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Abstract — In this paper, the prevention of negative technogenic impact on the environment of
oil sludge by using it as a secondary resource is considered. Oil sludge from various objects
of oil fields in Kazakhstan (Mangystau region) has been studied. The possibilities of using oil
(after its separation from oil sludge by bioremidiation) as a partial substitute for bitumen
base in the production of modified bitumen are considered. The main physical and
mechanical characteristics of modified bitumen are determined. The results confirm that the
modified bitumen prepared with oil sludge and oil separated by bioremiation method meets
the requirements for polymer-bitumen binder to Kazakhstan standards and is suitable for
the production of modified bitumen in its physico-chemical characteristics.
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1. INTRODUCTION

Oil sludge is formed daily at oil refineries, it is estimated that sludge accounts for 30 to
40 % of investment costs and 50 % of operating costs of oil refineries [1]. As a rule, they
contain organic and inorganic substances that differ from other refined products, and they are
influenced by factors such as the composition of crude oil, the size and age of the refinery [2].

The inorganic part of oil sludge is formed due to the ingress of soil and minerals into them,
and includes quartz (52 %), calcite (15 %), halite (16 %), feldspar - albite (7 %), adular (5 %),
hematite (5 %). The organic part of the oil sludge is represented by aromatic hydrocarbons
and paraffins.

In terms of toxicity, oil sludge is classified as industrial waste of the 3™ hazard class. Oil
sludge is one of the sources of toxic heavy metals, such as Fe, Co, V, Ni, Cu, Cr, Mn.

The characteristics of sludge in oil reservoirs vary greatly [3]. About 500 tons of oil sludge
are produced annually. According to research, an average of 30 000 tons of oil sludge is
formed at each oil refinery in the United States per year [4]. The total amount of oil sludge
produced in China is 3 million tons annually [5]. According to the results of research, 450—
500 thousand tons of oil sludge are formed at oil refineries in Kazakhstan and CIS countries
per year, and their total volume is 7.6 million tons [6]. Additives such as suspending agents,
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dispersing agents and thickeners accumulate in oil sludge, which pose a serious problem for
the environment. The use of oil sludge in useful materials, such as organic compounds with
low molecular weight and carbon residues, helps to solve the problem of its utilization, as
well as its use in cement and asphalt production [7]. Extracting oil from oil sludge is of great
importance, and finding ways to avoid the waste of this valuable material has long been on
the agenda of universities and research centres.

According to the results of physico-chemical investigations of regional oil sludge, we found
that they contain a significant amount of oil products, which are mainly heavy fractions of
oil [8]. In addition, it was found that the composition and properties of the organic part of the
oil sludge are similar to heavy residues with a high content of resins and asphaltenes, high
density [9], [10].

Oil sludge processing methods can be divided into non-destructive and destructive. Non-
destructive ones include: controlled open unloading; burial; the use of oily sludge; application
of sludge as an organic fertilizer. Destructive ones include: incineration on site or together
with household waste; inclusion in cement during its production by wet process; aerobic
processing [11].

Another classification of processing methods depending on the initial properties of oil
sludge is more complete [12]-[17]. According to this classification, the methods are divided
into:

- thermal — burning in open barns, furnaces of various types; physical — mixing and
physical separation of oil sludge;

- physico-chemical — the use of specially selected reagents;

- Dbiological — microbiological decomposition of petroleum products directly in storage
sites.

One of the most common processes of processing oil-containing waste abroad is the
gasification of sludge used in a mixture with other waste. This process is applicable for the
processing of liquid, solid and pasty waste [18].

It should be noted that the gasification process can be used for the disposal of waste oil
products, sewage treatment plants [18]. The general disadvantages of the thermal method of
waste processing are considered to be incomplete combustion of oil products, atmospheric air
pollution by combustion products, rather large costs for neutralization and purification of flue
gases.

The trend of recent decades is the separate processing of oil sludge in direct dependence on
the method of their formation. At the moment, this approach to the current problem quite
successfully solves environmental problems and the rational use of oil sludge.

