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Abstract: In this work, a comparative study of the kinetics of changes in pH indicator, the formation of
H,O, and CO. concentration depending on the absorption dose during the vy-radiolysis of
polychlorobiphenyl (PCB), containing transformer oil in the presence and absence of nano-Al,O; was
conducted. In the radiolysis of both systems (PCB + transformer oil and PCB + transformer oil + 0.1 g
nano-y-Al,O3), the radiation-chemical yield of CO, become less in the presence of nanoparticles and
decreases with the increase of initial concentration of PCB. In contrast to CO., the radiation-chemical
yield of H2O- increases with an increase in the initial concentration of PCBs, but their values are lower in
the presence of nano-y-Al>Os.
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1. Introduction

Currently, nano-oxides are widely used to increase the efficiency of radiation-chemical
decomposition of substances [1-13]. It has been established that during the radiolysis of water,
the hydrogen yield in the presence of nano-catalysts, such as Al2Os, TiO, SrO, Zr, etc. sharply
increases. It has been established in [2] that the radiolytic decomposition of small phenol
impurities in water increases in the presence of nano-)-Al>Os and nano-TiO: [3, 4]. The observed
increase in the efficiency of radiolysis is due to the participation of nonequilibrium carriers
formed on the surface of nano-catalysts in the decomposition of adsorbed molecules [5-7].

The abovementioned effects may be characteristic of the radiolysis of other chemical
compounds. In this aspect, the use of nano-catalysts in the process of radiological decomposition
of polychlorobiphenyls (PCBs) to purify transformer oils from PCBs seems to be relevant. At
present, the possibilities of radiation-chemical technology for the purification of transformer oils
from PCBs are widely studied [8, 13].

Chlorinated biphenyls, having high chemical and heat resistance, do not decompose in
the environment and accumulate in people's adipose tissue, causing a weakening of their immune
systems, they are included in the Stockholm Convention on Persistent organic pollutants.
Although their production was suspended in the late 80s of the last century, they are still in use
today. Also, cross-contamination of oils during repair and refining of used transformer oils is
widespread. Therefore, the development of new disinfection methods is an urgent task. Although
their production was suspended in the late 80s of the last century, they are still in use today. Also,
“cross” contamination of oils during repair and refining of used transformer oils is widespread.
Therefore, the development of new disinfection methods is an urgent issue.

In this work, we studied the laws of radiolysis of PCB-containing transformer oil in the
presence of nano-Al>Os under the influence of y - radiation.
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2. Experimental part

Transformer oil with and without the addition of PCB oil “Sovtol-10” containing PCB
isomers and analogues, as well as 10% trichlorobenzene has been used.

Aerated samples were irradiated under the influence of y - radiation from the %°Co isotope
under static conditions in glass ampoules at room temperature. The absorption dose rate was
determined by Ferro sulfate dosimeter [14], which was 0.21 Gyl/s.

The pH indicator was measured with a pH-meter, CO; analysis was performed on an
Agilent Technologies-7890 A gas chromatograph with detectors: TCD - carbon oxides, H>O> -
titration. Nano-y-Al2O3 from Skyspring Nanomaterial’s, Inc. with a purity of 99.99%, a nano-
particle size of 50 nm and y-phase content of 99.32% and a specific surface area of 262.09 m?/g.

3. Results and its discussion

Table 1 shows a comparative study of the kinetics of changes in pH indicator, the
formation of H.O2 and CO> depending on the absorption dose during the radiolysis of PCB-
containing transformer oil in the presence and absence of nano-»41,03 under the influence of »
radiation. The presented data are the results of three measurements of the corresponding
parameters. Measurement errors are in the range of 10-15%

Table 1
The dependence of pH indicator on the absorption dose during the radiolysis of PCB-containing oil and
PCB + transformer oil + 0.1 g nano-»Al,Os at different initial PCB contents.

