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Abstract. In the modern world, pollution of industrial wastewater by
oil and petroleum products is one of the most acute environmental
problems. These pollutants have a significant negative impact on
ecosystems and water quality. In this regard, there is a need to develop
effective and environmentally safe methods of wastewater treatment.
The aim of the study is to develop and evaluate the efficiency of using
carbonate sludge as an adsorbent for removing oil and petroleum
products from wastewater. The scientific and practical significance of the
work lies in the proposal of an environmentally friendly treatment
method that can not only improve the quality of wastewater, but also
ensure the disposal of industrial waste. The use of carbonate sludge, a
by-product of industry, makes the method cost-effective and reduces the
environmental burden.

The main results of the study showed that carbonate sludge has a
high sorption capacity for petroleum products. The adsorption isotherm
belongs to type I according to the Brunauer, Deming, Deming and Teller
classification, which indicates the presence of monolayer adsorption on
the sludge surface. It was found that the sludge is able to remove up to
95% of pollutants from wastewater. The value of the study lies in
demonstrating that carbonate sludge is an effective and affordable
material for solving environmental problems associated with water
pollution by petroleum products. This research contributes to the
development of industrial waste recycling technologies by offering a new
application for carbonate sludge. The practical significance of this work
lies in the possibility of introducing this method at industrial enterprises
for wastewater treatment, which can lead to a reduction in waste
disposal costs and an improvement in the environmental situation. The
results of the study can be useful for enterprises of the petrochemical
industry and wastewater treatment plants.
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Introduction

Despite the fact that there are many reserves on the Earth's surface, most of the water
reserves on Earth (approximately 0.03%) are water resources that are available for human
activities. The growth of the world's population and industry generates an ever-increasing
demand for water in proportion to the available sources, which remain unchanged. Thus, it is
necessary to minimize its consumption, as well as return some of it to the environment with a
minimal load of pollution due to the limited self-cleaning capacity, this shows the importance
of the wastewater (WW) treatment process [1].

Industrial wastewater treatment from oil and petroleum products is one of the key
environmental challenges facing industrial enterprises. Oil products entering aquatic
ecosystems have a negative impact on living organisms, disrupt the processes of natural self-
purification of water and lead to a significant decrease in water quality. One of the promising
methods for solving this problem is the use of carbonate sludge for wastewater treatment.

There are various methods of wastewater treatment from oil pollution, among which
physical and chemical methods (flotation, adsorption, coagulation, etc.), biological methods
and membrane filtration methods are widely used. The use of carbonate sludge as an
adsorbent is an effective method for removing oil and petroleum products, due to its high
porosity and sorption properties.

Carbonate sludge formed as a result of water treatment at chemical industry enterprises
has a high sorption activity due to the presence of hydrated oxides of calcium, magnesium and
other minerals in its composition. These compounds form active centres on the surface of
sludge particles that interact effectively with hydrocarbon molecules. The adsorption of
petroleum products on the sludge surface occurs due to hydrophobic interactions, which
contributes to wastewater treatment.

In practice, the use of carbonate sludge for wastewater treatment demonstrates high
efficiency. Experimental studies have shown that carbonate sludge can remove up to 95% of
petroleum products from wastewater, which makes it a promising material for use in
industrial facilities. In particular, the introduction of this technology at a number of
enterprises has significantly reduced the emissions of pollutants into the environment [2-5].

The aim of the study is to develop an effective method for cleaning industrial wastewater
from oil and petroleum products using carbonate sludge, as well as to study its sorption
properties in order to improve the environmental safety of industrial enterprises.

The relevance of the study is due to the serious environmental problem of water resources
pollution by oil and petroleum products, which leads to ecosystem disruption and
deterioration of water quality. Industrial enterprises, such as petrochemical plants and oil
processing plants, generate significant volumes of wastewater containing petroleum products.
In this regard, there is a need to develop effective and cost-effective methods for treating such
waters. One of these methods is the use of carbonate sludge, which is industrial waste and has
a high sorption capacity. Its use will not only improve the quality of wastewater treatment,
but also solve the problem of industrial waste disposal, which makes the study particularly
relevant in the context of the transition to sustainable technologies.