The use of oil sludge as material resources of secondary raw materials is widespread. It is
mainly used in road construction as additives to binders that improve the quality of asphalt
concrete mixtures by increasing the strength characteristics of the roadbed and reducing the
water-absorbing properties of oil sludge due to the significant content of oil products in it can
be attributed to secondary material resources. Its use as a raw material is widespread, since a
certain environmental and economic effect is achieved.

The authors [19] investigated the process of mixing oil sludge with bitumen for the
production of asphalt. According to the research results, it was found that due to a decrease
in the stability of bitumen molecules, the ignition temperature decreases, the bitumen
resistance decreases. In addition, SBS polymer was used for modification, which gave a
positive effect and increased the durability of the samples. The results showed that the
durability of asphalt increases with the use of 25-50 % sulphur and 2—7 % styrene butadiene
polymer. Therefore, Marshall asphalt samples with a sulphur content of 30 % were prepared
using bitumen and oil sludge. The best results were obtained by 50 % of oil sludge in bitumen
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and a mixture of 2 % polymers and 15 % of oil sludge with bitumen. The results showed that
asphalt resistance increases with the use of 25-50 % sulphur and 2—7 % styrene-butadiene
polymer. Therefore, Marshall asphalt samples with a sulphur content of 30 % were prepared
from bitumen and oil sludge. 50 % oil sludge in bitumen and a mixture of 2 % polymer and
15 % oil sludge with bitumen gave the best results (30 % sulphur + 50 % oil sludge in bitumen
20 % and a mixture (2 % polymer + 15 % oil sludge in bitumen 83 %). These mixtures are
economically advantageous.

The article [20] describes in detail the complex oil-containing waste treatment by applying
solar energy. The developed Helio devices are equipped with concentrating elements to
extract oil in the purification of dump oil. The questions of practical application of pre-treated
oil-contaminated soils and oil sludge to strengthen road surfaces are considered. The results
of the experimental study on the production of soil concrete is based on oily dump. The
structures of the soil concrete made based on oil-contaminated soils and oil sludge are
investigated and relevant proposals are made. The method developed by the authors can be
considered as one of the methods for the disposal of oil waste in order to reduce the harmful
effects of oil-containing waste on the environment.

Significant oil losses in oil-containing wastes and their adverse impact on the region
environmental setting bring about the need to develop an oil-containing wastes treatment
technology. To tackle this issue, the authors have set an aim of designing a helio device and
creating an oil-containing wastes treatment method based on it to extract oil products.
Considering a widespread in the composition and properties of potential oil sludge raw
materials and their tendency for either formation of stable emulsions or phase separation, we
have conducted in-depth modern physical and chemical studies and defined the need to
develop a commercial oil-containing wastes purification method. The authors designed the
device, in which oil product hydrocarbons undergo thermal treatment using solar energy.
Following oil-containing wastes purification using solar energy, the particulate load in soil
does not exceed 6.65-6.79 % and the absolute molecular weight of hydrocarbons approaches
that of bitumen. The developed oil-containing wastes purification method solves an important
environmental issue of oil-containing wastes recycling, promotes recovery, and prevents
degradation of natural complexes, and reduces soil and water pollution [21].

The use of oil fly ash after the recovery of heavy valuable metals was investigated [22].
More specifically, its use, as an adsorbent of dyes from industrial wastewater, was evaluated.
Methylene blue was used as a model compound to study the adsorption capacity of the
proposed carbonaceous residue from metal recovery treatments. The effects of contact time,
initial dye concentration, and adsorbent dose were investigated. The maximum amount of dye
was adsorbed after one hour. Moreover, 1-3 g of residues were necessary for the removal of
200-1000 mg dm ™ from 0.050 dm? of contacted solution. The Langmuir isotherm model was
in good agreement with the adsorption equilibrium data, indicating a maximum monolayer
saturation capacity of approximately 40 mg/g at 25 °C. High abatement efficiencies (up to
99 %) were obtained, and the adsorbed dye was released almost immediately by re-contacting
with water. The adsorption capacity was at least four times lower than that of commercially
available active carbon. The double treatment of oil fly ash with deionised water and
hydrochloric acid allows for the extraction of over 85 % of the vanadium, iron, and nickel
content in the ash. However, the negligible or zero cost of solid residues, otherwise disposed
in landfills, indicates their potential as a valid alternative. The use of oil fly ash for both
recovery of heavy valuable metals and the subsequent removal of dyes from wastewater
suggest a zero-waste process.

