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Abstract: It has been studied the influence of mass and size effects on amount, formation rate and radiation-
chemical yield of molecular hydrogen, formed in water radiolysis process under the influence of y -quanta
(®°Co, P=19,05 rad/sec, T=300K), by changing the mass of beryllium oxide (m = 0.0 (pure water), 0.01,
0.02, 0.04,0.08, 0.2 g) and size of its particles (d = lower than 4 mkm, 32-53 and 75-106 mkm) and keeping
the volume of water constant (V=5 ml) in BeO+H,O system. Given size particles — maximum radiation-
chemical yields of molecular hydrogen, obtaining from radiolytic decomposition of water in water system,
are defined as G(H2)=3,1; 1,83 and 0,92 molecule/100 eV, respectively. The yield of hydrogen is directly
proportional to beryllium oxide mass at lower values of the ratio of beryllium oxide mass to water, but there
is observed saturation state after certain value of ratio depending on size of particle (ratio, appropriate to
saturation state, is equal to 1/150 for the particles lower than d<4mkm, 1/120 for d=32-53 mkm and 1/80
for d=75-106mkm).
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1. Introduction

Radiolysis process of liquids, especially water in nano- and micro-heterogeneous systems
remains as one of the actual problems of the day. The amount, formation rate, radiation-chemical
yield of molecular hydrogen, obtained in water radiolysis process which occurs in metal or metal
oxides + H>O systems under vy -quanta influence, are several times higher than pure water. Water
radiolysis process [1-12], occurring in metal or metal oxides + H>O systems under y -quanta
influence, has been carried out in two direction. First one is the suspension of these materials in
water, second one is the change of amount, formation rate and radiation chemical yield of products
(hydrogen, oxygen, hydrogen peroxide) obtaining from water radiolysis process, which takes place
during absorption of water in some monolayers in the surface of these materials, depending on:

e type of solids,
band gap width of solids
size of solid particles
thickness of the water layer, adsorbed on the surface of solids;
temperature of general system
mass of solids, subjected to suspension in water
nature of water-soluble substances
In the presented work, it has been studied the influence of beryllium oxide mass, suspended
in water and size of its particles on the amount, formation rate and radiation-chemical yield of
molecular hydrogen, formed in water radiolysis process that takes place under the influence of y-
quanta (®°°Co, P=19,05 rad/sec, T=300K) on different size (lower than d=4 mkm, 32-53 mkm, and
75-106 mkm) beryllium oxide system, suspended through vibrator during radiation in 5ml water.
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2. Experimental part

It has been used different size (lower than d=4 mkm, 32-53, and 75-106 mkm) high-purity
(99,9%) beryllium oxide in order to study the influence of beryllium oxide mass suspended in water
and size of its particles on the amount, formation rate and radiation-chemical yield of molecular
hydrogen formed in water radiolysis process which takes place under the influence of y-quanta in
BeO + H,O. Required mass (m =0,01; 0,02; 0,04; 0,08 and 0,2 g) has been purified in special mode
and added to thermal processed (T=773K) ampoule (V=46 ml) after perfunctory processing of
beryllium oxide (t=72hours) in the open air at T=773K. Beryllium oxide has been covered in an
ampoule by cooling and adding 5ml bidstillated water, which is purified from air, to it after thermal
processing (T=673K) in a vacuum (P=10"° mm c.st.) within 4 hours [13]. The ampoule has been
irradiated in special condition (with the condition of suspension of beryllium oxide in water by
vibrator within irradiation). Absorption dose rate has been defined by Ferrosulphate and methane
methods [14].

The amount of molecular hydrogen (accuracy 5-10%) obtained in radiolytic decomposition
of water in BeO + H,0O systems, has been defined by chromatographic method (LIser-102). The
column with 1m length and 3mm internal diameter has been used in chromatography. It has been
used in the column, the activated choral with the size of d=0,25+0,6 mm and high- purity (99,9%)
argon as gas carrier.

