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The amount, formation rate and radiation-chemical yield of molecular hydrogen obtained from water radiolysis
process within the system, have been defined according to both water and BeO by maintaining the water volume
constant (V =5 ml); by changing the mass (mgeo= 0.0 (pure water), 0.01; 0.02; 0.04; 0.08; 0.2 g) and particle size
(d<4,d=32...53and 75...106 pm) of beryllium oxide in the porous BeO/H,0 suspended systems by the influence
of y-quanta (*°Co, P = 19.5 rad/s, T = 300 K). It has been established that the amount, formation rate and radiation-
chemical yield of molecular hydrogen defined according to both water and BeO from radiation-heterogeneous
transformation of water in these systems, change depending on mass and particle size of BeO added to water.

PACS: 07.85.-m:82.50.Kx:61.82Bd

INTRODUCTION

Beryllium and its various compounds (beryllium
oxide, ammonium fluorberillate, beryllium fluoride) are
used as construction materials in the nuclear reactors
(MTR, ETR, ATR, EBR-Il, ITER) [1-3], as it has
physical properties such as, high melting temperature,
high thermal conductivity, small atomic mass unit, the
ability to hold low hydrogen at high temperatures, low
absorption and high reflection ability of heat neutrons,
high elasticity modulus, chemical and corrosion
resistance at high temperatures. These materials are
exposed to the combined effects of temperature and
ionizing radiation (neutrons, protons, y-quanta,
electrons, d-particles, high-energy ions, etc.) in contact
with water, which is used as a decelerator, retarder and
energy carrier inside the reactor. Therefore, it is
important to predict any changes in the operating mode
inside the reactor, both for the safety of the reactor and
for the transition into hydrogen energy in new-
generation reactors.

For this purpose, researchers have begun to study
extensively the process of radiation-heterogeneous
transformation in heterogeneous systems created by
liquid, gas, and especially water with nano- and micro-
sized metals or metal oxides under the influence of
ionizing radiation. In this regard, the dependence of the
amount, formation rate and radiation-chemical yield of
molecular products (H,, O,, H,O,, etc.), which are
obtained from the radiation-heterogeneous
transformation of water in metal or metal oxides/H,O
systems under the influence of y-quanta, on their
particle size has been observed in our [4-7] and some
foreign authors’ [8-16] studies. On the other hand, the
radiation-chemical yields of products, obtained from
water transformation in metal or metal oxide/H,O
suspended systems [6, 17, 18] under the influence of y-
quanta, were higher than in other systems.

Ouerdane H. and other authors have conducted the
calculations [19] by modeling the process of electron
transfer from the surface of silicon dioxide to water and
vice versa in the physical and physico-chemical stages
of the process under the influence of ionizing radiation
on a system of amorphous silicon dioxide, suspended in
water, by using the Monte Carlo method. It has been

established that due to the electrons emitted into the
water from the nanoparticle surface, the radiation-
chemical yield of electrons solvated in water in a
suspension system is higher than in pure water, and this
ratio varies depending on the particle size of silicon
dioxide.

This research has been conducted in two directions:

1. The suspension of metal or metal oxides in water
by maintaining the water volume constant;

2. The adsorption of water on the surface of metal
or metal oxides.

In each of these cases, radiation-chemical yields of
products (H,, O,, H,0,, etc.) obtained from radiation-
heterogeneous  transformation  of  water,change
depending on: their type, the band gap width, particle
size, filling degree of the adsorbed water on the particle
surface, total system temperature, the mass of metal and
metal oxidessuspended in water.

Herein, it has been studied the influence of mass
(m=0.01; 0.02; 0.04; 0.08, and 0.20 g) and size effects
(d <4 pum,d=32...53 and 75...106 um particle size) on
the amount, formation rate and radiation-chemical yield
of molecular hydrogen obtained from water radiolysis in
the systems of V =5ml bi-distilled water and BeO
suspended through vibrator during radiation in the same
amount water under the influence of y-quanta (*Co,
P =19.5 rad/s, T = 300 K).