The oil containing drilling waste is a worldwide environmental problem associated with oil
and gas exploration. In Poland, the problem of the drilling waste has become important since
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starting of shale gas exploration. The results of thermal treatment of drilling waste from shale
gas exploration are presented [23]. It has been shown that organic content vaporized
completely at temperature up to 500 °C. The main problem is high content of chloride,
sulphate, sodium, potassium, magnesium in the waste and its water leachate. Toxicity tests
confirmed that high salinity of the samples pose important risk for environment. Due to the
high content of barium, the drilling waste may be utilized in production of cement with high
chemical and heat resistance and opaque to X-ray. Thermal treatment process is a viable
option for remediation of the drilling waste.

A prospective direction in the treatment of soils from oil is the immobilization of
microorganisms on various carriers (peat, vermiculite, etc.). It is known that in most cases a
neutral environment with a pH between 6 and 9 is ideal for biodegradation [24]. So, for our
saline (weakly alkaline) soils, the introduction of a carrier in the form of limestone-shell
screening improves the contact of oil-contaminated soil with microorganisms [25]. The
bacterial cells of the drug immobilized on the carrier are not exposed to weathering and
remain viable in hot climates.

In [25], a method of bioremediation of oil-contaminated soils with a high paraffin content
using the drug ‘SHER’ with immobilization of local wastes of limestone-shell rock is
proposed.

In the studies of Huihui W. et al. [26], it was found that during aging of oil sludge, the
physico-chemical properties of the resulting soil and its composition change significantly.

A comparative assessment of the destructive activity of Bioden and Ecobak bioregulators
developed in Kazakhstan using PetroTreat (Russia) showed that in the process of cleaning
soils contaminated with diesel fuel, fuel oil, spent engine oil, PetroTreat efficiency is higher
than Ecobak and Bioden. But, at the same time, it was found that the Ecobak turned out to be
more effective when cleaning oil-contaminated sandy soils of the Akmola and Mangystau
regions [27].

Microorganisms are potent contributors to maintaining a safe environment, as they are able
to degrade organic toxicants. For environmental applications, mostly bacteria are used while
fungal strains have received less attention. However, they are able to degrade highly persistent
organic contaminants and survive extreme conditions, and may thus be promising organisms.
To find new fungal candidates for these applications, twelve soil samples from polycyclic
aromatic hydrocarbon (PAH) contaminated sites in Austria were used to isolate fungal strains.
A microplate screening method using PAH contaminated soil as inoculant was set up to isolate
fungal strains being able to live in presence of toluene, hexadecane, or polychlorinated
biphenyl 126. Not many microbial strains are known that degrade these three contaminants,
while the PAH contamination acted as selective pressure for the soil microbiota. After
obtaining pure cultures, the fungal strains were further screened for their ability to live in the
presence of one of the three contaminant substrates. The authors presented the microtiter plate
screening method is a cost efficient and quick approach to identify fungal strains for pollutant
degradation and results in candidates with a high relevance for bioremediation
techniques [28].

Study of biodegradability of organic constituents of the oil/water emulsion obtained from
a metal-processing waste stream was carried out in paper [29]. The conducted study showed
that oil/water emulsion is non-toxic to bacterial consortia, therefore it was colonized with
indigenous microorganisms. Emulsion was treated using a threefold wastewater dilution and
employing two variants of bio stimulated aerobic bacterial communities: 1) Bioremediation
of uninoculated emulsion by the autochthonous bacteria alone; 2) The wastewater samples
inoculated with a ZB-01 microbial consortium which is a source of specialized bacteria for
process bioaugmentation. Determination of biodegradation efficiency achieved in a 14-day
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test was carried out using two parameters: total load of organic content determined as a
chemical oxygen demand (COD) and concentration of high-boiling organic compounds. Both
approaches showed significant reduction of the emulsion organic fraction; however, bio
augmented with inoculated consortium demonstrated higher biodegradation efficiency. High
degradation yields (58 % and 71 %, respectively) obtained for both cases in a 28-day test was
confirmed by means of gas chromatography analyses coupled with mass-spectrometric
detection (GC-MS). The study demonstrated that oil-based metalworking emulsions can be
efficiently treated by biological method under conditions enabling aerobic bacterial
proliferation.

