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To present the scientific information for the design of EDLCs, a novel activation process to
conirol the pore structure in carbon materials, the relation between pore structure and EDLC
performance, the role of negative and positive electrodes for EDLC performance were investigated.
Various porous carbons were used for negative and positive electrodes; commercially available
activated carbons, cypress charcoals prepared under super-heated steam, mesoporous carbon prepared
by an autogenous template process using MgO, in addition to glass-like carbon spheres activated by air
oxidation through one-step and two-step activation processes. 1.0 M propylenecarbonate (PC)
solution of triethylmethylammonium tetrafluoroborate (EtsMeNBF4, TEMA'BF, ) and 1.0 M H,S0,
aqueous solution were used as a non-aqueous electrolyte and an aqueous one for EDLCs, respectively.

A new activation process, two-step activation process, was developed to get high yield of air
activation, /e, oxidation at a high temperature (first-step activation) to create mesopores and/or
macropores on the surface of the precursor glass-like carbon spheres, followed by a low temperature
oxidation (second-step activation) to form micropores. The yield of this two-step activation process is
about 10 % higher than one-step activation process.

Symmetric EDLCs using the same carbon in both negative and- positive electrodes were
constructed and measured their performance in both non-aqueous and aqueous electrolytes. A good
linear relation between the capacitance values in two electrolytes was confirmed, as the literatures were
reported. The capacitance observed on symmetric EDLCs was successfully separated to the
contribution from microporous surface Cyior. and that from the surface due to other larger pores Cey.
The capacitance contribution of Cuicro. Was shown to be smaller than Cuy, the smaller with the higher
current density (i.e., the higher charge/discharge rate), because the formation of electric double layer
was reasonably supposed to be the more difficult on the surface of the smaller pores.

Asymmetric EDLCs were constructed by using different carbons in two electrodes, negative
and positive electrodes. The performance of asymmetric EDLCs experimentally showed that
capacitance and rate performance were governed by the pore structure of carbon used in the negative
electrode.

The present thesis is believed to give new knowledge on scientific fundamentals of EDLCs
and to contribute their improvement and designing for effective electric energy storage. In addition, a
novel two-step activation process is developed, which gives higher activation yield and higher
microporous surface area than the conventional one-step activation process, suggesting the applications
not only for the preparation of electrode carbons for electric double layer capacitors but also for the
production of activated carbons.
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