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Abstract: The kinetics of accumulation of molecular hydrogen is investigated at thermo 

catalytic decomposition of water at presence radium-silicate from density of vapors of water. It is 

established that change of density of vapors of water in the range of  Н2О1÷20 of mG/sm3 at 

radium-silicate presence doesn't influence on thermo catalytic decomposition of water. 
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1. Introduction 

 

Regularities of influence of structure on radiating and heterogeneous processes of 

decomposition of substances in contact to silicate systems are not known and represent great 

value as from the point of view of a radiation catalysis, and radiation materials science. The 

kinetics of radiolytic decomposition of water in contact to radium-silicate is for this purpose 

studied at various activity. In the course of formation or thermo vacuum processing in silicate 

systems the electron-acceptor centers are formed on which occurs a dissociative adsorption of 

water. Adsorption of molecules of water on the strong electron-acceptor centers causes 

deformation in electronic structure of the adsorbed molecules of water. Therefore existence of 

such centers on surfaces can influence processes of decomposition of water in the presence of 

radium-silicate systems. A certain part of these centers can be catalytically active in processes of 

thermal decomposition of water. As it is known homogeneous thermal processes of pure water 

decomposition proceed with notable speed at high temperatures Т≥1750К 5, 12, 15  and 

systematically it is possible to present them as follows: 

                      H2+  O2                H2O 

Change of standard values of energy of Gibbs, enthalpy and entropy for this process 

makes 285.76 kJ/mol, 241.84 kJ/mol and 44.55 Jmol-1K-1 respectively. In works [5, 12, 17] it is 

shown that in the presence of zeolite systems process of decomposition of water can be carried 

out in the range of temperatures 723-773K. Thus the change of thermodynamic functions 

providing course of process of decomposition of water at low temperatures, can be explained 

with existence of strong chemisorption communication of molecules of water in a crystal lattice 

of zeolite. 

 

2. Results and discussion 

 

 In view of that on surface radium - silicate systems also occurs strong adsorption linkage 

of molecules of water, it is possible to expect course of thermo catalytic decomposition of water 

in the range of temperatures 723-773K. These processes can make a certain contribution in 

radiating and thermo catalytic water decomposition. For the purpose of identification of a 

contribution of thermo catalytic processes in radiating and thermo catalytic decomposition of 

water the kinetics of accumulation of hydrogen is investigated at thermo catalytic and radiating 

and thermo catalytic decomposition of water at presence radium - silicate in the range of 

temperatures 573÷773К. It is established that radium - silicate systems at temperatures Т≥573К 
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possess thermo catalytic activity in the course of water decomposition. Because in these series of 

experiments at big contents of water in ampoules and high temperatures the condition of water 

vapors strongly differs from ideal, pressure calculation of water vapors in the reactionary 

environment not always is correct. Therefore the content of water in the reactionary environment 

of radiating and heterogeneous processes is usually expressed in terms of density of water vapors 

- ρH2O, mg/cm3 [13-14,16]. On Pic.1 kinetic curve of accumulation of molecular hydrogen at 

catalytic decomposition of water are given in presence radium - silicate at temperature Т=673К. 

 

Pic 1. Kinetic curve of molecular hydrogen production at thermo catalytic (1) and radiation - 

thermo catalytic (2,3) decomposition of water in the presence of Ra-SiO3 with activity of 6100 

Bk/g at Т=673К, D=0,33 of Gr /s (1) - ρH2O=5 mG/sm3;  (2) - ρH2O=0,1 mG/sm3;  (3) - ρH2O = 

5mG/sm3 

  

           Changes in density of water vapors in an interval ρH2O=0,1÷20 mG/sm3 in the presence of 

radium-silicate does not influence on thermo catalytic decomposition of water. The yield of 

molecular hydrogen thus depends generally only on temperature. On the basis of these results it 

is possible to make the assumptions that on a surface of radium-silicate are available various 

term catalytic   active centers which become more active at various temperatures. Less active 

centers participate in the course of thermo catalytic decomposition with temperature increase. 

The kinetics of accumulation of molecular hydrogen is investigated at radiating and 

thermo catalytic decomposition of water in the presence of radium-silicate under identical 

conditions with thermo catalytic processes. Values of rates of radiating and thermo catalytic Wрт 

(H2) and thermo catalytic Wт (H2) processes of molecular hydrogen production are determined 

by an initial linear site of these curves. Rate of a radiating component of radiating and thermal 

heterogeneous processes was determined by a difference: 

 

                                          Wр (H2) = Wрт (H2) - Wт(H2)              (1) 

 

On the basis of values of speeds of a radiating component of radiating and thermo 

catalytic processes the chemical yield of molecular hydrogen are defined. On Pic.2.  

dependences of a radiating and chemical yield from water vapor density are given at 

heterogeneous radiolysis of water in the presence of radium-silicate at various temperatures. The 

given curves are described by the equation: 

 

  G (H2) =  (2) 
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Where K - a seeming constant of speed of process, b - a constant of adsorption balance, 

ρH2O- density of water vapors in the reactionary environment.  From the 

equation it is visible that at small values of water vapors density,  radiation-

chemical yield of molecular hydrogen linearly depends on density of  water 

vapors, G (H2) = that is observed in initial areas of dependence of G (H2) =                 a  at  ρH2O  

=7-8 mG/sm3.  

