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Abstract: The kinetics of accumulation of molecular hydrogen and hydrocarbons during the radiolysis of
hexane and a hexane-water mixture at various component ratios - hexane/water at T = 300K was studied.
It has been established that n-ZrO- exhibits radiation-catalytic activity in the decomposition of hexane and
hexane-water mixtures, as a result of which the accumulation rate of molecular hydrogen increases with
increasing hexane content in the hexane-water mixture. The formation rates and radiation-chemical yields
of hydrogen and hydrocarbons were determined.
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1. Introduction

Radiation-catalytic processes for producing molecular hydrogen from hexane and hexane-
water mixture are of significant interest for discovering new ways of conversion and utilization of
ionizing radiation for the production of molecular hydrogen, which is a universal energy carrier.
The research results are crucial for understanding the mechanism of the processes in experimental
conditions under the influence of ionizing radiation in the hexane, and hexane-water system, as
well as in natural conditions in oil and gas fields under the influence of natural radionuclides.
Recently, a certain part of the world's water basin has faced contamination with heavy
hydrocarbons. Catalysts are used in radiolytic decomposition processes to increase the energy
extraction rate from hexane and hexane-water systems and thereby improve the process efficiency.
Therefore, the study of the principles of radiation-catalytic processes for hydrogen production in
the hexane and hexane-water system with the participation of n-ZrO,, is of significant interest in
the realm of nuclear hydrogen energy and addressing environmental issues. n-ZrOz exhibits
radiation-catalytic activity in the process of radiolytic decomposition of water. Radiolysis of a
mixture of hydrocarbons with water is crucial for the discovery of new ways of conversion and
the use of ionizing radiation in the production of a universal energy carrier - hydrogen. The
outcomes of these studies are significant for understanding processes occurring in experimental
conditions under the influence of ionizing radiation [1-4].

The results from a Fourier-IR spectroscopic study of the formation kinetics of molecular
hydrogen during radiolysis in n-hexane and n-hexane-water model systems on the surface of n-
ZrO> at room temperature under the influence of gamma radiation, Fourier-IR spectroscopic
investigations of n-hexane and n-hexane-water systems are given in the work [5-7].

2. Methodology of the experiment

The kinetics of molecular hydrogen accumulation during the heterogeneous radiolysis of
n-ZrO2 + n-CeHi4 and n-ZrOz + n-CsH14-H2O mixtures under static conditions in ampoules with a
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volume of Vamp = 15 cm? under the influence of gamma radiation has been studied. The system
components were introduced into the ampoules in the form of steam using a vacuum adsorption
unit. The ampoules were made by freezing the components at a temperature of liquid nitrogen T =
77K. In this case, experiment findings indicated that the hydrocarbon conversion did not occur
upon the ampoule closure. The ampoules containing the samples were irradiated using a ®°Co v-
quantum isotope source. The absorption dose in the studied systems was calculated by comparing
electron densities in the studied and dosimetric systems. The amount of each component was taken
into account when calculating the radiation absorption dose rate in the hexane-water system.

The values of the absorption dose strength of radiation in water and hexane were
determined based on their electron densities. Radiation dose rate values for individual components
in dosimetric systems are given in the study [5].

Analysis of radiolysis products Hz, CO, and Oz was conducted on an Agilent-7890
chromatograph. Distilled water, 99.0% purity UN11208 brand, Made in EC n-hexane was used.
The purity of n-hexane was checked by chromatographic method.

Fourier-IR spectra of n-ZrO; + n-CgH14 and n-ZrO; + n-CgH14-H20 systems were taken on
the Varian 640 FT-IR spectrometer in the range of 4000-400 cm™.