The object of the study is industrial wastewater contaminated with oil and petroleum
products, as well as carbonate sludge used as a sorbent for cleaning these waters. Special
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attention is paid to the study of the sorption characteristics of sludge and its ability to
effectively remove hydrocarbons from the aquatic environment.

Materials and methods

1.1. Materials

1.1.1. Model solutions of oil-contaminated wastewater. A model solution with an
Alibekmola oil field concentration of 10 mg /dm3 is dissolved in distilled water in one step.
Concentrations of oil and oil products in water were determined using the methods of
Government Standards: GOST 31862-2012 and GOST R 51794-2001.

1.1.2. Carbonate sludge. Sludge of Chemical water treatment (CWT) is a waste that is
formed at the water treatment plant of thermal power plants, at the stage of preliminary
treatment of natural water. The dried sludge is a fine powder from light yellow to brown in
colour [6-7]. In the course of the study, a fraction with a particle size of 0.05-0.09 mm was
used.

1.2. Methods

1.2.1. Determination of oil and petroleum products in water by infrared spectrometry and
according to GOST 31862-2012. Water is collected in glass or metal containers that exclude
contact with organic solvents and other pollutants. For analysis, carbon tetrachloride is used
as a solvent. Hydrocarbon compounds are extracted from the water sample. The resulting
extract is examined on an infrared spectrometer. The concentration of petroleum products is
determined by the absorption of infrared radiation in the range of 2930 cm! and 2960 cm-1,
characteristic of C-H bonds of hydrocarbons. The method allows detecting petroleum
products in concentrations from 0.05 to 10 mg/1.

1.2.2. Determination of oil and petroleum products in water by gravimetric method
according to GOST R 51794-2001. Water samples are taken in the same way, without
contamination by organic substances. A solvent (hexane or chloroform) is used to extract
hydrocarbons from an aqueous sample. The resulting extract is evaporated to a dry residue,
and then the residue is weighed to an accuracy of 0.1 mg. This residue is petroleum products.
The method allows the determination of petroleum products in concentrations from 0.5 to
500 mg / L

1.2.3. Determination of the adsorption of oil and petroleum products by carbonate sludge.
Adsorption of oil and oil products by sorbents is carried out under static conditions. The
adsorption capacity of the material is studied at 293 K by the constant concentration and
variable weighting method. For the experiment, take 7 conical flasks with a volume of 10 cm3
of a model phenol solution at pH = 6.5-8.5 with a different sample of sorption material: 0.01 g;
0.05g;,0.1g 05g; 1g; 1.5g; 2 g The solutions are mixed for 24 hours. Next, the sorption
material is filtered with a paper filter from the model solution, and the content of oil and
petroleum products in the filtrate is determined [6].

Adsorption value:

A — (COT'_CO) . V, (1)

m
where A is the amount of phenol adsorption, mg/g; V - volume of the model solution, dm3;
m is the mass of the sorbent in the volume of the model solution, g; Cor, Co - initial and

equilibrium concentrations of oil and petroleum products in the model solution, mg/dm3. To
determine the adsorption value of the material, an adsorption isotherm is constructed.
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Results and Discussion

Modified carbonate sludge of Aktobe CHP JSC is used as a sorption material for the
application of technologies for cleaning industrial WW of industrial enterprises by adsorption.
X-ray qualitative and phase analysis of the sludge on P8 ADVANCE diffractometer Bruker
showed the composition of the carbonate sludge, which is presented in Table 1.

Table 1. Chemical composition of carbonate sludgeof Aktobe CHP JSC

Substance Calcite Brucite Portlandite Quartz Limonite Other
CaCOs Mg(OH); Ca(OH): Si0; Fe(OH); substances
Mass
fraction, % 75 4 0.5 0.1 6 14

The composition of the CWT sludge of Aktobe CHP JSC also contains organic substances up
to 9%. For their determination, the method of chromatographic analysis on a chromato-mass
spectrometer (Thermo Fisher Sci.Co, USA). The analysis shows the presence of functional
groups of organic substances in the sludge, including carboxylic, nitro -, aromatic compounds,
alcohol and alkyl groups. The presence of these groups in the sludge composition
characterizes the high hydrophilic capacity of the material. To study the properties of
carbonate sludge asan adsorption material, its technological characteristics of CVP carbonate
sludge were studied, which are presented in Table 2.

