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electrolytes for low temperature operation of SOFC

MERKRE
#&# #lz (MORI TOSHIYUKI)

W TBEAYE - HOR I - PR 4 — Bl —F

HREES : 80343854

WA OB

300-500°C DIEEHMMIZB VT, BB A 4 U REEEZROMEY ) 7 R E R EMRE

Mﬂ%%%&%%iﬁé EERHME L, #EY Y T RERE
C RN
AV /5L N

EREICE X DB MAE LT,
BE B S, T OIS

RE R DT IS DRI,
”’?ﬁﬁﬁa_fﬁ . 7/ — K6 DONIDOPE
B LN Mo TIT YD, SRR

YN N E AN 75%%5"%‘% &)?bt”f%gg@Ce?ﬁO)%éEﬂﬁﬁ NSV gV N :@ﬁf?ﬂﬁ
L7lcmBERXMEEZHET 2 ENHEETHLZ 2P LM LT,

524
(SHEHAL - 1)
EHER R R & ot
200 7EE 8, 200, 000 2,460, 000 10, 660, 000
200 8FE 7, 500, 000 2,250, 000 9, 750, 000
I
L
I
i F 15, 700, 000 4,710, 000 20, 410, 000

fFIE7 B« A HTE
B E D5 - M8

BRUEFIERETHAN - BREIAEL

F—U—F R, KIERE, REEM, REEdE ta~s U7

1. WFFERBNAOER

FRE KRB E R O L A3 A E B 720>, 300
~500C EWVH | VB WIEREIZBNTE,
mEWH I MERE A R T R E R E AR E A H W
7o BRBFEE L D B IS DE T ITAT AL TV D 23,
L35 Z L2k 0, BEREREOMEREN
SNV ITIREIVIKR T T 572 EOMENREIN
TV,

PERDMFETIL, HEIEE AR B T Ok R
W2, BRI AP DAFAET D70 E QBB A
BZOBIVTELR, I, mMEIEREIE
MTXRWCR->TH, W, ZTofE
R Z T, %ﬁl%*%g%%wt%ﬂ
EHORMEEZ I Emb D Z ERHLL .,
SWC%%“t%E%%ﬂ$@7A4X@ﬁ

AEPE, RN, PEREZ +3IC
HLVIRRUZH -T2,

2. MMEDBEH

FRoEEEZSEZ T, INETREEN
1THoT&ET, Jz V7 R0 [EIRERE I
PERIT. THITIT. FOFEENA STV
#oerﬁ@ﬁﬁ%®@m@ﬁuTt@%
Ni=~A7na KA AL U BENRBILA 4
REELRTIED] &0 ) R 2 %R
S, 300-500°C DI FEFEFIZ BT, @UVEE
M%%ﬁ/ﬁ%f%ﬁo MY Y 7R E
EIREM BB R FEAZIRET LI A2HM
L5,

WETHZ LN



3. FREDFE

FEBEMGEROT- DI, HEEE Y 7 R
EIE R DOF ) ~T o i g AR AT L,
EOT ) WEEDRHS A . VT ER & O bk
DD ZTHE L, (B2 BRI
L EEBLT, /M- HERETED
BEE{TOZL E LT,

MO ERIT, BRIKENEZ AWV TITWD,
T )= RIFEAER L, 7/ — R EERE
fREM O F 7 ~7T v R EEE LGB
FHEAMEIC R 5B 21T o 7=,

T HEE O T, 2V BRI AR
FERR LR BT D EED B L
ZDF ) REE OB EEY M GEER) (12
52 BB ONWTHET S Z E%LLT
HERRRELEM A T S 2O MEEER L2 & 1Z
TF R - GO OB A O T
LT LT,

4. MERR

FREM 72 & O @R S5 b EH
IREME T EREL B X, B~ 4
PSR AL W [E K P 2 JE T & D R IRIR S 8
B300CHRETHDL L&, FIENTES I
25hf%%ﬁL(\3%~mWCK%wf
bt O EE R A R BRI EE T