EXPERIMENTAL PART
BeO with high purity (99.9%) and 60 m%/g special
surface, divided into d<4pum, d=32..53 and
75...106 um particle size by putting through a special
sieve has been taken as a research object. After thermal
treatment of the studied particle in the open air at a
temperature of T =773 K for t = 72 h, the required mass
(m = 0.01; 0.02; 0.04; 0.08, and 0.20 g) was weighed
and added to an ampoule (V =19 ml) prepared from
molybdenum glass, which is cleaned in a special mode
and thermally treated (T =773 K). BeO after 4 h of
thermal treatment (T = 673 K) in vacuum (P = 10° mm
c.st.) inside the ampoule, was cooled and sealed with

V =5 ml air-purified bi-distilled water [20].
The ampoule was irradiated at room temperature
under special conditions (provided that the BeO particle
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remained suspended in water by means of a vibrator
during irradiation) at a source of ®Co with a dose rate of
P =19.5 rad/s. The absorption dose rate was determined
using ferrosulfate and methane methods. Absorption
dose rate in a specific study object was calculated using
electron density comparison methods [20, 21].

In the BeO/H,0O system, the final molecular products
from the radiation-heterogeneous transformation of
water were analyzed to be H,, O,, and H,O,. As some
parts of O, were captured on the surface and H,O, was
in the solution, it causes great difficulties in determining
their amounts. Therefore, more accurate information on
the kinetic regularity of the products obtained from
radiation-heterogeneous transformation of water was
based on the amount of molecular hydrogen.

The reaction products were analyzed on “Agilent-
7890” chromatograph. In parallel, a modernized “Tsvet-
102” chromatograph (accuracy 8...10%) was used to
confirm the results.A column with a length of 1 m and
an inner diameter of 3mm was used in the
chromatograph “Tsvet-102”. The activated carbon with
a size of d = 0.25...0.6 mm and as a gas carrier argon
gas with a purity of 99.99% on both
chromatographshave been used inside the column.

OBTAINED RESULTS
AND THEIR DISCUSSION

In Fig. 1, it has been given the dependence graphs of
the amount of molecular hydrogen obtained from water
transformation in the systems of V=5 ml bi-distilled
water (curve 1) and BeO with the particle size of
d<4pum and mass of m(g)=0.01(2); 0.02 (3);
0.04 (4); 0.08 (5); 0.2(6) suspended through the
vibrator during irradiation in the same amount water
under the influence of y-quanta (*Co, P =19.5 rad/s,
T =300 K), on the irradiation period.
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Fig. 1. Dependence of molecular hydrogen obtained
from the water radiolysis in the systems of V=5ml bi-
distilled water and BeO with the particle size of d<4 um
and mass of m(g) = 0.01 (2); 0.02 (3); 0.04 (4);
0.08 (5); 0,2 (6) suspended through the vibrator in the
same amount water during the irradiation period under
the influence of y-quanta (*°Co, P = 19.5 rad/s,
T = 300 K), on the irradiation period

In Fig. 2, it has been given the dependence graphs of
the amount of molecular hydrogen, obtained from
radiation-catalytic transformation of water in the
systems formed by the addition of BeO with the particle

size of d < 32...53 um and d = 75...106 pum in the same
condition in the Fig. 3 and mass of m (g) = 0.01 (1);
0.02 (2); 0.04 (3); 0.08 (4); 0.20 (5) in both cases,
suspended through the vibrator during irradiation in
V =5ml bi-distilled waterunder the influence of y-
quanta, on the irradiation period.
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Fig. 2. Dependence of molecular hydrogen obtained

from the radiation-heterogeneous transformation of
water in the systems formed by the addition of BeO with