                               

Pic.2. Dependence of a radiation of chemical yield of molecular hydrogen on waters vapor 

density in Ra-Si +H2O system; (1) - at 573K, (2) – 673K 

 

At great values of water vapor density, and G (H2) =K, i.e. radiation of 

chemical yield of Н2 doenot depend on water vapor density 17. As shown from 

pic. 2 the radiation of chemical yield of molecular hydrogen does not depend on temperature and 

within accuracy of definition is equal to value G (Н2) at heterogeneous radiolysis of  water in the 

presence of Ra-Si at Т=300K. Observable shift of stationary area in dependence of 

G (Н2) =                        with temperature increase can explain that the temperature generally 

influences on speed of approach of adsorption balance in Ra-Si+water 

vapor system. 

Thus at temperature increase Т≥573К at heterogeneous radiolysis of water in the 

presence of radium-silicate occurs a thermo catalytic and radiation and thermo catalytic 

decomposition of water. A certain contribution to thermal processes of accumulation of 

molecular hydrogen from water in contact to radium-silicate can bring chemical interaction of 

molecules of water with superficial defects of Ra-Si. For the purpose of identification of a role of 

such chemical reactions with a surface in the course of thermo catalytic production of hydrogen 

in the presence of Ra-Si at 723К dependence of speed of this process on number of its cycles is 

investigated. It is established that speed of process within accuracy of definition (±10 %) remains 

stable during 3 multiple use of the catalyst and kinetic curve of Н2 production coincides with a 

curve 2 on fig. 1. It testifies to a small part of chemical interaction of water with a radium-

silicate surface in the course of thermal accumulation of Н2 in contact of water with radium-

silicate. However possibility of a hydroxylation of a surface of oxide catalysts as a result of 

interaction of intermediate products of decomposition of water with superficial defects is not 

excluded. Research of products Т=573÷873К of samples of radium-silicate after thermo catalytic 

process of decomposition of water shows that at a dehydroxidising of a surface of Ra-Si at high 

temperatures 573-873K, generally  H2O forms  2-3. Therefore processes of chemical 

interaction with a surface, and also dehydroxidising of surfaces of radium-silicate can be 

eliminate as possible channels of formation of molecular hydrogen at thermo catalytic 

decomposition of water. 
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3. Conslusions 

 

Comparison of values of a radiating and chemical yield of hydrogen in stationary area of 

dependence of G (Н2) =f (θ) at radiating and catalytic and dependences of G (Н2) =f (ρH2O) at 

radiating and thermo catalytic decomposition of water in the presence of Ra-Si shows that the 

temperature at heterogeneous radiolysis of  water in the presence of amorphous radium-silicate 

does not influence an yield of products and in both cases  G (Н2) =1,63±0,10 molecules/100 eV.  

 

References 
 

1. Л.А.Игнатьева, Г.Д.Чукин, Активные кислотные центры алюмосиликатных 

катализаторов, Доклады АН СССР, 184 (1969) 644.  

2. И.Н.Сенченя, Н.Д.Чувылкин, В.Б.Казанский, Квантово–химическое исследование 

механизма дегидроксилирования криссталических и аморфных алюмосиликатов, 

Кинетика и катализ, 27 (1986) 87-92.  

3. А.О.Литинский, А.С.Зюбин, Электронная структура и энергетический спектр дефектов 

поверхности катализаторов, Кинетика и катализ, 26 (1985) 416-421.  

4. М.Н.Захарова, Акцепторные свойства ионов алюминия на поверхности оксида 

алюминия и алюмосиликатов, Автореферат диссертации на соискания ученой степени 

кандидата химических наук, Москва, (1988) 20.  

5. G.England, Termodinamics of water decomposition catalyzed by zeolites, Int.J.Hydrogen 

Energy, 9 (1994) 315-317.  

6. Т.Н.Агаев, А.А.Гарибов, З.А.Мансимов, Кинетические закономерности радиационно-

гетерогенного разложения молекул воды в присутствии радий силиката,/ Химические 

проблемы, №3 (2011) 452-457.  

7. T.N.Ağayev, Z.Ə.Mənsimov, Su sistemlərindən radionuklidlərin ayrılması üçün təbii seolitlər 

əsasında sorbsiya materialları, Kimya problemləri, №1 (2011) 111-119.  

8. А.А.Гарибов, Т.Н.Агаев, З.А.Мансимов, Гетерогенный гамма-радиолиз радий силиката. 

Синтез и свойства, Азерб. хим. Журнал, №1 (2011) 177-180.  

9. С.А.Погодин, Э.П.Либман, Как добыли советский радий, М.: Наука, (1977) 250.  

10. В.Ю.Баранов, Изотопы. Свойства, получение, применение. М.: Наука, (2000) 147.  

11. О.А.Старосельская-Никитина, История радиоактивности в возникновения ядерной 

физики. М.: Наука, (1963) 314.  

12. В.Н.Пармон, Проблема фотокаталитического разложения воды, В сб. 

Фотокаталитического преобразование солнечной энергии, Ч.2. Молекулярные системы 

для разложения воды. Новосибирск: Наука, (1985) 6.  

13. Г.К.Боресков, Гетерогенный катализ, М.: Наука, (1988) 75.  

14. А.Адамсон, Физическая химия поверхностей, М.: Мир, (1979) 247.  

15. P.H.Kasal, R.I.Bishop, Termochemical decomposition of water catalyzed by zeolites, J. 

Phys. Chem., 81 (1977) 1527.  

16. Н.А.Калашников, А.А.Калиников, В.Ф.Красноштанов, В.Д.Русанов, Г.С.Столярова, 

Экспериментальное исследование радиолиза воды и водяного пара осколками деления 

и реакторные радиолизные установки. Вопросы атомной науки и техники, Сер. 

Атомно-водородная энергетика и технология, вып.1(20) (1985) 61-62.  

 

 

 

 

 

 

 


