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Abstract. The paper presents the results of the impact of an electron beam on the asphaltenes of oil from
the Nurlatskoye field in an atmosphere of air, argon, hydrogen, and propane-butane mixture. The most
noticeably changes in macrostructural parameters of asphaltenes are observed after beam treatment in
a propane-butane mixture. The average number of stacking sheets and the size of the aromatic cores
increases and the interlayer distance between saturated fragments changes. An increase in the number
of aromatic rings in the sheet and a decrease in the share of saturated fragments may suggest the
processes of destruction and aromatization of saturated structures, which is confirmed by an increase
in the aromaticity factor. Analysis of the group composition of this sample showed the presence of
paraffin-naphthenic and aromatic hydrocarbons, and resins. According to the data of thermogravimetric
analysis, asphaltenes lose mass more intensively after treatment with an electron beam in a propane--

butane atmosphere, which is most visible in the range from ~ 250 to 510 °C.
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AunHoTanusi. B pabote npejcraBieHbl pe3ylibTaThl BO3ACHCTBIS AIEKTPOHHOTO My4YKa Ha ac(aabTeHbI
He( T HypaTckoro MecTopoxieHus B aTMochepe Bo3Iyxa, aproHa, BOIOpO/Ia U MPOnaH-0y TaHOBO#M
cmecu. Haubosee 3aMeTHO TapaMeTpbl MAKPOCTPYKTYPbI aCPaibTeHOB MEHSIIOTCSI 10Ciie 00paboTKu
My4KOM B CpeJie IIPOoIaH-0yTaHOBOIl cMecH. YBEIMYHUBACTCS CPEHEE YUCIIO CIOEB B IAaYKe, pa3Mep
apoOMaTHYECKOTO SIJ[pa, MEHSETCSI MEKCIOEBOE PACCTOSIHIE MEX Y HACBIICHHBIMU (DpAarMeHTAMH.
VBennueHne KOJTHIECTBA apOMATHUCCKHUX KOJICI B CIIO€ U CHIKCHHUE IO HACHIIEHHBIX pparMeHTOB
MOT'YT yKa3bIBaTh HA MPOLECCHl ASCTPYKIMH U apOMATU3AlMU HACBIIEHHBIX CTPYKTYP, 4TO
MOJTBEPKIACTCS yBETUICHHEM (DaKTOpa apOMaTHYHOCTH. AHAIIN3 TPYIIIIOBOTO COCTaBa 3TOro obpasiia
nokasaJj Hajguvue napaduHo-HahTEHOBBIX, APOMATUUYECKHUX YTIIEBOJAOPOAOB U cMOJI. 110 JaHHBIM
TEPMOTPAaBUMETPUUECKOr0 aHaIn3a, ac(habTeHbI OCIe 00PaOOTKH ITYyYKOM 3JICKTPOHOB B aTMOChepe

nponad-0yTan 6oJiee HHTEHCHBHO TEPSIOT MACCY, YTO Hauboee 3aMeTHO B obactu ot ~ 250 10 510°C.

KuaoueBbie ciaoBa: IMYYOK 3JICKTPOHOB, CMOJIbI, aC(baJ'IBTeHBI, BO3AYX, aproH, BOAOpOA, MpOIlaH--

OyTaHOBasI CMECh.
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Introduction

Electron irradiation as a method of delivering energy to a target molecule ensures that most of
the energy is absorbed by the electronic structure of the molecule. This leads to the efficient formation
of reactive particles capable of initiating chemical reactions [1]. Numerous works dealing with the
exposure of oil hydrocarbons (HC) to electron beams show that the products formed during radiolysis
of HC can be divided into three main groups: products of destruction or degradation with a molecular
weight less than that of the initial HC, isomerization products, and compounds with higher molecular
weight. Thus, the viscosity of oil with a high content of aromatic hydrocarbons increases due to the
recombination of macroradicals of aromatic rings and the formation of polyphenylenes. In the case of a

high content of paraffin hydrocarbons in oil, its exposure to the electron beam leads to a decrease in oil
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viscosity because of alkyl chain destruction [2]. Comparison of the results of radiation-thermal cracking
of bitumen samples [3] with methods such as thermal, thermal-catalytic, and ozone-thermal cracking
showed that radiation provides a higher yield of oil fractions. Electron beam irradiation was considered
as a way to partially improve the quality of high-viscosity oils [4, 5]. The authors of these works carried
out a Monte Carlo simulation of the process of electron beam treatment of multiphase and single-phase
oil hydrocarbons at different temperatures. It was shown that the destruction of hydrocarbons exposed
to an electron beam is non-linear according to temperature. It was shown that electron-induced thermal
cracking of high-asphalt oils leads to samples with a lower viscosity than in cases of thermal cracking
[6]. To select the optimal conditions, the effect of temperature on the productivity of radiation-thermal
cracking was investigated [7]. It is shown that the effective impact of the electron beam on heavy
deasphalted oils begins at temperatures above 120 °C.