3. Results and discussion

It has been given the graphic of time dependence of the amount of molecular hydrogen
obtained in radiolytic decomposition of water, taking place under the influence of y - quanta (®°Co,
P=19,05 rad/sec, T=300K) on beryllium oxide system with different the size (lower than 4mkm
(fig.1) and 32-53 mkm (fig.2)) and mass (m=0,01(1); 0,02(2); 0,04(3), 0,08 (4), 0,20 g(5)) in 5ml
bidstillated water.
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Fig. 1. Time dependence of the amount of molecular hydrogen, formed within radiation-catalytic (P=19,05
rad/sec, T=300K) decomposition of water in beryllium oxide system with the size of d<4 um and different
mass- (1(0,01 g); 2(0,02 g); 3(0,04 g); 4(0,08 g); 5(0,20 g)), which is suspended in 5ml water.
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Fig. 2. Time dependence of the amount of molecular hydrogen, formed within radiation-catalytic (P=19,05
rad/sec, T=300K) decomposition of water in beryllium oxide system with the size of d=32+53 um and
different mass (1(0,01 g); 2(0,02 g); 3(0,04 g); 4(0,08 g); 5(0,20 g)), which is suspended in 5ml water

In figure 3, it has been given the graphic of time dependence of the amount of molecular
hydrogen, formed from radiolytic decomposition of water, occurring in 5ml pure water (1st curve)
and beryllium oxide system (2-6th curves) with the size of d=75-106 mkm and mass of m=0,01(2);
0,02(3); 0,04(4), 0,08(5), 0,20 q(6) under y -quanta influence.
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Fig. 3. Time dependence of the amount of molecular hydrogen, formed from radiolytic decomposition of

water, occurring in 5ml pure water (1st curve) and beryllium oxide system (2-6th curves) with the size of

d=75-106 mkm and mass of m=0,01(2); 0,02(3); 0,04(4), 0,08(5), 0,20 q (6) suspended through vibrator
within irradiation in same amount of water.

It has been defined the formation rate w(H2) and radiation-chemical yield G(H2) with 100
eV absorption energy of molecular hydrogen from linear part of kinetic curves (figurel-3) obtained
from studied systems.

Table

The dependence of formation rate - w(H.) and radiation-chemical yield - G(Hz) of molecular

hydrogen, formed in radiolytic decomposition of water (P=19,05 rad/sec, T=300K), occurring in

5ml pure water and with the addition of different size beryllium oxide (lower than d=4 mkm, 32-

53, and 75-106 mkm) which is suspended through vibrator during irradiation in the same amount
of water, on the mass of beryllium oxide - m(BeO).



4 um< 32-53 um 75-106 pm
mBOL T 0 | S | e, | SHD | g i | G(H)
' molecule/ ’ molecule/ " | molecule/
molecule/g-sec 100 eV molecule/g-sec 1006V molecule/g-sec 1006V
0 0,61 0,436 - - - -
0.01 1,13 0,95 0,69 0,58 0,62 0,52
0.02 1,93 1,63 0,82 0,69 0,77 0,65
0.04 2,66 2,24 1,24 1,05 0,91 0,77
0.08 3,35 2,82 1,84 1,55 1,04 0,88
0.20 3,66 3,1 2,18 1,83 1,08 0,92

Compton scattering takes place in both phases under the influence of E,=1,25 MeV energy
y-quanta on BeO + H,O system.

BeO—L—>BeO" +e” (1)
H,0—>H,0" +e 2)

