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Reaction Mechanism and Hydrogen Production Efficiency of
Aluminum-Water Reaction in Sub- and Supercritical Water

XU Yuhao',WU Zongjian',YUAN Ming',SUN Wuchuan', HUANG Zuohua',CHEN Di*,SHE
Yong’,ZHANG Yingjia'
(1. State Key Laboratory of Multiphase Flow Engineering, Xi’an Jiaotong University, Xi’
an 710049, China;
2. Inner-Mongolia Power Machinery Institute, Hohhot 010010, China)

Abstract: To elucidate the influence of sub- and supercritical water on the hydrogen production
efficiency and underlying mechanism of the aluminum-water reaction, an experimental study was
conducted to address the unclear reaction mechanism under multiphysics coupling conditions. A high-
temperature and high-pressure sealed reactor was established, and scanning electron microscopy (SEM)
and X-ray diffraction (XRD) were employed to systematically characterize the phase composition and

microstructure of solid products. The rupture mechanism of the passivation layer on aluminum particles
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was investigated, and the effects of particle size, reaction temperature, medium density, and
supercritical water environment on hydrogen production performance were clarified. The results show
that the reaction products exhibit significant temperature and density dependence. In liquid water at 400
~ 600 K, AIOOH is the dominant product, with minor amounts of Al(OH), and unreacted aluminum
observed only at 400 K. In contrast, the product is completely transformed into AL,O, in supercritical
water at 773 K. Hydrogen production efficiency is strongly affected by the synergistic effects of particle
size and temperature, and the temperature required for complete reaction decreases from 600 K (154
um) to 380 K (12 pm) as particle size decreases. At 600 K, the hydrogen production efficiencies of 52
um and 154 pm aluminum powders in liquid water are 95.1% and 92.5%, respectively, which are
significantly higher than those in vapor (78.9% and 49.2%). Heptane-coated aluminum particles exhibit
negligible reactivity in subcritical water, while a high hydrogen production efficiency of 70.3% is
achieved at 690 K in supercritical water. These results demonstrate the synergistic effects of particle
size, temperature, and phase state on the aluminum-water reaction, providing experimental evidence for
the optimization and mechanistic understanding of hydrogen production from aluminum-based
materials under low-temperature conditions.
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Fig. 1

Schematic diagram of high-temperature and high-pressure sealed reactor

experimental platform
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