3. Results and discussions

The kinetics of Hz accumulation during heterogeneous radiolysis of a mixture of n-CeHi4
and n-CeH14-H20 at T = 300K was studied. The accumulation of molecular H> based on kinetic
curves is shown in Figure 1, and the formation rates of molecular hydrogen and radiation-chemical
emissions were calculated. Radiation-chemical yield of products was calculated in two ways. To
compare the obtained values with homogeneous systems and assess the radiation-catalytic activity
of n-ZrO», radiation-chemical emissions G(H2) were calculated considering the energy absorbed
by the entire system and each component. A comparison of the Gags (H2) = 31.5 molecules/100 eV
value of n-CsH14 during heterogeneous radiolysis with the G(H2) = 5.5 molecules/100eV value
obtained during homogeneous radiolysis under identical conditions indicates that n-ZrO, n-CsH14
exhibits radiation-catalytic activity in the decomposition process.

The accumulation Kinetics of H. during heterogeneous radiolysis of a mixture of n-ZrO--
n-CeH14 and n-CsH14-H20 at T = 300K was studied. The formation of molecular H, based on
kinetic curves is shown in Figure 1, and the formation rates of molecular hydrogen and radiation-
chemical emissions were calculated.
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Fig. 1. Kinetics of formation of molecular hydrogen during heterogeneous radiolysis in the system n-CsHa4

and n-CgHis + H2O on the surface of n-ZrO, at T = 300K, D=0.1 Gy/s: 1 - n-ZrO-n-Ce¢H4 , 2 -
25%H,0+75%CgH14, 3 - 50%H,0+50%C¢H14, 4 - 75%H,0+255%CsH14
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Fig. 2. Kinetics of formation of hydrocarbons during heterogeneous radiolysis of n-C¢H14 (a) and n-CsHa4
+ H20 (b) systems on the surface of n-ZrO; at T = 300K, D = 0.1 Gy/s: 1- methane, 2- ethane, 3 - propane,
4-butane, 5-pentane

Radiation-chemical yields of products were calculated in two ways. To compare the
obtained values with homogeneous systems and assess the radiation-catalytic activity of n-ZrO,,
radiation-chemical yields G(H.) were calculated, considering the energy absorbed by the entire
system and each component (see Tables 1 and 2). Figure 2 illustrates the kinetics of the formation
of C1-Cs hydrocarbons during radiolysis of the n-ZrO2-n-CeHz4 (a) and n-ZrO»-n-CsH14 + H20 (b)
systems [3].

Table 1
Values of the accumulation rate and radiation-chemical yields of molecular hydrogen depending
on the hexane concentration

Svstems 5%CeH14- 1115%C6H14' 50%CesH14- 75%CesH124- 95%CgH14-
Y 95%H,0 88,5%H20 50%H->0 25%H,0 5%H,0
G(H2),
molecule/100eV 11 2.0 2.9 45 5.1
1013
W10 0.72 1.39 2.0 3.11 4.83
molecule/s
Table 2
Values of accumulation rates and radiation-chemical yields of hydrocarbons
Hydrocarbon methane ethane propane butane pentane
1013
N 0.58 0.70 0.75 0.56 0.18
molecule/s
G(H2),
molecule/100ev | 01 0.18 0.2 0.15 0.09

Fourier-IR spectroscopic studies of n-CsHis and n-CeHis + H20 systems were also
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conducted. The results of spectroscopic studies suggest that the ratios of the intensities of
absorption bands characterizing the CHz, and CHs groups vary depending on the dose rate. Valence
and deformation oscillations of CH, and CHs occur in 2800-2970 cm™ and 1300-1500 cm™,
respectively. The absorption bands belong to the long-chain type (CH.) n (n~4) and CH: lattice
oscillations (spectral region v = 650 - 850 cm™) [8].
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Fig. 3. Fourier-IR spectrum of CgH14 + H,O (75:25) system (T=300K, =5 hours, D=0.1Gy/s)
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Fig. 4. Fourier-IR spectrum of CgH14 + H,0 (75:25) system (T =300K, z= 30 hours, D = 0.1 Gy/s)
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Fig. 5. Fourier-IR spectrum of CgHi4 + H20 (75:25) system (T=300K, =50 hours, D = 0.1 Gy/s)

