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A 31X High Temperature Carbon Dioxide Reduction in Tubular Solid Oxide Electrolysis Cells for a Carbon Recycling
Ironmaking System” (i EIGERBER D 72 80 OB EAF LM BRI X 5 iR B bR FiET) Bl 6%
LRSI Tn D,

%% 1% [Introduction to Active Carbon Recycling Energy System] ik, _E{LIRFE(CO)PEHDHITETIE L L ChE
B 72 R EEBR — % /L ¥ — 3 27 I (Active Carbon Recycling Energy System, ACRES) A TH % Z & ik~ T\»
%, ACRES BEEhD7=b D—R=F NN F—Ji & L TRIRL I &, FE CO, HEHE, B ENED b i A I (High
Temperature Gas-cooled Reactor, HTGR) & b B CTh B Z & /R LT\ 5, HEESIF T 44%0D CO, ZHEH T2 H
gk~ 1 ATk LT ACRES % FIH L 7o iRSFIRBRIMER UL A 1RE L T 5, ACRES DREAZIZIE CO, DIE LA E
B Th v, Z OEFICEEBRILYE S SR v (Solid Oxide Electrolysis Cell, SOEC)E MR A TH D Z L &R L
T, LLEX Y HTGR BRED SOEC £ifi & AV o IR FARBR Bk DO B A3k~ AFEO AN EBERE R LT
W5,

% 2 # [Carbon Dioxide Electrolysis in SOEC] Ti&, SOEC % i\ 7= CO, BRI fiRIC & 5 —HR LI FE(CO), R
(OO FHEZR_TND, BROMITEIRICAR DT L Gibbs HH T R/ F—2MEHE L, BHMEENHIETE,
XV EMICHEITT D2 L 2R LTS, fEkD SOEC AFFEIF/ NI I L 2 IEBIMET N ETh 0, EE
FIAFT O' NV OKERCIZIIARIIR O IERI G Th 5 E T SOEC OB NLIETH D LR TN D,

% 3 %= [Basic Studies on Carbon Dioxide Electrolysis in YSZ-based Electrolyte| i3 %! SOEC # H\ 7= CO, BEXS
fRFEFERBRZ e LT\ 5, BRI YSZ(Yttria Stabilized Zirconia)(4ME £ 8 mm, PELES 5 mmxE & 300 mm)D b3
%Y — NfitE, WNiiz7 /7 — Kfitlitg & L, 7/ — R|EME| D Y — RO P-LSM|YSZPt-LSM,
LSM|YSZ|LSM, PtlYSZILSM (Pt:[44x. LSM : LaggSry,Mn03) Td % 3 flid SOEC Z Mt L T\ %, EARIEE 800~
900 C DEXIIFFER T, SOEC 1T &% CO, EXRDETZEFEL TV D, Pt-LSM RV b SUSTEMED &
WZ EZ/RLTND,

% 4 E [Improvement of Carbon Dioxide Electrolysis Performance Using Ni-LSM|YSZ|LSM-YSZ Cell and
Ni-YSZ|YSZ|LSM-YSZ Cell| <Tix., &flize Pt Z{EH LRV VA% i L Ni-LSM|YSZILSM-YSZ K Ot
Ni-YSZ|YSZ|LSM-YSZ DRk % #7-> SOEC % 1E L SIS % EBRIIZIHRET L T 5, BERRE O EIZfEWEE
E—EOBRICEREER M L, EXGMREOSMERM ET 52 LE2R LTS, 53, 4 EOEALDH T Ni-LSM
FEANEBENT-MHREEZ R L, £72 CO: O AT 1:05 L7220 Faraday HIliZi U TS ERICESR
IIENPEL Z EZH SN L TWD, § 5 ED 7 1k AFHMICSLE R G TITRUN T D CO ARl B 4 FBrIC
BT L, F7z, 250 KR sl © b SONENE, MmEIC KREREBMNRRONTLZEL TV D Z & 255
LTW5%,