the particle size of d < 32...53 um and mass of
m (9)=0.01 (1); 0.02 (2); 0.04 (3); 0.08 (4); 0.2 (5)
suspended through the vibrator during the irradiation
period in the V = 5 ml bi-distilled water under the
influence of y-quanta (*°Co, P = 19.5 rad/s,
T = 300 K), on the irradiation period
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Fig. 3. Dependence of molecular hydrogen obtained
from the radiation-heterogeneous transformation of
water in the systems formed by the addition of BeO with
the particle size of d < 75...106 um and mass of
m(g)=0.01 (1); 0.02 (2); 0.04 (3); 0.08 (4); 0.2 (5)
suspended through the vibrator in the V = 5ml
bi-distilled waterduring the irradiation period under the
influence of y-quanta (*°Co, P = 19.5 rad’s,
T = 300 K), on the irradiation period

The formation rates of molecular hydrogen for both
water and BeO — w(H,) and radiation-chemical yields
according to these values — G(H,) have been determined
from the kinetic parts of the graphs (Figs. 1-3). In the
kinetic part of the graph, if the amount of molecular
hydrogen obtained from the transformation of water
during t-irradiation period is No(H,), but it is N(Hy) in
the BeO/H,O suspended system, then the formation
rates of molecular hydrogen for water in both cases can



be defined on the basis of w_(H ) = No(H )

m
N(H,)

water
pecttively, here, My — is the mass of water. Radiation-
chemical yields of molecular hydrogen were determined
on the basis of these rates. Based on the obtained
results, it was given the dependence graphs of radiation-
chemical yields of molecular hydrogen determined for
water (Fig. 4) and BeO (Fig. 5), on its mass.
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Fig. 4. The dependence of radiation-chemical yields of
molecular hydrogen (which is obtained from water
radiolysis in the systems formed by V = 5ml bi-distilled
water and the addition of BeO particles with the size of
d=75...106 (1), 32...53 (2) and d < 4 um (3)
suspended through the vibrator in the same amount
water during the irradiation under the influence of
y-quanta (*Co, P=19.5 rad/s, T=300 K)), which are
determined according to water, on its mass
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Fig. 5. The dependence of radiation-chemical yields of
molecular hydrogen (which is obtained from water
radiolysis in the systems formed by the addition of BeO
particles with the size of d = 75...106 (1), 32...53 (2)
and d < 4 um (3) suspended through the vibrator during
irradiation in the V = 5 ml water under the influence of
y-quanta (*°Co, P=19.5 rad/s, T = 300 K)), which are
determined according to BeO, on its mass

If the amount of molecular hydrogen changes as:

AN =N(H;)—N,(H,), 1)

by the addition of BeO (1), then the formation rate of
molecular hydrogen according to BeO can be defined on
the basis of (2):

AN — N(Hz)_ No(Hz) —

WBeO(HZ) =
BeOt mBeOt
mwater N(H 2)_ NO(Hz) _
mBeO mwatert
M yater N(Hz)_No(Hz) _ 2
mBeO mwatert m Watert
mwaer
—t[Wwater(H 2)_W0(H2)]'
BeO

Here mgeo — is the mass of BeO added to water. The
radiation-chemical yield of molecular hydrogen
according to BeO has been calculated on the basis of
rate defined based on expression (2).

It has been defined from the results that the
formation rate and radiation-chemical yield of
molecular hydrogen (which is obtained from radiation -
heterogeneous transformation of water in the systems of
BeO with d <4, d=32...53 and 75...106 pum particle
size suspended through the vibrator during the
irradiation by adding into V=5 ml bi-distilled water)
defined according to water increase directly
proportional in the lower values of BeO mass (see
Fig. 4), but in the higher values the inclination angle
decrease. The formation rate and radiatio-chemical yield
of molecular hydrogen defined according to BeO
remain almost constant in the lower values of BeO
mass, but there is a decrease in the higher values. In
these systems the maximum radiation-chemical yield of
molecular hydrogen defined according to water is 2.79,
2.29, 1.66 according to d <4, d =32...53, 75...106 um
particle size, but that defined according to BeO is 208;
111; 68.7 molecile/100 eV.

