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Proposal of Carbon air secondary battery system charging and discharging using
electrochemical reaction and high-temperature thermochemical equilibrium
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Power-to-gas-to-power systems that ?roduce H2 by water electrolysis and
generate electricity from this H2 are promising long-term electric energy storage systems for
extensive installation of renewable energies. However, such systems require complex thermal
management, and must be sufficiently large to enable the use of waste heat for higher efficiency.
Here we propose the “ carbon/air secondary battery” (CASB) system that uses a C/CO2 reaction with
potentially higher volumetric energy density and efficiency than that of the H2/H20 reaction. This
system produces C by C02 electrolysis for energy storage and generates electricity from the C via
solid oxide electrolysis cells/fuel cells. Repetitive power generation (10 charge-discharge cycles)
of the CASB system with Boudouard equilibrium was firstly demonstrated at 800° C without
degradation. The system achieved a maximum Coulombic efficiency of 84%, charge-discharge efficiency
of 38%, and power density of 80 mW cm-2.

€02



CO,

Si S 5-10
10
Power to Gas to Power
/
32.8 kd/g 66
kJ/cm? (40.7 kd/g, 20.8 kd/cm®)
(SOFC)
(DCFC)  CO, (EO)
DCFC,
(RDCFC) SOFC
C+0,
SOFC
P toGtoP
CO,
CO,
C+0,2C0,+394 kJ/mol  (=2490Wh/kg-C0,)
COZ COZ
60 300 Wh/L
CO, 1900 Wh/L 3800 Wh/L
- P toG 100
CO, 60
RDCFC
RDCFC
/
C CO2 C
C+0%z - CO+2e (ol) CO2 + 2e- -~ CO+ 0O (r1)
C+202% - COqat4e (02) 2CO~ - CO2+C (Boudouard

CO+ 0% - CO:x+2e (03)
CO2+C ~ - 2CO (Boudouard

C+20% -
COzt+4e-

1/202+2e- - O

) COx+de -

C+202

0%z - 1/20:+2e



1 2C0~ - CO.,+C (Boudouard ) Co
SOFC Boudouard
1 700 Co 0.6 CO;
0.4
(6(0) 0.6 CO, 0.4 10
0, Co ' e
(03) 0.8
(rd) CO, Co
co 0.6 co = 06
0.6 200 « —» COA#C o (4
(Boudouard ) C
0.2
Boudouard et
0'900 500 600 700 800 900 1000
Temperature [C]
1 Boudouard 2CO0 - &
CO2+C (6{0)
CO,
Si S - 5-10
10
Power to Gas
/
32.8 kd/g
kJ/cm? (40.7 kJ/g, 20.8 kd/cm®)
(SOFC)
(DCFC)  CO, (EO)
DCFC,
(RDCFC) SOFC
C+0,
Li-Air battery P to G (SOFC/EC) C-Air battery
charge _e&  discharge _€ charge e Discharge e charge e discharge_e”
U202 hy0 (EC) H,0 (FC)
H,0 H,0
s H, |
HZ R HZ
( )SOFC/EC PtoG () ( )
CO, DCFC
(C-CO, )
( SOFC )
CASB 800 C02
100sccm i =100 mA cm-2 (52 mA) 10
2
1
Boudouard 1.04V 1



2 15u s

30 Vter 0OV
A Vohm

Keisuke Kameda, Sergei Manzhos, and Manabu

Ihara, "Carbon/air secondary battery system and demonstration of its charge-discharge",
Journal of Power Sources, 516, (2021), 230681 DOI:10.1016/j - jpowsour.2021.230681