/\/1’}(0){15%%3??5 ZENMEKDHBENTWD,

L2»L, K1iersdT L9591, R—7 K&
U7 TlE, NI RICBT2EEBRNPEKD
<, BEOELZELS T DIV, £0
EERNMET T MHMIIZH - 72,

PREVEM T NA A TlE, BEAhE#LIT5
Z LT, EEREMREONBEELA TS
i, Aok, EEOEZN
HUOEON, REQHEDEHRELLT W E
EZzbhT&,

X 1DOERENMSLLEMND X oI, BEE
m7A41@Mﬁ%k%<¢5HMT i
DRIz 25 &, —HTiX, HEET
NA ZAHOEREME DOBERMMET LT
LEI>EWIERENELN TN D,

HEROBERGEMEIC, M1 0OX 5 R
JEARTGFENRAEL D E, HODERELS T 5
<L THIETZIEE, EERIETL,
HOBMARIT/NESL b 2 b, fEKX
DEZFICH E S EET N4 ADIERT
T, REeihz4Lte, EERN—7F&Y
TRREFEM T N A A OERLITEE LR DL B
27,

ZOMBEERTH-OIICL, T/ — RKIZE
SIKENEIZ K VIR L, 14000COIRE T, 3t
BERE 2 T o T2,

2FT T T ]

A\

3 L

g

n 1F % N -

= | #E

5 [ 13 um

g SERE

- ok 8 um -
1 12 14

1000/T (K
X1 7/—KZFSmKk—7 KU 7D
EER LS N—7 R& U 7HERS A & o R
DG (Sm R —7"8l%, 20%) , #IEIINi-Ce0,

) NiO-SDC/SIX

X 2 m0@07/~biﬁmb w7
JE L Ni—~CeOx 7/ — K& FiSm K —7+& U THx
M7 1] 0D SEMA& D LL i

{aj 500 film

| {0y
L1

iy (b} Bulk sample

(206

Infensity (o)

z20)
(2005 | 1)

(222)(400)
1 v

I _:Itl I .II(I I ::In I ﬁltr I '_?ID I L]
2d

B3 KR K OGN X BRI aRBR I L SR b

D[R E

[331)




ZOFER, K212 T K 9 s O (R &
1TV, AKFERTOUEZ [T Z & T, K2blZH
% X9 B FUENI-CeOx T / — R LI, g 72
Sm K="t U 7AW R B/ B
W HO, REFEMAT A A & LTERT
Xz L&, SEMEBZEIC LD R LT,

AR K OERE X AR AR OFER N D, Z
I LTCHEL NIRRT, FE LT, R
NATRREE R T 5 THMNLRD XK I
BZBHZEBDhoTm, (K3BHK)

X2 KOK3DOERNLOHRTIE, E5 L
TEBEBRNE T T DONNELERTDH 2 LN
LW &b, B/ EME R EO LV REH

W, o ) RIS RR
PG L "_‘". iy Ty
9 o "i ,_,-‘v v i
- 1 - ¢ \‘!:—*m— 4
=N e AT S 1 Cep d E =

SDC film

o~ ofNi

K4 SEM—-EDS#Mu e, dhi/ EAE
FE O TR (@) KON b) 1, BEE LTV D
(EENAE YY)

RIS EEER A2 TH) 2 & & Lz, M4 12iE,
B2 bIZBWTRLET J— FXERED R
HALIZEIT AN i LEOIEEEE 2T,
COMMNS, YT I u s BRENS1I /0
VIEE DR T, T/ — R S [E A AR A
ANIDER L TWBERTF 9 b,

Ce M,

Ce M,

Bulk somplz

L filn
d: 3-4 pum

Intensity (a.u.)

