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Abstract: The influence of gamma radiation and temperature on the structural-group composition of oil
deposits (OD) formed on the surface of an oil pipeline during oil transportation has been studied. As a
source of ionizing radiation, and isotopic source of gamma radiation Co® — “MPX -y -30” was used.
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1. Introduction

In the production, collection, transportation, and storage of oil, one of the problems that
cause complications in the operation of technological equipment, containers and pipelines are
asphalt and paraffin deposits. The accumulation of oil deposits in the flow path and containers
leads to a sharp drop in system performance - and increase in pressure drops and a reduction in
useful volumes /1/. The deposition process is quite complex. It depends on the physical and
chemical characteristics of the pumped oil, the temperature mode of pumping, speed,
temperature changes in the environment, and many other factors. Controlling the process of
selecting effective solvents for removing deposits in oilfield and refinery equipment, as well as
searching for their qualified use, requires a good knowledge of their physical and chemical
properties /2/. Solving the problem of a large number of oil deposits (OD) is an urgent problem
for the oil industry, as it will increase the depth of oil refining and reduce the negative impact of
waste on the environment. It is also possible to use OD as a raw material for the production of
bitumen for the construction of roads and buildings.

2. Research Methods

The influence of temperature on the structural-group composition of oil deposits has been
studied. According to the IR spectra of the samples, changes in the composition of OD under the
influence of temperature were established. To assess the role of radiation in the processes of
cleaning oil pipelines from deposits and to determine the radiation resistance of OD, some
patterns of radiation-chemical transformations of oil deposit samples were studied. The studies
were carried out in the range of absorbed doses of gamma radiation D=3.4-326.4 kGy at a dose
rate of P=0.19 gR/sec on the isotopic source of gamma radiation Co®® — “MPX - y -30”. Changes
in the molecular structure were determined by IR spectroscopy using a Varian 640-IR Fourier
spectrophotometer in the wavelength range of 4000-600 cm™; absorption bands were assigned
according to /3/.
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3. Results and discussion

The process of formation of oil deposits in the pipeline is determined by many factors,
including changes in the temperature of the oil flow, therefore, it is important to study the effect
of temperature on the structural-group composition of oil deposits /4/. A continuous decrease in
the flow temperature occurs during transportation through the pipeline due to contact with the
cooled metal surface, which leads to the release of crystals of paraffinic hydrocarbons. In this
case, the temperature gradient is directed towards the center of the pipe, and in the direction of
heat transfer, the formed crystals are deposited on the surface under the action of molecular
diffusion. The greater the temperature gradient between the environment and the oil flow, the
greater the number of oil deposits formed. Figures 1-2 show the IR spectra of oil deposit filtrates
at room and elevated temperatures up to 80°C.

The IR spectra of OD filtrates at room temperature showed absorption bands at 2922,
2852, 2955, and 2925 cm™, which are responsible for the stretching vibrations of methyl CHs
and methylene CH_ groups.

2955514 3.606
14- (3 _—
€) 3018258 0500 2925.072 4.138
13- 3896.505 0.312
/- . 3145.318 0.134
3812.419 0.360 | 2872.063 0.388
12~ \ 2858.109 -3.090
: 3728.704 0.360 |
3706.000 0.409 |
11- 3665567 0.714
i 3643.949 0.483
o L0~
Q
c
3
5 09
0
& 2024333 0.164 1465.624 3.007
0.8-
1378.641 0.631
0.78 774,087 0.141
06~ 725559 0.113
680.767 0.6]
05~
04
L T T T T T T T T T T T T T T S T S S S O S A S SO S S T S SO S S S S S O S S S S S SO N AN S S S S B S S SRR I S S N S B SN I
3800 3600 3400 3200 3000 2800 2600 2400 2200 2000 1800 1600 1400 1200 1000 800 600 4
Wavenumber
Fig. 1. IR spectrum of OD filtrate at room temperature.
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Fig. 2. IR spectrum of OD filtrate at (80°C).
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The absorption bands at 1465, 1378, and 725 cm™ correspond to bending vibrations of
methylene CH: groups in paraffinic hydrocarbons. Absorption bands in the low-frequency
region, at 750-720 cm™, are characteristic of long chains of the (CH2)n-type, where n > 4. In this
case, there is an absorption band at 725 cm™, related to the pendulum vibrations of CH. groups
of saturated hydrocarbon chains. A comparison of the IR spectra shows that significant changes
occur after heating the filtrate. At T=80°C, absorption bands appear at 3330.3045 1340 and 758,
802, and 882 cm, corresponding to out-of-plane bending vibrations of the substituted benzene
(aromatic) ring. New bands appear in the wavelength range of 1049, 1091 cm, responsible for
the deformation vibrations of CH3z and CH> groups - branched paraffin and cycloparaffin and
low-substituted aromatic structures, and the intensity of the absorption bands at 1462, 1378.2858
- 2958 cm™ increases significantly. These groups are likely redistributed in the OD structure
upon heating. It is necessary to note the bands at 750 and 2958 cm™, which appear after heating
to 80°C, indicating the content of methylene groups in five and six-membered saturated rings.
Typically, oil deposits mainly consist of paraffin, resins, and asphaltenes (up to 50% wt.),
insoluble oils (up to 40% wt.), mechanical impurities, or inorganic substances /5/. The structure
of the resin molecule is benzene rings, which form an in-plane condensed polycarboxylic
network. Five and six-membered naphthenic and heterocyclic rings may also form part of the
formed network. The peripheral part of the condensed system of resins that make up OD is
replaced by hydrocarbon radicals (aliphatic, cyclic, and mixed). Probably, when heated, there
occurs redistribution of these groups in the structure of the oil deposit, namely, the cyclization of
aliphatic groups and the formation of aromatic structures.