pH
D, kGy 5 ppm | 15 ppm | 40 ppm Sé)pim PCB+ | 15ppm PCB + | 40 ppm PCB +
PCB PCB PCB .1g nano- 0.1g nano- 0.1g nano -
A203 A203 AO3
0 55 4.7 4.5 53 51 4.2
4.1 5.2 4.6 4.15 4,92 5 3.72
27.4 4.8 4.3 3.9 4.35 4 3.3
68.4 4.5 3.9 3.7 4 3.6 3.2
136.8 4.4 3.7 3.5 3.5 3.2 3.11
Degree of | o500 | 21,206 | 22.2% 37.7% 37.2% 26%
conversion

It has been established that the acidity of the oil increases in both cases: in the first case

(without the presence of nano-j-Alz) the degree of acidity growth is 20-22%, and in the second
case (in the presence of nano-j-Al2) it increases and amounts to 26-38% at different
concentrations of PCBs in the mixture.

An increase in acidity from the absorption dose during the irradiation of the
abovementioned systems can also occur due to the oxidation of the main components of the
transformer oil mixture with dissolved oxygen. Moreover, oxygen not only dissolves but also
chemically combines with oil, forming oxidation products [15]. The presence of dissolved
oxygen in transformer oil when exposed to gamma radiation, leads to the formation of carbon
dioxide and hydrogen peroxide, which we have identified experimentally.

Figure 1 shows the dependences of the concentration of carbon dioxide during the
radiolysis of PCBs containing transformer oil in the presence and absence of nano-j-A41,03 at
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different concentrations of PCBs. As can be seen from fig. 1 (a) the concentration of the
resulting CO2 rapidly increases with increasing dose and reaches a stationary concentration at
doses of ~ 4 kGy at PCB concentrations in the range of 5-40 ppm. A similar course of kinetic
curves is also observed in the presence of nano-»41,03 (Fig. 1 (b)), but stationary CO>
concentrations are lower than the radiolysis of a homogeneous PCB — transformer oil system, i.e.
the presence of nano-»-41,03 leads to a decrease in the rate of the oil oxidation reaction.
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Fig. 1. Dependence of CO, concentration on the absorption dose a) during radiolysis of PCB containing
oil and b) PCB + transformer oil + 0.1 g nano-j-Al,O3 (5- (e), 15- (m), 40- (A)) ppm PCBs.

Another oxidation product is hydrogen peroxide, the kinetics of formation of which is
shown in Figure 2 a, b. As can be seen, after a sharp increase in the concentration of hydrogen
peroxide up to an absorption dose of ~ 30 kGy, its values decrease with increasing dose,
apparently, due to the participation of hydrogen peroxide in secondary reactions.
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Fig. 2. Dependence of the H.O, concentration on the absorbed dose a) during radiolysis of PCB
containing oil and b) PCB + transformer oil + 0.1 g nano-)-Al,Os (5- (e), 15- (m), 40- (A)) ppm PCBs.

Table 2 shows the radiation-chemical yields of CO. and H20. during the radiolysis of a
homogeneous mixture of PCB containing transformer oil and a heterogeneous system of the
abovementioned mixture in the presence of nano-y-41,03 at various initial PCB concentrations in
the range of 5-40 ppm.
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Table 2
Radiation-chemical yields of H2O, and CO- during radiolysis of PCB + transformer oil and PCB +
transformer oil + 0.1 g nano-»-Al,Os systems.

G, molec/100 eV
PCB, ppm PCB + transformer oil PCB + transformer oil + 0.1 g nano-
7~Al203
CO- H>02 CO- H.0>
5 1.1 3.9 1.0 4.1
15 1.9 4.7 11 5.9
40 2.3 5.9 0.79 6.9

As can be seen, during the radiolysis of both systems, the radiation-chemical yields of
H20: increase with an increase in the initial concentration of PCBs. In contrast to the radiolysis
of a homogeneous system, the radiation-chemical yields of CO> decrease when nano-j-A1,03 is
added to the system.

4. The discussion of the results

The investigated system is a system consisting of many components. Therefore, an
explanation of the results is hypothetical.