The study of the electron beam impact was conducted mainly in oils and oil products. There is a
lack of data on the effect of exposure of individual oil components to electron beam. The effect of an
electron beam on high-molecular compounds of oil (resins and asphaltenes) is scarcely studied.

The purpose of this work is to determine the effects of exposure of asphaltenes to the electron beam

under atmosphere of various gases.

Methods and materials

Asphaltene samples were isolated from the oil sampled in the Nurlatskoye field as a result of
precipitation with 40-fold hexane volume according to the standard ASTM D 4055.

An ‘Astra’ pulsed high-current electron accelerator was used as a source of an electron beam for
processing hydrocarbons [8]. Accelerator parameters are as follows: electron kinetic energy is 90 keV, beam
current density 65 A/cm?, beam energy 0.2 J per pulse, full width at half maximum of the output current
pulse duration is 2 ns, pulse repetition rate is 5 pulses/sec. The test samples were irradiated in a stainless
steel cuvette with an inner diameter of 40 mm and a depth of 15 mm at 150 °C for 15 minutes at a standard
dose of 7.56 kGy in an atmosphere of air, argon, hydrogen, and propane-butane (55:45). Asphaltenes are
located at the bottom of the cuvette in an even layer, the amount of the substance is 50*10~3 kg.

The analysis of the groups composition (SARA) of samples were carried out by the method of
gradient displacement liquid adsorption chromatography on silica gel. The samples were analyzed for
the content of paraffin-naphthenic hydrocarbons (PNH), aromatic hydrocarbons (ArH), resin (Rn) and
asphaltenes (As). The samples were separated using a “Gradient” instrument manufactured by Bash
NINP [9].

X-ray phase analysis (XRD) of asphaltene powder samples was performed using a D 8 Discover X-ray
diffractometer (Bruker, Germany) with monochrome CuKa radiation (A = 1.54184 A). Scanning was
carried out in the range of 20 angles from 0° to 90° at 20 °C. The diffraction patterns were processed
using Origin Pro 8 and DIFFRAC EVA vl1.3 (Bruker-AXS) software. The parameters were calculated
according to the formulas given in [10—13].

The IR spectra were recorded in a KBr pellet in the range 400-4000 cm™ using a Thermo Scientific
‘Nikolet 5700’ FTIR Spectrometer equipped with a Raman module (Thermo Electron Corporation, USA).

Thermogravimetric analysis (TGA) of the samples was performed using a Q-1000 derivatograph.
A sample weighed 100 mg was tested in an inert atmosphere (argon, flow rate 50 ml/min) with a furnace

heating rate of 10 °C/min from room temperature to 850 °C.



Journal of Siberian Federal University. Chemistry 2023 16(1): 59-65

Results and discussion

The exposure of the initial asphaltene sample to electron beam had minor effect on its degradation
in air (Table 1). The amount of resins formed in an atmosphere of argon and hydrogen was small (4 %).
Their formation is possible upon the elimination of peripheral fragments of asphaltenes.

In propane-butane atmosphere, in addition to resins, paraffin-naphthenic and aromatic hydrocarbons
were detected. Resins and aromatic compounds could be formed as a result of the destruction of
asphaltenes or be synthesized from propane and butane, while hydrocarbons could be resulted only
from radical chain reactions [15].

The changes in the IR spectra were observed only for the sample treated with an electron beam in
air. As a result of the oxidation of hydrocarbon chains, absorption bands appeared at 1703 ¢m™ (carbonyl
group) and 3147 cm™! (hydroxyl group) [14].

Fig. 1 shows the diffraction patterns of the initial asphaltenes and those after treatment with an
electron beam in a propane-butane medium. A pronounced y-band in the region 2@ = 19° suggests the
presence of saturated structures in the initial asphaltenes. The reduction in the content of saturated
structures in the macromolecule of these asphaltenes is indicated by a decrease in the intensity of the
y-band relative to the 002 band in the region 20 = 26 °, which is characteristic of condensed aromatic
layers. Such a decrease in the intensity was observed only for the sample processed in the propane--
butane mixture.

