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Abstract. Introduction. Oil and gas activities generate oil-contaminated waste, which poses an
environmental hazard. The development of effective technologies for its treatment and reuse is an
important task. Objective. To develop and evaluate the efficiency of a technology for processing oil-
contaminated waste from JSC «Ozenmunaigas» to produce treated soil suitable for road construction and
technical land reclamation. Methods. Pilot-scale industrial tests were conducted using a surfactant, a
polymer composite, and technical water. The components were mixed for 10-15 minutes, followed by
settling for 20-30 minutes. The concentration of petroleum hydrocarbons was determined using the
fluorometric method. Results. The concentration of petroleum hydrocarbons decreased from 102,600 to
900 mg/kg, corresponding to a removal efficiency of 99.12%. The resulting treated soil was proposed for
use in road construction and technical land reclamation. The developed technology provides effective
processing of oil-contaminated waste and reduces the technogenic impact on the environment.
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1. Introduction

The production activities of hydrocarbon extraction and processing facilities
have a certain impact on environmental components. According to the
Environmental Code of the Republic of Kazakhstan, natural resource users are
required to process oil waste [1].

One of the most important tasks for subsoil users and scientists during the
operation of oil and gas fields is environmental protection. In this regard, it is
necessary to carry out environmental protection work in the zone of potential
impact of subsoil use facilities.

From an environmental perspective, the greatest danger is posed by the
contamination of land surfaces and water bodies with petroleum products, as well
as the penetration of petroleum products into aquifers [1, 2, 3-5]. The problem of
disposing of waste accumulated as a result of the activities of enterprises in the oil
and gas sector remains relevant and is linked to a significant increase in the
volume of oil and gas production.

In accordance with the principles of sustainable development and the
transition of the Republic of Kazakhstan to a “green economy,” the development
of effective technologies for the processing oil-containing waste is an important
and relevant task. Technologies that reduce the anthropogenic impact on the
environment and produce products suitable for further economic use are of
particular importance [3-5].

In this regard, the development and improvement of methods for processing
oil-containing waste are of scientific and practical interest.

The aim of the study is to develop and evaluate the efficiency of a
technology for processing oil-containing waste from JSC “Ozenmunaigas” to
obtain purified soil suitable for use in road construction and technical reclamation
of disturbed lands.

The scientific novelty of the study lies in the development of an effective
method for processing oil waste using an energy-accumulating additive,
surfactants, and composite materials, which ensures a reduction in the content of
petroleum products and produces a product for further use.

The practical significance of the work lies in the possibility of applying the
developed technology for processing oil-containing waste at oil and gas industry
facilities, reducing the anthropogenic impact on environmental components, and
rationally utilizing the products obtained from the processing.

2. Materials and methods of research

Within the framework of this study, oil-containing waste stored at the
landfill of JSC “Ozenmunaigas” was used as the initial material. The sample was
taken from the accumulated oil-containing waste intended for processing.

The research involves developing technological solutions for the processing
of oil-contaminated waste using an energy-accumulating additive based on
composite materials with surfactants, which contain a mixture of oxides of
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alkaline-earth metals, including CaO and MgO, to produce materials used in road
construction.

The essence of the technology for processing oil-containing waste is that
the oil waste is treated, while being mixed, with an energy-accumulating additive
based on composite materials with surfactants, which includes a mixture of
alkaline earth metal oxides containing Ca and Mg oxides. At the same time, the
oxide of the alkaline-earth metal forms a hydroxide with water, as a result of
which petroleum products are evenly absorbed by it, producing a dry,
storage-stable powdery substance consisting of granules (the size ranges from
2mm to 15 mm), which, in terms of their chemical composition, are particles of
neutralized petroleum waste evenly distributed throughout the product mass.
Adding an energy-accumulating additive and petroleum-containing waste from
composite materials at the time of mixing makes it possible to obtain materials
used in road construction. Composite materials that make it possible to obtain
hydroxyl powder are supplied in measured quantities at the moment of mixing the
energy-accumulating additive and oil-containing waste. The method is based on
the properties of mineral oxide sorbents to increase the specific surface area by
15-30 times and thereby transform into a bulk binding substance with high
absorption capacity for high-molecular substances, and in particular for petroleum
hydrocarbons, which results in a sharp increase in the specific surface area.
During the processing of oil-containing waste, volatile unsaturated hydrocarbons
are released into the atmospheric air; their concentration depends on the content
of petroleum products in the waste.