Table 2. Technological characteristics of carbonate sludge of Aktobe CHP JSC

Parameter Value

Bulk density pn, kg/ m3 510
Humidity, % 3.3
Water capacity, % 62
Granulometric composition, %

1.4 mm 32

1.4-1.0 mm 7

0.5-1.0 mm 8.1

0.09-0.5 mm 57.2

0.09 mm 7.4
Ash content, % 84
pH 7.3
Organic substances, % 8.4
Total pore volume,cm3/ g 0.255

Carbonate sludge, having a high ash content, porosity and fine structure, shows good
prospects as an adsorbent for wastewater treatment from petroleum products. The neutral
pH value and high water capacity add additional value to the sludge for its industrial
applications [7].

An experiment to study the process of adsorption of oil and petroleum products by
carbonate sludge is carried out in a static mode. To obtain experimental data, 7 conical flasks
were taken with a model solution of oil and petroleum products (concentration 10 mg/dm3)
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with a different weight of carbonate sludge, g: 0,01; 0,05; 0,1; 0,5; 1; 1,5; 2. Based on the
results obtained, an adsorption is other is constructed (Figure 1).
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Figure 1. Isotherm of oil and oil products adsorption by carbonate sludge

The adsorption isotherm belongs to type I according to the Brunauer, Deming, Deming and
Teller classification (BDDT), a similar type of isotherm characterizes adsorption on
microporous materials characterizes the physical adsorption of gases or liquids on porous
solids with a microporous structure. This isotherm is a classic one for adsorbents with limited
pore capacity, such as activated carbon or carbonate materials.

For carbonate sludge, if its adsorption isotherm is of type I, this means that when it comes
into contact with oil or petroleum products, adsorption occurs within one layer until all
available pores are saturated. This also indicates that the sludge has a limited pore volume,
which affects its sorption capacity. Thus, the Type I isotherm according to the BDT
classification indicates that carbonate sludge is able to effectively adsorb petroleum products,
but the sorption volume will be limited by the pore structure and the capacity of active
centres on its surface.

Conclusion

The study confirmed that carbonate sludge is an effective sorbent for wastewater
treatment from oil and petroleum products. Due to its physical and chemical characteristics,
such as high ash content (84%) and a significant pore volume (0.255 cm3/g), the sludge is
able to adsorb a significant amount of hydrocarbons from the aquatic environment.

The adsorption of petroleum products on carbonate sludge occurs due to physical
adsorption, which is confirmed by the type I isotherm form according to the Brunauer,
Deming, Deming and Teller classification (BDDT). Adsorption is limited by the presence of
micropores and active centres on the sludge surface, which makes it promising for water
treatment with low and medium concentrations of pollutants.

The use of carbonate sludge, which is a by-product of industrial production, allows not only
to effectively clean wastewater from petroleum products, but also to solve the problem of
waste disposal. This makes the process both environmentally friendly and cost-effective,
reducing the cost of producing new sorbents and reducing environmental pollution.
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The use of carbonate sludge in real industrial facilities has demonstrated high efficiency of
wastewater treatment, removing up to 95% of petroleum products. This allows us to
recommend it for wide application in water treatment systems at oil refining enterprises and
other industries related to petroleum products.

In the course of the work, it was found that further improvement of the method using
carbonate sludge is possible by optimizing the adsorption parameters, such as sludge dosage,
temperature and pressure conditions. It also requires research on the durability and
regeneration of the sorbent for reuse, which will make the cleaning process even more
efficient and cost-effective.