% 5 % [ACRES-HTGR within Ironmaking Process) Tid, il A 4FBRE) ACRES & M 7o gk~ o 2 24242
L.EBRAERA S LI o 2O AFE L TV 5, HTGR @ &iRE A fV T 800°C TOEIREBR S MEEE L,
W5 4 TR L7 Ni-YSZ|YSZ|LSM-YSZ O ERRfE B4 W T R F—I 25 E LT 5, JAERIIJAEA 7342
Z 72 HTGR A7 A (GTHTR300, #47) 600MWt) % vy, HARDIERFE B S IETH D (34ton s
TR LT REMER RS S AT LA MET L, @F 1 720 HTGR 1 2.9 &, SOEC A& mifkI% 66 km? & &
E LTS, 4%, SOEC FUGIEMEDIA LIZ K 2 REHEDOHNEN EERIERNR TH D LR TND, AEFE
Y HTGR % BREhJE & L 7= SOEC DOFIMIC & 5 peATEER RSk D Bk 7o s Sr M % 77 L ACRES FEN H KD RFE
TR « =3 L X — A2 RIREE SRR B RICEMRTE D L im L T\ 5,

% 6 T [Conclusions] TiL., AFLEMHE Lima il ~<XTW\5,

INHEFET HIT, AFHICIE HTGR BEEh O i G ER TSk O NI B 72 SOEC 12 & D CO, RS RO HAIT) 72 v BE
HERLEBLDOTHY, TFEROTEEHEBRT D EZANRKREN, LoT, KBTI L (%) 0PN
LLTHAMIES D LD ERBDLND,

H% © FSCEEIL. P 2000 T & FEIC 300 GEA LETORMT D2, b L <ITIIL 800 #5241 et L T< 7280,
Note : Thesis Summary should be submitted in either a copy of 2000 Japanese Characters and 300 Words (English) or 1copy of 800
Words (English).




(5 L3Fe)

Doctoral Program

m X EE

THESIS SUMMARY

I o MR RN © o
Nuclear Engineering  EBLI : (Engineering)

Department of Academic Degree Requested Doctor of

FHERA fRg#E () -

Arnoldus Lambertus Dipu Yukitaka Kato

Student’ s Name Academic Advisor(main)

AR () -

’ ) Toru Obara
Academic Advisor(sub)

S (FEIC 300 GEFEEE)
Thesis Summary (approx.300 English Words )

The feasibility study of high temperature carbon dioxide (C0,) reduction using tubular
yttria stabilized zirconia (YSZ)-based electrolyte was conducted for carbon monoxide (CO)
regeneration in active carbon recycling energy system (ACRES) driven by high temperature
gas reactor. In this new energy system, carbon in the form of CO is reused cyclically,
consuming non—-CO,~emitting primary energy sources, thus reducing emissions of CO, to the
atmosphere. One promising aspect of CO regeneration using ACRES is that CO, reduction using
solid oxide electrolysis cells (SOECs) occurs at high temperatures. This research aims to
study the feasibility of high temperature electrolysis of CO, using tubular SOECs.

Three CO, electrolysis processes were demonstrated using different electrode
materials on the YSZ-based electrolyte. Cell-1, with a structure of Pt— La, ¢Sty ,MnO,
(LSM) | YSZ|Pt-LSM for the cathode|electrolyte|anode, had higher current density levels than
those of Cell-2, with a LSM|YSZ|LSM structure, and Cell-3, with a Pt|YSZ|LSM structure due
to special structure of Pt-LSM. Some improvements to SOEC test reactor were also carried
out to increase current efficiency of Ni-LSM|YSZ|LSM-YSZ cell and Ni-YSZ|YSZ|LSM-YSZ cell.
Tt was found that current densities achieved in the experiment with Ni-YSZ|YSZ|LSM-YSZ cell
at 800 °C were higher in comparison with current densities achieved in the experiment with
Ni-LSM|YSZ|LSM-YSZ cell due to special structure of Ni-YSZ and LSM-YSZ through ball milling.
CO and 0, production rates of 0.78 and 0.38 pmol/(min cm?) respectively were achieved at
an operating temperature of 900 °C and a current density of 2.97 mA/cm?.

Evaluation of ACRES Energy balances for ironmaking process showed that the required
surface area of the SOECs was estimated to be 65.6 km?/BF unit for a conventional blast
furnace. It is expected that the combined system may contribute to carbon supply security

and a low—carbon society.
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