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Water splitting by mechano-chemical reaction with aluminum particles

Ryouhei Yaegashi™' Riki Shimizu > Tomohiro Hamawaki *and Yasuo Shirai *

Water-splitting by mechano-chemical reaction with finely divided aluminium particle was studied as a
simple and easy approach to get hydrogen in detail.

The mechano-chemical reaction of aluminium with water molecule is redox reaction promoted by
mechanical energy, and it is the reaction with generation of hydrogen by water-splitting and oxidation of
aluminium. As a result of detailed examination of the reaction path, it was recognized that the reaction had
induction period, and rate of reaction increased remarkable after the period. From an experiment on the
addition of aluminium oxides, it became clear that the increase of this rate was caused by AI(OH);
generating during the reaction. When about 10% AI(OH); was included within aluminium particles, the
hydrogen generation rate by the water-splitting reaction became greatest.

Aluminium oxide and aluminium hydride generated during the water-splitting reaction were measured
by XRD and FT-IR in order to obtain the information for the reaction mechanism. As a result of the
measurement, it was confirmed that AI(OH); ,AlH; and Al,O; had generated in the pathway of the reaction.
It is thought that AlH; in these products has contributed to hydrogen generation as AI(OH);+AlH; —
Al,O3+(3/2)H; after the induction period of the reaction ,but the part remains in crystal interior. When the
powder sample after the water-splitting reaction was irradiated with ultraviolet light in a high temperature,
hydrogen gas was released from the sample. Generation of this hydrogen gas has meant that there is AIH;
in the crystal interior.

These characteristics of the water splitting with finely divided aluminium particle can be expected as a
new approach having the function such as generation, storage and photo-elimination of hydrogen.
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Fig.2 Time courses of Hz evolution on Al particles
The gas phase was evacuated at a reaction time
of 24h. Sample:0.2g, H20:200ml,stirring rate:500
rpm,temp:20°C.
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Fig.3 Time courses of H2 evolution on Al
particles. The gas phase was evacuated at a
reaction time of 24h. Sample:0.1g, H20:150ml,
stirring rate:400rpm, temp:20°C.
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Fig.4 Time courses of Hz evolution on mixtures of

AI(OH)s / Al and AlsOs/ Al. mixed sample:0.1g,

H20:150ml,stirring rate:400rpm,reaction time:3h
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Fig.5 Temperature dependence of Hz evolution

Sample:0.1g, H20:150ml, stirring rate:400rpm
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Fig.6 Effect of stirring rate on hydrogen
evolution, Sample:0.1g,H20:150ml,temp:20°C
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Fig.7 Powder X-ray diffraction of Al before(a) and
after the reaction ((b):3h,(C):96h,(d):168h)
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reaction for 96h

Fig.12 SEM image of Al particles after the
reaction for 168h
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Fig.13 Elimination of hydrogen by ultraviolet
irradiation to Al particles after the reaction
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