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oReport summary (English)
Principal investigator: Shinshu University, Professor, Wataru Sugimoto
R & D title: Development of Advanced Hybrid Capacitor (AdHiCap)

1. Purpose of R & D

To meet the demand of 1/4 to 1/2 reduction in CO2 emission, the market share of plug-in hybrid
vehicles (PHVs) and electric vehicles (EVs) must be increased. This can be realized by the
development of new energy storage devices which will allow longer driving range and faster charging.
Present battery technology is too slow, and the number of full charge/discharge cycles is insufficient.
Although current supercapacitor technology is suitable for energy harvesting in terms of power and
cycle life, the amount of energy than can be stored in one charging cycle is far from satisfactory. A
game changing technology must be implemented in order to meet the demands for next generation
clean vehicles. This project will develop an innovative advanced hybrid capacitor with 4 V charging
capability based on aqueous electrochemistry using high capacitance pseudo-capacitive oxides
combined with a water stable protected lithium anode. Research and development in new materials
and device configuration will be conducted to realize a high voltage aqueous hybrid capacitor with
long cycle life with battery level energy storage capability.

2. Outline of R & D

(1) Contents: A hybrid capacitor is an electrochemical energy harvesting device that is composed of
a battery-type electrode combined with a supercapacitor-type electrode and is capable of re-charging
for over 100,000 cycles. However, the energy density is insufficient for heavy-duty workload such as
the main power for mobility applications or smart grids (load leveling of renewable energy and
momentary power interruption). The goal of this project is to develop a game changing technology for
an innovative advanced hybrid capacitor (AdHiCap™) that has energy density rivaling present battery
technology with higher power density and longer cycle life. Although some pseudo-capacitive
materials are capable of storing high capacity, such properties can only be obtained in aqueous
electrolytes, thus leading to small cell voltage and low energy. In this project, a pseudo-capacitive
cathode that shows high capacitance in aqueous electrolyte will be coupled with a Li-based protected
anode using a water stable solid electrolyte as the separator. This configuration should allow a 4 V
device with battery-like energy density. Research on new materials as well as device configurations
will be pursued to realize aqueous hybrid capacitors with high voltage.

(2) Achievements: A lithium-ion conducting glass ceramic that is stable in water was used for the
separator. An aqueous electrolyte was be used in the cathode side and metallic lithium or pre-doped
carbon was used as the anode. A pseudo-capacitive oxide that uses fast reversible surface confined
redox in addition to the electrical double layer charge was used as the cathode. A proof-of-concept cell
based on RuO; cathode in an acetate buffered solution and protected Li anode showed 4 V charging
behavior with energy density close to 1000 Wh kg™! based on the cathode mass. By improvement in
various components of the cell, a hybrid supercapacitor with 4 V rated voltage could be cycled up to
20,000 times with less than 10% loss in capacity. The AdHiCap™ technology developed in this study
is a new type of energy harvesting device that covers the unmapped areas of energy and power density
that cannot be offered by present lithium-ion batteries and capacitors.

(3) Future developments: Under the current technology for the AdHiCap™, we are projecting stable
50,000 cycles full-charging cycles. This is a substantial advantage over any post-lithium ion batteries
currently being developed. The near-term goal is a prototype hybrid capacitor with an energy density
of 400 Wh kg'! and a power density of 3 kW kg'! by further improving the protected anode with
emphasis on development of solid electrolytes and the buffer layers with lower resistance and higher
chemical stability. Remaining technical issues include reduction of the interfacial resistance between
the various phases and a practical re-doping process. From the viewpoint of practical implementation,
technology transfer and joint development with cell assembly manufacturers are vital.