The influence of radiation on the structural-group composition of oil deposit samples was
studied. Radiation-chemical transformations in the structural-group composition, OD at various
absorbed doses of gamma radiation are shown in Fig. 3-6.

A comparison of the OD spectra before and after irradiation shows that after irradiation
the spectra of the samples undergo significant changes. Depending on the irradiation time,
changes occur in the regions of both stretching and bending vibrations of methyl CHz - and
methylene CH; - groups. The absorption bands at 1440-1465 cm and 722 cm™! correspond to
the stretching vibrations of the aromatic ring; at irradiation times of 48 h, the spectra of irradiated
samples show a significant decrease in the intensity of these bands.
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Fig. 3. IR spectrum of the OD sample before irradiation (D=0).
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Fig. 4. IR spectrum of the OD sample at D=3.4 kGy
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Fig. 5. IR spectrum of OD sample at D = 32.6 kGy.
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Fig. 6. IR spectrum of OD sample at D=326.4 kGy.

Further irradiation for 240 h. and 480 h. (163 and 326 kGy) leads to a partial restoration
of the intensities of the absorption bands, which may indicate that at low doses of radiation,
effective decomposition of aromatic compounds occurs, and a further increase in the dose of
radiation leads to polycondensation processes.

The spectra of irradiated samples show a clear appearance of an absorption band at
wavelengths of 2366 -2215 cm™, characterizing the cumulated double bonds =C=C, =C=X.
These can be both aliphatic and aromatic groups in the composition of OD, the appearance of
which is observed upon irradiation. When irradiated for 48 hours and 120 hours, new absorption
bands at 1065 cm™ appear, which characterize monosubstituted in-plane bending vibrations of C-
H bonds of the aromatic ring, and bands at wavelengths of 3459-3324 cm™, corresponding to
vibrations of OD hydroxyl groups, the bands disappear at 163 and 326 kGy irradiation.
Increasing the dose leads to the loss of aromatic (polycyclic) structures, which is explained by
the fact that large doses of radiation contribute to the destruction of the conjugation system, i.e. a
significant part of the excitation energy is spent on breaking the C=C bond.

Thus, comparative studies of the IR spectra of the samples before and after OD
irradiation showed that structural changes in the composition of oil deposits occur depending on
the irradiation time and flow temperature. To choose the most appropriate method of dealing
with deposits and, accordingly, chemical reagents, it is necessary to have an idea about their
composition and properties.
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BO3JIEVCTBAE HOHU3UPYIOIIEIO U3JTYUYEHUS U TEMIIEPATYPBI
HA CTPYKTYPHO - I'PYIIIOBOM COCTAB HE®TSHBIX OTJIOKEHUI

H.K. I'yniueBa, ®@. Unuek, C.3. MeaukoBa, C.M. MamenoBa
Pe3rome. M3yueHO BiIusHHE raMMa-U3Iy4eHUS M TEMIIEPATYpHOIO peXUMa HA CTPYKTYPHO-IPYIIIOBOM
cocraB HeTsaHBIX oTiaoxeHmid (HO), oOpa3zoBaBmMXCs Ha TMOBEPXHOCTH He(dTempoBoma Ipu
TPAHCTIOPTUPOBKE HePTH. B KauecTBe MCTOUHMKA HOHU3UPYOIIETO H3JIyUYCHUS UCIIOIb30BaH U30TOMHBIN

MCTOYHHUK ramma-u3nyderus Co® — «MPX —y -30».

Knroueswie cnosa: ravma-u3nydeHus, Heprsable oTiioxkenus, MK-crektp
IONLASDIRICI SUALARIN VO TEMPERATURUN NEFT COKUNTULORININ
STRUKTUR-QRUP TORKIBINO TOSIRI
N.K. Quliyeva, F. Cigak, S.Z. Malikova, S.M. Mammadova

Xiilasa: Neft nogli zamani neft komorinin sothinde amalo golen neft ¢okiintiilorinin (NQ) struktur-grup
torkibino gqamma siialanma vo temperatur soraitinin tosiri todqiq edilmisdir. Ionlasdirici siialanma
monbayi kimi izotopik manbs Co®-"MPX -y -30"-don istifado edilmisdir.

Acar sozlor: gamma siialanma, neft ¢okiintiilori, IQ-spektr.
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