TERE | ﬁi_ﬁ]ﬁ%ﬁﬁuﬁ-_} TR R U |

Tokyo Tech Research Repository

Od/dodn
Article / Book Information

oo@a) oood
Author(English) Keisuke Kameda
oo@a) O0:00@0),
oOooooo:0oo0ooa,
O000:00118140,
000 00:20220 30 260,
ooooo:0o0o0a,
OO00:00 O0,MANZHOS SERGEILDO O,00 00,00 00,00
00
Citation(English) Degree:Doctor (Engineering),

Conferring organization: Tokyo Institute of Technology,
Report number:[J [0 1181401,

Conferred date:2022/3/26,

Degree Type:Course doctor,

Examiner:,,,,,
oooo@oD) oooo
Category(English) Doctoral Thesis
oo@o) oooo
Type(English) Summary

Powered by T2R2 (Tokyo Institute Research Repository)


http://t2r2.star.titech.ac.jp/

(o L3ARe)

Doctoral Program

m X EE

THESIS SUMMARY

HoeT—R IS H HRHAL (U0« it

o N . ( ¥ )
Department of, Graduate major n T RV — a—A Academic Degree Requested Doctor of
2L R Cg Y 2 Y .
FAHERA fRg#E () - N
; Bl AL i . . P
Student” s Name Academic Supervisor(main)

AR () -

’ i Sergei Manzhos
Academic Supervisor(sub)

#E  (Fo3C 2000 FFEEE)
Thesis Summary (approx.2000 Japanese Characters )

KRELEEY AT MIFERB L HDEMNICERE TE D720, AT R —OKEE AN ERREREBICHET 5,
L UERIE Ty hu =Bt X 58BN H 5720, ENFLITBORANLE L 720 | AT ABNKBELT 238
Bolr, TR TIIRBEC RV —FENKFZELY bREL, KETr ba =L/ NS WRSE & B LIRS (CO)D
R BTG Z R LI EEHIN & LTl — R 28K R EBHM(CASB)Y 2T A& AEB LT-, Zhk TRFBIREEM(CFC) & CO,
BRI ST & 727z, CFC BE L CO, B A MARDELEEV AT AIWME SN TR LT, 20X KEIC
BT o@Ebieroic, BEURBCWIREI BB IZKSE - RFEFHEE. KKK - CO, B & bITFREZR R EM/EM L T
»D, KFEFEVAT KBTI HEAR L HREEN L BICH WA A AREEROBESLETHY . —FTCASB VAT A
Tl O% iR & OMREIRN & HIE WA A NREROBR N EE L 725, I4FE T, g T = _X—A&EH LA U —
=V TR I BA A AREROBEREBITON TN D, L LA A AREEROFHEIL F— 8 7T 54 4 0 OFESCRE IR
BIFT B0, A7V —=0 ZICHNRBEOT —4 2 FERb 5 OB GRHE R LIS L > TED D ZENEEL,

F 2 TAHRILTIE, TCASB ¥ A7 LA DIZE|, [CASB ¥ AT LADFIREDFEIE], [CASB ¥ 2T LDREHEIRF |, [CASB &
AT LAOFMBET 0 ADOBP R OHGH Y AT DR E T FAF—HEORE ), THHA A U ARERRRFEORG 2175 2
LHBE LT,

1 T LR OMFEE F R OB H AL S, 2 TR OER KOG R FIENTE SN, 8 ETRITE L,

CASB * 27 LAD#EZ(3 ) : CASB ¥ AT ATHFEARNN BEUARELIR B BBV &R COMTREH A B S D, RFE
K ONEAL, COp FEHED IRFE— 0 L F—FE 1L 1625 Wh L Th b | JEMEZKFE(379 Wh L, 20 MPa) & 0 &V, FERFIZXIL L7z CO,
MTEM S, Boudouard SEHFSUGIT £ 0 EAE LAREHEMIER & /L INEBIC RSB TR S 5, HCBRHTITRR L7z sk & 2250
DEEFLFHER L TENERY HT, AR L7z COUTHERTERT 5720, CASB A7 AL CO BT Y —Th 5,

