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Enzymatic biofuel cell is a kind fuel cell that uses enzyme as an electrocatalyst and directly converts chemical
energy into electricity. For the application of this enzymatic biofuel cell to the self-powered environmental sensor
system, durability and output power density should be further improved. In this study, we developed size-controlled
MgO-templated mesopores carbon (MgOC) as an enzyme scaffold to increase the enzyme loading and its stability.
The carbon is deposited on the current collector by the electrophoretic deposition method to form size-controlled
macropore. Owing to the hierarchical meso-macropore structure, the penetration of enzyme and redox mediator
through the carbon layer in fabricating the enzyme-modified electrode and the diffusion of substrate during the
electro-enzymatic reaction are both improved. MgOC having an average pore diameter of 38 nm was used as a
scaffold for a glucose oxidase-hydrogel consisting of an Os-complex-tethered polymer. Stable and high glucose
oxidation current as high as 60 mA-cm ™ at a loading of 1000 pg-cm? at 37 °C was demonstrated. On the
contrary, 2,2'-Azinobis(3-ethylbenzothiazolin-6-sulfonate) adsorbed on the MgOC surface serves as a redox
mediator of bilirubin oxidase for oxygen-reduction catalytic current. The carbon material is also effective for
the bioelectrocatalytic reaction of fructose dehydrogenase for fructose oxidation without redox mediator. The
study demonstrates that the enzyme electrode can be improved in terms of output current densities and stability
by optimizing the pore size of MgOC for efficient enzyme loading and electron transfer, as well as carbon
particle morphology of the carbon particles and 3D carbon layer structure for enzyme loading and mass transfer
of reactants, products, and electrolytes. Based on these results, disposable type high-power density biofuel cells
consisting of carbon cloth as a current collector with MgOC for enzyme scaffold produced 2 mW cm for 3
days continuous operation at 25 °C.