Thus, carbonate sludge has a significant potential as a sorbent for wastewater treatment
from petroleum products and can make a significant contribution to solving environmental
problems related to water pollution.
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OHepKacinTiK aFbIHABI CyJIapAbl MyHall MeH MYHAall OHIiMJepiHeH Kap6OHATThI IIJIAaMMeEH
TasapTy

Anpgarna. Kazsipri asiem/ie eHepkacinTik aFbIH/bI CyJap/iblH MYHalMeH oHe MyHal eHiMaepiMeH
JIaCTaHybl 3KOJIOTUAJBIK MpobJseManapAblH 6ipi 6osbin TabbLiafbl. Bya JacTayiubl 3aTTap
3KOKyHeJsiep MeH Cy peCypCTapbIHbIH canacblHa aWTapJibIKTal Tepic acep etei. OcblFaH 6alIaHbBICThI
aFblHABl CyJap/Abl Ta3apTyAblH THIMJI XoHe 3KOJIOTHAJBIK Ta3a JAiCTepiH »Kacay KaKeTTiIiri
TYbIHJAW/Ibl. 3epTTeyAiH MaKCaTbl-Kapb6OHATThI IIJIAMAbI aFbIH/JbI CyJapJaH MyHall MeH MyHa#
eHIM/JIepiH KeTipy YIIiH aJcopOGeHT peTiHAe mNaljanaHy TUiMJiniriH a3ipJsey »xoHe 6arajay.
JKYMBICTBIH, FBUIBIMY K9HE MPAaKTUKAJbIK MaHbI3/|bIJIbIFbl aFbIH/bl CyJIap/blH CamacblH »XaKCapThIl
KaHa KOoMMal, COHbIMEH KaTap 6HJAIPICTIK KaJAbIKTapAbl *KOIOAbl KAMTaMachl3 €TETIH 9KOJIOTUSJIBIK
Tasa TasapTy d/iCiH YCbIHY 60JbIN TabbLIaJbl. OHEPKACINTIH XaHaMa 6HiMi 60JIbIN TabbLIATHIH
KapboHATThl 1LJIaM/ibl NMalAaNaHy 9/icTi YHEM/I eTeJi KoHe 3KOJIOTHUSJIBIK XYKTeMeHi a3alTa/ibl.
3epTTeyAiH Heri3ri HoTHKesiepi KapOOHATTHI IIJIAMHBIH MYHal eHiMzepiHe >KoFapbl COPOLMSIBIK
KabiseTi 6ap ekeHiH kepceTTi. Afcopbiusa usotepmackl bpyHayap, [lemunr, [leMuHr xaHe Tesnep
kJaccudUuKaluuschl O6oibiHIIA | TUMKe XKaTajibl, OYJ LLJIaM OGeTiHAe MOHOKAOGATThl a/[COPOLUSIHBIH
6osyblH KepceTefi. lllnaM aFbIHABI CyJapJaH JacTaHyablH, 95% - Ha JeliH KeTipyre KabineTTi
eKeH/iri aHbIKTanAbl. 3epTTey/iH KYHAbUIbIFbI KapOOHATThl IIJIaM CyAblH MYHal eHiMJepiMeH
JIaCTaHyblHa O6aM/IaHBICThl 3KOJIOTHSJIBIK MaceJesep/i ILielly YIIiH THIMAI *XKoHe KOJ/DKETIMAIl
MaTepuas eKeHiH KepceTy 60JbIN TabbliaJbl. By 3epTTey KapOOHATTHI LIJIaMFa KaHa KOJIJJaHy/bl
YCbIHA OTBIPBIN, OHEPKICINTIK KaJAbIKTapAbl KalTa eHJey TeXHOJIOTUSAJApblH JaMbITyFa bIKIaJ
eTeni. ’KyMBICTBIH NpaKTUKaJbIK MaHbI3JbLIbIFbl aFbIH/Jbl CyJapAbl Ta3apTy YIIiH 6HePKICIMTik
KaCiMopbIH/Aap/a OChl 9iCTi eHrizy MyMKiH/iri 60/1bI1 Tabbl1a/bl, 6YJ KaJAbIKTap/Abl K9/ere xKapaTy
UIBIFBIHJAPbIHBIH, TOMEHJIEYiHe >XoHe IJKOJOTHUSJBbIK KaFAAWAbIH KaKcapyblHA oKeJlyi MYMKiH.
3epTTey HoTHKeJsiepi MYHaH-XMMHSI OHEPKOCiOGI KocimOpbIHAApPbl MEH aFbIH/bl CyJapAbl Ta3apTy
KOH/bIPFbLIAPbI YLIIH Nani1aabl 601ybl MYMKiH.