We have previously conducted a study of the use of oil sludge in order to obtain modified
bitumen with the addition of polymers. The content of oil sludge in polymer-modified
bitumen in the range of 15-20 % is considered economically feasible. Since in the tests of
polymer-modified bitumen, the optimal content of oil sludge is determined in the range of
20-25 %, their use can be considered economically justified [30], [31].

The purpose of this study is to investigate the effect of oil additives separated from oil
sludge by bioremediation on the quality of raw materials in the production of modified
bitumen.

The novelty of the research lies in the fact that oil separated from oil sludge by
bioremediation is used to obtain road bitumen.

2. MATERIALS AND METHODS

In the work, oil sludge (OS) of the Uzen and Zhetibay deposits of the Mangistau region
(Kazakhstan) were used as objects of research. The physico-chemical characteristics of the
OS are determined.

To study the physico-chemical characteristics of oil sludge, the following physico-chemical
analysis methods were used: to determine the content of mechanical impurities in oil, the
method for determining mechanical impurities (GOST 6370) was used, the essence of which
is filtering the tested products with preliminary dissolution of slowly filtered products in
gasoline or toluene, washing the sediment on the filter with a solvent, followed by drying and
by weighing [32]. The water content in oil is made according to GOST 2477 ‘Oil and
petroleum products. Method for determining the water content’. The essence of the method
consists in heating an oil sample followed by steam condensation and measuring the volume
of condensed water entering the trap receiver (hereinafter referred to as the trap) [33]. The
content of the organic part (hydrocarbons), mass. % of them: paraffins, asphalt-resinous
substances, wt. % and other hydrocarbons are made according to GOST 11851 [34].

According to the results of Table 1, the OS from the Uzen deposits mainly consists of the
organic part (hydrocarbons) — 91.49 %, consisting of 16.0 % wt. of paraffins and 35.7 % wt.
of asphalt-resinous substances, other hydrocarbons 39.7 % wt., the content of mechanical
impurities 0.6 % wt., water is absent. It was also found that mechanical impurity of 37.8 %
and water 30.8 % predominate in the composition of the OS from the Zhetibay deposit, the
oil content is 31.4 % wt., of which 22.5 % wt. of paraffins and 8.9 % wt. of asphalt-resinous
substances.

For further study, samples of OS Uzen were selected because it is dominated by
hydrocarbons.

Further, experiments on bioremediation of oil sludge with the biological preparation
‘SHER’ with the immobilization of bacteria with the waste of local limestone-shell rock were
carried out for research [24].
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The bioremediation experiment was carried out in laboratory conditions using a technology
consisting in mixing oil sludge with a biological product and a carrier.

TABLE 1. PHYSICO-CHEMICAL CHARACTERISTICS OF OS

OS deposits
Name of indicator —————— Test method
Uzen  Zhetibay
Water content, wt. % 0.0 30.8 GOST 2477
The content of the organic part (hydrocarbons), wt. %
f them:
or them 9149 314
- paraffins, wt. % 16.0 25 GOST 11851
- asphalt-resinous substances, wt. % ’ X
- other hydrocarbons, wt. % 33789
y W 397 -
The content of mechanical impurities, % wt. 8.51 37.8 GOST 6370

During the experiment, constant conditions were maintained in the laboratory: the air
temperature was within 20+2 ° C, the humidity in the room was 60-70 %.

The results of the experiment on remediation of soils contaminated with paraffin oil using
a biological preparation at room temperature showed that at 21 °C, the destruction of oil in 3
days was 88.63 % [25], therefore, the separation of the oil-water emulsion was carried out
after 24 hours of settling.

Oil degradation was assessed visually by changing the oil stain and the accumulation of
biomass. Calcite CaCOj; in limestone contributes to a more intense release of the emulsion.
At the same time, an oil film on the surface of the medium was not observed. That is, the oil
mostly turned into a homogeneous emulsion. At the same time, fine particles precipitated out
(no more than 6-9 %).

