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Abstract
The pollution of environment by oil spills in the process of extraction, refining and transporting of oil is

an important ecological problem of oil industry. Composition and properties of the oil sludge and oil
contaminated soil taken from the area of Zhetybai – Uzen – Atyrau pipeline failure have been investigated
aiming at development of oil waste utilization methods. The offered thermal method of organic fraction
extraction allows to decrease the organic fraction content by 15–20 %. It is shown that the recovered oil
may be used for the bitumen production, and the solid residue – as a component of cold asphalt concrete.
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Introduction

The intensive development of oil-gas industry is
resulting in very grave ecological consequences. At
present all processes, involving oil processing are
impending danger for the ecology.  The oil industry
encounters the paramount problem of oil waste utili-
zation accumulated and stored by refineries. The con-
siderable pollution of ground and water by drilling
sludge, containing the hydrocarbons, heavy metals and
polymers, is resulting of the drilling rigs. The oil spills
during its mining cause numerous negative phenom-
ena resulting in soil corrosion. The pipeline failures
causes the enormous oil losses and oil contamination
of areas [1,2].

The oil sludge resulted of oil waste processing,
stable nondistruct emulsions production, reservoirs
scarfing, agents discharges and other oil mining and
processing operations should be unloaded into the
special waste storage precipitators. Besides that, the
oil recovered from the sewer systems, oil pumps (with
soil) pipeline failures is discharged into these storage
precipitators.

The getting of oil and its components in the envi-
ronment, i.e. into the air, water and soils alters their
physical, chemical, biological properties and charac-
teristics, disturb natural bio-chemical processes. In
process of oil hydrocarbons transforming they are
enable to form toxic compounds, having dangerous
for the human’s health properties and are character-
ized by stable to the microbiologic destruction.

Usually, the oil waste represent heavy oil residues,
containing in average (mass %): petroleum products
– 10-70, water – 10-40, solid impurities – 5-80 [3].
Till now the problems of oil waste processing and uti-
lization aren’t overcame due to oil waste stability, in-
herent properties and characteristics, altered being
exposed to atmosphere effects when they are stored in
open collector-ponds. With time, the waste “aging” is
due to evaporating of light fractions, oxidation and
oil gumming, addition of non-organic impurities. The
difficulty of the problem consists both in its scale and
in loughening of control requirements and needing
elaboration of advanced methods enabling to over-
come this difficulty and the problems of ecological
pollution.

In general, among the methods currently used and
the most promising ones of oil waste utilization there
may be mentioned [1,4]: thermal processing (burn-
ing, cracking or pyrolysis, water steam treatment),
physical methods of processing (magnetic or acoustic
fields, divers types of irradiation), treatment by
adsorbents, separation methods (membranes, filters
etc), biological methods of treatment. Furthermore,
there are some recommendations on using of oil sludge
without separation stages, e.g. by burning, in the road
building [5-7] or in building materials productions.

Conway [5] considers the technology of ground
stabilization by bitumen emulsion for oil contaminated
soil fixation. The contaminated soils are used as source
row materials to produce stable material with bitu-
men emulsion. Then such materials are used as a foun-
dation of road coatings. The recycle process includes
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the mixing of bitumen emulsion with oil contaminated
soil.

The method of cold asphalt bitumen production
and oil contaminated soil fixing is well known [6].
The pieces of asphalt coating are mixed with hydro-
carbon bearing oil contaminated soil and mineral com-
pound. Then the obtained mixture is filled with bitu-
men emulsion to produce cold asphalt concrete.

It is necessary to study the properties and compo-
sitions both of organic and mineral fractions of oil
waste aiming at development of technology of its uti-
lization. The study of oil waste composition and prop-
erties allows developing efficient methods of process-
ing and futher utilization of such waste depending on
its characteristics.

In this connection, the work is aimed to study com-
positions and properties of oil waste and to work out
ways of processing and futher utilization.

Experimental

The extraction of organic fraction from oil waste
was carried out by extraction and thermal methods.
The method of hot extraction was used for oil separa-
tion from oil waste in Soxlet’s apparatus by spirit-
benzene mixture.

