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Abstract: It is of particular interest to discover magnetic nanoparticles within the structure of oil
elements. The presence of magnetic nanoparticles in oil provides the possibility of managing the
important technological properties of oil (viscosity, deemulsification, paraffin collapse, etc.) with the
help of external magnetic field. We explained the impact mechanism to its physical and chemical
properties (viscosity, magnetic resonance characteristics, etc.) of structure and composition of fractal
colloidal aggregates in oil.

Keywords: nanoparticles, stress factor, viscosity, biogeneration, oil samples.

In recent years studies show that iron oxide magnetic nanoparticles are widespread in
living and nonliving nature. Our studies in natural systems (plant, oil, etc.) by Electron
Paramagnetic Resonance (EPR) spectroscopy method indicate that biogeneration of magnetic
nanoparticles occurs in them [1, 2, 3].

During the initial investigations, the effects of radioactive contamination on plants were
carried out a comprehensive analysis in order to clarify the mechanisms of biogenic generation
of magnetic nanoparticles in natural systems and a large EPR signal (g = 2.3; AH = 400 Gs)
characterizing magnetic nanoparticles in plants was observed (Fig. 1). In figure 1, the free radical
signal (g = 2.00) appears along with the signal of magnetic nanoparticles. Stress factors have
been shown a stimulating effect on the generation of these nanoparticles [1].
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Fig.1. EPR signal characterizing the iron oxide magnetic nanoparticles in plants.
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It is also very interesting that in experiments with oil samples, it was possible to observe
a large EPR signal characterizing magnetic nanoparticles. Before and after melting the
characteristic EPR spectra of oil paraffin samples consisted of intensive resonance line (g = 2.25
and AH = 320 Gs). Such EPR signal is typical for superparamagnetic iron oxide nanoparticles.

The effective g-factor is considerably greater than the characteristic paramagnetic 2.00 price for
the three-dimensional iron, and shows the ferromagnetic character of magnetism and the
magnetization of nanoparticles in the sample. After the sample is melted, the width of the EPR
signal grows more than three times, and the effective g-factor also increases. The growth of the
signal width may be due to the increase in the size of their aggregates because of the
agglomeration of magnetic nanoparticles in the molten paraffin. Thus their noticeable change of
the paraffin samples after they are melted and parameters of EPR signal, show the presence of
magnetic nanoparticles in the paraffin.

It is of particular interest to discover magnetic nanoparticles within the structure of oil
elements. The presence of magnetic nanoparticles in oil provides the possibility of managing the
important technological properties of oil (viscosity, deemulsification, paraffin collapse, etc.) with
the help of external magnetic field. It should be noted that oil belongs to the so-called non-
Newtonian fluids such as a series of other fluid colloids, including biological mediums (blood,
lymph, plant juice, etc.). These fluids are characterized primarily by strong dependence on the
deformation of the viscosity. It is known that the high viscosity of oil is conditioned by the
formation of aggregates of colloidal particles having fractal structure [3]. Magnetic nanoparticles
can include fractal aggregates of the colloidal components of the oil. Namely, this case lets to
influence the structure of the oil aggregates with the help of the external magnetic field and
change the oil characteristics.

We explained the impact mechanism to its physical and chemical properties (viscosity,
magnetic resonance characteristics, etc.) of structure and composition of fractal colloidal
aggregates in oil.

Figure 2 (A, B, C) shows the images taken on the electron microscope of the typical
aggregates for this sample at various magnification rates. As can be seen from the figure, the
aggregate consists of iron oxide nanoparticles (dark short sticks with a length of 50-100 nm and
diameter of 10 nm) and oil particles (circular translucent particles in the diameter of 30-50 nm).
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Fig. 2. Pictures of paraffin samples taken from Transistor Electron Microscope.

The aggregate of iron and oil colloidal particles (Fig.2A) have linear measures of up to
2.5-3 mkm and consist of characteristic chain branching and intersecting structures for fractal
aggregates. The dimensions, magnetic properties, shape and crystallographic parameters of
superparamagnetic nanoparticles were determined. Characteristic dimensions of colloidal oil
particles were discovered [4-7]. At the same time, the processes of dependence on natural and
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artificial magnetic nanoparticles in oil of mechanisms of magnetic field impact on oil viscosity
were clarified. EPR spectra of copper, aluminum nanoparticles and bentonite were recorded via
EPR radio spectrometry (Fig. 3).

It should be noted that the amplitude of the EPR spectra of the first and third samples was
higher than the Al nanoparticles samples. This indicates high electrical conductivity of Al
nanoparticles. The EPR signal of Cu nanoparticles can belong to the Cu2 + ion, i.e. the oxidized
state according to its own state (g = 2.06) and width (= 400 E).