A laboratory study was also carried out to determine the physico-chemical properties of the
emulsion isolated using a separation funnel. The results of the analysis are shown in Table 2.

The emulsion mainly consists of 75.8 % petroleum products [35], water content — 11.5 %
[36], sediment content — 12.7 % wt. [35].

TABLE 2. COMPOSITION OF OIL-WATER EMULSION

Name of indicator Unit of measurement Sample1l Sample2 Sample3 Test method

%Y 9 t O 734-

ater content % ’ 11.5 8.4 9.2 GOST 31734-2012
9 t 449 .1-

il product content % ’ 75.8 76.6 76.1 GOST 26 .1-85
% wt 4-

Precipitation content % ’ 12.7 15.0 14.7 GOST 31734-2012

Separation of oil from the oil-water emulsion is carried out by the settling method.

Further, the separated oil was added during the preparation of modified bitumen to study
its effect on the process.

In the study, bitumen grade ROB 100/130 produced by JV ‘CASPI BITUMEN’ LLP was
used for the preparation of modified bitumen. The characteristics of road oil bitumen grade
ROB 100/130 are given in Table 3.

To prepare modified bitumen, the ratio of bitumen: oil from OS: modifier (SBS, latex) is
experimentally selected. To do this, oil from OS is added to the ROB 100/130 bitumen
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mixture in various ratios (OS is preliminarily processed by bioremediation to separate the
mechanical part from oil) and polymer.

TABLE 3. CHARACTERISTICS OF ROAD OIL BITUMEN GRADE ROB 100/130

Name of indicator Actual value Test method
Ring and ball softening temperature, °C 44.00 ST RK 1227
Penetration at a temperature of 25 °C, 0.1 mm 118.00

ST RK 1226
Penetration at a temperature of 0 °C, 0.1 mm 31.00
Extensibility at a temperature of 25 °C, cm >150 ST RK 1374
Fraas brittleness temperature, °C —22 ST RK 1229
Flash point, °C 280.0 ST RK 1804
Penetration index —0.6

The method of experiment and installation is similar to that presented in [31], [37].

The weight of bitumen averaged 200 g. For the analysis, the sample preparation was carried
out in the following order. Before carrying out the modification process, the bitumen sample
was melted to a mobile state (at a temperature not exceeding 105 °C) and oil was slowly
added. Then the polymer was added to bitumen and oil, the mixture was heated with constant
stirring, to a homogeneous state. The temperature was maintained in the range of 165-170 °C,
the materials were mixed from 60 minutes to 180 minutes, depending on the type of modifier.

As a result of a series of experiments, samples of modified bitumen were obtained from
bitumen grade ROB 100/130 and oil from oil-contaminated soil (OCS). Finished highly
elastic polymer SBS-01-10 (styrene-butadiene-styrene) and latex of the finished emulsion
were used as a modifier. Preparation of modified bitumen from conventional bitumen
becomes modified as a result of the addition of artificial polymers to it, improving its
properties.

Latex is introduced gradually and evenly as a modifier. The rate of introduction of the
modifier depends on how intensively the water will evaporate. At a higher input rate, the
water contained in latexes can form a foam layer on the bitumen surface. According to the
results of previous studies [38], the dispersion temperature was chosen — 170 °C for
180 minutes (when modifying bitumen for less than 180 minutes, a high-molecular compound
does not completely dissolve) and 60 minutes when adding polymer latex.

In order to verify the compliance of the modified bitumen obtained with the requirements
of regulatory documentation, a comprehensive analysis of the obtained samples of modified
bitumen with the use of oil from OCS and modifier, considering different mixing times, was
carried out. For all samples of the modified bitumen obtained, the softening temperature and
the penetration depth of the needle were determined.

