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Abstract

A catalysis pair of decalin dehydrogenation and naphthalene hydrogenation is proposed as
a storage medium of hydrogen for operating vehicles powered by hydrogen-fueled internal
combustion engines and fuel cells in stationary modes. The energy densities with decalin ( 7.3
wt%, 64.8 kg-H2 / m3 ) are higher than the target values of the U.S. Department of Energy ( 6.5
wt%, 62.0 kg-Hz / m3 ). In order to establish a practical process for hydrogen supply from
decalin in the present study, an activated carbon cloth was adopted as a new supporting
material because of its handling advantages, instead of granular activated carbon. Platinum
nano-particles supported on activated carbon cloth in superheated liquid-film states under
reactive distillation conditions gave high dehydrogenation activities in batch-wise and

continuous operations at heating temperatures of 210-280°C.
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Fig.1  Experimental apparatus for catalytic hydrogen evolution from decalin under reactive distillation

conditions in batch-wise or continuous operation.
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Catalyst: Platinum nano-particles supported on activated carbon cloth (5 wt% )
0.16 g (one layer ([1) ), 0.32 g (two layers (A) ), 0.48 g (three layers (O) )
Reaction conditions: Boiling and refluxing by heating at 210°C and cooling at 5°C

Fig. 2

Relationship of charged amount of decalin with dehydrogenation activities

of platinum catalyst supported on activated-carbon-cloth in batch-wise operation.
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Catalyst: Pt nano-particles supported on granular activated carbon (5 wt% ) 0.30 g (A) (ref. [8] ),
Pt nano-particles supported on activated carbon cloth (5wt% ) 0.16 g (B )

Reaction conditions: Boiling and refluxing by heating at 210°C and cooling 5°C

Fig. 3  Comparison of dependence of initial reaction rate on charged amount of decalin.
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Feed rate of decalin: 1.5, 2.0, 2.5, 3.0 and 5.0 ml / min

Catalyst: Platinum nano-particles supported on activated carbon cloth ( 5 wt-metal% )

0.29 g (one layer, [J ), 0.58 g ( two layers, A ), 0.87 g (three layers, O )

Reaction conditions: Boiling and refluxing by heating at 280°C and cooling at 25°C

Fig. 4  Evolution rates of hydrogen evolved from decalin at various feed rates in continuous operation.
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(A) Stationary rate of evolved hydrogen, ( B ) Stationary conversion
Catalyst: Platinum nano-particles supported on activated carbon cloth ( 5 wt-metal% )
0.29 g (one layer, [ ), 0.58 g (two layers, A ), 0.87 g (three layers, O )
Reaction conditions: Boiling and refluxing by heating at 280°C and cooling at 25°C

Fig. 5 Relationship between dehydrogenation activities and feed rates of decalin in continuous operation.
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