Depending on the temperature in the EPR spectra of Cu and Al nanoparticles, the
formation of superparamagnetism has been studied. Bentonite EPR spectrum consists of
paramagnetic (g = 4.5) and superparamagnetic (g = 2.15) iron, as well as paramagnetic
manganese ions.
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Fig.3. EPR signals of various nanoparticles.
The behavior of EPR spectra of copper and aluminum nanoparticles depending on the

temperature was given figure 4 (A, B). As is seen, the narrowing of the resonance line and the
amplitude growth with the increase in temperature for both nanoparticles is characteristic.
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Fig.4. EPR spectra of Cu (A) and Al (B) nanoparticles at different temperatures.

In the following experiments, the characteristics with EPR method of 11 oil
samples taken from oil wells in various parts of Absheron (Umbaki, Ateshgah, Gala,
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Bibiheybat, etc.) were also learned by us (Fig.5). The analysis of EPR spectra in
experiments with oil samples shows that the presence of iron oxide nanoparticles is
characteristic for some oil samples (Fig.5). Since these nanoparticles have ferromagnetic
properties, it is possible to change the viscosity of oil samples through the external magnetic
field.Investigation of the structure and physicochemical properties of some oil samples,
paraffinic sediments have shown that magnetic nanoparticles can be an ingredient of the
aggregates of the colloidal oil particles [5,8,9].
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Fig.5. EPR spectrum of oil sample taken from Absheron oil fields.

The analysis of the obtained results allows us to suggest that the influence of magnetic
field on the important technological physical and chemical properties of oil occurs with the
presence of magnetic nanoparticles produced because of the biomineralization phenomenon. The
presence of iron oxide magnetic nanoparticles in oil samples produced on some oil fields of the
Absheron peninsula shows the possibility of influencing oil extraction and transportation via
external magnetic fields.

This work was supported by the Scientific fund of state oil company of Azerbaijan Republic
(SOCAR). ET. 2018-20109.
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NANOHISSOCIKLOR OLAN NEFT NUMUNOLORININ FiZiKi-KIMYOVi XASSOLORI
R. Xalilov, I. Quliyev, F. Qadimov, A. Nasibova, K. Seyidova

Xiilasa: Elektron Paramagnit Rezonans (EPR) spektroskopiyasi iisulu ilo tobii sistemlords (bitki, neft vo
s.) apardigimiz tadqgiqatlar onlarda magnit nanohissaciklorinin biogenerasiyasinin bas  verdiyini
gostorir. Neftdo magnit nanohissociklorinin olmasi xarici magnit sahasinin kémoyi ilo neftin texnoloji
mithiim xiisusiyyatlorini (6zliiliikk, deemulsasiya, parafinlorin ¢okmasi vo S.) idaroetmonin mimkiinliyiini
sortlondirir. Torafimizdon neftdo fraktal kolloidal aqregatlarin qurulus vo torkiblorinin onun fiziki-
kimyavi  xiisusiyyotlorino  (6zliliik, magnit-rezonans  xisusiyyatlori vo S.) tosir mexanizmlori
aydinlagdirilmigdir.

Acar sozlar: nanohissociklor, stress faktoru, 6zliiliik, biogenerasiya, neft niimunslori.

®U3UKO-XUMUYECKHUE CBOMCTBA OBPA3I[OB HE®THU, COJAEPKAIINX
HAHOYACTHULbI

P. Xamuaos, U. I'yaues, ®. 'agumos, A. Hacu6oBa, K. CenoBa

Peziome: VccnepoBaHusi, TNPOBEIEHHbIE B NPUPOAHBIX cHUcTeMax (pacteHue, HedpTb U T.O.) C
MOMOIIBIO 3JIEKTPOHHOIO MapamMarHuTHOro pesoHanca (OIIP) mokaspiBaioT, YTO B HHUX IMPOUCXOIUT
OuoreHepalisi MarHUTHBIX HAaHOYACTHIl. Hannyme MarHWTHBIX HaHoO4YacTHIl B CocrtaBe HedTH
o0ecrieunBacT BO3MOXHOCTh  YIPAaBICHUS  BAXHBIMH  TEXHOJOTMYECKUMH  CBOiicTBaMM  He(TH
(oOe3BokuBaHue, ne3MyjibcupUKanyMs W T.J.) C TOMOIIBIO BHEIIHErO MarHuTHoro mnois. Hamu
HCCIIe/IOBaH MEXaHM3M JICUCTBHS CTPYKTYpPBI M COCTaBa (DpaKTaJbHBIX KOJUIOMIHBIX arperatoB B HepTH
Ha ee (U3UKO-XUMHUYECKHE CBOMCTBA (BSA3KOCTh, MATHUTHO- PE30HAHCHBIC XapAKTEPHUCTUKH U T.1.).

Knioueswie cnosa: nanouactuisl, pakTop cTpecca, BI3KOCTh, OMoreHepanusi, 0opasusl HedTu.
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