmaHo81eHO, Umo nos08UHA
8e/TUUUHbBL COPOUUOHHOU emMKocmu 3anosHeHa HegpmenpooyKkmom 8 nepeble MUHYmMbl KOHMAaKmad.
Bpewmsi noaHoti copbyuu cocmasuno 30-40 MUH Ot OMHOCUMENbHO JleeKUX Y2/1e8000p0008
(H-2excaH, 6eH3uHr AH-92, kepocuH, Hegpac), 40-60 mur onsi Hepmewnama u 6osree 60 MmuH
onst masyma. SKCNepuUMeHmaIbHO 8blI8eHO, MO NPOouect copoyul He 3asucum om Mampuybsbl
(conerocmu) 8o0bl. IIpu 8U3YyanbHOU OUeHKe NO UHMEHCUBHOCMU OKPACKU OCMAMOUHO020 NSIMHA
Hejpmewnama coenaH 6bleo0 O 3HAUUMENALHOM COOepIKaAHUU Hegmenpooykmos 8 cayuae
copbyuu Hegpmewnama Keapuesoim NecKkom HA OCHO8E OCMAMOUH020 JKesimozo Closi Hegpme-
wanama. B eryuae copbyuu Hegpmewnama npokaneHHbM U MOOUPUUUPOSAHHBbIM copbeHmamu
ocmamouHble HeghmenpooyKkmul HesHauumenbHsl. IIpugedeH cpagHUMenbHbll aAHANU3 OAHHBLX
no agpcpexmusHocmu paspabomaHHo20 copbeHma U UMEUUXCS 8 HACMOosiuiee 8pemst AHA10208
HA OCHOB8E WILAMO8 U WLAKOS.

Boreodst. Onpedesnervl pusurxo-xumuueckue ceoticmea copberma, mooudgpuyuposarHozo I'KXK
Tunpom K: HacvinHasi naomHocme 0.621 2/cem?®, 3oneHocme 97.1%, cymmapHblil obvbem nop
no eode meree 0.05 cm’/e, ucmupaemocmo 8.8%, enarkHocmo meHee 0.5%; copOUUOHHAS
emrocms, 8 2/ 2: no H-2excaHy 0.86, no 6ersuny AH-92 0.89, no Hegppacy 0.93, no kepocury 0.99,
no Hegpmewnamy 1.18, no masymy 1.46. SgpgpexmueHocms ouucmrKu meepooil nogepxHocmu
om Hegmewiama NpPoKaieHHbim copbermom cocmasuna 97%, a moouguyuposaHHvim — 95%.
MooudgpuyuposaHrHslii copbeHm obradaem 6blcOKOU Nnaagyuecmvro Npu HACbLUWEHUU Hegme-
npooyKkmamu U cnocobHOCMbIO0 UX OAUMENbHO20 YOEPIKAHUSL.

Knroueevle cnoea: copbeHm, 3010ULIAKO8blE 0MX00bl, MenodHepeemuKa, HegmenpooyiKmod,
2udpogobusupyrousue KpemHuticooeprkauiie RXUoKocmu

Jna  yumuposanua: bymymoB C.A., KoporkoBa T.I. DOkxonormuecku Oe30macHbli COpOEHT M3  30JI0NUIAKOBBIX
OTXOJI0B TEIJIOOHEPreTHKH. Toukue xumudeckue mexnonozuu. 2023;18(5):446—460. https://doi.org/10.32362/2410-6593-2023-

18-5-446-460

INTRODUCTION

Ash and slag (ash residue) is formed by mixing
water with captured fly ash and solid slag waste
generated by the combustion of coal in the furnaces
of power plants. It is sent for storage in the form of
a pulp outside the territory of the thermal power
station (TPS) to an ash dump, also called a hydroash
dump.

Currently, the quantity of accumulated ash-
and-slag waste (ASW) amounts to billions of tons.
The area occupied by them is thousands of hectares

of land. Seepage into the soil and dusting of ASWs
have a negative impact on the environment and
the health of people living in urban areas near
TPSs, combined heat and power stations (TETS in
Russian abbreviation), and state district power stations
(GRES in Russian abbreviation) [1, 2]. Recycling of
ASWs in Russia is no more than 8% [1].

This waste is cheap, accessible, non-explosive
and non-flammable.

The review [2] analyzed research by scientists
on the impact of ASWs on the environment. The
results of the analysis are summarized in a table which
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shows that the storage of ash waste leads to dust
from the surface of the ash dump, migration of
pollutants along the soil profile and alienation of
the territory. The first two factors contribute to the
deposition of pollutants on the surface, pollution of
atmospheric air, surface, ground and underground
waters. Data from the literature regarding the content
of isotopes in the ash of thermal power plants enabled
a conclusion to be made about the danger to public
health and the threat to flora and fauna due to the
leaching of radionuclides and heavy metals into the
soil and groundwater. The following areas for
processing and disposal of ASWs were identified: use
in agriculture; extraction of metals; rare and valuable
components; firefighting; alumina production; as
well as wastewater treatment and isolation of various
wastes. The analysis of the chemical composition
of the ashes of the Khabarovskaya TETS-3
power station showed that the waste is classified as a
technogenic mineral raw material which accumulates
over time.

Many research and review works have been
devoted to the areas of recycling of ASWs [3-6].
In [3], the composition of ASWs of the Kazanskaya TETS-2
power station was studied. It can be concluded
that the main promising areas for the utilization of
ASWs, in addition to the construction industry, can
be the extraction of titanium from them, the synthesis
of zeolites from the aluminosilicate components of
ash and slag. In order to maximize the level of ASW
recycling, it is recommended that the ASW removal
system be switched to the dry method [4]. In order
to reduce the negative impact of ASWs on the
environment and involve them in economic turnover,
the issue of regulating this problem is proposed
to be returned to the legislative level [6].

ASWs from the combustion of coal from TPS
is generally considered to be non-hazardous to the
environment. In [7] the chemical composition of the
ASWs of the Khabarovskaya TETS-3 is given. Based
on the calculation method and the phytotesting
method, the waste is classified as hazard class V.

Our quantitative chemical [8] and toxicological
(biotesting) analyzes of the ashes of the
Novocherkasskaya GRES power station showed
that the dry ash-and-slag mixture collected by an
electric precipitator, cyclone and bag filter belongs to
hazard class IV [9], while the ash-and-slag mixture
accumulated at the ash dump according to the
hydraulic ash removal scheme, belongs to hazard
class V[10].

Every year, the pollution of water bodies with
oil products (OPs) increases as a result of the
discharge of partially treated or untreated wastewater
into them. This in the future may lead to an
environmental disaster. Research by scientists confirms

the presence of adsorption properties of ASWs. The
paper [11] proposes the use of waste water from an
energy generating enterprise (Russia) as a sorbent
(filter media) to clean the drainage of a storm
drainage system. The characteristics of the proposed
ash-and-slag sorbent (Russia) are given. A device for
drainage of storm and snowmelt runoff, including
a filter media, has been developed. It is recommended
that purified water be used for household needs
(irrigation, construction activities, etc.) in order to
save drinking water.

In [12], the authors used fly ash from coal-fired
power plants (India) as a sorbent for the treatment
of domestic wastewater. Waste water was purified
after preliminary settling for 24 h to precipitate
coarse  mechanical  impurities. =~ Wash  water
samples were placed in flasks with a capacity of
250 mL, a weighed portion of the adsorbent was
added and kept in a thermostat with a shaker at a
temperature of 25°C for 7 h. No significant adsorption
was observed. Next, the effect of ash/wastewater
ratio on the removal efficiency of pH, surfactants,
and suspended solids was studied. As a result, it was
proposed that the sorbent be used for the treatment
of household wastewater at a dosage of 40 g of
sorbent per 1 L of treated water for 6 h.