To establish the conformity of the obtained samples of modified bitumen, the following
basic physical and mechanical characteristics were determined: softening temperature, needle
penetration depth (penetration), extensibility (ductility) and Fraas brittleness temperature.
The softening temperature is determined by the ‘Ring and ball’ method according to ST RK
1227. The penetration is determined by a penetrometer according to ST RK 1226.
Extensibility also indirectly characterizes the adhesion of bitumen and is related to the nature
of its components. Extensibility was determined by a ductilometer TSKB-974N according to
ST RK 1374. The Fraas brittleness temperature was determined on an apparatus for
determining the brittleness temperature of bitumen ATX-04.
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3. RESULTS AND DISCUSSION

Before we studied the method of utilization of oil sludge with the production of polymer-
modified bitumen, the optimal parameters and ratios of ROB100/130:0S:1atex = 80:20:5 were
established [31].

This article presents the results of a research on the effect of an oil additive, obtained by
separation of oil sludge by bioremidiation on the quality of raw materials for the production
of modified bitumen.

Table 4 shows the physico-mechanical characteristics of the obtained samples of modified
bitumen with an SBS modifier and oil extracted from oil sludge.

TABLE 4. PHYSICAL AND MECHANICAL CHARACTERISTICS OF MODIFIED BITUMEN WITH SBS
MODIFIER

Preparation of modified bitumen

Name of indicator Ratios Softening point Penetration at a temperature
ring and ball, °C of 25 °C, 0.1 mm
60:40:5 59.00 40.00
ROB 100/130:0S:SBS 65:35:5 46.00 96.00
70:30:5 58.00 100.00
75:25:5 63.00 86.00
80:20:5 71.0 87.0
ROB 100/130:0:SBS 60:40:5 44.00 69.00
65:35:5 51.00 97.00
70:30:5 64.00 69.00
75:25:5 63.00 87.00
80:20:5 65.00 91.00

Note: ROB — road oil bitumen; OS — oil sludge; O (oil separated by a bioregulator
from oil sludge), SBS — styrene—butadiene—styrene.

The ratio of bitumen:sludge:modifier and bitumen:oil:modifier was chosen depending on
the type of modifier and characteristics of bitumen, as well as previously studied works [25].

One of the most commonly used polymers in bitumen modification and approved for use
by Kazakhstan standards is styrene-butadiene-styrene. Polymer SBS, as the best additive to
bitumen, was used to prepare samples of modified bitumen in a ratio of 100:5. By changing
the percentage ratio (bitumen:oil sludge as a control sample) ‘bitumen: oil’, the optimal ratio
of bitumen to oil was selected at a constant value of the modifier. Ring and ball softening
point and needle penetration depth tests were carried out on all samples with oil.

In samples of modified bitumen, with a decrease in the oil sludge content, the penetration
value increases, but then decreases (Table 4). Polymers adsorb bitumen oils and form a
separate dispersed phase, which leads to a decrease in the oil/asphaltene ratio, resulting in an
increase in viscosity and an increase in the hardness of the binder [39].

Sulphur and its compounds are used to stabilize the polymer-bitumen dispersion. Reactions
occur between the polymer and sulphur, as a result of which new chemical compounds arise,
they remain evenly distributed in bitumen due to their lattice structure. Sulphur vulcanization
is a chemical process that is widely used in the production of technical rubbers, it makes it
possible to improve the stability during storage of some PBBs (for example, modified bitumen
SBS) [40]-[45].
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It is believed that sulphur works in two directions: chemically crosslinking polymer
molecules and chemically binding polymer and bitumen through sulphide and or polysulfide
bonds [19]. These chemical interactions are much stronger than physical ones (for example,
aggregation of PS blocks into copolymers), and they do not disappear even at fairly high
temperatures, which is believed to be very useful for improving stability during storage of
PBBs. The crosslinking of polymer molecules leads to the formation of a stable polymer mesh
in bitumen; while the connection between polymer and bitumen directly reduces the
possibility of separation. In addition to increased stability during storage, some researchers
[46]-[49] argued that vulcanization of sulphur can also improve elasticity, deformation
resistance and some rheological properties of PBB.

In connection with the above, the effect of changes in the indicators of modified bitumen
on the percentage of stabilizer in the initial mixture was studied.