The energy of Compton electrons varies between 0+1,02 MeV depending on scattering
angle. Compton electrons, of which kinetic energy is high, turn to thermal electrons by gradually
losing their energy in elastic and non-elastic collision in both phases. A part of electron-ion pair,
formed in BeO particle and water, recombines with its pair as a result of influence of Coulomb
interaction, and some of them move away from each other. The main part of electrons in energy
spectrum is the electrons with 100 eV energy. Experiments [15+18] and theoretical calculations
[19+25] show that, radiation-chemical yield of electron-ion pair, formed in water under the
influence of y-quanta and electrons, becomes 3,4 pair/100 eV in physical and physical-chemical
stages of process, but the radiation-chemical yield of electron-excitation states - 2,6 excitation/100
eV. But, the radiation-chemical yield of electron-ion pair, formed in BeO particle, becomes 3,5
pair/100 eV, and radiation-chemical yield of electron-excitation state-2,8 excitation/100 eV. The
electrons can easily move from solid to liquid phase or vice versa. Calculations show that,
absorption dose is 2,33 times higher in beryllium oxide than water. As the number of electrons,
moved from solid to liquid phase, are more and most of them are 100 eV electrons, the
concentration of electrons becomes higher around solid particle in d=20 nm space than other parts
of liquid phase. Electrons, lost their energy, turned to thermal or solvated electrons in liquid. It
can be described the reaction of molecular hydrogen, obtained in radiolytic decomposition

occurring between solvated (e;q ) electrons and water molecules or protonated water ion as follows:

2e,,+2H,0 > H, +20H" (1)
e, +tH+H,0—>H,+0H" (2)
€, tHO —>H+H,0 (3)




The complex of
BeO* + H.0 — [BeO--H>0]"

is formed as a result of interaction of ion-dipole on the border of BeO+H>0.
Then that complex forms exited complex of /BeO-+-H>0]" by the recombination with tunnel

and thermal electrons. Electron excitation energy formed in the complex and solids, causes
dissociation of water molecule by passing to adsorbed water molecule and as a result, H and OH
radicals with high reaction ability are formed:

[BeO-H,0]* + & — [BeO-H,0]"— BeO-OH+H

As a result, molecular hydrogen
H+H->H,

is formed.
It becomes clear from the results of the research work that:
e The amount, formation rate, radiation-chemical yield of molecular hydrogen formed

in water radiolysis process, which occurs under the influence of y -quanta on BeO + H,O system,

decrease by the increase of beryllium oxide size. The yield with the particles in the size of d<4
mkm, 32-53 and 75-106 mkm got the values of 3.1, 1.83 and 0.92, respectively

e Radiation-chemical yield of molecular hydrogen is directly proportional to beryllium

oxide mass at lower values of the ratio of beryllium oxide mass to water, but there is observed
saturation state after certain value of ratio depending on size of particle (ratio, appropriate to
saturation state, is equal to 1/150 for the particles lower than d<4mkm, 1/120 for d=32-53 mkm
and 1/80 for d=75-106mkm).
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BJIUAHUE MACCOBBIX U PASBMEPHBIX DO@PEKTOB OKCUJIA BEPUIJINA HA
MMPOIECC PAJNOJIN3A BOJbI, IPOTEKAIOIIEI'O B CUCTEME BeO+H20 IO
BO3JEVICTBUEM 'AMMA - KBAHTOB