In [13], the ash and slag of the Taichung Power
Plant (Taiwan) was studied from the point of
view of its use as a sorbent for the purification of
synthetic (model) wastewater. Based on chemical
oxygen demand (COD), it was found that model
wastewater contains copper in a quantity from 10 to
40 mg/L and potassium hydrophthalate in a quantity
from 250 to 1000 mg/L. Wastewater (leachate) from
the Taichung City landfill with known contents of
ammonium nitrogen, total nitrogen, iron, phosphates,
zinc, and manganese was also tested. Sorption
conditions were optimized, such as solution pH,
temperature, sorbent dosage (sorbent/purified water
ratio). When using ash and slag as a sorbent, the
purification efficiency for COD was 47.0%, for
ammonium nitrogen, 39.4%; for total nitrogen, 31.1%;
for zinc, 82.2%; for manganese, 94.3%; for iron, 96.5%;
for phosphates, 92.9%.

Indian scientists have conducted studies on the
treatment of wastewater with fly ash from phosphates and
fluorides [14], suspended solids, COD and biochemical
oxygen demand (BOD) [15], heavy metals and organic
substances [16].

Wastewater with a volume of 1.0 L was filtered
through a layer of sorbent (dynamic sorption) 10 cm
thick. The free filtration process took about 1.3 h.
As a result, the degree of purification of the
wastewater sample in terms of suspended solids
was 69.02%, in terms of BOD—71.48% and in
terms of COD—66.59% [15].
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In [16], fly ash was used as a sorbent, in order
to purify wastewater from a number of heavy
metals: nickel, zinc, lead, iron, manganese, and
aluminum. The purification efficiency of the
wastewater sample was more than 80% for all
metals except manganese. Its cleaning efficiency
was in the range of 70-80%.

In [17], fly ash was used as a sorbent to
purify water from 2,4-dimethyl phenol. The sorption
properties of the material were studied in model
aqueous solutions containing 2,4-dimethylphenol,
depending on the temperature of the solutions, the
dose of the sorbent, and the initial content of
2,4-dimethylphenol.  The authors managed to
achieve a degree of extraction of 2,4-dimethylphenol
from an aqueous solution at a level of about 90%.
In addition, a method was proposed for regenerating
the sorbent with a 2% aqueous solution of hydrogen
peroxide.

In [18], fly ash was used as a sorbent for the
removal of 2-chlorophenol (2-CP) and 2,4-dichlorophenol
(2,4-DCP) from aqueous solutions. The effect
of pH solution on the removal process was
studied (the pH value is lower than the pK value
of 2-CP and 2,4-DCP). An experimental setup was
assembled with a filter filled in layers from the
edges with quartz sand and in the middle layer
with fly ash. Sorption was mobile in nature
of the solution being purified (dynamic sorption).
The sorption capacity of fly ash reached its maximum
stable value already at a passing time of about
60 min and was about 2.0 g/g and 1.3 g/g for
2,4-DCP and 2-CP, respectively. The mutual influence
of 2,4-DCP and 2-CP on the sorption process
was studied.

This paper presents the results of studies of an
environmentally friendly sorbent based on ASW
thermal power engineering, calcined and modified
with the Tiprom K organosilicon water-repellent
agent. It has a high buoyancy when saturated
with OPs and the ability to retain them for a long
time. The modified sorbent was studied on model
mixtures containing fuel oil, kerosene, AI-92 gasoline,
nefras, oil sludge and n-hexane and is intended
for cleaning wastewater from free-floating and
emulsified petroleum products. The sorption of oil
sludge on a water surface was carried out under
laboratory conditions. A real sample of sea water
(the Black Sea) was studied as a water body.

METHODS

The  physicochemical  properties of  the
modified sorbent are determined according to
Russian regulatory documents: bulk density according

to GOST R 51641-2000', ash content according
to PND F 16.2.2:2.3:3.32-02%, total pore volume
according to GOST 17219-713, abrasion strength
according to GOST R 51641-2000, mass concentration
of OPs according to PND F 14.1:2:4.5-95% humidity
according to GOST 5180-2015°. The sorption
capacity of the modified sorbent in relation to OPs
was determined experimentally, as described in this
article.

To calcinate the samples, a LM-312.11
laboratory electric furnace (VEB ELEKTRO BAD
FRANKENHAU-ZEN, 1990, German Democratic
Republic) was used, maintaining a temperature
range from +50 to +1200°C. The study of the OP
content in the samples was carried out using
a KN-3 concentration meter (SIBEK-OPRIBOR, 2018,
Russia). To dry reagents and samples and prepare
laboratory glassware, a drying cabinet of the LOIP
LF-60/350-GG1 series (Laboratornoe Oborudovanie
i Pribory, 2012, Russia) was used, maintaining a
temperature range from +50 to +350°C. To weigh
the samples, Adventurer electronic laboratory scales
of AR214 modification (OHAUS Europe, 2004,
Switzerland) were used. Extraction of solutions
was carried out on an ES-8000 rotary extraction
unit (Ekokhim, 2015, Russia), extraction of solid
samples was conducted on a universal laboratory
shaker of WU-4 type (PREMED, 1985, Poland).
Abrasion tests of materials were carried out using a
KP-131 set of sieves (Meridian, 2015, Russia) with
a lid and tray. All measuring instruments are
included in the Russian State Registry of Measuring
Instruments® and verified in accordance with the
procedure established by the Ilegislation of the
Russian Federation. When conducting laboratory

I GOST R 51641-2000. State Standard of the Russian
Federation. Filtering granular materials. General specifications.
Moscow: Gosstandart Rossii; 2000.

2 PND F 16.2.2:2.3:3.32-02. Measurement procedure
of the content of dry and calcined residue in solid and
liquid waste of production and consumption, sediments,
sludge, activated sludge, bottom sediments by gravimetric
method. Moscow: NTF “Khromos™; 2002 (publ. 2017).

3 GOST 17219-71. State Standard of the USSR.
Active carbons. Method for determination of summary pore
volume by the moisture capacity test. Moscow: Ordena
“Znak Pochyota” Izdatelstvo stantartov; republication
October 1987.

* PND F 14.1:2:4.5-95. Quantitative chemical analysis
of waters. Method of measuring the mass concentration
of petroleum products in drinking, surface and wastewater
by IR spectrometry. Moscow: FTSAO; 1995 (publ. 2011).

5 GOST 5180-2015. Interstate Standard. Soils. Methods
of laboratory determination of physical characteristics.
Moscow: Standartinform; 2015.

¢ https:/fgis.gost.ru/fundmetrology/registry. ~ Accessed
October 03, 2022.
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studies, volumetric glassware was used: cylinders,
burettes, volumetric flasks, and pipettes in accordance
with GOST 29228-917.

RESULTS AND DISCUSSION

The object of the study is ASW taken from the 3rd
section of the ash dump of the Novocherkasskaya GRES
power station (Novocherkassk, Rostov oblast), which
is a liquid-solid mass. A sample of ASW was
homogenized and placed in a drying oven, where
it was kept at 110°C for 30 min to remove free
moisture. The dried ASW had a lumpy shape. As
a result of calcination in a muffle furnace at 600°C
and holding at this temperature for 30 min, a loose
crumbly material was obtained, called calcined
sorbent, the physicochemical properties of which
were determined by us in [19] and amounted to: bulk
density was 0.666 g/mL; ash content, 99.5%; total
pore volume, 0.506 mL/g; abrasion, 8.5%; humidity,
less than 1%. According to the results of granulometric
analysis, 95.2% of the mass of the calcined sorbent
falls in the fraction from 0.25 to 0.5 mm.