CASB ¥ A7 LD FALEE D FFE(4 F):800°C, 100 mAcm2 DT CASB v AT ADFHEE IO TIGE L, 7 — 1 »2h3% 84%,
FEHLELN 38%, 1L 80 mW em? & ik L7z, FERFOSIRMENMN ORI LN G, CO, B HIZI51 T Boudouard i
BURNT X2 IRFENT 2 W10 TEBBLNT 2 Z L IClTh Liz, MEKRIEL CFC DFBBEA = AL LEETH L EE X BN, &
ZHRACITILRENT T TR & Ji] C & 2RO B, BRI T 2 IRFEOFIENEE L 25 Z AL T,
CASB 3 AT L DBREHBEASE (5 %) : Ni/Gdy1Ceg 9024 (GDC)AEHE T /L & Nil(Y203)0.08(ZrO2)o.02 (YSZ)REHE A /L D Fe ik d Atk % b
g L7 R . NifYSZ 2 /VIZACEEIRFIC Ni 2SI L RBEMREMR N 92 Z & W ahoie, 7 —r U, FHERFE & $ 12 NilGDC
BREMRE L DT RENS OO, Ni ORI K 5 FEEIREE 2 KR CXAUE NIIYSZ OB @tk Th D 2 LN gnol,
CASB ¥ A7 ADFINE T B ADBFHK OBV AT AL 23V X —HEOR(6 =) : CASB v A7 AFFEEFE, A
Bt Cob 2 RFBOMBRARE 2T, KFEEY AT MR THREE T 7w A3, Fiz CASB ¥ AT MMIFHMESIED
Ty hrE—Z{bE CO, DAFIEII/N S WD FEIEBERF OB E I/ NSV, Z D7, CASB v AT AJ/KFELEEY
AT KL VEWER Y AT DR EFTDHZ LNy hoTz, LinL CASB ¥ AT A TIHRFEFARICHERFORE - JTEHIC &
DRI D B, RFFAROM FITITKR - BESFE LA, —F CHREBELZ M 2 72 0I3miE - RES G E Lz
O, ERAGIITIRE - [EHORIENEECTHDHZ EEH LN LTz, £72 CASB v AT AIRFE KON CO, DIFEA & HIK
SHBHZETIRAF—HEMERL, KBEBI AT LIV BRI VX —EELHETDHZ ENgoT,

BrRA A AMNERERE T EORRIT ) : A 4 AREREHOT — 2 DA LT D& R 5 72012, RS ORE b iE
T =X DVER KL O A ARG OFRFILEE LR X Mo EIRFEBV)FH Z A iz, BV FHRICITREE MR FREER &
LN, BT = _X—AZEA LB L0 BV HEICE T AT A= ERE L, BV HHEOERKEIZHES LT,

PLEX O ARGRICTIE, BEFOKFELEES AT L LY BB AV —FE, BENHFHFIND CASB VAT LEHEEL,
ZEOFMEDOIFEICAE LTz, ERACFRMEDOHIIZ L D REHBOBRRE 21T o 72, RMET 0 AZMF L, TOMHEGHI AT
DR LR T RN X —HEEZRE L2, SOICBFEDOT —Z_X—=ZZHH LIREEIC L 0 . A A ARE BRIV T E
FL 7% BV EHRREE DM LI LTz,

8%« FSCEEIE, T 2000 52 & 9830 300 5B 4 LERT ORI 50y, b L<IEEIC 800 564 LR L T<EE W,
Note : Thesis Summary should be submitted in either a copy of 2000 Japanese Characters and 300 Words (English) or 1copy of 800
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Large-capacity energy storage technology is necessary for the widespread deployment of renewable energy. In
this study, we proposed and developed a carbon/air secondary battery (CASB) system with a charge-discharge
mechanism based on a redox reaction of carbon and carbon dioxide (CO>) that has higher theoretical volumetric
energy density and theoretical discharge efficiency than existing large-capacity hydrogen energy storage
systems. In addition, we investigated a prescreening method to develop new solid state ionic conductors, which
strongly affect the performance of both energy storage systems.

In Chapter 1, the research background and objectives are described. In Chapter 2, experimental and calculation
methods are described. Chapter 8 is the summary. In Chapter 3, the concept of the CASB system was
established. The CASB system consists of a solid oxide fuel cell/electrolysis cell and a liquefied CO; storage
section. During charge, the gaseous CO: is electrolyzed, and carbon is stored inside the solid oxide fuel
cell/electrolysis cell by the Boudouard equilibrium reaction. During discharge, the stored carbon and oxygen in
the air are used to generate electricity and then the resultant CO; is liquefied and stored. In Chapter 4,
charge-discharge capability of the CASB system was successfully demonstrated. We achieved 84% Coulombic
efficiency, 38% charge-discharge efficiency, and 80 mW cm power density at 800°C and 100 mA ¢cm. The
carbon deposition due to the Boudouard equilibrium reaction in CO;electrolysis was directly observed for the
first time from the time dependence of the reference electrode potential during the charge. In Chapter 5, the
charge-discharge characteristics of Ni/Gdo1Ceo 9024 (Ni/GDC) fuel electrode cells and Ni/(Y203)0.08(ZrO2)0.92
(YSZ) fuel electrode cells were compared. It was suggested that Ni/YSZ cells may have higher performance
than Ni/GDC cells if the charge overpotential due to Ni oxidation is lowered. In Chapter 6, the charge-discharge
process of the CASB system was investigated and its theoretical system efficiency and energy density were
estimated. Compared to the hydrogen energy storage system, the CASB system requires fewer elementary steps
during charge-discharge and has higher theoretical system efficiency and higher theoretical volumetric energy
density. In Chapter 7, We considered prescreening of solid state ionic conductors using the Bond Valence (BV)
approach. We have improved the accuracy of the BV calculations by adjusting the parameters through machine

learning using databases of crystalline materials.
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