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Abstract: The study investigates the change of physico-chemical and operational properties of diesel fuel
through the addition of a little toluene under Co® ionizing radiation. A mixture of toluene and diesel fuel
was subjected to irradiation at a dose rate of P = 0.07 Gy/h, with absorbed dose ranges D = (24-90) kGy,
and a 1% (vol) toluene concentration. The study evaluates the density and viscosity of diesel fuel before
and after irradiation at various absorbed doses. The selection of a radiation-resistant diesel fuel is
achievable by identifying an appropriate antirad.
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1. Introduction

When exposed to ionizing radiation, organic substances undergo complex radiation-
chemical transformations. Thus, beyond considering well-known physico-chemical properties of
organic fuels and lubricants, it becomes essential to assess their ability to function under
radiation conditions, that is, their radiation resistance. The speed and direction of the
polymerization processes that occur under the influence of radiation depend on factors, such as
the density of olefin in the irradiated system, temperature of the medium, radiation dose, and
dose rate [1-3]. The effect of radioactive radiation is mainly reduced to ionization of the energy-
absorbing medium and induction of free radicals depending on the concentration of radical chain
and ionic processes. Under this condition, as a result of cracking, dehydrogenation,
isomerization, and polymerization of hydrocarbon fuels, they are formed simultaneously with
fissile low-molecular compounds as a product of radical and ion recombination.

According to the fractional composition in diesel fuel (DF), the completeness of
combustion in cylinders, smoke levels, and exhaust gas toxicity are determined. The fundamental
physical and chemical properties of the fuel are contingent on its density. It is possible to
enhance the resistance to the effects of gamma rays by adding a small quantity of aromatic
compounds to diesel fuel, which increases the radiation resistance of diesel fuel. During the first
1014 seconds of exposure of fuels to ionizing radiation, the initial radiation-chemical processes
result in the formation of ions and excited molecules, leading to dissociation and the breaking of
chemical bonds with the formation of free radicals. At the same time, the structuring and
decomposition of organic compounds take place. The stability of fuel components’ chemical
composition under operating conditions, including high temperatures and radiation, holds
significant practical importance. Investigating the impact of radiation on the overall fuel
composition, defining requirements for the fuel composition, and understanding its resistance to
radiation are crucial research tasks.

Typically, effective antioxidant, anti-corrosive, detergent, and neutralizing additives in
diesel fuel, help mitigate the detrimental effects of sulfur compounds, leading to increased
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engine service life, reduced fuel consumption, decreased wear and tear, and minimized carbon
deposits.  Aromatic compounds, such as benzene, toluene, phenylenediamine,
phenylnaphthylamines, etc. are common antirads. The amount of aromatic antirads in fuels is
usually 0.1-10%. Aromatic hydrocarbons exhibit resilience to high temperatures and radiolysis,
prompting detailed studies to explore their potential, as antiradiation agents. The presented work
aims to investigate changes in the operational characteristics of diesel fuel with the addition of a
small amount of toluene under the influence of ionizing radiation.

2. Methodology

Diesel fuel (DF) samples, enclosed in ampoules and sealed in vacuum, underwent
irradiation at room temperature using an MPX v-30 type Co® gamma source within the absorbed
dose range of D=(15-150) kGy. Additionally, a mixture of toluene with diesel fuel (+DF) at
toluene concentrations of 1,3, and 5% were exposed to a dose of P=0.07 Gy/h within the
absorbed dose range of D=(24-90) kGy. DF density and viscosity were assessed before and after
irradiation at various absorbed doses. Viscosity measurements were conducted in VPZh-2 type
viscometers in accordance with DUIST 33-66, while densities were measured using a
pycnometer in accordance with DUIST 3900-85.

3. Experimental part
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Fig. 1(a, b). Effects of gamma radiation on initial properties of diesel fuel immediately and after 4 months
(P=0.072 Gy/h).
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As evident from Figure 1 (a, b), the viscosity and density of fuels increase with the rise in
absorbed dose. Post-irradiation, the kinetics of post-polymerization processes reveal that the
process speed and its contribution to total polymerization depend on irradiation time, initial
mixture density, and dose. Fuel oxidation is a complex, multistep process resulting in free radical
formation, consequently, resinous substances accumulate during radiation polymerization and
condensation of oxidation products, leading to deposits. This leads to the formation of deposits
in the valves and combustion chambers, spark plugs.
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Fig. 2(a, b). Dependence of diesel fuel density (a) and viscosity (b) on the absorbed dose immediately and
4 months after the radiation effect. (P=0.072 Gy/h).

Finding the optimal concentration of toluene in the diesel fuel composition is essential to
maintain constant viscosity and density irrespective of the absorbed dose. The impact of
absorbed radiation dose on the density, viscosity, and molecular structure of the initial diesel fuel
mixed with 1/99% toluene/diesel fuel was investigated. Antirads, when mixed with
hydrocarbons, shield them from radiation effects. Figure 3(a, b) illustrates the immediate effect
of gamma irradiation on the density and viscosity of a toluene-diesel mixture at 1% (tot.)
concentration.
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Fig. 3(a, b). Dependence of the post-radiation effect of density (a) and viscosity (b) of DF and
DF/1%toluene mixture on time (month). D=72 kGy.