The test results showed that from the obtained samples of polymer-modified bitumen
(PMB) with oil sludge from the Uzen deposits at a ratio of 75:25:5 (ROB100/130:0S:SBS)
corresponds to the actual parameters of polymer-modified bitumen (PMB) PMB 70/100, such
as penetration at a temperature of 25 °C, 0.1 mm is 86 (test method ST RK 1226), the
softening point ring and ball is 63 °C (test method ST RK 1227), and with oil (extracted from
oil sludge by bioremediation) at a ratio of 70:30:5 (ROB100/130:0:SBS) corresponds to the
actual indicators of polymer-modified bitumen PMB 50/70, such as penetration at a
temperature of 25 °C, 0.1 mm is 69, the softening point ring and ball is 69 °C (Table 5) and
meets the requirements of ST RK 2534-2014.

The optimum bitumen:oil ratio is chosen as 70:30, 75:25 and 80:20. Increasing the ratio of
oil added by 30 % or more did not lead to positive results, as the results of the analysis do not
meet the requirements of ST RK 2534-2014. And also, according to the research results, it is
clear that the addition of oil extracted from oil sludge by bioremediation corresponds to the
results of the use of oil sludge. This leads to the conclusion that there is no need to extract oil
from oil sludge, which requires additional costs of biological products.

Studies were also conducted on the selection of the optimal bitumen ratio: oil sludge:latex
and bitumen:oil:latex (Table 5). The ratio of latex was selected according to the test results.

From the analysis of the research results, it can be seen that a decrease in the ratio of the
latex polymer leads to a significant improvement in most indicators, i.e. the less latex, the
better the results. In particular, penetration and extensibility are improved at 25 °C — in the
range from 35 to more than 150 cm. The softening point ring and ball varies from 39.0 to
71.00 °C. The brittleness temperature is within the normal range.

According to the physico-mechanical characteristics, we conclude that for polymer-
modified bitumen with oil sludge content up to 25 % and polymer 1-5 %, therefore, with oil
up to 30 % and polymer 1-5 %, the most optimal ratio of all indicators is achieved.

TABLE 5. SELECTION OF THE OPTIMAL RATIO WITH THE LATEX MODIFIER

Unit of Preparation of modified bitumen
Name of indicator mlel;szremen " Test method
ROB100/130:0S:1atex

Percentage ratio 80:20:5 80:20:3 80:20:1

Softening point ring and

°C 71.00 40.0 47.2 ST RK 1227
ball, not lower:
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Penetration at a
temperature of 25 °C, not 0.1 mm. 68.00 106.3 102.6 ST RK 1226
lower:
Extensibility, not less than:

cm. 142.0 —-150 355 ST RK 1374
at25°C
Fraas brittleness °C 237 237 ~18.5  STRK 1229
temperature, not higher:

ROB 100/130:0:1atex

Percentage ratio 80:20:5 80:20:3 80:20:1 ST RK 1227
Softening point ring and °C 61.00 48.0 39.0 ST RK 1226
ball, not lower:
Penetration at a
temperature of 25 °C, not 0.1 mm 87.00 101.3 126.0 ST RK 1374
lower:
Extensibility, not less than:

cm >150 >150 42.0 ST RK 1229
at25°C
Fraas brittleness °C -22.0 -20.0 ~180  STRK 1229

temperature, not higher:

4. CONCLUSIONS

Microbiological processing of oil sludge is aimed at the maximum extraction of oil from
oil sludge. Oil extraction allows to significantly reduce the volume of oil sludge waste for the
disposal of solid oil sludge residues. Due to this, the issue of increasing the depth of oil
refining, which is acute at Kazakhstan refineries, is being solved. This method of oil
extraction can be used as a secondary raw material for the preparation of modified bitumen
and is characterized by the cheapness of its production. The analysis of the work performed
showed that polymer-modified bitumen of various grades, such as PMB 100/130, PMB
70/100, PMB 50/70, PMB 35/50, can be obtained from samples of oil sludge and oil extracted
by bioremediation from the oil sludge of the Uzen deposits, and they fully comply with the
requirements of Kazakhstan standards ST RK 2534-2014.

This leads to the conclusion that the technological parameters of bitumen are the same in
both variants. The use of the proposed method of oil sludge processing is expedient from the
point of view of improving the ecology of the environment and is economically justified by
obtaining additional quantities of petroleum products.
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