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A comparative analysis of the edge absorption spectra measured in the temperature range of 290-470 K for
two This paper's goal is to investigate how petroleum’s n-alkane isomerization reaction occurs on the surface of a
solid nanocatalyst. In this experiment, the isomerization of aromatic-rich crude oil is being studied as a result of
radiation exposure. It was discovered that sodium-rich bentonite —solid acid, from the Alpoid deposit works well
as a catalyst for refining petroleum. Possible mechanisms of the radio-catalytic reaction that converts n-alkanes to
branched hydrocarbons have been researched by methods of FT- IR spectroscopy and gas chromatography. The
effect of acidity type of the nanostructured bentonite clay on Lewis acid cites is proposed to explain observed
results. Additional radiation energy, which is mainly generated due to the nanobentonite volume, results in a more
efficient aromatic- rich petroleum radiolysis process. Also, it was investigated the dynamics of dose —dependent
changes in the amount of branched hydrocarbons. One of the primary objectives of this research work is increasing
the efficiency of transformation of adsorbed beam energy in solid phase to the system and improvement of
hydrocarbon isomerization reactions in crude oil. The results of hydrocarbon transformations are discussed in terms
of the behavior of excited electrons in solids. Novel eco-friendly nanocatalyst creates new opportunities for

hydrocarbons with multi- branched structures.
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Introduction

Petroleum is complex mixture. This is generated by
geochemical and chemical processes. Each type of
petroleum has unique properties [1]. It impacts on the
behavior of petroleum  hydrocarbons under gamma
radiation. Radiolysis of the petroleum is complicated [2-

9]. Recently, it was studied the mechanisms of
petroleum’s hydrocarbons conversion and role of
heterogeneous catalysts application in upgrading

processes. Crude oil composition varies widely from one
geographical region to another and from field to field.
Petroleum recovered from different reservoirs varies
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widely in compositional and physical properties [6].
Radiochemical properties in hydrocarbons of different
classes differ from each other. Petroleum on platform 8
and 14 of Gunashli fields in X Horizon of Balakhani,
Azerbaijan confirmed this fact too. The impact of gamma
guantum on transformation mechanism of hydrocarbons
from platform 8 in Gunashli oilfields, Azerbaijan studied
[2]. But investigations with aromatic- reach petroleum
from oil platform 14 at the same reaction conditions
brought different results. Isomerization observed under
gamma rays. That’s why this research became on focus.
A number of authors studied ionizing irradiation
application in enhancing branched hydrocarbons in
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petroleum fractures [4-6]. Considerable effect in paraffin
molecules observed when heavy aromatic hydrocarbons
added to relatively lighter feedstock. This composition
was irradiated with high-energy - rays [4]. Development
novel catalyst gives opportunities in formation branched
isomers [8, 9]. Presented work deals with investigation of
radiocatalitik isomerization mechanism in presence of
nanoclay catalyst.

Clays are of considerable interest due to interesting
characteristics which make them suitable for industrial
applications [10-16]. Among various types of clays,
bentonite is more popular. Theirs physicochemical
characteristics depends on montmorillonite content, clay
minerals’ crystalline structure, also interlayer cations’
nature [17, 18]. Sodium - montmorillonite is relatively rare
in occurrence in comparison  with calcium-
montmorillonite [19]. Gamma radiation may also adjust
the surface characteristics of bentonite [2, 20, 21]. Natural
clays are low-cost natural resource which is nontoxic to
ecosystem.

I. Experimental part

The %Co isotope's gamma radiation was used to
irradiate the crude oil samples under static conditions in
vacuum-sealed quartz tubes at room temperature.
10.5 Rad/sec was the dosage rate. In the 4000-400 cm-1
range, spectrophotometer measurements were made using
a VARIAN 640-IR  spectrophotometer. Gas
chromatography was used on gas products. The
chromatographic approach has been used at the
"Gaschrom -3101" and "Svet -101" devices to determine
the concentration of gases produced as a result of the
radiolysis process. The instrument has a hydrogen
sensitivity of K (Hz) = 6.0x1013 molecules /(cm® mm).
Reaction conditions: high-aromatic crude oil (2.0 g) was
mixed with a specified amount of catalyst-nanobentonite
sample (0.01-0.03 g) in glass ampules, sealed, and then
exposed to various radiation energy doses (from 0.7 to 100
kGy).