Besides, the extraction of organic fractions from
oil waste was carried out on the stationary laboratory
unit of thermal processing. The raw material is sup-
plied via the hopper in the tubular reactor with the
screw conveyer mounted inside of the tube. The heat
of gas burner is used as a heat carrier. Oil containing
waste was processed in the heating zone, where the
temperature from 200 to 250°C is maintained by pro-
pane-butane mixture flame, till to obtain liquid-flow
state of organic fraction with further separation of
liquid oil from solid remainder. The slope angle and
rotation velocity of the screw depend on the compo-
sition of initial waste. The propane and butane mix-
ture consumption is 130 cm3/min, air consumption is
5000 cm3/min. The temperature of the burner flame
in the glowing zone reaches up to 800-900°C. The
temperature of oil flow is 150-200°C, the tempera-
ture of soil residue is 180°C.

The oil sludge was processed in the mixture with
sand (20 mass %) because of low content of mechani-
cal fillers. After oil separation obtained, the solid
residues were processed by hot extraction with spirit-
benzene mixture to determine residual quantity of or-
ganic fraction.

The component group composition of extracted oil

was determined by the adsorptive chromatography
method. The extracted oil was deasphaltized by pe-
troleum ether with the boiling point to 45°C, taking in
40 – times volume. Adsorptive – chromatographic
separation was carried out in the two-stage column
with descending flow of solvent, using activated silica
gel as a sorbent. The obtained deasphaltizors were
separated into oils and three groups of tars, eluted by
benzene, petroleum-benzene and spirit-benzene mix-
tures. The oils contents of paraffin-naphtene hydro-
carbons and aromatic hydrocarbons were determined.

The fractional composition of oil extracted from
oil sludge was determined by distillation under vacuum
at 4 mm Hg in the apparatus ARN-2.

The method of IR spectroscopy and X-ray phase
analysis were used to determine the structure-group
composition of hydrocarbons and mineral components
in oil waste. The IR spectra within 400-4000 cm-1

range were obtained by the device UR-20 in thin layer
of substance on the KBr plate. The spectra of X-ray
diffraction were registered with diffractometer DRON-
3M at copper filtrated radiation.

In addition, the oxidation of organic fraction of oil
sludge was carried out. The main element of the oxi-
dation installation is the stainless steel reactor with a
bubbler, heating system and thermoregulation system.
The volume of air, fed by compressor was measured
by rotameter. The oxidation by hot air was carried
out providing 5 hours exposure in periodic duty at
250°C and air consumption up to 2 l/min per 1 kg of
raw material.

The performance parameters of obtained bitumen
and asphalt concrete were determined by the standard

methods.

Results and discussion

The objects of study were oil sludges constituted
of oil reservoir scarfings and oil contaminated soils
from the oil storages with oil spills recovered on the
failures of the main oil pipeline Zhetybai – Uzen –
Atyrau. The physical and chemical characteristics and
component compositions of these sludges are presented
in Table 1.

As is evident from the Table 1, 81,8 mass % of
organic substance are extracted from oil sludge and
23,6 mass % - from the oil contaminated soil by ex-
traction method.

The oil sludge content of water is 10,2 mass %
while the contaminated soil contains only 1,2 mass %
of water. The main fraction of contaminated soil is
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constituted by mechanical impurities (75,2 mass %),
while their content in oil sludge is negligible.

The characteristics of organic fraction of oil sludge
and oil contaminated soil are given in Table 2. The oil
extracted from oil sludge contains the paraffin-
naphtene (40,84 %), aromatic hydrocarbons (26,08
%). The significant content prevailing of petroleum-
benzene tars (11,46 %) over benzene and spirit-ben-
zene tars (4,33 and 4,53 % respectively) is typical for
the oils. The asphaltene content is 12,76 %. Thus, the
oil, extracted from oil sludge by extraction, differs
from the usual oils by high paraffin, asphaltic-tarry
substance contents that makes processing of such raw
materials quite difficult.

The negligible oil content of paraffin-naphtenes

(6,49 %) and higher aromatics (28,12 %) represents
organic fraction of the oil contaminated soil. In com-
parison with oil from oil sludge, the quantity of tars is
very high: petroleum-benzene – 35,80 %, spirit-ben-
zene – 14,57 %, benzene – 3,09 %. The asphaltene
content is 11,91 %. So, the hydrocarbon phase of com-
position of contaminated soil may be classified as
hightarry oil.

