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Creation of Catalytic Reaction Process by Sustainable Active Hydrogen from
Chemical-Looping
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In recent years, biomass has attracted attention as a sustainable carbon
resource in the chemical industry, and conversion to fuels and chemicals by reaction such as
hydrogenation is being actively studied. Therefore, in this study, we created a hydrogenation
reaction process using water as a hydrogen source, utilizing oxidation / reduction cycle (chemical &
middot; looping) of metal / metal oxide. Hydrogenation or hydrogenolysis of biomass-derived
substrates such as glucose, methyl laurate, and etc. was evaluated. It was revealed that the
hydrogenation reaction proceeds with hydrogen generated by the reaction between water and metallic
iron, that iron species exhibits catalytic action and participates in the reaction pathway. It was
also confirmed that iron oxide could be regenerated into metallic iron by heat treatment with
biomass and used for repeated reaction.
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Fig. 1 Conceptual diagram of this study
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Fig. 2. Transformation of glucose using Fe metal
particles or a Pd/C catalyst, or a combination of
both Fe metal particles and Pd/C catalyst.
Conditions. glucose, 180 mg; Fe, 335 mg;
5%-Pd/C, 30 mg; water, 36 mL; 453 K; 20 h; N,,
0.5 MPa. FeO, + Pd/C: FeO, from Fe after 20 h
at 453 K; 5%-Pd/C, 30 mg; N,, 0.5 MPg; H,, 0.2
MPa. Products: PG, propylene glycol; HA,
hydroxyacetone; LA, lactic acid; Others, sum of
1,2-butanediol, 1,2-hexanedial, glycolic acid, and
acetic acid; Gas, sum of methane, ethane,
propane, butane, carbon monoxide, and carbon
dioxide.
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Fig. 3. Time course for hydrogenation of methyl
laurate over the Ru—Sn—Mo/C catalyst with the
Fe/H,0 system.
(@) Conversion, (0) lauryl alcohol, (A) lauric acid,
(o) lauryl laurate, (x) undecane, and (*) dodecane. Pd-Fe
Conditions: methyl laurate, 4 mmol; Pd/C
Ru—-Sn-Mo/C, 43 mg; tetradecane, 40 mL; 543 5 MPa
K; Fe, 28 mmol; H,O, 56 mmol; N,, 1.0 MPa. PG
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