Ty¥iH ce3aep: ajcopbis, aFbIH/AbBI CyJap, aicOp6eHTTep, KapOOHATThI HIJaM, CyAbl Ta3apTy,
MyHal K9He MYHall eHiM/epi.
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1Akmrwo6uHcKull pecuoHabHbIU yHU8epcumem um K. )Kybanosa, Akmobe, KazaxcmaH
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O4MCTKa NPOMBIILJIEHHBIX CTOYHBIX BOJ, OT He(pTHU U HePTeNnpoJyKTOB Kap6GOHATHBIM LLJIAMOM

AHHOTanusa. B coBpeMeHHOM MHUpe 3arpsi3HeHHE NPOMBIIIJIEHHBIX CTOYHBIX BOJ He(pTbIO M
HedTeNnpoAyKTaMH SBJSETCA OJHOHW U3 HauboJiee OCTPhIX 3KOJOTHUYECKUX MNpo6JeM. ITU
3arps3HUTENU OKa3bIBAlOT 3HAYUTEJbHOE HeraTHBHOE BO3/IeMCTBHE HA IKOCUCTEMBI U KadyecTBO
BOJIHBIX pecypcoB. B cBsi3n ¢ 3THM BO3HHUKAET HEOOGXOAUMOCTb pPa3paboTKU 3PPEeKTHUBHBIX U
3KOJIOTUYECKH 0e30MacHbIX MeTOJO0B OYMCTKH CTOYHBIX BOJ. llesbio wucciefoBaHUs SIBJISETCS
pa3paboTkKa U oleHKa 3pPEKTUBHOCTU UCNOJb30BAaHUS KapbGOHATHOrO IJIaMa KaK aJicopbeHTa AJ1
yaajeHuss HepTH U HedTeNmpoJAyKTOB M3 CTOYHBIX BOJI. HaydyHas MU mpakTudeckasd 3HAYUMOCTh
paboThl 3aKJ/O4YaeTcsl B MPEAJOKEHHUHW 3KOJIOTHYecKH 06e30MacHOTO MEeTO0Ja OYUCTKH, KOTOPbIX
MOXET He TOJIbKO YJIYYIIUTh KA4eCTBO CTOYHBIX BOJI, HO U 06€CTIeYUTh YTUIN3ALUI0 TPOMbBIIIIEHHBIX
oTx0/10B. Mcnosib30BaHHWe KapOOHATHOTO IJIaMa, TOG0YHOTr0 MPOJAYKTAa MPOMBIILJIEHHOCTH, JleJIaeT
MeTO/J, 5KOHOMUYECKH BbITOJHBIM U CHMKAET 3KOJIOTUYECKYIO HATPY3KY.

OcHOBHBIE Pe3yJbTAaThl UCCAEOBAHUS MOKa3aly, YTO KapOOHATHBIM IJIaM 06J1alaeT BBICOKOU
COpOIMOHHON CMOCOGHOCTHID K HedTenpoaykTaMm. M3oTepMa ajicopbuuyd oTHOCUTCA K | Tuny mo
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kjaaccubukanuu bpynayspa, Jemunra, [emunra u Tesiepa, 4YTO CBU/ETENbCTBYET O HATHUYUU
MOHOCJIOMHOM aJIcOp6IIMY Ha MOBEPXHOCTH LJIaMa. BblJI0 yCTaHOBJIEHO, UTO LIJIaM CIIOCOOEH YAaSATh
110 95% 3arpsi3HeHUN U3 CTOYHBIX BO/I. [leHHOCTB McCe/J0BaHMS 3aK/II0YAETCS B IeMOHCTPAIMHU TOTO,
YTO KapOGOHATHBIK NIIaM ABJAseTCd 3QQPEKTUBHBIM U JOCTYIHBIM MaTepuasioM [iJis pelleHus
3KOJIOTUYECKUX MPO6JIeM, CBA3aHHBIX C 3arps3HeHHMeM BoJ HedTempoAyKTaMH. ITO HCCIAe0BaHHE
BHOCUT BKJI3J| B Pa3BUTHE TEXHOJOTMW BTOPUYHOTO HCIOJIb30BAHHUS MPOMBIIIJIEHHBIX OTXO/OB,
npejiarasi HOBoe MpUMeHeHUe /i1 Kap6oHaTHOTro IyiaMa. [I[pakTuyeckoe 3HaUYeHUe paboThl