The dependence of the process of obtaining
molecular hydrogen from the radiation-heterogeneous
transformation of water in the BeO/H,Osystem on the
mass and particle size of BeO can be explained on the
basis of existing ~mechanisms of radiation-
heterogeneous ~ processes. When y-quanta (*°Co,
E,=1.25 MeV) pass through the BeO/H,O system,
Compton scattering occurs mainly in both phases
compared to other processes due to the interaction with
the atoms and molecules that make up the system
(photoeffect, electron-positron pair formation, etc.).
Depending on the scattering angle, the kinetic energies
of Compton electrons vary in the range of
0...1.02 MeV. Compton electrons, which have high
kinetic energies, and each new generation 3-electrons
they create, gradually lose their kinetic energies in
elastic and inelastic collisions in both phases and
become thermal electrons.

The process of energy transfer at the beryllium
oxide/water boundary and as a result the formation of
molecular hydrogen can be explained as follows. Within
the beryllium oxide particle, some of positive ions
formed by ionizing radiation are localized in volume



and some on the surface through traps due to the
migration. Positively charged BeO" local centers create
the complex:

BeO" + H,0 — [BeO-H,0]" (3)
as a result of ion-dipole interaction at the BeO/H,0O
boundary. Then that complex is recombined with the
tunnel and thermal electrons and creates electron-
excitation complex:

BeOH,0]" + & — [BeO-H,0]". (4)

The electron-excitation energy generated in the
complex and inside the solid particle is transmitted to
the adsorbed water molecule, causes the dissociation of
the water molecule, and as a result creates highly
reactive intermediate H and OH products:

[BeO-H,0] — BeO--OH+H (5)
as a result molecular hydrogen (H+H—H,).

The fact that the radiation-chemical vyield of
molecular hydrogen in suspension systems is higher
than in other systems can be explained by the electrons
emitted from the surface of the solid by adding to the
liquid. Thus, as a result of migration, some electrons
formed inside the particle can be localized in volume
and in surface defects, and some can be emitted from
the particle surface into water. Due to the electrons
emitted from the solid to the liquid phase, the
concentration of electrons [17-19] is higher in the liquid
phase around the solid particle particle than in other
particles. The electrons emitted into the water gradually
lose their Kinetic energy as a result of the collision and
are converted first into heat and then into solvated
electrons. Molecular hydrogen is obtained from

reactions (6-8) between solvated (e;q)electrons and

water molecules, protonated (H,O")water molecule
and H atoms.

2, +2H,0 > H, +20H", ©)
e;q+H+HZO—>H2+OH’, @
€ t+ H,O" > H, +H,0. )

So, if both the mass and particle size of BeO change,
the energy carriers transferred to the water, as well as
the corresponding radiation-chemical yield of molecular
hydrogen, change. However, after a certain
concentration of particles with each size in the
environment, a balance is established between the
processes of formation of energy carriers and
intermediate products.

The following results have been obtained on the
basis of the research:

e The amount, formation
chemical vyields of molecular hydrogen defined
according to water, obtained from radiation -
heterogeneous transformation of water in the systems
formed by V =5 ml bi-distilled water and the addition
of BeO with the mass of m (g)=0.01; 0.02; 0.04; 0.08;
0.2 and the particles size of d <4, d = 32...53, 75...106
um, suspended through the vibrator during the
irradiation in the same amount water under the influence
of y-quanta (*Co, P =19.5 rad/s, T = 300 K), increase
directly proportional in the low values of mass
depending on the particle size of BeO, but there is a

rate and radiation-

decrease in the inclination angle in the high values. In
these systems, the maximum radiation-chemical yield of
molecular hydrogen determined for water are — 2.79;
2.29; 1.66 molecules/100 eV according to the particle
size;

e In these systems, the formation rate and
radiation-chemical yield of molecular hydrogen
determined for BeO remain almost constant at low
values of mass depending on the particle size of BeO
added to water, but there is observed a decrease at high
values. Maximum radiation-chemical vyields of
molecular hydrogen determined according toBeO in the
got the values of 208; 111; 68.7 molecule/100 eV
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BJIUAHUE MACCOBBIX U PASMEPHBIX 3®®EKTOB HA ITIPOHECC PATAOJIN3A
BOJbI B CYCIIEH3UPOBAHHOU CUCTEME BeO/H,0
MO BO3AEHCTBUEM 'AMMA-KBAHTOB