The post-radiation effect exhibits an unstable course from the initiation of the reaction to
its complete cessation (breaking of the Kkinetic chain). Studying the Kkinetics of post-
polymerization effects immediately after irradiation and some time after irradiation reveals that
the process speed and its contribution to total polymerization depend on irradiation time, initial
mixture density, and dose. The addition of antirads allows for the determination of a more
radiation-resistant composition of DF. The radiation resistance of aromatic compounds stems
from their relatively low initial excitation energy. Part of the energy absorbed by the aliphatic
part of the molecule can be transferred to the aromatic part. This energy is transmitted along the
aromatic ring. To increase the radiation resistance of diesel fuel, toluene is added to the
composition at an anti-radiation concentration of 1%, resulting in viscosity and density with
increasing absorbed dose.

The subsequent figures (Figures 4-6) illustrate the concentrations of specific components
of diesel fuel immediately after gamma irradiation and after 2 months.
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Fig. 4. Concentrations of toluene, benzene, and isopropylbenzene in diesel fuel, immediately after and 2
months after gamma irradiation (%).
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Fig. 5. Concentrations of heptane, octane, and decane in diesel fuel, immediately after and 2 months
after gamma irradiation (%).
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Fig. 6. Concentration of naphthalene in diesel fuel immediately after and 2 months after gamma
irradiation (%).
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4. Conclusion

Diesel fuel (DF) samples, enclosed in ampoules and sealed in a vacuum, underwent
irradiation at room temperature using an MPX y-30 type Co®® gamma source within the absorbed
dose range of D=(15-150) kGy. Additionally, a mixture of toluene with diesel fuel (+DF) at
toluene concentrations of 1, 3, and 5% was exposed to a dose of P=0.07 Gy/h within the
absorbed dose range of D=(24-90) kGy. It was observed that as the absorbed dose increased, the
viscosity and density of the fuel also increased, negatively impacting the technical properties of
DF. High viscosity led to higher smoke emissions, and increased fuel consumption during fuel
combustion, reduced engine efficiency, disrupted the combustion process, elevated incomplete
combustion products, and caused soot formation. Higher density resulted in an increased rate of
wear and tear and thermal stress on spare parts. The radiation resistance of aromatic compounds
arises from their relatively low initial excitation energy. Part of the energy absorbed by the
aliphatic part of the molecule can be transferred to the aromatic part. This energy is transmitted
along the aromatic ring. In studies, to enhance the radiation resistance of diesel fuel, toluene was
added to the composition at concentrations of 1, 3, and 5%. Notably, at an optimal toluene
concentration of 1% in DF, viscosity and density exhibit minimal changes with an increase in
absorbed dose. The addition of antirads allows for the determination of a more radiation-resistant
composition of DF. Examination of the kinetics of post-polymerization effects immediately after
irradiation and some time after irradiation reveals that the processing speed and its contribution
to total polymerization depend on irradiation time, initial mixture density, and dose.
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NCCIEJOBAHUE IIOCTPAAUAIIMOHHBIX D®PPEKTOB B IU3EJIBHOM
TOIIVIUBE

JLIO. I:xa60aposa, U.A. Mycradaes, A.C. Mup3aeBa

Pe3zrome: llenvio mpencTaBlieHHONW pPaOOTHI SBISETCS M3yYCHHE WM3MEHEHUS (U3UKO-XUMUYECKHX U
JKCILTyaTaI[MOHHBIX CBOMCTB JIU3EIHHOTO TOIUIMBA TPHU JO0OABICHUUA HEOOJBIIOTO KOJIMYECTBA TOIYOJIa
noA Bo3zelcTBHEM HOHM3Upyomero usaydenns Co®®. Cmech Tonyoma W JM3EIBLHOrO TOILIMBA
obmyganace mpu MomHOCTH 1036l P = 0,07 I'p/c, amamason mormomeHHBIX 103 D = (24-90) xIp,
KoHIeHTpaIus Tonyosa 1 % (00.). OnpeeneHsl MIOTHOCTh U BI3KOCTh JM3EILHOIO TOTUINBA JI0 U MOCIIES
o0TydeHMs pa3ITYHBIME TOTJIONICHHBIMU JT03aMH. BBIOpaTh pajlialldiOHHO-CTOMKOE TU3ENBbHOE TOTIIHBO
MOIKHO, TOI00PaB MOAXO AN aHTHPAI.

Knrwueewie cnoea: AU3CIJILHOC TOIJIMBO, PaAXOJIN3, padualluOHHAasA CTOﬁKOCTL, TOJIYOJI.

DiZEL YANACAGINDA POST-RADIASiYA EFFEKTLORININ TODQIiQi
L.Y. Cabbarova, I.I. Mustafayev, A.S. Mirzayeva

Xiilasa: Togdim olunan isin mogsadi Co® ionlasdiric1 siialanmanin tosiri altinda azaciq toluol alavo
etmoklo dizel yanacaginin fiziki-kimyavi vo istismar xassalorinin doyismasini dyronmokdir. Toluolun
dizel yanacagi ils qarisigi P = 0,07 Gy/s doza siiratinds, udulmus doza diapazonlarinda D = (24-90) kGy,
1% (hacm) toluol konsentrasiyasinda stialanmigdir. Miixtalif udulmus dozalarda siialanmadan avval va
sonra dizel yanacaginin sixligi, 6zlilityti miioyyan edilir. Uygun antirad segmoklo radiasiyaya davamli
dizel yanacag1 segmok olar.

Agar sozlar: dizel yanacag, radioliz, radiasiya davamliligi, toluol.
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