Transformer oil has a complex hydrocarbon composition with an average molecular
weight of 220-340 a.e, and contains the following main components: paraffins 10-15%;
naphthenes or cycloparaffins 60-70%; aromatic hydrocarbons 15-20%; asphalt-resinous
substances 1-2%; sulfur compounds <1%; nitrogenous compounds <0.8%; naphthenic acids
<0.02; antioxidant additive (ionol) 0.2-0.5% [15]. When irradiating transformer oil, the energy of
ionizing radiation is absorbed in proportion to the electron density of each component. Since the
main components of the oil are alkanes, cycloalkanes, and aromatic hydrocarbons, energy is
mainly absorbed by the molecules of these compounds.

In the radiolysis of such a complex system, because of the possibility of transferring
electron excitation energy and charge, the composition and yields of radiolysis products change.
The molecules of hexane (alkanes), cyclohexane, (cycloalkanes) and benzene (aromatic
hydrocarbons) have an ionization potential of 10.4, 9.9, and 9.2 eV, respectively [16]. A
comparison of the ionization potential shows the possibility of charge transfer from the “parent”
ions of hexane and cyclohexane to benzene molecules. Benzene molecules also effectively
capture hydrogen atoms and hydrocarbon radicals. Also, electron excitation can be transferred
from alkane and cycloalkane molecules to benzene molecules, since they have more high-energy
electron states, for example, the energy of the singlet state of benzene and hexane molecules is
9.13 and 9.84 eV. It has been previously established that the hydrogen yield during the radiolysis
of binary mixtures of hexane (cyclohexane) + benzene decreases with increasing concentration
of benzene, which is explained by the transfer of charge and electron excitation from hexane
(cyclohexane) molecules to benzene molecules [17]. The ongoing chemical processes lead to the
formation of gases, the decomposition of the main components of oil and the course of oxidative
processes. The formation of hydrogen peroxide is associated with the presence of dissolved
oxygen in oil [18]. According to [19], when air dissolves in oil, the ratio between the air
constituents changes. So, air contains 78% and 21% by volume of nitrogen and oxygen, but if it
is dissolved in oil, it contains 69.8% by volume of nitrogen and 30.2% oxygen.

The radiolytic conversion of PCBs is due to the reactions of the active particles of the
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radiolysis of transformer oil, which has a predominant electron density in the irradiated system.
In the presence of nano-particles, nonequilibrium charge carriers — electrons and holes —
occurring on the surface of nano-particles in the decomposition of transformer oil components
also participate. Calculations show that under the experimental conditions ~ 40% of the radiation
energy is absorbed by nano-j- 41,03, and ~60% by the components of transformer oil.

In several works, it was found that the conversion of PCB molecules occurs in a reaction
with electrons, which seems likely due to the high value of the affinity of the atom for the
electron.

e+C2Hy0-nCly > - Ci2H19Clyq + CL7,

where k=(2+3)-10° M's? (for dichlorobiphenyl, tetrachlorobiphenyl, decachlorobiphenyl) [20]
It is likely that part of the stabilized electrons on the surface of nano - 41,03 also serve
as the adsorption center of PCB molecules and cause their radiolytic decomposition.

5. Conclusion

1. It has been found that during the radiolysis of transformer oil in the presence of nano-y41,03
and PCB impurities, the hydrocarbon components of the oil are oxidized, as well as the
acidity of the irradiated solutions increases due to the formation of acidic products and
dechlorination of PCB impurity molecules

2. The increase of acidity in the presence of nano-)-41,03 in the irradiated system is related
with participation of stabilized electrons on the oxide surface in the dechlorination of PCB
molecules.

References

1. S.Seino, T.A.Yamamoto, K.Hashimoto, S.Okuda, N.Chitose, S.Ueta and K.Okitsu //
Gamma-ray irradiation effect on aqueous phenol solutions dispersing TiO2 or Al2Os3
nanoparticles. Rev.Adv.Mater.Sci. 4 (2003) P. 70-74

2. T. A. Yamamoto, S. Seino, M. Katsura, K. Okitsu, R. Oshima, and Y. Nagata //
Nanostructured Materials 12 (1999) 1045.

3. S.Seino, T. A. Yamamoto, R. Fujimoto, K. Hashimoto, M. Katsura, S. Okuda and K. Okitsu
/l'J. Nucl. Sci. Technol. 38 (2001) 636.