In order to impart buoyancy when saturated
with OPs and ability to retain them for a long time on
the water surface, the calcined sorbent is modified
with an organosilicon water repellent (hydrophobizing
silicon-containing liquid, HSL) and is called a
modified sorbent.

At the first stage of research, the optimal mass
ratio of HSL and prepared calcined sorbent was
determined. Five samples were prepared based on
Silor/ASW HSL in mass ratios of 1:20, 1:10, 1:5,
1:3, and 1:2. The samples were left open for a day
at room temperature until completely dry. Next,
the samples were ground in an agate mortar to break
up the lumps formed during the process of wetting
the ASW by HSL, and the sorption properties
of the resulting samples with respect to n-hexane
were studied.

Distilled water of 1.0 L was placed in an
open cylindrical glass container with a capacity of
about 3 L. An aliquot of 2.00 mL was placed into
the same container using a microdispenser and, in
a separate experiment, 4.00 mL of chemically pure
(99.9% purity) n-hexane (density at 20°C is 0.6548 g/mL),
which corresponds to 1308 mg and 2617 mg in
terms of pure substance. n-Hexane was placed on
the surface of the water in the region of the geometric
center so that the n-hexane spot did not touch

7 GOST 29228-91. State Standard of the USSR.
Laboratory glassware. Graduated pipettes. Part 2. Graduated
pipettes without a set waiting time. Moscow: Standartinform;
1991.

the walls of the container. Next, an accurate weighed
portion of the prepared sample of the modified
sorbent weighing about 1.0 g was selected (the
mass value was recorded with an accuracy of 0.0001 g
and was used in further calculations) and was
scattered in a uniform thin layer on the surface of
the n-hexane spot. The samples were left in this form
for 30 min. After this, the sorbent was collected
with ash-free blue ribbon filter paper, the sample
with the filter paper was placed in a Petri dish and
dried open in air for about a day to evaporate water
and residual n-hexane. The air-dry sample together
with filter paper was placed in a conical flask with
a ground stopper with a capacity of 100 mL, 10 mL of
carbon tetrachloride was added, the flask was closed
with a lid and the sample was shaken vigorously on
a universal laboratory shaker for 1 h. The resulting
extract was filtered through an ash-free blue-ribbon
filter, installed in a glass funnel, in a flask with a ground
stopper with a capacity of 50 mL. Extraction of the
sample followed by filtration was repeated 2 more
times with new portions of carbon tetrachloride,
10 mL each. All extracts were combined in the
same flask with a ground stopper with a capacity
of 50 mL, into which the first portion of the extract
was collected, and the contents of the flask were
mixed with rotational movements.

The resulting combined extract was passed
through a previously prepared chromatographic
column, which was a cut burette with a capacity
of 25 mL. A small piece of glass wool was placed
in the lower part of the column, previously kept
in a 1:1 solution of sulfuric acid for 12 h, washed
with distilled water and, after drying, washed with
carbon tetrachloride and dried in air. Then 6 g
of aluminum oxide, activated by calcination in a
muffle furnace at a temperature of 600°C for 4 h,
was poured into the column, followed by the
addition of distilled water with a volume of 15 mL
per 500 g of calcined aluminum oxide, followed
by stirring and holding for 24 h in a desiccator.
The top layer of aluminum oxide was also fixed
in the column with a small piece of glass wool. Then
8 mL of carbon tetrachloride was poured into the
column for wetting. After absorbing a portion of
carbon tetrachloride, the column tap was opened and
the ecluate passing through the column was collected
into a measuring cylinder with a volume of 10 mL.
As soon as the upper limit of carbon tetrachloride
passed through the chromatographic column reached
the top layer of glass wool, the column tap was
closed and the first portion of the sample extract
with a volume of about 10 mL was added to the
column, after which the column tap was opened
and the eluate continued to be collected into a
measuring cylinder with a capacity of 10 mL. As soon
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as the quantity of eluate in the cylinder reached 8 mL,
the column tap was closed and the collected eluate
was discarded, then the column tap was opened
and the eluate continued to be collected in a conical
flask with a ground stopper with a capacity of 50 mL.
In this way, the entire volume of the sample extract
was passed through the sorption column and as soon
as the top layer of the extract touched the top layer
of glass wool, the column was closed and 5 mL of
carbon tetrachloride was added, after which the
stopcock was opened and the eluate continued to
be collected in a conical flask until the liquid in the
column sank to the level of the top layer of glass
wool. The resulting eluate with a volume of 30 mL
was thoroughly mixed in a flask by shaking, the
eluate was successively diluted 1000 times, the
diluted eluate was poured into a measuring cuvette,
and the OP content was measured using a KN-3
concentrator previously prepared in accordance
with the operational documentation. The OP content
in samples X, g/g, was calculated using the expression

_C,-B-K

M -1000 )

where C_ is the measured quantity of OP in the
extract, mg/L; B is the eluate volume, L (equal to 0.03 L);
K is the eluate dilution factor (equal 1000); M is the
sample weight, g.

The obtained values of OP content in the
samples are expressed in g/g and are the values of the
sorption capacity of the modified sorbent samples.
The results are shown in Tables 1 and 2 and in Fig. 1.

Based on the analysis of the data obtained, it
was concluded that the sorption capacity of the

samples does not depend on the amount of n-hexane
excess. The highest value of the sorption capacity
of the studied samples was taken as the result.
The optimal weight ratio of HSL to ASW was 1:5,
while the sorption capacity with respect to n-hexane
reached a maximum of 0.86 g/g.

At the second stage of the research, the optimal
conditions for drying the samples were determined.
The sample masses were subjected to forced drying
in an oven at temperatures of 110-200°C to constant
mass. At temperatures above 180°C, non-uniform
drying of the sample, adhesion and enlargement of
grains were observed, which in turn led to a decrease
in porosity and a deterioration in sorption properties.
At a temperature of 200°C, sintering of the
material was observed. The most optimal method
is to dry samples at 160°C. For samples weighing 1 g,
the drying process took no more than 10 min.
Optimization of modification temperature is given
in Table 3.

At the third stage of research, the optimal HSL
modifier was selected based on the price/sorption
properties ratio. Silor, HSL-11BSP, HSL 136-157M,
PROFILUX, Tiprom K, and Tiprom U modifiers
were considered as HSL. The sorbents obtained
on the basis of HSL 136-157M and Tiprom K have
the highest oil capacity, but Tiprom K has the
lowest price, due to than chosen as the optimal
modifier. Figure 2 shows the values of sorption
capacity (oil capacity), in g/g, in relation to n-hexane,
indicating the price of HSL in RUR/kg. The price is
shown in figures around HSL in 2021 prices.

Tiprom K HSL was accepted as optimal; its
price was 420 RUR/kg, and the sorption capacity
of the resulting modified sorbent is 0.86 g/g.

At the fourth stage, the physicochemical
properties of the Tiprom K modified HSL sorbent

Table 1. Sorption capacity in relation to n-hexane of hydrophobizing silicon-containing liquid (HSL) samples of the Silor brand—
calcined sorbent according to the measured content of OPs in the samples when interacting with 1308 mg of n-hexane

Modiﬁer/a.sh ratio Sample weight, g Me.asured content of OPs Eluate dilution ; Sor.'ption capacity
(by weight) in the extract, mg/L factor in relation to n-hexane, g/g
1:20 1.0008 20.7 1000 0.62
1:10 1.0016 23.7 1000 0.71
1:5 0.9999 28.3 1000 0.85
1:3 0.9968 28.2 1000 0.85
1:2 0.9972 28.3 1000 0.85
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Table 2. Sorption capacity in relation to n-hexane of HSL samples of the Silor brand—calcined sorbent according
to the measured content of OPs in the samples when interacting with 2617 mg of n-hexane

Modifier/ash ratio Sample weight Measured content of OPs Eluate dilution Sorption capacity
(by weight) P ght, 2 in the extract, mg/L factor in relation to n-hexane, g/g
1:20 0.9972 21.3 1000 0.64
1:10 0.9976 23.9 1000 0.72
1:5 1.0022 28.7 1000 0.86
1:3 0.9981 28.6 1000 0.86
1:2 0.9974 28.6 1000 0.86
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Fig. 1. Dependence of sorption capacity
on the modifier/ash ratio (by weight).

