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Abstract: Studies have been conducted on the example of radiolysis of a model hydrocarbon mixture -
hexane/hexene system. The kinetics of the occurring processes was studied at the temperature T=20°C,
dose rate P=0.0764 Gy/s, absorbed dose D=27-78 kGy. It was studied changes in density, viscosity,
iodine number and molecular structure at concentrations of 5, 10, 20 and 40% of olefin in binary
composition. Experimental study of radiolysis of hydrocarbon mixtures allows to draw conclusions about
the nature of radiation-chemical processes, speed and direction of post-radiation effects.
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1. Introduction

The concentration of olefins in motor fuels varies in the range of 10-25%, depending on
the properties and composition of the initial raw material, as well as on the production
technology [1]. When complex systems with this composition are exposed to radiation, the
polymerization of olefins occurs under certain conditions, which affects the quality of fuels.
Depending on the degree of solubility of the generated polymer, such polymerization continues
after the cessation of radiation, and a post-polymerization process takes place. It is known from
the theory of the radiation polymerization process that the speed and direction of this process
depend on the concentration of olefin in the irradiated system, the ambient temperature, the
radiation dose, and the dose rate. This issue has not been studied for petroleum hydrocarbon
mixtures, especially fuels. The effect of radiation on petroleum fuels was presented in previous
works [2-7]. In this article, the results of the study of post-polymerization processes in the model
hexane/hexene system are presented.

2. Research methodology

The dependence of the speed of the post-polymerization process in the hexane/hexene
system on the olefin concentration and dose will guide the further development of research. In
the studies, the effects before and one month after radiation as a result the radiolysis of the model
hydrocarbon mixture - hexane/hexene system were examined. lodine number was determined on
a BRUKER MPA spectrometer, density was defined by pycnometers in accordance with GOST
3900-85, and viscosity was measured by VPZh-2 type viscometers in accordance with GOST
33-66 and GOST 10028-81.
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3. Experimental results and their discussion

Figure 1 (a, b) shows the effect of the hexane-hexene mixture on the density of the
system at different concentrations and absorbed doses immediately and one month after gamma
irradiation (post radiation effect).
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Fig. 1 (a,b). The density of the Hexane/Hexene mixture at different concentrations before and 30 days
after gamma radiation

The graphs describing the effect of the radiation dose on the density of system show that
low doses are more effective in changing the density. Dose dependence of the density associated
with changes in viscosity shows that as the amount of olefin in the system increases, the density
changes more, which is related to the increase in the liquid density during polymerization. As the
amount of olefin and the radiation dose increase, the viscosity increases rapidly, which can be
explained by the polymerization process. The dose-dependent nature of the intermolecular
interactions that determine viscosity is explained by the varying degrees of radiation dose-
dependence. The dose dependence of viscosity is shown in Figure 2.
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Fig. 2. The effect of gamma radiation on the viscosity of the initial Hexane/Hexene mixture

As can be seen, the viscosity of the system increases monotonically with increasing
radiation, there is weak dose dependence, and at values higher than 64 hours there is a relatively
rapid increase in viscosity. As the dose of ionizing radiation increases, the density of the hexane-
hexene mixture also increases. To be sure that the change in the physical characteristics of the
model hydrocarbon mixture is due to the radiation-stimulated polymerization process, it is
necessary to study the changing process of double bonds in the system experimentally. In this
regard, the measurement of the iodine number and the study of the molecular structure are of
lodine number is an indicator of the presence of unsaturated
hydrocarbons, which determines the chemical instability of fuels. The change in the iodine
number of samples of hexane-hexene mixtures in different concentrations before and a month

particular importance.

after irradiation is shown (Figure 3-4).
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Fig. 3. Effect of Hexane/Hexene mixture in different concentrations on lodine number immediately and 30

days after gamma irradiation
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The effect of gamma irradiation on the Hexane and Hexene lodine number
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Fig. 4. The effect of gamma irradiation on the Hexane and Hexene lodine number

When studying the effects of ionizing radiation on olefin-containing organic materials,
we can mention two periods - immediately and after radiation. Changes that occur during
radiolysis may be reversible. The reversal effects depend on the dose ratio. Irreversible changes
in the properties of materials depend on the absorbed dose and temperature and continue after
irradiation, causing the chemical transformation of molecules. One of the most important
decomposition reactions of excited molecules formed during radiolysis of alkanes and alkenes is
the breaking of C-H bonds, which leads to the formation of hydrogen. Polymerization of
hydrocarbons under the influence of radioactive radiation leads to an increase in molecular
weight and their simultaneous decomposition. Decomposition always occurs because gas is
released during the radiolysis of all organic substances. The mechanism of dehydrogenation of
alkenes during irradiation differs from that of alkanes because the p-bond is a very selective
energy receiver. In the structure, viscosity, and density changes, the effect of radiation is
manifested in organic liquids. Radiation of unsaturated hydrocarbons causes polymerization
reactions. During the radiolysis of saturated hydrocarbons, the yield of some products does not
depend on the dose, with increasing dose, they may increase or decrease. These yields are due to
the occurrence of secondary reactions of unsaturated hydrocarbons accumulated during radiation

[7].