The IR-spectroscopy data (Fig. 1) showed that the
saturated structures as CH, CH2, CH3   (adsorption
band in the region 3000-2800, 1465, 1380 cm-1) and
CH2 groups available in long paraffin chains (adsorp-
tion band 720 cm-1 is weakly expressed) are prevail-
ing in chemical structure of the oil. Presence of aro-
matic structures of divers substitution types (900-
750 cm-1) (the mono-, bi-, tri-substituted benzene) is
notable for all the samples. The adsorption bands
within 1700-1740 cm-1 range attributed to valence fluc-
tuations of oxygen containing compounds are observed
in all the spectra.

Table 1
Physical and chemical characteristics and component

compositions of oil waste.

According to the X-ray phase analysis (Fig. 2) of
mineral fractions of oil sludge and oil contaminated
soil, the quartz SiO2 (dool =3,388 Å), calcite CaCO3
(dool =3,025 Å) and feldspars are the rock-forming
minerals of oil waste while micas, argillaceous min-
erals (chlorite and kaolinite Al4Si4O10(OH)3) are in
subordinated position. As is evident from the
rentgenogram of oil sludge its composition is repre-
sented by polynaphthene Nph (dool = 4,66 Å) and
graphitic Gph (dool = 3,355 Å) phases. On the oil sludge
rentgenogram there are also very intensive peaks, cor-
responding to hexahydrate of mellitate of aluminium
C6(COO)6Al 2•6H2O (dool = 4,129; 3,704; 2,478;
2,209; 2,087 Å), those presence may be explained by

Fig. 1. The IR-spectra of oil wastes’ organic fraction: 1–
organic fraction of oil sludge, 2–organic fraction of oil
contaminated soil.
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addition of active reagents to oil improving its trans-
portation by pipelines.

In most of the oil separation processes, oil sand
deposits are subjected to hot or cold streams of fluids,
gases or liquids. Karim et al. [8] examined some as-
pects of volatilization and combustion of Athabasca
tar sand samples when exposed to hot oxidizing low
velocity gas streams produced by the burning of very
lean mixtures of methane or hydrogen in air at el-
evated temperatures of up 1200 K at atmospheric pres-
sure. The thermal cracking, providing hydrocarbon
separation in presence of mineral fraction of waste, is
one of the most promising methods of oil waste
processing. The thermal treatment results in decreas-
ing by 15-20 % of organic fraction the waste [9,10].
The component composition of the solid residue of oil
sludge and sand after organic fraction separation is
19,1 mass %, mineral fraction is 78,4 mass %. The
composition of the solid residue of oil contaminated
soil is as follows: organic fraction - 15,8 mass %,
mineral fraction - 84,2 mass %.

There is significant difference between the physi-
cal and chemical characteristics of the oil obtained by
thermal treatment and the oil obtained by extraction.
The component group composition of the oil waste
organic fraction, extracted by thermal method is shown
in Table 3.

The thermal treatment results in significantly de-
creasing of paraffin-naphtene and aromatic oils frac-
tions in the oil of oil sludge and contaminated soil
compared with the oil, obtained by extraction. The
content of high molecular compounds: asphalthenes
and tars increases. Thus, the oil, obtained by thermal
processing of oil waste, shows increased content of
asphaltic-tarry components. Likely it is caused by
oxidation of oil waste organic fraction in result of ther-

mal and catalytic processes occurring on the surface
of mineral fraction, acting as a catalyst.

The fraction composition data show that in the oil,
extracted from oil sludge, there are no light fractions,
the mass content of the fractions, boiling at 330°C
being only 9,38%: 240-270°C – 3,45 %; 270-300°C
– 2,31%; 300-330°C – 3,62 %.

The analysis of background information on the oil
waste organic fraction composition shows, that it ap-
proaches to the heavy oils of Kazakhstan by its com-
position and properties. The furhter work concerning
its use in bitumen production is of great interest.