Table 3. Modification temperature optimization

Fig. 2. Sorption capacity (oil capacity)
in relation to n-hexane and price of HSL.

Temperature °C

Sorption capacity in relation to n-hexane, g/g

110 0.72
120 0.75
130 0.78
140 0.81
150 0.85
160 0.86
170 0.84
180 0.78
200 0.60
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were studied: bulk density, ash content, total pore
volume, abrasion, humidity, and sorption capacity,
which are given in Table 4. Methods for determining
these indicators were described in detail by
us in [19] when studying the properties of a calcined
sorbent.

At the fifth stage, the sorption properties of
the modified sorbent were studied in relation to
various petroleum products, such as: fuel oil,
kerosene, AI-92 gasoline, nefras, oil sludge, and
n-hexane. OP samples were applied to the surface
of distilled water at the rate of 2.00 g per 1 L of
water, after which 1.00 g of sorbent was evenly
scattered in a thin layer over the entire area of
the OP spot. The time of interaction of the sorbent

Table 4. Physical and chemical properties modified sorbent

with the OPs was recorded. After a certain time, the
samples were collected with blue ribbon filter paper,
dried in Petri dishes in the open air for 24 h, and
in the case of fuel oil and oil sludge, excess OPs
were additionally blotted with filter paper and the
sorption capacity of the samples was measured.
The highest oil capacity was observed in the case
of sorption of fuel oil, the lowest—with n-hexane.
The increase in oil intensity can be explained by
an increase in the density and molecular weight
of the oil. The sorption time was optimized (Table 5).
For relatively light OPs, the optimal sorption
time was at least 30—40 min, for heavy ones—at least
60 min. During the experiment, it was established
that half the sorption capacity is filled with OPs

Indicators Units of measurement Modified sorbent
Bulk density g/mL 0.621
Ash content % 97.1
Total pore volume mL/g Less than 0.050*
Abrasion % 8.8
Humidity % Less than 0.5

*The total pore volume is determined by water; the resulting hydrophobized sorbent has hydrophobic properties.

Table 5. Optimization of sorption time

Fuel oil Kerosene AI-92 gasoline Nefras Oil sludge n-Hexane
Sorption time, min
Sorption capacity (oil capacity) g/g
10 0.68 0.58 0.59 0.52 0.61 0.56
20 1.03 0.79 0.72 0.68 0.84 0.73
30 1.20 0.92 0.85 0.81 0.99 0.84
40 1.32 0.97 0.88 0.89 1.09 0.86
60 1.45 0.99 0.89 0.92 1.17 0.86
90 1.46 0.99 0.89 0.93 1.18 0.85
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in the first minutes of contact. Conventionally,
complete sorption can be considered 30-40 min
for  relatively  light hydrocarbons  (n-hexane,
Al-92 gasoline, kerosene, and nefras), 40-60 min
for oil sludge and more than 60 min for fuel oil (Fig. 3).

A laboratory study of the sorption of oil sludge
on the water surface was carried out (Fig. 4). A real
sample of sea water (the Black Sea) was studied
as a water body.

==
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—a&—Nefras —&-0il sludge —e—n-Hexane

Fig. 3. Dependence of the oil capacity of OPs
on the time of sorption.

4

(b)

Fig. 4. Sorption of oil sludge on the water surface:
(a) applying oil sludge to the water surface with
a microdoser; (b) sorption of oil sludge
by a modified sorbent.

Oil sludge of 1.00 g was applied to the surface
of water with a volume of 1 L using a microdoser.
Then 1.00 g of sorbent was applied to the OP spot.
After 30 min, the sorbent with oil sludge was
removed and the water was analyzed for OP content
using the infrared spectrometry.

The sea water sample was transferred to a
separating funnel with a capacity of 2 L. 20 mL
of a 1:9 sulfuric acid solution was added to the
separating funnel with the water sample under study
and mixed. Next, 20 mL of carbon tetrachloride
was added to the funnel and the OPs were extracted
with carbon tetrachloride by intensively mixing
the contents of the funnel using a rotary extraction
unit for 5 min. After extraction, the funnel with
the sample was left alone for 10 min for phase
separation. After phase separation, the lower organic
phase was poured into a glass with a capacity
of 50 mL. 10 mL of carbon tetrachloride was
again added to the separating funnel with the
sample and the OPs were re-extracted in the
manner described above, and the lower organic
layer was poured into the same beaker with a capacity
of 50 mL that contained the first portion of
the extract, thus combining the resulting extracts.
Next, 5 g of sodium sulfate, previously dried in
an oven at 110°C for 3 h, was added to the glass
with the extract, the contents were thoroughly
mixed with a glass rod and left for 30 min to
completely dry the extract. After drying, the extract
was passed through a pre-prepared chromatographic
column, as described in the experiment to study
the sorption capacity for n-hexane of Silor HSL
samples.

The resulting eluate with a volume of 30 mL
(0.03 L) was thoroughly mixed in a flask by
shaking, the eluate was diluted 10 times, the diluted
extract was poured into a measuring cuvette, and
the OP content was measured using a KN-3
concentrator. The OP content in sea water sample
X, mg/L, was calculated using the expression

_C,-BK
v

X @

where C is the measured quantity of OP in the extract,
mg/L; B is the eluate volume, L (equal to 0.03 L);
K is the eluate dilution factor; V is the volume of
sample taken for analysis, L (equal to 1 L).

Table 6 shows the measured OP contents in
extracts recalculated to the OP content in sea water
contaminated with oil sludge after interaction with
the sorbent, as well as the data necessary to establish
the efficiency of sorption of surface OPs.
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Thus, the content of residual OPs was 12.0 mg/L,
which corresponds to a sorption efficiency of
surface OPs of more than 95%. During the
experiment, it was found that the sorption
process does not depend on the matrix (salinity)
of water.

At the final stage, a comparative experiment
was carried out on oil spill response using
quartz sand, calcined and modified sorbents (Fig. 5).

A thin film of 1.00 g of oil sludge was
applied to the surface of the watch glass. Next,
1.00 g of calcined sorbent, modified sorbent, and
quartz sand were applied. After 30 min, the
mixture was collected with a spatula. When
visually assessing the color intensity of the residual
oil sludge stain, it was concluded that there is
a significant content of OPs in the case of
sorption of oil sludge by quartz sand; a residual
yellow layer of oil sludge is visible. In the case
of sorption of oil sludge by calcined and
modified sorbents, residual oil residues are
insignificant. Instrumental analysis of samples of
spent modified and calcined sorbents showed
the presence of OPs in 1.00 g of sorbent, equal
to 097 g and 095 g, respectively. Thus, the
efficiency of cleaning solid surfaces from oil
sludge with a calcined sorbent was 97%, and
with a modified sorbent—95%.

A comparative analysis
effectiveness of  the

of data on the
developed sorbent and

currently available analogues based on sludge
and slag is given in Table 7. Analysis of the
sorption capacity for AI-92 gasoline shows that
modifying sludge and slag with various HSLs can
increase their sorption properties. The sorption
capacity of such sorbents fluctuates at the
level of 1 g/g.