4. S. Seino, T. A. Yamamoto, R. Fujimoto, K. Hashimoto, M. Katsura, S. Okuda and K. Okitsu
// Mat. Res. Soc. Symp. Proc. 676 (2001) Y3.43.1.

5. Bozena Czech. Effect of H,O> Addition on Phenol Removal from Wastewater Using
TiO2/AlL03 as Photocatalyst. Polish Journal of Environmental Studies, 2009, V. 18, Ne 6:
p.989-993

6. Grabowska E, Reszczynska J, Zaleska A. Mechanism of phenol photodegradation in the
presence of pure and modified-TiO2: Water Research, 2012, Volume 46, Issue 17 Pages
5453-5471

7. M.A. Gurbanov, U.A. Guliyeva, E.T. Abdullayev, O.M. Makhmudov, Z.l. Iskenderova,
Radiolysis of an aqueous phenol solution in the presence of nano-y-Al>Oz. International
journal of applied and fundamental research, 2016, No. 5, part 1, p. 21-24

8. T.N. Agaev, A A. Garibov, S.Z. Melikova, G.T. Imanova. Radiation-Induced Heterogeneous
Processes of Water Decomposition in the Presence of Mixtures of Silica and Zirconia
Nanoparticles, 2018, Volume 52, Issue 2, pp 145-151

77


https://www.researchgate.net/profile/Bozena_Czech
https://www.researchgate.net/journal/1230-1485_Polish_Journal_of_Environmental_Studies
https://www.ncbi.nlm.nih.gov/pubmed/?term=Grabowska%20E%5BAuthor%5D&cauthor=true&cauthor_uid=22921392
https://www.ncbi.nlm.nih.gov/pubmed/?term=Reszczy%C5%84ska%20J%5BAuthor%5D&cauthor=true&cauthor_uid=22921392
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zaleska%20A%5BAuthor%5D&cauthor=true&cauthor_uid=22921392
https://www.sciencedirect.com/science/journal/00431354
https://www.sciencedirect.com/science/journal/00431354/46/17
https://link.springer.com/journal/10733/52/2/page/1

9. T.N. Agaev, N.N. Gadzhieva, S.Z. Melikova, G.T. Imanova, |.A. Faradzh-zade. An IR
Spectroscopic Study of the Effect of Gamma Radiation on the Nano-ZrOz + Nano-SiO> +
H>O Systems. Protection of Metals and Physical Chemistry of Surfaces, 2018, Volume
54, Issue 5, pp 813-816

10. T. N. Aghayev, A. A. Garibov, V. I. Huseynov, S. Z. Malikova, M. M. Taghiyev, S.Z.
Jafarova. Kinetics of radiation-catalytic and catalytic decomposition of water on the surface
of nanosirconium, J. Physical Chemistry, 2019, Volume 93, No. 1, p. 55-58

11. A.A. Garibov, T.N. Aghayev, S.Z. Malikova, G.T. Imanova, |.A. Farajzadeh. Radiation-
catalytic properties of n-ZrO + n-Al,O3 systems in the process of producing hydrogen from
water. J. Nanotechnology in Russia, 2017, Volume 12, No. 5-6, pp. 22-26

12. T.N. Aghayev, N.N. Hajiyeva, S.Z. Malikova, IR-Fourier spectroscopic study of nano-ZrO;
+ nano-SiO2 + H>O systems under the influence of gamma radiation, J. Journal of Applied
Spectroscopy, 2018, T 85 No. 2, p. 351-354

13. A A. Garibov, T.N. Aghayev, G.T. Imanova, S.Z. Malikova, N.N. Hajiyeva, Study of the
radiation-thermal decomposition of water into nano-ZrO; by IR spectroscopy. High Energy
Chemistry. 2014, T. 48, No. 3, p. 1-5

14. Ivanov V.l.. The course of dosimetry. M .: Energoatomizdat, 1988, p. 167.

15. URL.: http://www.sermir.narod.ru/tryd/Posob/jiddiel.html (accessed May 20, 2019)

16. S.Y. Pshezhetsky. // The mechanism and kinetics of radiation-chemical reactions, M.: 1968.
p. 368.

17. A. K. Pikaev // Modern radiation chemistry. M.: Nauka. 1986, p. 440

18. Z.1. Iskenderova, M.A. Gurbanov. Changes in the operational characteristics of transformer
oil under the influence of ionizing radiation. Chemistry of High Energies, 2019, Volume 53,
No. 6, p. 459-463