Between 0.7 and 100 kGy of dose crude oil from
Gunashli oilfield samples was irradiated at room
temperature, both in presence and absence Na- bentonite
clay. While employing raw bentonite clay from the Alpoid
deposit of Azerbaijan and gamma rays at room
temperature, it was possible to isomerize n-alkanes into
branched hydrocarbons of high-aromatic crude oil from
platform 14. About 15-25% of the total hydrocarbons in
the crude oil from platform 14 may be aromatic
hydrocarbons. The bentonite clay sample employed in
these tests is nanostructured, with particles ranging in size
from 55 d [nm] to 175 nm. The Alpoid deposit contains
more than 85% of Na- montmorillonite [2; 21].
Montmorillonite is an aggregate of lamellar platelets,
packed together by electrochemical forces and containing
interposition water. Each platelet consists of three
sandwich-arranged layers: a central octahedral alumina
(Al>0O5) layer, and two tetrahedral silica (SiO) layers. The
silicon ion and the aluminium ion often undergo
isomorphous substitutions by lower valence metals, such
as magnesium and iron. In turn, these substitutions lead to
a charge imbalance, compensated by exchangeable

461

cations, in particular calcium (Ca?*), magnesium (Mg?)
and sodium (Na*) ions, together with water molecules
bonded together by ion-dipole forces. These ions, with no
more place inside the reticular structure, migrate to the
external silica layers and are the main cause of hydration
in the crystal lattice [10;11;15;19]. The chemical formula
for nanocrystalline bentonite is
(Na,0.5Ca)0.7(Al,Mg,Fe)4(Si,Al)8020(OH)4*XH20 [2;
21].

1. Results and discussion

Crude oil isomerization was conducted with and
without nanobentonite at a dose of between 0.7 and
100kGy at room temperature. It was observed that, during
radiation of crude oil in presence of clay irradiated
hydrocarbons contained much more isomers than without
catalyst. The concentration of (3Cs7) branched
hydrocarbons was determined using FT-IR methods. The
obtained experimental results are represented in the figure
1(a, b). It has been presented results on the variation of the
yield of the radiation — induced isomerization product with
the y-dose and amount of the clay.

The amount of isoalkane increased significantly, in
presence of nanocatalyst, as seen in Fig. 1b.
Nanostructured Na-bentonite clay has different surface
areas (55 - 175nm). A sharp growth of amount of branched
hydrocarbons occurred with an increase in radiation dose
ranging from 0.7 to 6.0 kGy and catalyst mass in the range
of 0.01-0.02g. The results demonstrate that the number of
branched hydrocarbons reaches its highest value (45
weight percent) at 6.0 kGy dose and 0.02g of the
nanobentonite in this range of doses of gamma quantum.
But the value of isomers began to decrease after adding
more than 0.02g catalyst at various doses and it may be
due to some of the agglomerations created with
nanoparticles of clay. It was not observed significant rise
in amount of branched alkanes at doses of 6 - 100 kGy.

The catalytic cycle of the Lewis acid catalyzed
radiation-induced isomerization involves chain initiation
to form the active carbenium ion species, carbenium ion
rearrangement, and chain propagation. However, the value
of isomers started to decline after adding more than 0.02g
catalyst at various doses (from 0.7 to 100kGy). Both
petroleum hydrocarbons and clay are made visible by
gamma rays during heterogeneous crude oil radiolysis
when it comes into contact with clay (Fig. 2. a,b].
Hydrated aluminum silicates combine to make the clay
mineral bentonite. As a result of being exposed to gamma
rays, they partially lose their pore water and develop the
Lewis acid H"AIO; [2].

Then the hydrocarbon molecule was dissociatively
adsorbed on pairs of coordinatively unsaturated Al sites
and acids. Lewis acidity thus undoubtedly plays a role in
the radiation-based isomerization of crude oil. The
carbocations are produced directly from n-alkane
molecules in the presence of an acid catalyst, according to
the theory put forward by G. Ola. The initial protonation
was brought about by the production of the carbonium ion
and the bond, which was predicated on the preexisting 3
central and 2 electron bonds. Following the release of a
hydrogen molecule, carbonium ions decompose to create
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Fig. 1. a) - dependence of quantity of branched hydrocarbons and gamma quantum dose (irradiation without
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Fig.2. Transformation of hydrocarbons on the nanocatalyst (Na-bentonite): a) Hydrocarbons penetration in
clay’s pores; b) Formation of brunched hydrocarbons on the surface of solid acid — bentonite.

isomers come from was explored in the current scientific
effort. The rearrangements, or 1, 2-shifts of alkyl groups,

carbenium ions [22].