The methods presented in [20], [21], [22],
and [23] for studying the sorption capacity of
sorbents are based on measuring the mass
of OPs adsorbed by the sorbent provided they
are kept in the thickness of the OPs under
complete immersion, which shows the value
of the total possible sorption capacity. This
article experimentally studied the efficiency of
sorption of the working volume of the sorbent
during elimination of oil spills of various petroleum
products on water and solid surfaces. The methodology
for studying sorption capacity contains a stage
of drying a sorbent sample with adsorbed OPs
in the open air for about a day, in order to remove
water and OPs not adsorbed by the sorbent. This
demonstrates the ability of the sorbent to reta
in adsorbed OPs for a long time.

Based on the research results, sorbent
modified with Tiprom K HSL based on the
ASWs of the Novocherkasskaya GRES power
station is recommended for use in eliminating
oil spills of various petroleum products on the
surfaces of any type of water, including sea water.

Table 6. Efficiency of sorption of surface OPs in a sea water sample based on measured and calculated residual

oil product contents

Mass of OPs added | Measured content of OPs Eluate dilution factor Concentration of OPs Sorntion efficiency. %
to the 1 L water, mg in the extract, mg/L after sorption, mg/L P SH A
1000 40.0 12.0 98.8

Fig. 5. Oil sludge sorption on a hard surface: from left to right: oil product sample, quartz sand,
calcined sorbent, and modified sorbent.

Toukue xummdeckue TexHoaoruu = Fine Chemical Technologies. 2023;18(5):446-460

456



Svyatoslav A. Bushumov, Tatyana G. Korotkova

Table 7. Characteristics of sorbents based on sludge and slag (production waste)

Sorption capacity Sorption capacity
Sorbent for AI-92 gasoline, g/g research method Source
Activated carbon AG-3 0.48 - [20]
Granular sorbent based on chemical water treatment sludge
at Kazanskaya TETS-1:
impregnated with a 3% aqueous solution of HSL-11N 0.62 _Grav1ty method by
immersing a sorbent 20]
sample in a sample of
impregnated with a 5% aqueous solution of HSL-94N 0.68 pure OPs
impregnated with a 5% aqueous solution of HSL-94N + Silor 0.648 [21]
Sorbent based on soda production sludge of Bereznikovsky
Sodovy Zavod (formed at the boundary of the water surface,
finely dispersed, pasty, white):
original 0.95 Ratio of the absorbed
OP mass to the known
mass of dry sorbent [22]
processed with HSL-11P 1.13
treated with Akvasila solution 1.2 [23]
Measurement of the
Sorbent based on ash and slag from Novocherkasskaya GRES mass content of QPS Current
. . . 0.89 in the sorbent using .
power station (modified HSL brand Tiprom K) . . article
infrared spectrometric
methods

CONCLUSIONS

An environmentally friendly modified sorbent
was developed based on thermal power ASWs
accumulated in ash dumps. This has high buoyancy
when saturated with OPs and the ability to
retain them for a long time.

The physicochemical properties of sorbent
modified with Tiprom K HSL were determined:
bulk density was 0.621 g/mL; ash content was 97.1%;
total pore volume in water was less than 0.05 mL/g,
abrasion was 8.8%, humidity was less than 0.5%,
sorption capacity, in g/g: for n-hexane, 0.86;
for AI-92 gasoline, 0.89; for nefras, 0.93; for
kerosene, 0.99; for oil sludge, 1.18; for fuel oil, 1.46.

A study of oil sludge sorption on a water
surface showed an efficiency of more than 95%.
The efficiency of cleaning solid surfaces from oil

sludge with the calcined sorbent was 97%, and
with the modified sorbent—95%.

The resulting modified sorbent is recommended
for eliminating spills of OPs and oil-containing
waste at production sites and soils. The use of
a modified sorbent will make it possible to
effectively purify wastewater before discharging
it into a reservoir to acceptable quality standards
with minimal economic costs.

Acknowledgments
The research is carried out with the financial support
of the Kuban Science Foundation in the framework of the
scientific project MFI-20.1/57.

Authors’ contribution
All authors equally contributed to the research work.

The authors declare no conflicts of interest.

Tonkie Khimicheskie Tekhnologii = Fine Chemical Technologies. 2023;18(5):446-460

457



Environmentally safe sorbent from ash-and-slag waste of heat power engineering

REFERENCES

1. Fedorova N.V., Shaforost D.A., Krivobok E.A.
The possibility of using of the ash and slag waste coal-fired
power plants in the Rostov region as acarbonaceous sorbents.
Ekologiya promyshlennogo proizvodstva = Industrial Ecology.
2016;1(93):20-24 (in Russ.).

2. Cherentsova A.A., Olesik S.M. Evaluation of ash waste as a
source of pollution and as a source of secondary raw materials. Gornyi
informatsionno-analiticheskii byulleten’ = Mining Informational and
Analytical Bulletin. 2013;(S3):230-243 (in Russ.).

3. Afanaseva O.V., Mingaleeva G.R., Dobronravov A.D.,
Shamsutdinov E.V. Integrated use of ash and slag waste.
Lzvestiya vysshikh uchebnykh zavedenii. Problemy energetiki = Power
Engineering: Research, Equipment, Technology. 2015;(7-8):26-36
(in Russ.). https:/doi.org/10.30724/1998-9903-2015-0-7-8-26-36

4. Podgoretskii G.S., Gorbunov V.G., Agapov E.A.,
Erokhov T.V., Kozlova O.N. Processing ash and slag
wastes from thermal power stations. Part 1. Steel in Transi.
2018;48(6):339-345. http://doi.org/10.3103/S0967091218060074

[Original Russian Text: Podgoretskii G.S., Gorbunov V.G.,
Agapov E.A., Erokhov T.V., Kozlova O.N. Processing ash
and slag wastes from thermal power stations. Part 1. Izvestiya
vysshikh —uchebnykh zavedenii. Chernaya metallurgiya.
2018;61(1):439-446 (in Russ.). https://doi.org/10.17073/0368-
0797-2018-6-439-446]

5. Khudyakova L.I., Zalutskii A.V., Paleev P.L. Use
of ash and slag waste from thermal power plants. XX7 vek.
Tekhnosfernaya bezopasnost’ = Technosphere Safety. The
21st Century. 2019;4(3):375-391 (in Russ.). https://doi.
org/10.21285/2500-1582-2019-3-375-391

6. Pichugin E.A. Analytical review of the experience of
involving ash slag waste of thermal power plants in economic
circulation in the Russian Federation. Problemy regional noi
ekologii = Problems of Regional Ecology. 2019;(4):77-87.
https://doi.org/10.24411/1728-323X-2019-14077

7. Cherentsova A.A. Ecological and technological
evaluation of composition and properties of ash waste (Case
study of Khabarovskaya TETS-3). Vestnik Tambovskogo
universiteta. Seriya: Estestvennye i tekhnicheskie nauki =
Tambov University Reviews. Series: Natural and Technical
Sciences. 2014;19(5):1733-1736 (in Russ.).

8. Korotkova T.G., Ksandopulo S.Ju., Bushumov S.A.,
Burlaka S.D., Say Yu.V. Quantitative Chemical Analysis of
Slag Ash of Novocherkassk State District Power Plant. Oriental
J. Chem. 2017;33(1):186-198. http://doi.org/10.13005/
0jc/330121

9. Bushumov S.A., Korotkova T.G., Ksandopulo S.Ju.,
Solonnikova N.V., Demin V.I. Determination of the Hazard
Class of Ash After Coal Combustion by the Method of
Biotesting. Oriental J. Chem. 2018;34(1):276-285. http://doi.
org/10.13005/0jc/340130

10. Korotkova T.G., Bushumov S.A., Ksandopulo S.Yu.,
Istoshina N.Yu. Determination of the Hazard Class of Ash-
And-Slag from a Thermal Power Plant Accumulated on Ash
Dumps Under the Scheme Hydraulic Ash Removal. Int. J.
Mech. Eng. Technol. (IJMET). 2018;9(10):715-723. URL:
https://iaeme.com/MasterAdmin/Journal_uploads/IJMET/
VOLUME 9 ISSUE 10/IDMET 09 10 074.pdf. Accessed
October 12, 2023.