During radiolysis of the n-hexane + water system (75: 25) after gamma radiation, five new
bands are observed in the frequency range v = 2600 - 2700 cm™, indicating the generation of
heavier paraffin during radiation-chemical processes from the decomposition of n-hexane. The
change and distribution of the peaks and intensities of absorption bands in the chain region of
(CH2) (v = 650 - 850 cm™) indicates the formation of paraffin of type C; - Cs. The formation of
C: - Cs products is confirmed by the spectra of gases in the studied system. The decomposition of
water in the studied system is followed by the formation of absorption bands of OH-groups in the
spectra within the frequency range of v = 3000 - 3600 cm* (valence region), v = 1700 - 1600 cm"
! (deformation region). The olefin formation as a result of radiolysis of the n-hexane + water (75:
25) system was not observed in the IR spectra.
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HCCJEJOBAHHUE PAJTUAIIMOHHO-KATAJIMTUYECKOM AKTUBHOCTH n-ZrO:
B ITPOLECCE PA3JIO)KEHUA 'EKCAHA U CMECHU T'EKCAH-BOJA

T.H. Araes, C.3. MeaukoBa

Pestome: VccrnenoBaHa KUHETHKA HAKOIUICHUS MOJICKYJSIPHOTO BOJOpOJA W YIVIEBOJOPOIOB IIPH
paanon3e reKcaHa U CMECH F'eKCaH- BOJA P PA3IMYHOM COOTHOIICHUH KOMIIOHEHTOB- F'eKCaH/BOJa MPU
T=300K. YcranosneHo, uro n-ZrO; obnasaeT paaualMOHHO-KaTATUTHYECKON aKTUBHOCTBIO B TIPOIIECCax
Pa3JIOKEeHUs I'eKCaHa M CMECH I'€KCaH-BOJa, B PE3YJIbTaTe YEro CKOPOCTh HAKOIUICHUSI MOJIEKYJISIPHOTO
BOZIOPOZIa YBEIIMYMBACTCS C YBEIMYCHHEM COJCP)KAHUHM T'eKCaHa B CMECH rekcaH-Bona. OmpererneHsl
3HAYCHHS CKOPOCTH 00pa30BaHKs M PAJAUAIIOHHO-XUMHIECKHE BBIXOJIBI BOJOPO/A M YIIIEBOJOPOIOB.

Knwouesvie cnoea: n-rexcan, HaHO-ZrO,, y-o0mydeHHE, MOJEKYISAPHBIA BOJOPOA, PpaJHUAllMOHHO-
KaTaIUTHYECKas! aKTHBHOCTb.

HEKSAN VO HEKSAN-SU QARISIGININ PARCALANMASI ZAMANI n-ZrO2-in
RADIASIYA-KATALITIK AKTIVLIYININ TOoDQIQI

T.N. Agayev, S.Z. Malikova

Xiilasa: Heksanin vo heksan-su qarisiginin miixtalif komponent nisbatlorinds T = 300K-do radiolizi
zamani molekulyar hidrogen vo karbohidrogenlorin omolagalmo kinetikasi Oyronilmisdir. Miiayyan
edilmisdir ki, n-ZrO, heksan va heksan-su qarisiglarinin pargalanmasinda radiasiya-katalitik aktivliya
malikdir, bunun noticasindo heksan-su qarisiginda heksanin miqdart artdigca molekulyar hidrogenin
amolagalmo siirati artir. Hidrogen vo karbohidrogenlorin amologalma siiratlori vo radiasiya-kimyavi
¢iximlar1 miioyyon edilmisdir.

Agar sozlar: n-heksan, nano-ZrO, y-siialanma, molekulyar hidrogen, radiasiya-katalitik aktivlik.
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