A [cagpapos

B mnepecuere Ha Boay u BeO ObuiM ompenenieHbl KOMHYECTBO, CKOPOCTh OOpa30BaHHs M PaJHANMOHHO-
XMUMHUYECKHH BBIXOJ] MOJIEKYJISIPHOIO BOJOPO/A, MOJYYEHHOTO B Pe3yJIbTaTe PaaHoJin3a BOIbI BHYTPH MOPUCTBIX
cycremsupoBannbix cuctem BeO/H,0 mox Bosaeiicteuem y-kautos (°Co, P = 19,5 pag/c, T'= 300 K). IIpu stom
o6weM Boabl (V =5 mi) mojgaepKuBayics MOCTOSHHBIM, a U3MEHSUIUCh TOJNBKO Macca (Mgeo= 0,0 (uncras Bona),
0,01; 0,02; 0,04; 0,08; 0,2 ) u pasmep (d<4, d=32...53 u 75...106 mMxm) yacTui okcuaa Oepuutus. Beuto
00OHapy)Xe€HO, YTO B 3THUX CHUCTEMax KOJMUYECTBO, CKOPOCTh OOpa3oBaHMs M PaIMAIMOHHO-XMMHYECKHH BBIXO]
MOJIEKYJISIPHOTO BOJIOPO/ia, ONPeIeNsieMble KaK sl BOJIbI, Tak u JJisi BeO, BapbUpPYyIOTCS] B 3aBUCUMOCTH OT MACChl U
pasmMepa gactul] BeO, no6aBnseMbix B BOILY.

BIIVINB MACOBHX I POSMIPHUX E®EKTIB HA IIPOLEC PAJIOJII3Y BOAU
B CYCIIEH30BAHIN CUCTEMI BeO/H,0O M1 BINIMBOM 'AMMA-KBAHTIB

AJL. /Incagpapos

VY nepepaxyHky Ha Boxy 1 BeO Oyiu BH3HAuUEHI KiJbKICTh, HIBUAKICTh YTBOPECHHS 1 paaialliiHO-XIMIYHUNA BHUXIi]
MOJICKYJISIPHOTO BOJIHIO, OTPHMAHOTO B PE3yJbTATI PaioNi3y BOAM BCEPEAMHI MOPUCTHX CYCIICH30BAHHUX CHUCTEM
BeO/H,0O mix BmjMBOM Y-KBaHTIB (60C0, P =195 pag/c, T = 300 K). IIpu mpomy obcsr Bogm (V = 5 mm)
MiATPUMYBABCSI MIOCTIHHUM, a 3MiHIOBaNHCS Jnire Maca (Mpo = 0,0 (umcra Boga); 0,01; 0,02; 0,04; 0,08; 0,2 1) i
po3mip (d<4, d=32..53 i 75...106 MKM) YacTHHOK OKcuay Oepuii0. Byjgo BHsBIEHO, IIO B IMX CHCTEMaXx
KUTBKICTh, IBHAKICTh YTBOPEHHS 1 pagiaifHO-XIMIYHUH BUXiJl MOJEKYJSIPHOTO BOIHIO, III0 BH3HAYAIOTHCS SK JUIS
BOJIH, TakK 1 Juis BeO, BapiroroThCs B 3aJI€)KHOCTI BiJl MacH Ta po3mipy yacTuHOK BeO, 110 101ar0ThCsI B BOY.