11. Vasiliev A.M. Use of the waste of slag in devices of
cleaning of the drains. Izvestiya vysshikh uchebnykh zavedenii.
Severo-Kavkazskii region. Tekhnicheskie nauki = Bulletin
of Higher Educational Institutions. North Caucasus region.
Technical Sciences. 2012;(6):120-122 (in Russ.).

CIIMCOK JIMTEPATYPbI

1. ®enoposa H.B., lladopoct J.A., Kpurobok E.A.
O BO3MOXXHOCTH HCIIONB30BaHMS 30JIOLIIAKOBEIX OTXOIIOB
YTOJNIBHBIX JIEKTPOCTAaHIUH POCTOBCKON 007acTH B KavyecTBe
YIIIEPONICOEPIKAIINX COPOCHTOB. DKOI02US NPOMBIULEHHOO
npoussoocmea. 2016;1(93):20-24.

2. Yepenmosa A.A., Onecrk C.M. OreHKa 3010IITaKOBBIX
OTXO/IOB KaK MCTOYHHK 3arps3HEHUs] OKPYKArollel Cpeibl u
KaK MCTOYHUK BTOPHYHOTO CHIPbs. [OpHblil uHpopmayuonio-
ananumuyecxkuil oonnemens. 2013;(S3):230-243.

3. AdanaceeBa O.B., Munraneesa I'.P., Jlooponpasos A.]l.,
[MamcytnuaoB 3.B. KommekcHoe HCIONB30BaHUE  30I10-
IITAKOBBIX OTXONOB. HM36ecmusi GulCuiuX yueOHvlx 3aeede-
nui. IIpobnemvr snepeemuxu. 2015;(7-8):26-36. https://doi.
org/10.30724/1998-9903-2015-0-7-8-26-36

4. oaropeuxkwii I.C., [opbynos B.I'"., Aramos E.A., Epo-
xoB T.B., Ko3nosa O.H. [1po0ieMbl ¥ IEpCIIEKTUBBI YTHIIN3a-
MU 30JIONUTAaKOBRIX  oTxXomoB TOLl. Yacte 1. Mzeecmus
svlcuux  yueOnvix  3aeedenutl. Yepnas — memannypeus.
2018;61(1):439-446. https://doi.org/10.17073/0368-0797-2018-6-439-446

5. Xynsxosa JI.U., 3amynxwuii A.B., [Tamees I1.JI. Mcromns-
30BaHHE 30JIONIAKOBBIX OTXOJOB TETIOBBIX AIEKTPOCTAHIHUH.
XXI sex. Texnocgepnas 6ezonacnocms. 2019;4(3):375-391.
https://doi.org/10.21285/2500-1582-2019-3-375-391

6. ITuuyrun E.A. AHanutiueckuii 0030p HAKOIUICHHOTO
B POCCHICKOH (pefiepaliii OIbITa BOBJICUCHHS B XO3SHCTBCH-
HBIIT 00OPOT 30JIOMIIAKOBBIX OTXOHOB TEIIOAIEKTPOCTaH-
wuit. [Ipobnemvr pezuonanvhoii sxonocuu. 2019;(4):77-87.
https://doi.org/10.24411/1728-323X-2019-14077

7. UYepenmoBa A.A. DKOIOTO-TEXHOTOTHMYECKAs —OIICHKA
COCTaBa W CBOMCTB 30JIOIIUIAKOBBIX OTXOHOB (Ha TpHMepe
Xabaposckoit TDII-3). Becmuux Tambosckoco yhusep-
cumema. Cepusi: Ecmecmeennvie u mexuuueckue HayKu.
2014;19(5):1733-1736.

8. Korotkova T.G., Ksandopulo S.Ju., Bushumov S.A.,
Burlaka S.D., Say Yu.V. Quantitative Chemical Analysis
of Slag Ash of Novocherkassk State District Power Plant.
Oriental J. Chem. 2017;33(1):186—198. http://doi.org/10.13005/
0jc/330121

9. Bushumov S.A., Korotkova T.G., Ksandopulo S.Ju.,
Solonnikova N.V., Demin V.. Determination of the Hazard
Class of Ash After Coal Combustion by the Method of
Biotesting (OmnpezeneHne Kiacca OMaCHOCTU 30JbI OT CXKH-
raHus yrjied merozom OuorectupoBanus). Oriental J. Chem.
2018;34(1):276-285. http://doi.org/10.13005/0jc/340130

10. Korotkova T.G., Bushumov S.A., Ksandopulo S.Yu.,
Istoshina N.Yu. Determination of the Hazard Class of Ash-
And-Slag from a Thermal Power Plant Accumulated on Ash
Dumps Under the Scheme Hydraulic Ash Removal. Int. J.
Mech. Eng. Technol. (IJMET). 2018;9(10):715-723. URL:
https://iaeme.com/MasterAdmin/Journal _uploads/IJMET/
VOLUME 9 ISSUE 10/IJMET 09 10 074.pdf. lara obpa-
menns 12.10.2023.

11. BacunbeB A.M. O60CHOBaHHE BO3MOKHOCTH UCTIOJb-
30BaHMS 30JIONUIAKOBBIX OTXOIOB B COOPYXEHHSX OYHCTKH
MTOBEPXHOCTHOTO CTOKA. M36ecmust 8y306. Cegepo-Kaskaszckuil
peeuon. Texnuueckue nayxu. 2012;(6):120-122.

12. Singh P., Tripathi P., Chauhan S., Mishra A.
Domestic Waste Water Treatment Using Fly Ash Alone or
in Combined Form. IOSR J. Electric. Electron. Eng. (IOSR-JEEE).
2016;11(3):34-39. https://www.semanticscholar.org/paper/
Domestic-Waste-Water-Treatment-Using-Fly-Ash-Alone-Singh-
Tripathi/a78118b380742750059e8822570e9c2298dbadcf.  data
obpamienns 12.10.2023.

Toukue xummdeckue TexHoaoruu = Fine Chemical Technologies. 2023;18(5):446-460

458


https://doi.org/10.30724/1998-9903-2015-0-7-8-26-36
https://doi.org/10.30724/1998-9903-2015-0-7-8-26-36
https://doi.org/10.17073/0368-0797-2018-6-439-446
https://doi.org/10.21285/2500-1582-2019-3-375-391
https://doi.org/10.24411/1728-323X-2019-14077
http://doi.org/10.13005/ojc/330121
http://doi.org/10.13005/ojc/330121
http://doi.org/10.13005/ojc/340130
https://iaeme.com/MasterAdmin/Journal_uploads/IJMET/VOLUME_9_ISSUE_10/IJMET_09_10_074.pdf
https://iaeme.com/MasterAdmin/Journal_uploads/IJMET/VOLUME_9_ISSUE_10/IJMET_09_10_074.pdf
https://www.semanticscholar.org/paper/Domestic-Waste-Water-Treatment-Using-Fly-Ash-Alone-Singh-Tripathi/a78118b380742750b59e8822570e9c2298dbadcf
https://www.semanticscholar.org/paper/Domestic-Waste-Water-Treatment-Using-Fly-Ash-Alone-Singh-Tripathi/a78118b380742750b59e8822570e9c2298dbadcf
https://www.semanticscholar.org/paper/Domestic-Waste-Water-Treatment-Using-Fly-Ash-Alone-Singh-Tripathi/a78118b380742750b59e8822570e9c2298dbadcf
https://doi.org/10.30724/1998-9903-2015-0-7-8-26-36
http://doi.org/10.3103/S0967091218060074  
https://doi.org/10.17073/0368-0797-2018-6-439-446
https://doi.org/10.17073/0368-0797-2018-6-439-446
https://doi.org/10.21285/2500-1582-2019-3-375-391
https://doi.org/10.21285/2500-1582-2019-3-375-391
https://doi.org/10.24411/1728-323X-2019-14077
http://doi.org/10.13005/ojc/330121
http://doi.org/10.13005/ojc/330121
http://doi.org/10.13005/ojc/340130
http://doi.org/10.13005/ojc/340130
https://iaeme.com/MasterAdmin/Journal_uploads/IJMET/VOLUME_9_ISSUE_10/IJMET_09_10_074.pdf
https://iaeme.com/MasterAdmin/Journal_uploads/IJMET/VOLUME_9_ISSUE_10/IJMET_09_10_074.pdf

