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Introduction 

To date, there are various problems restraining 
the progress of the hydrogen energetic: high cost, 
low robustness of hydrogen generators, ecological 
risks, etc. To the authors’ opinion, these problems 
can be eliminated by means of the alumina-
hydrogen technology – hydrothermal synthesis 
under increased temperatures and pressures.  

 
Results and discussion 

Aluminum hydroxide synthesis process 
comprised preparation of an aqueous suspension 
based on a finely dispersed aluminum powder, 
creation of the saturated steam pressure in a special 
reactor, injection of the suspension to the high-
pressure reactor, withdrawal of aluminum 
hydroxide from the reactor to the receiver, control 
of the gaseous mixture temperature and pressure in 
the reactor [1,2,3]. When the water temperature is 
Тcr = 374,2 оС and pressure is Рcr = 217,6 atm., 
hydrogen bonds are almost completely destroyed 
and the water molecules are not in the bound state. 
Polar liquid water turns into non-polar media. The 
diffusion rate increases in this media and its 
oxidizing ability rises steeply. Diffusivity 
coefficients are characterized by great magnitudes 
in the water media under supercritical parameters 
and the resistance to the mass transfer is practically 
negligible. So, all the necessary conditions for the 
high-speed reaction are ensured.  

Oxidation reactions are exothermic, which 
allows using the heat generated in a course of the 
reaction to maintain the process temperature 
regimes and compensate power inputs necessary 
for the reactant heating-up. 

Here, the higher the aluminum activity the 
lower the process pressure and temperature 
compared to the super-critical water parameters. 
However, maximum rate and completeness of the 
aluminum powder oxidation are ensured under the 
following aqueous medium condition parameters: 
temperature within 270-320 0С and pressure within 
100-150 atm. 

By analogy with the self-propagating high-
temperature synthesis, the equation for the 
oxidation rate (main kinetic measure of the studied 
process) looks as foolows: 

 
dα / dτ = k0exp (-E/RT) α-n exp (- k1 α), 

 
where α –aluminum oxidation level;  

dα / dτ – relative reaction rate; n – exponent at the 
oxidation power function; k1 – coefficient at the 
oxidation logarithmic function. 

According to the data given in [4, 5,6] the n и k1 
values define the oxidation processes at different 
stages. 

Adding a small amount of an alkali to the 
aluminum powder suspension results in the 
accelerated increase of both temperature and pressure 
in the reactor, which is more remarkable for 
suspensions based on coarser powders (Fig.1,2).  

Kinetic parameters of the oxidation reactions 
(oxidation level and oxidation rate) were calculated 
from the amount of gaseous hydrogen generated in 
a course of the reactions. 
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Hydrogen chemical composition is presented in 
Table 1. 

 
Fig.1. Temperature in the reactor vs process 

duration for suspensions of different compositions: 
1 – powder АSD-6+H2O; 2  -“- ASD-4 + H2O; 

3  -“-  ASD-6 + H2O + 0,1 wt. %  NaOH; 
4  -“- ASD-4 + H2O + 0,1 wt. %  NaOH. 

 

 
Fig.2.Pressure in the reactor vs process 

duration for suspensions of different compositions:  
1 – powder АSD-6+H2O; 2  -“- ASD-4 + H2O; 

3  -“- ASD-6 + H2O + 0,1 wt. % NaOH; 
4  -“- ASD-4 + H2O + 0,1 wt. % NaOH 

 
Table 1. Analysis of the hydrogen chemical 

composition 
Composition of gas 
assay (components) 

Volume content of 
components, % 

Hydrogen (Н2) 99,88 
Total (N2+CO)* 0,09 
Carbon dioxide 
(С02) 

0,03 

Argonн (Аг) <0,01 
Oxygen (02) <0,01 
Water vapour (Н,0) 
** 

— 

 * - mass (N2+CO) fractions are not distinguished in 
MI 1201;  **- Н20 content is not detected in MI 
1201. 

 

When the oxide protective film is destroyed 
aluminum reacts with water the in aqueous 
solutions resulting in the formation of ions or 
hydroxyl ions. 

Combustion of 1 kg of aluminum in aqueous 
medias results, along with the heat energy 
(17.1 MJ), in the generation of big amount of 
hydrogen (1.2 m3) and formation of more than 2 kg 
of the high-purity nanocrystalline aluminum oxides 
and hydroxides with the commercial price of 50-
400 $/kg. 

Implementation examples of the synthesis 
products in different industries and the alumina-
hydrogen technology will be discussed in the 
presentation. 

 
Conclusions 

Use of aluminum for the hydrogen production 
can resolve a range of problems related to the 
hydrogen storage, transportation and 
“compaction”. The developed technology is 
competitive and prospective since it is not only a 
convenient and safe method to produce pure 
hydrogen; it ensures manufacturing the high-
quality nanostructured ceramic powders. 
Commercial attractiveness of the method yields 
from possible effective utilization of the generated 
heat energy. 

 
References 

1. Zhuk A.Z., Kleymenov B.V.,  
Shkolnikov Е.I., Bersh А.V. et al. Aluminum- 
hydrogen energetics / Ed. by А.Е. Sheindlin, 
Мoscow, OIVT RAS, 2007, 278 p. 

2. Alyamsheva O.V., Korytkova E.N.,  
Maslov A.V., Gusarov V.V. // Inorganic Materials. 
2005; 41(5): 540−547. 

3. Mazalov J. A., Vitjaz P. A.,  
Iljuschenko A Ph., Sudnik L. V. //  Doklady of the 
National Academy of Sciences of Belarus Minsk. 
2008; 52(6): 109-115. 

4. Khaikin B.I. To the theory of combustion 
processe in heterogeneous condensed medias. / 
Combustion processes in chemical technology and 
metallurgy, Chernogolovka. 1975; 1: 227−244. 

5. Griva V.A., Rosenblad I.I. // Problems of 
technological combustion, Chernogolovka. 1981; 
1: 26-30. 

6. Burger M.J. Polymorphism and Phase 
Transformation/ Fortsher. Miner. 1961; 39:9-24. 
 

 
 
 