The energy-accumulating additive with composite materials based on
surfactants is a multi-purpose product that has neutralizing and sorbing properties
in relation to crude oil [6-7]. The energy-accumulating additive promotes the
decomposition of crude oil and intensifies the natural processes of soil self-
purification. Its application contributes to the enrichment of the soil with nitrogen
and biologically active compounds, which stimulates the growth of
microorganisms and accelerates the decomposition of oil contained in the waste.

The processed product can be used as an additive or as an integral
component in the production of the following materials and structures: asphalt
concrete mixtures for highways and on-field roads, structural elements of roads,
thermal insulation, hydro-barrier, and additional layers of the roadbed, as well as
for creating parking areas for equipment and constructing on-site roads, for
profiling the surface of solid waste landfills, and others.

The process proceeds with the release of heat, which results in a sharp
increase in the specific surface area. The resulting salts provide hydrophobicity
and strength to the granules of the reaction product of the EAD with
hydrocarbons. Composite materials make it possible to obtain a moisture-
absorbing material used for the preparation of concrete mixtures for road
pavement.

The processing of oil-containing waste includes four main stages:
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1) Receipt and placement of reagents for processing oil-containing waste
delivered by road transport;

2) Physico-chemical analysis and preparation of oil-containing waste from
JSC “Ozenmunaigas” for processing on a special concrete site;

3) Mixing and blending of the components;

4) Unloading of the neutralized soil and physicochemical analysis of the
samples.

To obtain a product from recycled waste that can subsequently be used for
road construction, special substances — composite materials based on inorganic
salts are added at the site during the mixing of the energy-accumulating additive
and oil-containing waste.

The addition of composite materials during the mixing of the energy-
accumulating additive and oil-containing waste ensures the production of
materials used in the construction of field roads. Bone meal or fish meal,
containing up to 90% CaCOs, can be used as composite materials. The composite
materials are delivered in bags of a specified weight, which makes it possible to
supply them to the oil-containing waste processing site from a warehouse located
under a canopy after weighing them in containers on scales in a specified dosage
ratio of 1:3 to the other mixing components. After mixing the oil-containing waste
with the EAD and composite materials, water is supplied from water storage tanks
using submersible pumps through flexible pipelines or by water tankers. During
active mixing, the processes of processing and granulation of the neutralized oil-
containing waste take place in accordance with the technology described above.

The final product of processing the neutralized oil-containing waste, with the
addition of composite materials, is recycled soil, which is an environmentally safe
material used in the construction of on-site roads and in the technical reclamation
of soils. Unloading and storage of the recycled soil are carried out using a
front-end loader.

The finished processed soil, after the addition of composite materials in the
“Horizontal Mixer (SM)”, UNZG, and PTK-INSTEB-ECO-5 units, is
transformed into a mixture used in road construction. The resulting mixture is
discharged through the mixer’s discharge port into the loader’s bucket, after
which it is temporarily stored in a specially designated area or transferred to dump
trucks and transported for reclamation work.

To improve the mixing process and accelerate the reactions involved in the
processing of oil-containing waste, JSC “Ozenmunaigas” is to prepare
oil-containing waste using special equipment, and a site for mixing and blending
reagents is to be set up. The preparatory stage involves setting up the work site:

- the site for installing the equipment must have a solid surface with a
waterproof coating — 1 area for primary processing measuring 10 x 20 meters and
1 area for placing the equipment measuring 10 x 10 meters;

- the storage area for the energy-accumulating additive with a waterproofing
coating — 1 (one) covered site measuring 10 x 30 meters;
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- the entrance to the site is equipped with portable truck scales with the
capability to print the total weight of the vehicle, ensuring accurate accounting of
the oil-containing waste delivered for processing;

- the presence of a water storage tank on the site;

- the removal of oil-contaminated waste is carried out from an unequipped
sludge storage facility;

- upon entry to the work site, the oil-contaminated waste is weighed,;

- before the tests begin, the oil-contaminated waste is sorted and
mechanically cleaned, with foreign objects that cannot be processed being
removed;

- uniform mechanical crushing of large soil inclusions is carried out on a
specially prepared site.