SDC film
d: 1-2 um

AE~1LTeV
SO filn
0,205 pm

Mil,

Ce & Ce

S

B30 A60 B0 BEO A00 900 9I0 920 930 940 950
Energy Loss eV}

K 5 EELS%Z AW=REITED C e JTHRIHT
frE

Diffusion

e

Bulk samplz

\Jmhuﬁu
D film
d: 34 pm

S film
di 1-2

Intensity (a.u_}

Lim

[T

SOC film r."
d; 0.2-0.5 um

SR 230 540 550 Sodr
Energy Loss (V)

X6 EELS% H\ 7=l D oo Hrks =

ZOREILBFEORE T2, LV RT3
% BT, TEM-EELSZ W C., [A Uikt R
AT 2 AR L7 R 2K 5 KO 6 12”7,

Ce DML A X7 R LB Ce’ & Ce D
RHFBNHRELE REnb 17 v U fRET
PRIV TEPT) BB S, R B ERSY .
TROLLKF T, REnrb3I7vrbk
BEN - BEBIC BV T, & LCCe NI E
Nz, Hmns 3 I 7 vl Bl =&
NHBERINTRERIE, L RENBED
NTBEMERLIZIERIC TH o722 &b,
SUUTEE T, NiASIEHEL L 72583k T, Ce™ 238
PRIz S, NioYE# e, EEEE IR ERE
WIZ I 1T D Ce DAERZE L% IE LTS Z &
MDD T,

—F. KeNnsonhd L o1T, BEE kWIN
S AT MVOBIERE R BIE, Kb 1
2L 2 27 u U BT, AN
N7 REHERI L, TR ORENBIZE I
TWBIZEBTND,

X 6IZBWWT, ADE—7 X, BBFEXKD
FRFEALES VWA REIVIEY, 2omE S &£
HEELNTWAEY—IThb, 2D LT,
N i W7 /) — Ko EEEREREN, 1~2
R/ e UREREORS TR T S L. 2o JHHE
DCelT3MMMRZEIL L., HbET, BV THD
RO LS, FLSEmEDMEICR
DT EDTMhoT,

BEHRIT, IFADHENN i TENILHT 5 2
EC RETECTEAEE LWV E XA,
PR ZeEATIC LD . R EERP T 58 H
AT R LI O TH Y . A% OFERE A
B % W T2 REFE LT S A AEREEGT O
IZT, MOTHEHEREREZEXH5HDTH
Do



B 7 IR AR TR AR R DO B 1 D IR
BLEF - [T X (a) & i 40 fif RE #8 1 BRI BB
235k R (b)

X 71z iFWE$MEﬁﬁ£W B Bl
FRAR B EE - [EPT [X] & o fiFRE T E MBLEHE R
Zd, BEITKOERIZEK, L
T~ b w7 R L TR DM - %L%ﬁT
61355275)3?)5 & %TTéﬂﬁfxﬁﬁﬁLb)%ﬁﬁ iR
DHI., EmOMETEM®E (X7 (b)) 121X
YU T XRS5 MR A AT D RER A S
Wbl VI 2Tz,

INHOZ X, WD, B/ B R

DI LI Téfﬂfﬁa A 3E O HIlE 23 B
HTHLNEWEDL LD TH D,
SDC film
h T a.~0 76-41’_,.n_--ﬂ

7
= Interfacial
region at
clectrolyvte side

Ih  a,<0, a0

T Ni-SDC
anode

B8 7 /— K& F—7 Kty 7 Mdo
EERH O ORI

K2 nbR7ETOYA 70T F Y AD
fiRED LT, F—=7 v ) 7 E5E g
B Ot & & FERHE O BIAR 2 IR
LIEbORK8 THDH, 7/ — FbIEERE

FREANS, N i RS 2 2 & T, BEIRER
HAIZ, ~T e REEPER S, ZO~T
Dﬁﬁ%ﬁ@\@ﬁkﬁﬁﬁﬁkb\tUT
LT R DM E LA T o~ A 71 B X
A CINBEAFHE L, BAEWA A2 DL A%
LETSED Z Enmnois,

X9 7 /— REECd F—7& Y 7 HEHBED K
HODOSEME (a) BLALHEAT, (b)ETLEE
%

WIZR—N FE2Sm6G dIcEx TE
L 7-Gd R—7t U 7 OO R
BlzoNT, Bt L2 9 ITrd, K
9 2o L 7= d W m o fRR 1%, el L=
2LHEELTEBY, BETHY, hoEMmE
EfEREITIL LS, BELZMBEZAET D2
EWTIND,