By using FTIR spectroscopy, it was shown that the C

(CHg). dimethyl substituted products predominated in the
liquid mixture among the isomers. Where these kinds of

are typical for carbenium ions:

n- CeHws — CH (CH3)2 (CH2) CHz —  CH (CHa)2 CH (CHa), — C (CHa)s C2Hs*

Equation 2- 4 could demonstrate one of the possible

ways of isomerization process:
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CH;-(CHy):-CH; - CH;_ — CH;-CH,-CH;-CH;-C'H; ---CH: —

/H .
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CH/ H CH;
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CH; CH;
CH CH;
CH;----CH-CH-CH;_ — (CH_:)C}i ------- (:(CH;\ )-CH;— CH;-CH,-C-CH; (4)
CH; CH;: H CH:
The decomposition products in the gas phase consist
predominantly of hydrogen, which is likewise CH4+CHs—CHs*+CHs @)
characteristic for low-temperature radiolysis of alkanes
(table). Alkanes are subjected to radiolysis, which results CH3*+CHs —CyHs™+H; (8)
in some of their dehydrogenation, the release of free
hydrogen, the production of free radicals, and the CyH3 +CoHs—CH5*+CoH; 9
generation of ions. These radical and ion products
transformed into gases: CHs, CyHa, CoHs, CsHs CaiHio CH+CaHz—CaHa+Ho+H* (10)
(Fig.3. and Fig.4). The table shows that when crude oil
was exposed to gamma rays, there was greater cracking CoHo+CHY*—C3H+H?* (1)
than when bentonite was present. When isomerizing
occured with nanocatalyst, the yield of CH4, C2Ha4, C2He, CoH2 +CoHy,—CyH3s+H* (12)
> Cs reduced, Y Cs Y Cs > Cy7 increased, and C4 amount
very little changed. H*+CH3*—CHa4 (13)
As can be seen from the table more cracking occurs
under gamma irradiation in crude oil than in presence of CHs*+CH3s*—C:Hs (14)
bentonite. In the case of nanobentonite, during
isomerization, the vyield of CHs CyHi, CiHs, >Cs CHs*+CoHs*—C3Hg (15)
decreased, Y Cs, Y Cs, > Cy7 increased, only amount of ) Cs
changed slightly. On the other hand, it should be noted that CoHs*+C2Hs*—C4H1o (16)
isomerization on clay occurred due to alkanes rather than
olefins, since the radiolysis of oil in the presence of C,Hs + CoHs—CsHyo @an
nanoclay produces a relatively low vyield of gaseous and others.

products.

The development of unbalanced molecular states
required for the progression of chain reactions at lower
temperatures is considerably aided by radiation- induced
isomerization [23-25]. Different molecular fragments are
produced by nuclear processes. Their concentration is
relatively low, and they dissipate quickly (5-17):

CH4+CH;—CHs"+CH3 (5)

CH+CH;s—CyH4+H (6)
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Results from platform 14 of Gunashli crude oil point
to the possibility that a significant number of aromatics in
the feed may have a substantial negative impact on
aromatization; yet, this chemical functions as a catalyst for
the isomerization of n-alkanes in branched hydrocarbons.
The synergism effect is produced by combining this kind
of crude oil with nanostructured Na-bentonite clay.
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Fig. 4. Chromatogram of formed gases at petroleum radiolysis in presence of nanobentonite at 6.0 kGy dose.

contains considerable content of aromatics (about 20%
) wt.). This is a practical way to raise the oil's quality.
Conclusions Presented work shows the possibility of using a cheap
nanostructured  catalyst in the low-temperature
The study suggests that enhanced isomerization by isomerization process.
ionizing radiation should take place when crude oil The possible application of Lewis acidity-containing
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Na-bentonite clay with a range of 55-175nm for
isomerization is discussed.

The current study determined the optimal amount of
catalyst, the optimal dose of irradiation in hydrocarbon
isomerization reactions.