In our experiment, the density, viscosity and iodine number of hexane/hexene mixtures
change at P = 0.076 Gy/s and different absorbed doses (D = 25-78 kGy). As can be seen, a
change in the hexane-hexene concentration from 5% to 40% changes the iodine number from 3
to 16, and this change is very close to a linear dependence. The effect of dose on the iodine
number of binary mixture was studied for cases of changes in the concentration of olefin in the
range of 5-40% and the results are given in Figure 3, 4. As can be seen, in almost all cases the
dose dependence is characterized by complex curves. This is due to the competition between the
formation and polymerization of olefins in the binary system. Radiation-stimulated reactions
usually begin in the component with the highest concentration in the system.
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4. Conclusion

The rate of polymerization during radiolysis of the olefin-paraffin mixture depends on the
concentration of olefin in the system and the absorbed dose. In systems with a dose higher than
48 kGy, polymerization becomes a dominant process in systems containing more than 20%
olefin.
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NCCIEJOBAHUE ITIOCTPAAMAIIMOHHBIX IMTPOIECCOB B MOJAEJIBHBIX
I'EKCAH-'EKCEH BUHAPHBIX CUCTEMAX

JLIO. /I:xxa00apoBa, U.U. Mycradaes, P.}O. Akbapos, A.C. Mup3aesa

Pe3ztome: TIpoBeneHbl HCCINENOBAaHUS Ha NPUMEPE pPaavoiu3a MOJECIbHOW YIJIEBOAOPOJAHOM CMeEcH -
CUCTEMbI T'eKCaH/TeKCeH. KHHETHKY NpOTEeKalomuX MPOIECCOB M3ydanu mpu Temmeparype T=20°C,
MomHocTh A03b1 P=0,0764 [I'p/c, mornomennoit mo3e D=27-78 kl'p, wuccienoBamuch H3MEHEHUS
TUIOTHOCTH, BSI3KOCTH, U3MEHEHHSI MOJICKYJISIPHOW CTPYKTYPHI, HOJHBIX YUCENl B OMHAPHOM COCTaBe MPHU
KoHIeHTparusax onedunor 5, 10, 20 u 40%. M3yuenue pamnonnsa cMeced yrieBOJOPOJIOB MO3BOJISET
CIeNaTh BBIBOJBI O XapaKTepe, OTHOCHTEIBHONW CKOPOCTH M OOPa3yIOIMXCA MPOMYKTaX OCHOBHBIX
pananOHHO-XUMHYECKUX TTPOIIECCOB.

Knrouesnle cnosa: TekcaH/TeKCEH, PaIMON3, KOHIICHTPALIWS, OMHAPHBIC KUIKUE CUCTEMBI
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MODEL HEKSAN-HEKSEN BINAR SiISTEMLORDO POST-RADIASIYA
PROSESLORININ TODQIQi

L.Y. Cabbarova, I.I. Mustafayev, R.Y. 8kbarov, A.S. Mirzayeva

Xiilasa: Todgiqatlar model karbohidrogen qarigiginin — heksan/heksen sisteminin radiolizi timsalinda
aparilmigdir. Bas veron proseslorin kinetikas1 temperaturun T=20°C, doza giiciiniin P=0.0764 Gy/s,
udulan dozanin D=27-78 KGr qgiymatlorinds dyronilmisdir. Binar torkibdos olefinin 5, 10, 20 vo 40 %
qatiliglarinda sixligin,ozliiliiyiin, yod adadinin vo molekulyar qurulusun doyismasi todqiq olunmusdur.
Karbohidrogen qarisiglarinin radioliizinin eksperimental todqiqi radiasiya-kimyovi proseslorin tabiati,
post-radiasiya effektlorinin siirati vo istiqgamati barado natico ¢ixarmaga imkan verir.

Acar sozlar: heksan/heksen, radioliz, konsentrasiya, binar maye sistemlori
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