Svyatoslav A. Bushumov, Tatyana G. Korotkova

12. Singh P., Tripathi P., Chauhan S., Mishra A.
Domestic Waste Water Treatment Using Fly Ash Alone or
in Combined Form. IOSR J. Electric. Electron. Eng. (IOSR-JEEE).
2016;11(3):34-39. https://www.semanticscholar.org/paper/
Domestic-Waste-Water-Treatment-Using-Fly-Ash-Alone-Singh-
Tripathi/a78118b380742750b59¢8822570e9¢2298dbadcf.
Accessed October 12, 2023.

13. Lin C.-Y., Yang D.-H. Removal of pollutants from
wastewater by coal bottom ash. J. Environ. Sci. Health. A: Tox.
Hazard. Subst. Environ. Eng. 2002;(6):1509-1522. https://doi.
org/10.1081/ese-120013273

14. Dabi N., Patwa N. Flyash: an Effective Method for
Treatment of Wastewater. Int. J. Eng. Res. Technol. (IJERT).
2015;3(23. Special Issue — 2015. NCETRASECT-2015
Conference Proceedings). URL: https://www.ijert.org/research/
flyash-an-effective-method-for-treatment-of-wastewater-
IJERTCONV31S23014.pdf. Accessed October 12, 2023.

15. Sanas M.M.V,, Gawande S.M. Fly Ash using in Waste
Water Tratment. Int. J. Emerging Eng. Res. Technol. 2016;4(6):11—14.
http://www.ijeert.org/pdf/v4-i6/2.pdf. Accessed October 12, 2023.

16. Singh N.B., Agarwal A., De A., Singh P. Coal fly
ash: an emerging material for water remediation. Review. Int.
J. Coal Sci. Technol. 2022;9:Article number: 44. https://doi.
org/10.1007/s40789-022-00512-1

17. Batabyal D., Sahu A., Chaudhuri S.K. Kinetics and
mechanism of removal of 2, 4-dimethyl phenol from aqueous
solutions with coal fly ash. Sep. Technol. 1995;5(4):179-186.
https://doi.org/10.1016/0956-9618(95)00124-7

18. Kao P.C., Tzeng J.H., Huang T.L.. Removal of chlorophenols
from aqueous solution by fly ash..J. Hazard. Mater. 2000;76(2—3):237-249.
https:/doi.org/10.1016/S0304-3894(00)00201-6

19. Bushumov S.A., Korotkova T.G. Determination of
physical and chemical properties of the modified sorbent from
ash-and-slag waste accumulated on ash dumps by hydraulic
ash removal. RASAYAN J. Chem. 2020;13(3):1619-1626.
http://doi.org/10.31788/RJC.2020.1335454

20. Nikolayeva L.A., Vdovin E.A., Golubchikov M.A.,
Mavliyev L.F. Methods of Recovery of Used Sorbents from
Petroleum Products on the Basis of Chemical Treatment
of Water’s Sludge from Kazan CHP-1. Fkologiya i
promyshlennost’ Rossii = Ecology and Industry of Russia.
2014;(7):18-20 (in Russ.). https://www.ecology-kalvis.ru/
jour/article/view/452. Accessed October 12, 2023.

21. Nikolaeva L.A., Golubchikov M.A., Zakharova S.V.
Granulated hydrophobic adsorbents based on carbonate slag of
HVO clarifiers KTETS-1 for post-treatment of sewage
from oil products. Energosberezhenie i vodopodgotovka=
Energy Saving and Water Treatment. 2012;4(78):24-29
(in Russ.). URL: https://www.elibrary.ru/item.asp?id=17959087.
Accessed October 12, 2023.

22. Karmanova E.N., Kalinina E.V. Clean-up of
emergency spills of oil and oil products from solid surfaces by
modified waste of soda production. Transport. Transportnye
sooruzheniya. Ekologiya = Transport. Transport Facilities.
Ecology. 2018;(4):53—60 (in Russ.). URL: https://www.elibrary.
ru/item.asp?id=36746277. Accessed October 12, 2023.

23. Kalinina E.V., Glushankova I.S., Rudakova L.V.
Modification of the sludge from soda production for producing
oil sorbents. Teoreticheskaya i prikladnaya ekologiya =
Theoretical and Applied Ecology. 2018;(2):79-86. https://doi.
org/10.25750/1995-4301-2018-2-079-086

13. Lin C.-Y,, Yang D.-H. Removal of pollutants from
wastewater by coal bottom ash. J. Environ. Sci. Health. A: Tox.
Hazard. Subst. Environ. Eng. 2002;(6):1509-1522. https://doi.
org/10.1081/ese-120013273

14. Dabi N., Patwa N. Flyash: an Effective Method for
Treatment of Wastewater. Int. J. Eng. Res. Technol. (IJERT).
2015;3(23. Special Issue — 2015. NCETRASECT-2015
Conference Proceedings). URL: https://www.ijert.org/research/
flyash-an-effective-method-for-treatment-of-wastewater-
IJERTCONV3IS23014.pdf. /lara oOpamenns 12.10.2023.

15. Sanas M.M.V., Gawande S.M. Fly Ash using in
Waste Water Tratment. Int. J. Emerging Eng. Res. Technol.
2016;4(6):11-14. URL: http://www.ijeert.org/pdf/v4-16/2.pdf.
Jara o6pamenus 12.10.2023.

16. Singh N.B., Agarwal A., De A., Singh P. Coal fly
ash: an emerging material for water remediation. Review. Int.
J. Coal Sci. Technol. 2022;9:Article number: 44. https://doi.
org/10.1007/s40789-022-00512-1

17. Batabyal D., Sahu A., Chaudhuri S.K. Kinetics and
mechanism of removal of 2, 4-dimethyl phenol from aqueous
solutions with coal fly ash. Sep. Technol. 1995;5(4):179-186.
https://doi.org/10.1016/0956-9618(95)00124-7

18. Kao P.C., Tzeng J.H., Huang T.L. Removal of
chlorophenols from aqueous solution by fly ash. J. Hazard.
Mater. 2000;76(2-3):237-249. https://doi.org/10.1016/S0304-
3894(00)00201-6

19. Bushumov S.A., Korotkova T.G. Determination of
physical and chemical properties of the modified sorbent from
ash-and-slag waste accumulated on ash dumps by hydraulic
ash removal. RASAYAN J. Chem. 2020;13(3):1619-1626.
http://doi.org/10.31788/RJC.2020.1335454

20. Huxonaesa JILA., Bnosun E.A., TonyGuukoB M.A.,
MagnueB JI.®. CriocoObl yTHIM3aLUMK OTPaOOTaHHOTO COp-
OcHTa HE(TCNPOAYKTOB HAa OCHOBE IIaMa XHMBOIOOYHCTKH
Kazanckoit TOU-1. Okonoeuss u npomviunennocms Poccuu.
2014;(7):18-20. URL: https://www.ecology-kalvis.ru/jour/
article/view/452. Jlara o6pamenus 12.10.2023.