3aKJ/II0YaeTCsl B BO3MOXXHOCTH BHeJIpeHUsl JJAHHOI'0 MeTO/la Ha MPOMBILIEHHBIX NPeANPUATHAX 1A
OYHUCTKHU CTOYHBIX BOJ, YTO MOXET NPUBECTH K CHWXKEHHIO 3aTpaT Ha YTUJIM3ALUI0 OTXOAOB U
YJyUYLIEHUI0 3KOJIOTUYEeCKOM 06CTaHOBKH. Pe3ysbTaThl McC/lIe0BaHUS MOTYT ObITh MOJIE3HBI IS
npeAnpUATUN HePTEXUMUUECKON OTPACIU U OYUCTHBIX COOPY>KEHUH.

KiioueBsble cj10Ba: aficop61iusi, CTOYHbIE BOAbI, a/ICOPOEHTHI, KAPOOHATHBIN 11J1aM, 0YMCTKA BOJ,
HedTb U HeQTENMPOAYKTHI.

Information about the authors:

Beskuzov N.B. - 2nd year master's student of specialty "7M07102-Chemical technology of organic
substances", Aktobe Regional University named after K. Zhubanov, 34 A. Moldagulovoi Ave., 030000,
Aktobe, Kazakhstan.

Aikenova N.E. - corresponding author, Candidate of Technical Sciences, PhD, Senior lecturer of the

Department of Chemistry L.N. Gumilyov Eurasian National University, 2 Satpayev str., 010008, Astana,
Kazakhstan.

beckyzoe H.b. - "7M07102-OpraHuKa/jblK  3aTTap/iblH  XUMUSJIbIK  TEXHOJOTUSCHI"
MaMaH/bIFbIHBIH, 2 Kypc MaructpaHThl, K. XKy6aHoB aTbiHmarbl AKTe6e eHipJIiK YHUBepCUTETI, A.
MoungarynoBa gaHrblibl, 34, 030000, AkTe6e, KazakcTaH

AiikeHoea H.E. - xaT-xabap aBTOpPbI, TEXHUKA FhUIBIMJAPbIHbIH KaHAuaaThl, PhD, JL.H. T'ymunen
aTbiHAaFbl Eypasus yaTThIK yHUBEPCUTETI, XMMUS KadeApacbiHbIH aFa OKbITYIIbICh], CoT6aeB kelieci
2,010008, Actana, KazakcraH.

Copyright: © 2024 by the authors. Submitted for possible open access publication under the terms
and conditions of the Creative Commons Attribution (CC BY NC) license
(https://creativecommons.org/licenses/by-nc/4.0/)

JL.H. 'ymunese amvindarsl Eypasus yimmuoik yHueepcumeminiy XABAPIIBICB] Ne23(148)/ 2024 149
Xumusi. eoepagust. Ikono02us cepusicwvl
ISSN: 2616-6771. eISSN: 2617-9962


https://creativecommons.org/licenses/by-nc/4.0/

	3 номер Вестник ЕНУ, ХГЭ124-173
	458_Экология_Бескузов(142-149)
	Beskuzov N.B. – 2nd year master's student of specialty "7M07102-Chemical technology of organic substances", Aktobe Regional University named after K. Zhubanov, 34 A. Moldagulovoi Ave., 030000, Aktobe, Kazakhstan.