The main stage:

- cleaning of oil-containing waste by mixing with the addition of an
energy-accumulating additive containing surfactants, composite materials, and
process water using specialized mixing equipment;

- during the addition, the dosage of the energy-accumulating additive and
composite materials with surfactants must be strictly observed.

Pilot-scale tests of a new technology for processing paste-like oil waste with
the addition of surfactants and a polymer composite, using a screw mixer, were
carried out at the test site of JSC “Ozenmunaigas”.

During the tests, the following materials were used:

1. 0.5 m3 of process water;

2. 1 litre of surfactant, 0.02% polymer composite.

The system for supplying surfactants and polymer composite has been
redesigned and connected to the system; at the oil waste processing facility, there
is a concrete platform measuring 20 x 30 meters for storing oil waste; changes
have been made to the mixer design.

The required amounts of surfactants, polymer composite, and process water
have been determined. The possibility of recycling process water with surfactants
and collecting it in a tank has been tested.

The content of petroleum products in the oil waste and purified soil was
determined by the fluorimetric method using the “Fluorat 02-3M” instrument in
accordance with the PNDF 16.1:2.21-98 methodology. The petroleum product
content in the initial oil waste was 102,600 mg/kg.

3. Results and Discussion

Figure 1 shows the results of an IR spectroscopic analysis of the used
oil-containing waste, which consists of asphalt-resin-paraffin deposits (ARPD).
The sample contains signs of moisture, clay, and organic components. Figure 1
shows that the IR spectra have characteristic absorption frequencies for
hydrocarbons. The absorption band frequencies in the IR spectra with
wavenumbers 722-1462 and 2851-2921 cm™ are attributed to paraffin
components. For aromatic structures with C=C bonds, absorption bands at 1604,
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871, and 811 cm™ are characteristic. Absorption bands at 1700-1750 cm™,
typical of CO groups in carbonyl compounds, are absent. O-H-containing
components may be present in small amounts. Assigning specific absorption
bands to particular functional groups is difficult due to the multicomponent nature
of the oil-containing samples under study.

The paraffinic petroleum deposit has a complex hydrocarbon composition
with the presence of aromatic, resinous, and, probably, mineral components,
which provides an overall characterization of the ARPD. The combination of
absorption bands at 2851-2921 and 722-1462 cm indicates a significant content
of long-chain aliphatic hydrocarbons characteristic of the paraffinic component of
ARPD. The band at 1604.9 cm™ indicates the presence of aromatic structures.
Overall, the spectrum corresponds to a paraffinic petroleum deposit of complex
composition.
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Figure 1 — Results of the IR spectroscopic analysis of ARPD from the NGDU-1 landfill of
JSC “Ozenmunaigas”.

The results of the analysis of asphalt-resin-paraffin deposits, presented in
Table 1, indicate a significant content of paraffins and saturated hydrocarbons,
which contribute to the formation of dense deposits on the process equipment.
The detected presence of resins and asphaltenes indicates a complex
multicomponent composition of the studied deposits, which should be taken into
account when selecting effective methods for their cleaning and preventing their
formation.

Table 1 - Results of physic-chemical studies of the asphalt-resin-paraffin deposit from JSC
“Ozenmunaigas”

Ne Indicators Content
1 Density, g/cm? 0,878
2 Pour point, °C 35
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3 Viscosity at 50 °C 13,8
4 pH 8

5 Total mineralization, g/L 55,9
6 Water content, % 8

Petroleum products, content, %:

8 sulfur 0,19
9 resins 16,5
10 asphaltenes 1,37
11 paraffins 24,6
12 saturated hydrocarbons Ci>—Cio 28,6

As a result of the pilot-industrial tests, the efficiency of the technology for
processing oil-containing waste from JSC “Ozenmunaigas” was evaluated. The
main indicator of the process efficiency was the change in the petroleum product
content in the initial oil-containing waste and in the purified soil obtained after
treatment. The results of the physicochemical analysis are presented in Table 2.

Table 2 — Content of petroleum products in the initial and purified material

Ne Sample name Petroleum products, mg/kg
1 Initial oil waste 102 600
2 Purified soil 900

As a result of the tests conducted, it was established that the application of
the new technology makes it possible to significantly reduce the petroleum
product content in oil-containing waste. The petroleum product content in the
initial oil-containing waste was 102,600 mg/kg. After treatment using the
developed technology, the petroleum product content in the purified soil
decreased to 900 mg/kg. The degree of reduction in petroleum product content
was 99.12%.

