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Development of thermal- and photo-chemical hybrid hydrogen production process
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Recently, hydrogen production from water decomposition has been actively studied
to solve the energy issues. IS process, which is one of the thermochemical hydrogen production processes,
consists of three chemical reactions: sulfuric acid decomposition, hydrogen iodide (HI) decomposition,
and bunsen reaction. In this study, photocatalytic HI decomposition was Investigated to improve reaction
rate of the HI decomposition. This study revealed that potassium tantalate (KTa03) showed relatively high
photocatalytic activity for HI decomposition and Pt and Pd cocatalysts effectively improve the
photocatalytic HI decomposition activity because of the acceleration of iodide ion oxidation.
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Table 1 Photocatalytic HI decomposition on various
inorganic semiconductor photocatalysts.

Cat. H, I+l 0, I" conv. (\I/Zizlli;)
/umol  /umol /umol /% /%
Ta,0; 143 7.5 0.0 9.7 30.1
SrTio, 11.5 3.7 1.2 9.6 15.0
CN, 5.0 215 0.0 50.5 16.6
TiO, 4.6 35 0.0 18.4 7.4
TaON 3.4 8.5 0.0 14.7 225
GaN:ZnO 2.5 5.4 0.7 329 6.4
GaN 2.0 4.0 0.0 28.2 5.5

Amount of Pt cocatalyst:0.2 wt%, Light source: 500W Xe lamp (Full arc),
Reaction time: 12h
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Fig. 1 Photocatalytic HI decomposition on Ta-based
metal oxides with Pt cocatalyst.
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Table 2 Photocatalytic HI decomposition on M/KTaO,

M H, I +15 0, I"conv. (inzllz)
/umol  /umol  /umol /% 1%
Pt 174.0 82.8 1.4 96.7 59.7
Pd 94.4 51.5 0.2 54.5 65.8
Ag 22,5 9.0 9.8 10.1 62.1
Rh 18.4 12.0 8.9 26.4 31.6
Au 15.7 5.3 5.2 5.2 711
None 13.3 4.2 0.9 12.1 24.2
Ir 12.2 13.1 2.5 48.8 18.7
Ru 10.0 0.8 5.1 2.0 28.6

Amount of cocatalyst: 0.2 wt%, Light source : 500W Xe lamp (Full arc),
Reaction time: 12h
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Fig. 2 Amounts of hydrogen formation on M/KTaO;
from 50 vol.% methanol aqueous solution.
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Fig. 3 XPS spectra of M/KTaO3 after HI decomposition
reaction (12 h).
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Fig. 5 XPS spectra of Pt/KTaO; before and after HI
decomposition reaction (12 h).
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