AN, dxadapos, C.P. IN'axxuesa, H.K. Pamazanoa, C.M. AnneB

Pe3tome: Bputo M3ydeHO BIHMSIHHE MAacCOBBIX U Pa3MEpHBIX A(PQEKTOB Ha KOIMYECTBO, CKOPOCTb
o0pa3oBaHMsl W PaJUAlMOHHO — XWMHYECKHH BBIXOJ] MOJEKYJISIPHOTO BOAOpPOJA, OOpa3yrolmerocs B
MPOIIECCE PaInOoIIn3a BOIBI 01 Bo3jeicTBUeM Y- kBaHTOB (60C0, P=19,05 pan/cex, T=300K) Ha cuctemy
BeO+H,0, npu ycnoBur coxpaHeHHUs TOCTOSHHBIM 00BbeM BOABI (V=5 MI) M TIpu U3MEHEHHH MAacCCh
okcuma 6eprums (M=0.0 (uuctas Boma), 0.01, 0.02, 0.04, 0.08, 0.2 r) u pa3smMepoB €ro COCTABIISIIONTNX
yactuil (0= menbine 4 MkM, 32-53 u 75-106 Mkm). Y4auThiBasi pa3Mepbl JaHHBIX YaCTHII, ObLTH ONPE/ICIICHBI
COOTBETCTBEHHO MAaKCHMAJbHBIH  PaJMallMOHHO-XMMHUYSCKHH BBIXOA  MOJIEKYJSIPHOTO — BOJOpOJa
G(H2)=3,1; 1,83 u 0,92 monexyn/100 3B , oOpazyromierocs B nporecce paJuoIuTHISCKOT0 IPEBPAIICH U
BOJIBI B BOJIHOU cucTeMe. [Ipu Manbix Maccax 4acTHIl OKCHIa OSpHILIHs IO CPAaBHEHHUIO C Maccoil BOJIHI,
BBIXOJ] MOJIEKYJSIPHOTO BOAOPOJA HPSMO MPONOPLUMOHAIBHO Macce OKcHIa Oepwiuius, a 1ocie
OIIPE/ICICHHBIX 3HAYEHHI COOTBETCTBHS, B 3aBUCHMOCTH OT Pa3MEpOB YacTHUIl HAOIIOJAaeTcs HpoLecc
HACBIIICHHS (COOTHOIICHUE MPOIIECCY HACBIIICHUS IPU MAJIBIX pazMepax yacTuil d<4 MKM COOTBETCTBEHHO
paBHo 1/150, nst wactun ¢ pasmepamu d=32-53 mxm paBHo 1/120, a st gactui ¢ pasmepamu d=75 - 106
MKM paBHO 1/80).

Kniouegvle cnoea: MuKpodacTula, pajuoin3, pPagMalMOHHO-XUMMUYECKMH BbIXOZA, KoOMITOHOBCKOE
paccesiHHe
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QAMMA-KVANTLARIN TOSIRILO BeO+H20 SISTEMIND® GEDON SUYUN
RADIOLIZI PROSESIN® BERILLIUM OKSIDIN KUTLO VO OLCU
EFFEKTLORININ TOSIiRI

Y.D. Cafarov, S.R. Haciyeva, N.K. Ramazanova, S.M. 9liyev

Xiilasa: BeO+H,0 sisteminds suyun hacmini sabit saxlamagla (V=5 ml) berillium oksidin kiitlasini (m=0.0
(tamiz su), 0.01, 0.02, 0.04, 0.08, 0.2 g) va onu taskil edan hissaciklarinin 6l¢iisiinii (d=4 mkm-don kigik,
32-53 vo 75-106 mkm) doyismoklo, y-kvantlarin (*®Co, P=19,05 rad/san, T=300K) tasirilo suyun radiolizi
prosesindon amoala golon molekulyar hidrogenin miqdarina, amalogalms siiratine vo radiasiya-kimyavi
ciximina kiitlo va 6l¢ii effektlorinin tasiri dyronilmisdir. Verilmis ol¢iilii hissaciklor — su sisteminda suyun
radiolitik ¢evrilmasindan alinan molekulyar hidrogenin maksimal radiasiya-kimyoavi ¢iximlar1 uygun olaraq
G(H2)=3,1; 1,83 va 0,92 molekul/100 eV tayin edilmisdir. Berillium oksidin kiitlasinin suyun kiitlasina
nisbatinin kigik qiymatlorindo hidrogenin ¢iximi berillium oksidin kiitlasi ilo diiz, nisbatin miiayyan
giymatindan sonra, hissaciyin 6lgiisiindon asili olaraq doyma hali(doyma halina uygun nisbat d<4 mkm-
don kigik hissaciklor ti¢iin 1/150-ya, d=32-53 mkm hissaciklor tigtin 1/120-ya vo d=75-106 mkm olgiilii
hissaciklor tigiin isa 1/80-5 barabar olur) miisahids olunur.

Agar sézlar: mikrohissacik, radioliz, radiasiya-kimyavi ¢ixim, kompton sopilmasi
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