21. Hukonaesa JI.A., TonyOunkoB M.A., 3axaposa C.B.
I'panymupoBanuble  ruapooOHBIE  aJCOPOEHTHI HAa OCHOBE
kapOoHarHoro upiamMa oceermurened XBO KTOI-1 s
JIOOYMCTKU CTOYHBIX BOJ OT HE()TENPOAYKTOB. DHepeochepe-
orcenue u ooonoocomoska. 2012;4(78):24-29. URL: https:/
www.elibrary.ru/item.asp?id=17959087. Jlata oOpaiueHus
12.10.2023.

22. Kapmanosa E.H., Kanununa E.B. JlukBunauus asa-
PHIHBIX pPa3nuBOB HE(DTH W HEPTENPOAYKTOB C TBEPABIX
HOBEPXHOCTEH MOIM(PHUIMPOBAHHBIMA OTXOJaMH COIOBOTO
HPOM3BOACTBA. Ipancnopm. Tpancnopmusie COOPYIHCEHU.
Oxonoeusn. 2018;(4):53-60. URL: https://www.elibrary.ru/
item.asp?id=36746277. lara oOpammenus 12.10.2023.

23. Kanuuuna E.B., I'mymankosa U.C., Pynaxosa JI.B.
Moandukanus MIIaMOB COJOBOTO IIPOM3BOACTBA JUIS MOJIY-
4YeHHs1 He(TAHBIX COpPOEHTOB. Teopemuueckas u NPUKIAOHAS
akonoeus.  2018;(2):79-86.  https://doi.org/10.25750/1995-
4301-2018-2-079-086

Tonkie Khimicheskie Tekhnologii = Fine Chemical Technologies. 2023;18(5):446-460

459


https://doi.org/10.1081/ese-120013273
https://doi.org/10.1081/ese-120013273
https://www.ijert.org/research/flyash-an-effective-method-for-treatment-of-wastewater-IJERTCONV3IS23014.pdf
https://www.ijert.org/research/flyash-an-effective-method-for-treatment-of-wastewater-IJERTCONV3IS23014.pdf
https://www.ijert.org/research/flyash-an-effective-method-for-treatment-of-wastewater-IJERTCONV3IS23014.pdf
http://www.ijeert.org/pdf/v4-i6/2.pdf
https://doi.org/10.1007/s40789-022-00512-1
https://doi.org/10.1007/s40789-022-00512-1
https://doi.org/10.1016/0956-9618(95)00124-7
https://doi.org/10.1016/S0304-3894(00)00201-6
https://doi.org/10.1016/S0304-3894(00)00201-6
http://doi.org/10.31788/RJC.2020.1335454
https://www.ecology-kalvis.ru/jour/article/view/452
https://www.ecology-kalvis.ru/jour/article/view/452
https://www.elibrary.ru/item.asp?id=17959087
https://www.elibrary.ru/item.asp?id=17959087
https://www.elibrary.ru/item.asp?id=36746277
https://www.elibrary.ru/item.asp?id=36746277
https://doi.org/10.25750/1995-4301-2018-2-079-086
https://doi.org/10.25750/1995-4301-2018-2-079-086
https://www.semanticscholar.org/paper/Domestic-Waste-Water-Treatment-Using-Fly-Ash-Alone-Singh-Tripathi/a78118b380742750b59e8822570e9c2298dbadcf
https://www.semanticscholar.org/paper/Domestic-Waste-Water-Treatment-Using-Fly-Ash-Alone-Singh-Tripathi/a78118b380742750b59e8822570e9c2298dbadcf
https://www.semanticscholar.org/paper/Domestic-Waste-Water-Treatment-Using-Fly-Ash-Alone-Singh-Tripathi/a78118b380742750b59e8822570e9c2298dbadcf
https://doi.org/10.1081/ese-120013273
https://doi.org/10.1081/ese-120013273
https://www.ijert.org/research/flyash-an-effective-method-for-treatment-of-wastewater-IJERTCONV3IS23014.pdf
https://www.ijert.org/research/flyash-an-effective-method-for-treatment-of-wastewater-IJERTCONV3IS23014.pdf
https://www.ijert.org/research/flyash-an-effective-method-for-treatment-of-wastewater-IJERTCONV3IS23014.pdf
http://www.ijeert.org/pdf/v4-i6/2.pdf
https://doi.org/10.1007/s40789-022-00512-1
https://doi.org/10.1007/s40789-022-00512-1
https://doi.org/10.1016/0956-9618(95)00124-7
https://doi.org/10.1016/S0304-3894(00)00201-6
http://doi.org/10.31788/RJC.2020.1335454
https://www.ecology-kalvis.ru/jour/article/view/452
https://www.ecology-kalvis.ru/jour/article/view/452
https://www.elibrary.ru/item.asp?id=17959087
https://www.elibrary.ru/item.asp?id=36746277
https://www.elibrary.ru/item.asp?id=36746277
https://doi.org/10.25750/1995-4301-2018-2-079-086
https://doi.org/10.25750/1995-4301-2018-2-079-086

Environmentally safe sorbent from ash-and-slag waste of heat power engineering

About the authors:

Svyatoslav A. Bushumov, Junior Researcher, Department of Life Safety, Kuban State Technological University
(2, Moskovskaya ul., Krasnodar, 350072, Russia). E-mail: bushumov@list.ru. Scopus Author ID 57192814144, RSCI SPIN-code
9871-2551, https://orcid.org/0000-0001-7227-0614

Tatyana G. Korotkova, Dr. Sci. (Eng.), Professor, Department of Life Safety, Kuban State Technological University
(2, Moskovskaya ul., Krasnodar, 350072, Russia). E-mail: korotkoval964@mail.ru. Scopus Author ID 56195415000, ResearcherID
AAQ-3126-2021, RSCI SPIN-code 3212-7120, https://orcid.org/0000-0001-9278-871X

06 aemopax:

Bywymoe Cessmocnae AHOpeesuwu, Miauii HaydHBIA COTPYIHUK, Kadeapa G€30MacHOCTH KU3HEAEATENBHOCTH,
OI'BOY BO «KybaHckuii rocynapcTBeHHbIN TexHOornueckuit yausepeureT (350072, Poccus, r. Kpacnonap, yin. MockoBckas, 1. 2).
E-mail: bushumov@list.ru. Scopus Author ID 57192814144, SPIN-xox PUHI] 9871-2551, https://orcid.org/0000-0001-7227-0614

Kopomxoea Tamesina I'epmaHoOeHa, [.T.H. JOUCHT, npodeccop Kadeapbl 0€30MaCHOCTH KU3HEICSITEIBHOCTU
OI'BOY BO «KybOaHckuii TocynapcTBeHHBIN TexHOnornueckuii yausepeuter (350072, Poceus, . KpacHonmap, yin. MockoBckasi, a. 2).
E-mail: korotkoval964@mail.ru. Scopus Author ID 56195415000, ResearcherlD AAQ-3126-2021, SPIN-kox PUHIL 3212-7120,
https://orcid.org/0000-0001-9278-871X

The article was submitted: November 16, 2022; approved afier reviewing: February 17, 2023, accepted for publication: October 12, 2023.

Translated from Russian into English by H. Moshkov
Edited for English language and spelling by Dr. David Mossop

Toukue xummdeckue TexHoaoruu = Fine Chemical Technologies. 2023;18(5):446-460
460


mailto:bushumov@list.ru
https://orcid.org/0000-0001-7227-0614
mailto:korotkova1964@mail.ru
https://orcid.org/0000-0001-9278-871X
mailto:bushumov@list.ru
https://orcid.org/0000-0001-7227-0614
mailto:korotkova1964@mail.ru
https://orcid.org/0000-0001-9278-871X