The parameters of the macrostructure of asphaltenes and coke, calculated from the data of X-ray
phase analysis, are shown in Table 2. The macrostructural parameters of asphaltenes change most
noticeably after beam treatment in a propane-butane mixture. The average number of layers in a stack
(M) increases from 4.5 to 5.1, while the size of the aromatic core increases from ~ 24.7 of aromatic rings
per layer to ~ 32.3. The noticeable changes in interlayer distance (dm) and the distance between the
saturated fragments (dr) are observed. These changes (an increase in the number of aromatic rings in
the layer and, possibly, a decrease in the proportion of saturated fragments) may suggest the processes
of destruction and aromatization of saturated structures, which is confirmed by an increase in the
aromaticity factor £,XRP,

TGA data show that the asphaltene sample loses mass more intensively after treatment with an
electron beam in a propane-butane mixture. This is most visible in the region from ~ 250 to 510 °C
(Fig. 2). The maximum rate of thermal degradation in the initial sample reaches its maximum at a

temperature of 430.2 °C, while in a propane-butane atmosphere — at 433.2 °C. The most pronounced

Table 1. Group composition of samples after exposure of asphaltenes from Nurlatskaya oil to electron beam

sample in the Content, wt%

atmosphere: PNH ArH Rn As
Original 0 0 0 100
Air 0 0 0 100
Argon 0 0 4 96
Hydrogen 0 0 4 96
Propane-butane 8 6 9 77

PNH — saturated (paraffin-naphthenic) hydrocarbons; ArH — aromatic hydrocarbons; Rn —resins; As — asphaltenes
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Fig. 1. X-ray diffraction patterns of the initial sample (A) and sample under propane-butane atmosphere (B)

Table 2. Macrostructural parameters of asphaltenes

Sample in Parameters
atmosphere dm, A dr, A Lc, A M La, A Na f,XRD ¢a
Original 3,66 5,90 12,90 4,53 65,90 24,71 0,45 0,29
Air 3,69 5,92 12,48 4,38 57,70 22,01 0,43 0,26
Argon 3,67 5,86 13,27 4,61 61,97 23,24 0,48 0,32
Hydrogen 3,67 5,82 13,64 4,72 66,48 24,93 0,44 0,28
Propane- butane 3,62 5,60 14,96 5,13 86,04 32,26 0,55 0,41

Where: dm — interlayer distances in packs, dr — distance between saturated fragments of molecules, Lc — average thickness
of packs, M — average number of layers in a pack, La — average diameter of flat aromatic fragments of molecules stacked in
packs, Na — number of aromatic rings in a layer, f,X®P — aromaticity factor, pa — level of clustered organization of carbon
atoms

endothermic effects for the initial sample may be observed at a temperature of 418.9 °C to 509.7 °C and
within a temperature range from 411.4 to 505.3 °C for a sample in a propane-butane atmosphere. As a
rule, at temperatures of 410—420 °C, thermal degradation processes begin to occur, while at temperatures
above 500 °C coking processes can occur with a slow weight loss. The increase in the rate of weight
loss during thermal analysis of asphaltene samples obtained after exposure to an electron beam in a
propane-butane mixture, in comparison with other samples, can be explained by the loss of hydrocarbon
components adsorbed on it.

The results obtained show the resistance of asphaltenes to the electron beam impact. This may
be due to the fact that asphaltenes contain derivatives of polycondensed aromatic compounds, which,
having a high electron affinity and capturing slow electrons, lead to the damping of radical and radical

ion reactions in the organic mass.

Conclusions

The results of the study showed that an exposure to low intensity electron beam (90 keV) does not

lead to the destruction of chemical bonds in petroleum asphaltenes. When exposed to an electron beam,
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Fig. 2. TGA curves of initial asphaltenes (1) and asphaltenes treated with an electron beam in a propane-butane
atmosphere (2)

a slight oxidation of asphaltenes in the air atmosphere is observed. In a neutral and reducing atmosphere
the formation of a small amount of resins is observed. The macrostructural parameters of asphaltenes
change most noticeably after beam treatment in a propane-butane mixture. According to TGA data,
after treatment with an electron beam in a propane-butane atmosphere, asphaltenes lose mass more
intensively in the region from ~ 250 to 510 °C. According to XRD data, the average number of stacking
sheets and the size of the aromatic cores increase in this sample and the interlayer distance between
saturated fragments changes. An increase in the number of aromatic rings in the sheet and a decrease in
the share of saturated fragments may suggest the processes of destruction and aromatization of saturated
structures, which is confirmed by an increase in the aromaticity factor. The process of destruction of
asphaltene after treatment with an electron beam in a propane-butane atmosphere is evidenced by the

appearance of paraffin-naphthenic and aromatic hydrocarbons and resins in the sample.
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