CASB
CASB Co2 Boudouard
C C 1
100%C02
2 p(C02) 0.7
co2
Vter 1.1V 1.5V
2.0V-~2.1YV co2
Vter Vter Ni/YSZ Boudouard
C
Co2 Boudouard C 10
CASB 3
CASB H2/H20-P2G2P EES
VRFB
CASB SOFC PD 174 mW cm-2 2,000 mW cm-2
/ CASB VED
GED 1.62x 103 Wh L-1  2.50x 103 Wh kg-1
/ VED GED 3.79x 102 Wh L-1
2.60x 104 Wh kg-1 SOFC/EC 15 X
ED H2
H2/H20-P2G2P VED GED CASB
SOFC/EC C ESC ED CASB
ED SOFC/EC C SOFC/EC
SOFC/EC 55 ED
CASB VED C 25 1,000Wh L-1 GED
C 29 1,000Wh kg-1 CASB VED
H2/H20 P2G2P 4.3
CASB VED GED CASB EES
VED GED
CASB co2
Boudouard 10
800 100 mA cm-2 84 38 80 mW cm-
2 Co2
p(CO) Boudouard
TPB Boudouard CASB
SOFC/EC co2 CASB
H2/H20-P2G2P C/C02 AG/AH 1
CASB H2/H20-P2G2P
VED 1.62x 103 Wh L-1
Ragone CASB VED 25%
1,000 Wh L-1 GED C 29% 1,000 Wh kg-1
Boudouard co2
C CASB



Kameda Keisuke Manzhos Sergei lhara Manabu 516

Carbon/air secondary battery system and demonstration of its charge-discharge 2021

Journal of Power Sources 230681 230681
DOI

10.1016/j - jpowsour .2021.230681

23 1 12

Ni/GDC Ni/YSZ

51

2020

Kei Hasegawa, Hyojae Lee, Keisuke Kameda, Yuta lida and Manabu lhara

Unified Kinetics Model of Reversible Solid Oxide Fuel Cell / Electrolysis with Competitive Adsorption Reaction on Anode
Triple Phase Boundary

The World Hydrogen Technologies Convention (WHTC 2019)

2019

Yuta lida, Keisuke Kameda, Kei Hasegawa, Manabu lhara

Consideration of operating condition and suppressing anode degradation for steep output power variation on liquid fuel
direct supply solid oxide fuel cell

The World Hydrogen Technologies Convention (WHTC 2019)

2019




Keisuke Kameda, Yuta lida, Mankichi Hosoda, Tatsuya Matsuhira, Kei Hasegawa, Manabu lhara

Proposed carbon-air secondary battery system as an electric power storage system

The World Hydrogen Technologies Convention (WHTC 2019)

2019

2019

2019

2019

Kei Hasegawa, Hyojae Lee, Keisuke Kameda, Yuta lida and Manabu lhara

Kinetics Model to describe Reversible Operation of Solid Oxide Fuel Cell Electrolysis with Competitive Adsorption Reaction
on Anode Triple Phase Boundary

18th Asian Pacific Confederation of Chemical Engineering Congress (APCChE 2019)

2019




Yuta lida, Keisuke Kameda, Tatsuya Okubo, Kei Hasegawa, Manabu lhara

Development and evaluation of liquid fuel direct supply SOFC for high load followability based on actual demand/supply data

18th Asian Pacific Confederation of Chemical Engineering Congress (APCChE 2019)

2019

Keisuke Kameda, Yuta lida, Mankichi Hosoda, Tatsuya Matsuhira, Kei Hasegawa, Manabu lhara

Proposal of carbon-air secondary battery system and evaluation of its potential as a large capacity energy storage

18th Asian Pacific Confederation of Chemical Engineering Congress (APCChE 2019)

2019

K. Hasegawa, H. Lee, K. Kameda, Y. lida, and M. lhara

Comprehensive Kinetics Model with Competitive Adsorption Reaction on Water Electrode in Reversible Solid Oxide Fuel Cell /
Electrolysis

236th ECS Meeting

2019

85

2020




85
2020
85
2020
Ni/GDC Ni/YSZ
85
2020
50

2018




50

2018

50

2018

50

2018

K. Kameda, K. Hasegawa, and M. lhara

Carbon-Air Secondary Battery” System By Combining Direct Carbon Fuel Cells and C02 Electrolysis As Large Scale Energy
Storage

234th ECS and SMEQ2018 Joint International Meeting (AIMES 2018)

2018




K. Kameda, K. Hasegawa, and M. lhara

Evaluation of Fuel Electrode of Proton Conductive SOFC Considering lon Transport Number

The Asia-Oceania Top University League on Engineering (AOTULE 2018)

2018

84
2019

84
2019

84

2019




2019
15
67 --
-, 241
2019
13
67 --
--, 3-111-5
0
1

2020-038770

2020

(HASEGAWA KEI)

(50644944) (12608)