The mechanism of radiation-induced isomerization
reaction was proposed using G. Ola’s theory. The results
of hydrocarbon transformations are discussed in terms of
the behavior of excited electron solids.
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MexanizmMu peakuii pagianiiHol i3omepu3anii ByrjieBOAHIB Ha
MOBEPXHI TBEPAOI KUCJIOTH

nemumym paodiayitinux npobaem Hayionanvhoi akademii nayk Asepbaiioxcany, Incmumym padiayitinux npobnem,
baxy, Azepbaiioxcan, ismayilovamehpara@gmail.com
’Bakuncvkuil inoicenepnuii ynisepcumem, baxy, Azepbatiocar
3 Asepbaiiosicancoxuii deporcasnuil ynisepcumem nagpmosoi npomuciosocmi, baxy, Azepbaiiodcan

VY po6oTi BUKOHAHO MOPIBHAJIBHUI aHANi3 KPaOBHUX CIEKTPIiB MOTJIMHAHHS, BUMIPSHUX y TEMIEPaTypHOMY
niamazoni 290—470 K. Mertoto 1i€i cTaTTi € JOCHiIKEHHS Mpolecy peakiii i3omepusamii N-ankadiB HahTH Ha
MOBEPXHI TBEpPJOr0 HaHOKaTaji3aropa. Y eKCHepHMEHTI BHUBUAEThCS i30MepH3allis HACHYEHOI apoMaTHYHUMHU
pevoBHHAMH CHPOT HABTH B Pe3yJIbTaTi pajialliiHOro onpoMiHeHHs. BUsiBIIeHO, 1110 OaraTuii HaTpieM OEHTOHIT —
TBEp/Ja KHCJIOTa 3 POAOBHINA AJBIOIN — J00pe Mpalroe K Karamizatop s nepepobku Hapti. Metogamu Y-
®yp’e criekTpockortii Ta ra30Boi xpomarorpadii JOCTiHKEeHO MOXKIIMBI MEXaHi3MH paioKaTaliTHIHOI PEaKIlil, o
MEPETBOPIOE H-aJIKAaHU Ha PO3Taly’KeHi BYrJIeBO/IHI. BIUIUB THITy KHCIIOTHOCTI HAHOCTPYKTYPOBaHOi GEHTOHITOBOT
[JIMHA Ha KHUCIOTH JIbroica NPOMOHYETHCS MOSCHIOBATH CIOCTEPEXKyBaHi pe3ynbTaTd. J[ofaTkoBa eHepris
BUNIPOMIHIOBAHHS, K4 B OCHOBHOMY T'€HEPYETHCS 3aBASKA 00’€My HAHOOCHTOHITY, NMPHU3BOAWUTH JO OLIBII
e(eKTHBHOTO Tpoliecy paaiofizy HadTH, HACHYEHOTO APOMATHYHUMHU PEUYOBHHAMH. TaK0X JOCITIIKEHO AUHAMIKY
JI0303aJISKHHUX 3MiH KiJIBKOCTI pO3rayly’)keHHX BYTJ1eBoHIB. OJHI€I0 i3 OCHOBHUX 3a/1a4 Li€l HayKoBOI poOOTH €
migBHIIeHHST e(QeKTHBHOCTI MEepeTBOPEHHs eHeprii ancopOoBaHOro Iydka TBepAol ¢asm B cucTeMy Ta
B/IOCKOHAJICHHsI peakiliii i3oMepu3alii ByrieBonHiB y cupiii HadTi. Pe3ynpraT ByriieBoJHEBHX MEPETBOPEHBb
00roBOpEHO 3 TOYKH 30pYy MOBEMIHKM 30Y/IKEHHX €JEKTPOHIB y TBepAuxX TinaXx. HoBWil eKoNOTiYHO YHCTHI
HAaHOKATAaJi3aTop CTBOPIOE HOBI MOXKJIMBOCTI JIUIS BYTJICBO/IHIB 3 6araropo3rainy)keHUMHU CTPYKTYpaMH.

KurouoBi ciioBa: raMMa BHIIPOMIHIOBAaHHS, HAaHOCTPYKTYpH, TBEpAWH KarajizaTop, OararoposranyxeHi
CTPYKTYpH, TIEPETBOPEHHSI.
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