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Kinetics of molecular hydrogen accumulation during water-n-hexane compound radiolysis at 
different component content is investigated in given work. It is determined that as a result of 
transmission of ionizing radiation energy and interaction of active intermediate products with 
initial components radiochemical hydrogen yield in the compound exceeds additive sum of yields 
in separate components.
Radiolysis of hydrocarbons-water compounds is of great interest during revelation of new ways of 
transformation and use of ionizing radiation with the help hydrogen- universal energy carrier[1- 
10]. The results of these investigations may be helpful during more precise determination of 
process mechanism passing in experimental conditions under the influence of ionizing radiation in 
hydrocarbon-water compounds and also in natural conditions of oil and gas fields under the 
influence of natural radionuclides radiation.
Stated work is devoted to the investigation of kinetics of molecular hydrogen accumulation at 
radiolysis of water-n-hexane model system.
Radiolysis of water-n-hexane system is realized in statistic conditions in sealed ampoules under 
the influence of y-radiation. Filling of ampoules with the system’s components is carried out from 
their vapor state on vacuum-adsorption mounting. Filling accuracy of ampoules makes 
approximately ±0,001. Sealing of ampoules was realized by freezing the components up to 77K. It 
was established experimentally that during the soldering process of ampoules with the samples, the 
transformation of hydrocarbons doesn’t take place.

Irradiation of ampoules with samples was carried out on isotope source of y-quantum 60 Co. Source 
dosimetry was carried out by chemical methods -  ferrasulphate, hexane [11]. Adsorbed dose in 
investigated system was calculated by comparing electron density of investigated and dosimetric 
systems [11-13]. During calculation of adsorbed dose rate of water-n-hexane system the content of 
each compound was taken into consideration. The value of adsorbed dose rate determined by 
ferrasulphate method was Ddose = 1,42 gy/s. For the investigated system’s components this value 
was determined by the expression Dwater = 0,98 Ddose for water and Dhexane= 0,66 Ddose for hexane. 
For all the systems calculated values of adsorbed dose are determined taking into account the 
content and electron density.
Opening of ampoules were made in special location wherefrom radiolysis products entered into the 
chromatograph column. Analysis of H2 , CO, O2 is carried out on Gaschrom-3101 gas-analyzer. 
Distilled water and pure n-hexane are used in this work. Hexane purity is checked by 
chromatographic method.
Taking into consideration that the objective of the work is revelation of effective ways of getting 
universal energy carrier from water-hydrocarbon impurities system, the kinetics of molecular 
hydrogen accumulation during y-radiolysis of water-n-hexane system was investigated.
"Water-n-hexane systems with different content of n-hexane were prepared and their radiolysis at 
the temperature T=296K was carried out. The kinetics of molecular hydrogen accumulation at 
radiolysis of water-n-hexane compound at different proportions was investigated. It is shown 
kinetic curves of the molecular hydrogen accumulation on Figure.1.a.



On basis of kinetic curves the value of speed and 
radiochemical yields of molecular hydrogen was 
calculated. Radiolysis of pure water and n-hexane was 
carried out in identical conditions. Radiochemical yields 
of molecular hydrogen at pure water and n- hexane 

■f1 radiolysis are accordingly equal to 0,45 and 5,30 
molecules/100 eV [1,10].
Supposing that during radiolysis of water-n-hexane 
compound radiolysis processes of the components pass 
according to the mechanism of private systems and 
radiolysis products do not interact with each other, for H2 

accumulation speed during radiolysis of the given compound it’s possible to draw up the following 
expression:

dH2/dx=(x1Gi + X2G2) -I- 10-2 (1),
where x1, x2, G1 and G2 is the share of each component in the compound (%) and correspondingly 
values of radiochemical yields (molecules/100ev) during radiolysis of pure components, I-dose 
rate (eV/g-sec).
The dependence of H2 radiochemical yield from n-hexane content in water-n-hexane compound is 
shown in Figure.1.b (curve1 ).
As it is seen radiochemical yield of hydrogen increases 
with the increase of n-hexane content in compound and 
at high concentrations within accuracy corresponds to 
the yield of molecular hydrogen during radiolysis of 
pure hexane. Dependence of difference of 
experimentally observed and calculated radiochemical 
yields values AG=Gexper (H2)-Gcalcul (H2) from 
compound content is shown in Figure 1.b (curve2 ).

As it is seen dependence of AG from n-hexane content has extreme character. Maximum value AG 
is observed in the range of values of n-hexane concentration chexane=30-40%. Creation of molecular 
hydrogen during radiolysis of pure water and hexane at the T=296k may be presented by the 
following processes [12]:

H2O H + OH (2)
H + H ^  H2 (3)
n-C6H14 n-C6H13 + H (4)
H + H ^  H2 (5)

In experimental conditions dissolubility of n-hexane in water is equal to 0,0138g/100g of water. 
Maximum quantity of n-hexane molecules dissolved in experimental conditions in 0,5g of water 
makes Nmax=2,3-10 18 molecules. The surface area between phases in experimental conditions is 
determined according to the value of geometrical sectional area of ampoules and it is equal to 
S=283mm2.
According to the value of elementary area occupied by the molecule of n-hexane wm=0,51 nm2 
[14] the number of n-hexane molecules in monomolecular layer between phases in radiolysis 
conditions was determined and it is equal to N=5,5-1014 molecules. Maximum deviation in values 
of hydrogen accumulation speed in experimental conditions corresponds to the following value 
AW(H2)=1,06-1014 molecules/g-sec. If we accept that the creation of molecular hydrogen is taking 
place according to reactions (3) and (5) then for obtaining such value is necessary decomposition 
of initial substances molecules ~2AW (H2), i.e. 2,12-1014 molecules.

m



As 2,3 -İÜ18 n-hexane molecules were in direct contact with water molecules in experimental 
conditions, it’s possible to explain observed deviations from additive sum by the transfer of energy 
from water molecules to n-hexane molecules as well as by the interaction of intermediate products 
of radiolysis.
Ionization potential and excitation level of water molecules is higher than of n-hexane ones. 
That’s why transfer of energy between the components may be realized by ionization as well as by 
excited state. H and OH radicals formed at radiolysis according to reactions (2) and (4) may react 
with n-hexane molecules [16]:

OH + C6H14-  C6H13 + H2O (6)
H + CsHm-  C6Hi3 + H2 (7)

As a result of process (7) quantity of formed hydrogen increases during compound’s radiolysis.
Maximum shift into the range of great water content in compound counts in favour of proposed 
mechanism AG (H2)=f(chexane) into the range of great water content in the compound.
In that way radiolysis of water-n-hexane mixed fluid in regard to radiolysis of the components 
passes with the great yield of molecular hydrogen. Radiochemical processes in hydrocarbon- 
polluted waters may be used for getting hydrogen.
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Captions of pictures:
Figure 1
a. Kinetics of molecular hydrogen accumulation during radiolysis of water-n-hexane

compound at T=296K and Ddose = 1,42 gy/s: curve1(11,5 weight %); curve2(chexane
=21,8 weight %); curve3(chexane=50 weight %)

b. Dependences of radiochemical yield of hydrogen(1) and difference of additive sum 
values of radiochemical yields of molecular hydrogen, determined by experimental and 
calculated methods, (2) during radiolysis of water-n-hexane system at T=296K from 
hexane content in compound.