After a series of tests, the optimal technological conditions for the process
were established. The mixing time in the reactor-mixer was 10-15 minutes. Upon
completion of mixing, settling was carried out for 20-30 minutes, resulting in the
separation of the purified soil and the water-oil emulsion. The water-oil emulsion
was removed through the drain valve, while the purified soil was discharged
through the mixer hatch.

The obtained results demonstrate the high efficiency of the new technology
for processing oil waste at the landfills of JSC “Ozenmunaigas.” The necessary
additional equipment was connected, and the test results demonstrated positive
outcomes.

The obtained purified soil is proposed for use as an additive or component in
the production of the following materials and structures: asphalt concrete
mixtures for highways and field roads, structural elements of roads, thermal
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insulation, waterproofing and additional layers of roadbeds, as well as for the
construction of equipment parking areas and on-site roads, profiling the surface of
solid municipal waste landfills, and others.

Thus, the results of the pilot and industrial tests indicate the possibility of
effectively reducing the content of petroleum products in oil-containing waste,
resulting in a product suitable for further use in construction and reclamation
work.

4. Conclusion

The results of industrial tests have demonstrated the high efficiency of the
new technology for processing oil waste at the landfills of JSC “Ozenmunaigas”.

As a result of the tests conducted, the petroleum product content in the oil-
containing waste decreased from 102,600 mg/kg to 900 mg/kg, corresponding to a
99.12% reduction in petroleum product content.

The optimal conditions for the technological process were established as a
mixing time of 10-15 minutes in the reactor-mixer, followed by settling for 20-30
minutes.

The obtained purified soil is proposed for use in road construction and for the
technical reclamation of disturbed lands.

The developed technology for processing oil-containing waste is of practical
significance for reducing the anthropogenic impact on the environment, rational
use of natural resources, and reuse of the products obtained from the processing.
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"O3EHMYHAMI'A3"AK MYHAMN KAJJIBIKTAPBIH MANJIAJIBI OHIMJIEPTE OHJIEYIIH,
MHHOBANUAJIBIK KOHE XKETIJIAIPUI'EH TEXHOJIOI'USACBHIH 93IPJIEY

O0.)K. baizax, K.H. Kaiunapoaesa, E.A. Tycynkanues*, A.A. Ecnenoemos, I.A.Yckos, K.A.
Kaoupoexos, M.T. Owaxbaes, /l. Typzanues

"O. B. bexmypos amvinoazel Xumus evinsimoapsl uncmumymol” AK, Anmamol, Kazakcman

Tyitingeme. Kipicre. Mynaii-ra3 eHzipiciHIe KOpIIaraH opTara Kepi ocep €TeTiH MYHAMIbl KalgbIKTap
Ty3ineni. Ochl KaIABIKTapasl THIMAI KaiTa eHAEY KOHE KalTa MaijajaHy SKOJOTHSUIBIK MIceseepi
HICNIy/iH MaHbI3Ibl OaFbITTapbIHBIH Oipi Oonbim TaObuiansl. MakcaTbl. «O3eHMyHaiiras» AK-HBIH
MYHaJIBl KQJIABIKTAPhIH KaiiTa OHJIey TeXHOJIOTHSICHIH 93ipiiey JKoHEe OHBIH THIMIIIIriH Oaranay, COHail-
aK JKOJI KYPBUIBICBI MEH TEXHHKAaJBIK PeKyJIbTHBALMAAA MaiifanaHyra OOJIAThIH Ta3apTBUIFAH TOIBIPAK
any. Onici. BA3, momuMmepiik KOMIIO3MT KOHE TEXHHUKAJIBIK CyIbl KOJJIAHY apKbUIbl TOXipHOemik-
OHEPKACINTiK chiHaKTap xyprisinmi. Kocnanap 10-15 MuHYT apansiFsiHaa apanacTeIpbus, keiin 20-30
MHHYT TYHIBIPBUIABL. MyHail eHiMIepiHiH Menmmepi (IyopHMETPHUSIBIK OICIEH aHBIKTAIJIbL.
Hormxenepi. Mynait enimaepinin memntepi 102 600 mr/kr-uan 900 mr/kr-ra AeidiH TOMEH/IEI, Ta3apTy
nepexeci 99,12%-1b1 Kypasibl. AJNBIHFAH Ta3apThUIFAH TONBIPAKTHI KOJ KYPBUIBICHIH/A )KOHE TEXHUKAIIBIK
PeKyIbTUBALMS Ke3iHJe MaiIaaHyFa YChIHYFa 001a/Ibl. O3ipIICHI¢H TEXHOIOI M MYHAMIIBI KAJIABIKTap IbI
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TUIMJII KaiiTa eHJeyre j>KoHE KOpIIaFaH OpTaFa TYCETIH TEXHOTCHIIK JKYKTEMEHi a3zaiiTyra MYMKIHJIIK
Oepeni.

