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Abstract: In aluminum powder/water reaction at higher temperatures, temperature
runaways are experimentally found. Similar effect with sharp temperature rise has been
found in the authors’ experiments where water has been injected into molten aluminum.
This study presents an explanation of these phenomena within the framework of the
theory of thermal explosion. The critical condition of thermal explosion is formulated as
the ratio of heat release in chemical reaction and heat loss into the walls of the reactor.
Critical condition depends on the kinetic parameters of the reaction, on temperature,
and on the net surface of the contact between aluminum and water, where reaction
occurs. Solid products can be formed on the surface of the aluminum particles leading
to degenerate regimes of thermal explosion.

Keywords: combustion of aluminum in water; aluminum-water reaction; thermal
explosion; critical phenomena; combustion instability

References

1. Wang, H. Z., D. Y. C. Leung, M. K. H. Leung, and M. Ni. 2009. A review on hydrogen production
using aluminum and aluminum alloys. Renewable Sustainable Energy Rev. 13(4):845–853. doi:
10.1016/j.rser.2008.02.009.

2. Franzoni, F., M. Milani, L. Montorsi, and V. Golovitchev. 2010. Combined hydrogen production
and power generation from aluminum combustion with water: Analysis of the concept. Int.

J. Hydrogen Energy 35(4):1548–1559. doi: 10.1016/j.ijhydene.2009.11.107.

3. Yavor, Y., S. Goroshin, J. M. Bergthorson, D. L. Frost, R. Stowe, and S. Ringuette. 2013.
Enhanced hydrogen generation from aluminum/water reactions. Int. J. Hydrogen Energy

38(35):14992–15002. doi: 10.1016/j.ijhydene.2013.09.070.

4. Milani, M., L. Montorsi, F. Paltrinieri, and M. Stefani. 2014. Experimental and numerical
analysis of the combustor for a cogeneration system based on the aluminum/water reaction.
Energy Conversion Management 87:1291–1296. doi: 10.1016/j.enconman.2014.03.027.

5. Korshunov, A. V., E. B. Golushkova, D. O. Perevezentseva, and A. P. Ilyin. 2008. Makrokineti-
ka vzaimodeystviya elektrovzryvnykh nanoporoshkov aluminiya s vodoy i vodnymi rastvorami
[Macrokinetics of reaction of electroexplosively produced nanosized aluminum powders with
water]. Izvestiya Tomskogo Politeknicheskogo Un-ta 312(3):5–10. (In Russian.)

6. Frank-Kamenetsky, D. A. 1969. Diffusion and heat transfer in chemical kinetics. New York, NY:
Plenum Press. 574 p.



7. Godymchuk, A. Yu., A. P. Ilyin, and A. P. Astankova. 2007. Okislenie nanoporoshka aluminiya
v zhidkoy vode pri nagrevanii [Oxidation of aluminum nanopowder in liquid water at heating].
Izvestiya Tomskogo Politeknicheskogo Un-ta 310(1):102–104. (In Russian.)

Received November 18, 2015

Contributors

Mokhin Grigory N. (b. 1964) — Candidate of Science in physics and mathematics, leading
research scientist, N. N. Semenov Institute of Chemical Physics, Russian Academy of
Sciences, 4 Kosygin Str., Moscow 119991, Russian Federation, mokhin@gmail.com

Shmelev Vladimir M. (b. 1940) — Doctor of Science in physics and mathematics, professor,
head of laboratory, N. N. Semenov Institute of Chemical Physics, Russian Academy of
Sciences, 4 Kosygin Str., Moscow 119991, Russian Federation; shmelev@chph.ras.ru