The oxidation of extracted oil was carried out
within 5 hours in the laboratory oxidizing column
of periodic duty at 250°C and air consumption up
to 2 l/min per 1 kg of raw material. The physical and

Fig.2. The rentgenograms of oil wastes: a–oil contaminated soil: 1–quartz SiO2, 2–calcite CaCO3, 3–feldspars, 4–micas,
5–chlorite, 6–kaolinite; b–oil sludge: 1–polynaphtene phase, 2–hexahydrate of mellitate of aluminium C6(COO)6Al 2•6H2O,
3–graphitic phase, 4-calcite CaCO3.

Table 3
Component group composition of oil waste

organic fraction, extracted by thermal method
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mechanical properties of source oil and obtained bi-
tumen are given in Table 4.

The source oil has high penetration indexes, at 25°C
it being up to 167.0,1 mm and softening temperature
is 98°C. It is explained by the presence of significant
quantity of paraffins. The building bitumen meeting
requirements of State standard 6617 there was ob-
tained.

The elaboration and implementation of organic
fraction extraction method enabled to find that the
thermal treatment of oil waste results in volatilizing
of light components of oil. The heavy asphalt-tarry
components available in the contaminated soil on the
surface of mineral material become sufficiently vis-
cous to provide the required strength and stability of
the solid residue. Referred on the oil sludge composi-
tion solid residue there may be supposed that one of
the most suitable applications is its use in highway
engineering as road coatings. Thus, there was found
that the investigated solid residues are useful as a com-
ponent of cold-mix asphalt concrete.

There was prepared asphalt mixture with follow-
ing component ratio: 40-46 % mass of solid residue
with 15-20 mass % of oil product retained in the cold
state were mixed with 30 % of mass of natural sand
and 20-26 % of mass Cockle-shell dust. The Cockle-
shell dust is used as mineral filler of the mixture. Then

it was stirred within 15 minutes till obtaining of ho-
mogeneous viscous mass. The data on asphalt mix-
ture compositions are given in Table 5.

The physical and mechanical properties of asphalt
mixtures are shown in Table 6. From the comparative
analysis of the data of Table 6 it is evident, that the
physical and mechanical characteristics of asphalt
mixtures meet the requirements of State standard 9128-
84 [11]. In the beginning the oil residues have diluting
effect on the used bitumen and with time in result of
oxidation in the open air and bitumen viscosity in-
creasing the strength of asphalt cover increases. The

Table 4
Physical and mechanical properties of oil, extracted from oil sludge and bitumen obtained by its further oxidation

Table 5
Asphalt mixture composition

Table 6
Physics-mechanical characteristics asphalt concrete
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advantage of asphalt mixture is its low cost and ho-
mogeneity achieved through natural sand, oil waste
and other local materials use to produce cheatest as-
phalt concrete. There aren’t needed scarce rocky ma-
terials for asphalt concrete production and the quan-
tity of bitumen additions is substantially reduced.

This investigation confirm that the production
about the purposive of bitumen and asphalt concrete
from oil waste and other harmful substances, contained
in waste, is the most promising and economically ef-
ficient way to convert them into valuable and ecologi-
cally safe products.

Thus, the oil waste is an available source raw
material enabling to create economically efficient
manufacture of numerous oil containing materials. The
economic benefits of their industrial applications are
associated with solution of ecological problems cur-
rently encountered by very large oil producing regions.

Conclusions

The composition and properties of oil sludge and
oil contaminated soil from the Zhetybai-Uzen-Atyrau
pipeline failures have been studied using the complex
of physical and chemical investigation methods. The
inherent characteristics of oil waste organic fraction,
extracted by extraction method, consist in its increased
content of paraffin-naphtene hydrocarbons and tarry-
asphalt substances. The advantages of thermal treat-
ment method to organic fraction extract, enabling to
decrease organic fraction content by 15-20 %, have
been shown. The obtained oil contains more asphalt-
tarry compounds and less paraffin oils in comparison
with organic fraction of source sample. The technol-
ogy of bitumen production from oil sludge organic
fraction and cold asphalt concrete from solid residue
of oil waste has been worked out. The offered way of
oil waste utilization enables to solve the important
ecological problem and to extend road-building mate-
rial resources.
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