Tyiiinai ce3aep: MyHaiisbl KajaabIKTap, KaIABIKTapbl KaiTa eHJey, MyHait eHiMaepi, BA3, sKoIOrusIibK
Kayilci3/iK, TeXHUKAIIBIK PeKyJIbTHBALINS
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PA3PABOTKA UHHOBAIIMOHHOM U YJIYYIIEHHOW TEXHOJIOTMM NMEPEPABOTKM
HE®TEOTXO/J10B
AO «O3EHMYHAMI'A3» B IOJIE3HBIE IMMPOJIYKTHI

9./K. baiizak, K.H. Kaiinapoaesa, E.A. Tycynkanuee*, A.A. Ecnenoemos, I.A. Yckos,
K.A. Kaoupébexos, M.T. Owmaxéaes, /]. Typzanues

AO «Hncmumym xumuyeckux Hayk umenu A.B. bexmypoeay, Aimamet, Kazaxcman

Pe3rome. Bsedenue. HedrerazoBas AesATEIBHOCTH CONPOBOXKAAETCS 0Opa3oBaHHEM He(TeCOmEpKaIX
OTXOJIOB, TIPEACTABISIONMX JKOJOTHYECKYI0 ONAacHOCTh. Pa3zpaborka 3((EKTHBHBIX TEXHOJOTHH HX
nepepaboTKU M MOBTOPHOT'O MCIIONb30BAHUS SBIISICTCS aKTyalbHOM 3ajaueil. [fens. PazpaboTka u oneHka
3 (EKTHBHOCTH TEXHOIOTHH IIepepaboTkn Hedrecomepxamux oTxonoB AO «O3eHMyHalras» c
MOJyYSHHEM OYMILEHHOTO TIPyHTa JUIS JOPOXKHOTO CTPOUTENIBCTBA M TEXHUYECKOW PEKYJIbTHBAIIUH.
Memoo. TlpoBeneHbl ONBITHO-TIPOMBIIUICHHBIE HCHBITAHUS ¢ mnpuMeneHneM [IAB, momumepHoro
KOMIIO3UTAa M TexHHYeckod Boxbl. [lepememmBanue ocymectBisiii B TeueHne 10-15 muHyT C
nociaexyronmyM  orcramBanueM  20-30  muHyT. CozmepikaHMe — HE()TENPOIYKTOB  ONpPEIEIISUIH
(biyopumerpuueckuM MetonoM. Pezynemamet. Conepxanue HedTenpoaykros cuusmiock ¢ 102 600 no
900 mr/kr, creneHb OYMCTKH cocTaBuia 99,12%. Ilomy4eHHBIH OUMIEHHBIH IPYHT PEKOMEH/IOBAH JUIS
UCIIOJIb30BaHUS B JIOPOJKHOM CTPOMTEIBCTBE M TEXHUYECKOW peKynbTHBaLMM. PaszpaboranHas
TeXHONOrust obOecreunBaeT S QeKTHBHYIO mepepaboTKy HedTecoaepKalx OTXOAOB M CHIKCHHE
TEXHOTEHHOH Harpy3KH Ha OKpYKaIOLIyIO Cpesy.

KmioueBble cioBa: Hedrecomepxkamme OTXOIbI, IepepaboTka OTX0HO0B, Hedremponyktsl, I[1AB,
9KOJIOTHYECKas 0€30IaCHOCTb, TEXHUYECKast PeKyIbTUBALNL
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