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Abstract: To elucidate the influence of subcritical and supercritical water on the hydrogen production
efficiency of the aluminum-water reaction and its underlying mechanism, and to address the
currently unclear reaction mechanism under coupled multi-physics fields, a high-temperature and
high-pressure sealed batch reactor system was established, and scanning electron microscopy (SEM) and
X-ray diffraction (XRD) were employed to systematically characterize the phase composition and
microstructure of the solid products. The rupture mechanism of the passivation layer on aluminum

particles was investigated, and the effects of particle size, reaction temperature, medium density, and
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supercritical water environment on hydrogen production performance were clarified. The results
show that the reaction products exhibit strong temperature and density dependence. In liquid water
at 400—600 K, AIOOH is the dominant product, with minor amounts of AI(OH); and unreacted
aluminum observed only at 400 K. In contrast, the product transforms completely into Al,O; in
supercritical water at 773 K. Aluminum particle size significantly influences the hydrogen
production performance of the Al-water reaction. Reducing the particle size from 154 ym to 12 ym
significantly decreases both the onset reaction temperature and complete reaction temperature,
with the latter decreasing from 600 K to 380 K. At 600 K, the hydrogen production efficiencies of
52 ym and 154 ym aluminum powders in liquid water are 95. 1% and 92. 5%, respectively, which
are significantly higher than those in water vapor (78.9% and 49.2%). Heptane-coated
aluminum particles exhibit negligible reactivity in subcritical water, whereas a high hydrogen
production efficiency of 70. 3% is achieved at 690 K in supercritical water. These findings indicate
that particle refinement significantly reduces the reaction temperature, while liquid water and supercritical
water environments effectively enhance the reactivity of the aluminum powder. Moreover, the reaction
pathways and product evolution of the aluminum-water system differ under various environments,
providing a theoretical basis for optimizing hydrogen production processes based on aluminum
materials, for reactor design, and for mechanistic model development, and offering new insights

for achieving low-temperature, high-efficiency hydrogen production from aluminum-based materials.
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Fig. 1 Schematic diagram of high-temperature and high-

pressure sealed reactor experimental platform
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Fig. 2 Particle size distribution based on volume fraction
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Table 2 Phase composition (mass percentage) of solid products

from 12 pm Al powder
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