19. http://leg.co.ua/transformatori/teoriya/rastvorimostgazov-v-transformatornom-masle.html

20. Chaychian M., Silverman J., Al-Sheikhly M. Kinetics of Remediation of Polychlorinated
Biphenyls (PCBs) Induced by Electron Beam Irradiation in Aqueous and Aqueous Micellar
Solutions, and Transformer Oil / 25th Miller Conference on Radiation Chemistry. United
Kingdom: Buxton, 2007, p. 898-902.

PAINOJIN3 TPAHC®OPMATOPHOI'O MACJIA B IIPUCYTCTBUH
MNOJUXJOPBU®EHNJIOB U HAHO-y-Al203

3.1. UckenaepoBa

Pe3tome: B panHOW paboTe NPOBOAWIOCH CPAaBHUTEIbHOE H3YyUCHHWE KHUHETHKM u3MeHeHus pH
nmokazarens, kouneHtpamuu H>O> m CO2 B 3aBUCHMOCTH OT TMOTJIOMICHHON MO3BI TIPH Paguoin3e
nonuxnopoudpenun (ITXB) coneprkariero tTpancGopMaToOpHOTO Macia B MPUCYTCTBUH U 6e3 HaHO Y-Al,O3
noj gedicrBueM uanydeHus. [Ipu paguonuze obonx cucrem (I1XbB + tpanchopmaroproe macio u [1Xb +
tpanchopmatoproe maciio + 0.1 r HaHo-y-Al2O3) paguanronHo-xumudeckuii Bbixo CO2 yMeHbIIaeTcst ¢
pocToM HcxoAaHOW KoHueHTpauuu [I1XB, XOTsS NMpu HalWyuMKM HAHO YAaCTUI] 3HAYEHUS paJMallOHHO-
xumuueckoro Bbixoga CO: craHoBHThCA MeHblle. B pasmuume or CO:2 paguaniiOHHO-XUMHYECKHE
BbIX0JblI 0OpazoBanusa H2O; pactyT ¢ moBblmeHreM ncxonHol koHmeHTtpanued [1Xb, HO ux 3HaueHHs
MEHBIIIE B IPUCYTCTBUU HAaHO-Y-Al203,

Kntoueevie cnoea: tpancopmaropHoe wmacio, nonuxiopoudenmn, HaHo-y-AlOs, paguonus,
PaIMaOHHO-XUMUYECKHH BBIXO/.
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POLIXLORBIFENIL VO NANO-y-Al20s ISTIRAKI IL® TRANSFORMATOR
YAGLARININ RADIOLIZI

Z.1. iskandarova

Xiilasa: Bu isdo torkibindo PXB olan transformator yaglarmin nano-y-Al2Os -lin istiraki ilo va istiraki
olmadan y-siialarinin tosiri altinda radiolizi zaman1 pH gostaricisinin, H.O, vo CO;-nin qatiliglarinin
udulan dozadan asililiglarinin yaranma kinetikas1 miiqayisali sokildo 6yronilmigdir.

Hor iki sistemin radiolizi zamam (PXB+transformator yagi vo PXB+transformator yagi +0,1 q
nano-y-Al,Oz) PXB-nin ilkin qatiliglart artdigca CO--nin radiasiya-kimyavi ¢iximlari azalir, sistemdo
nano-zarracik oldugu halda COz-nin radiasiya-kimyavi ¢iximi daha ¢ox azalir. CO,-don forgli olarag

H>O,-nin radiasiya-kimyavi ¢iximinin qiymati sistemdo PXB-nin ilkin gatilig1 artdiqca artir, lakin nano-y-
Al,O3 -lin igtiraki ilo azalir.

Agar sozlar: transformator yagi, polixlorbifenillor, nano-y-Al,Os, radioliz, radiasiya-kimyavi ¢ixim.
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