ZOGd F—7%Y 7#FIX, SmKK—7
B U TEBR LY S IEEREE MK < | 1200°C
fHIEDRE T, KA BND K 9 7k
DRI FRE T > 72,

ZOZEE, T/ —FENSLDON i OfLEK
B, lcSm K—>7"% ) 7B LT,
INWZEEERLTCWS, SEM—EDS#%
FHN T T O TR TR IR N TS|
N i EEOPEHEIT, P72, Smk—7% Y
THEBRIZHE LT, ~TeftmEoRkE S3/h
S Bz vRSHE,

K10iZix, 7/ —RFRZXFGA K=&V 7T
R E A ERE O R miE o, EIRERE
JFa~EH, EELSIZ L Y BEsE k WD



(a) C

~1.0pum, 0.80

0.5um, 0.84

Intensity (arb. unit)

0-0.1pm, 0.86

T T
520 530 540 550

Energy loss (eV)

®) C

Surface, 0.80

1.5um, 0.79

0.5um, 0.85

Intensity (arb. unit)

-0, 1um, 0.91

T T
520 530 540 550

Energy loss (eV)
210

E—7 OB O 2 HE LR 21T,
(a) 1%, BITAFFT, (b)IXT /) — R&fEMAL
T HIDITE T AT T DOFERTH D,
WE 2 L Conbd 2 Lid, ~T a Rk
B b EIREMMENTIZT T, BE—T AL
E— 7 BIZIZZLIT R 53, (IO
RERLTCWDZENGND, T, 7/
— RMBHODON i ORI L A ~T v R mFk
DN, ZOGA =71 U 7 Tliddiznwz
EERLSHHET AR TH D,

LML, R E L TRERBRFERIMGOFLF
{LDEENWRHRTEND,

ZOHENL, N i RO EREMEN~D
PEE AN L7720 Tk, B/ AR R O
MHZAERT D EERPIe~T e flmz, Bel
HLIDHZ LI TET, NiO-CeOx BRI
5. LOBBRMEOKRFACDEGNDD 720
RE BT D Z LN A[REZ: . mTEREEMm D

BENVLETH DI &R I,
PLEDFER NG, €k, 7/ — R)vHONi
JLE O [EARERREEAN~DYEEA, [EARE ML
RN~ 2 2828 +oi3Misn Tz
WRN o T2, AR k0 | B/ EARE R
T, RICDEZ > TWBEDOM2EH LT,
I OEEFEREIL, A7 ROZR LD HIK
WH DT D DN DN TOEEH IS I
otz

Fo, INETELNLTERLSIT, 7/
— K75 DONiJEE O [E R E ARG NE A~ DL
AT A 720 Tk, AR/ I R TR
AL D@ e ~T e a2+ L1F
TET, HiiEEETH Y o, B U TR
BEREBMRE L. T/ LoULT, MRk o
B MED LB B E VT, BROBFE I
~T aFEOEREZITH Z LN, kO
REFEER O BIFRIZIX, BERRIRTHDH Z &
M. ARSI Y, WO THLNTR ST,

5. ERRRRE
(BFFRAR TR E . BFesy 8 M ONEHERF 724 1
X THR)

UdEssam ) (B 10 )

@® Ou D R, Mori T, Ye F, Miyayama M,
Nakayama S, Zou J, Auchterlonie G, and
Drennan J,

Microstructural characteristics of
samarium-doped ceria (SDC) electrolyte
film supported by Ni-SDC cermet anode,
Journal of The Electrochemical Society,
\ol.156(7), B825-B830(2009).

@ Yan M, Mori T, Zou J, Ye F, Ou D R,
and Drennan J, TEM and XPS analysis of
CasCe1.x0,.y (x = 0.05 - 0.5) as electrolyte
materials for solid oxide fuel cells, Acta
Materialia, 57, pp.722-731(2009). 2t

@® Ye F, Mori T, Ou D R, Zou J, and
Drennan J,
Compositional and valence state in
inhomogeneities in Ce;,ThO, 5(0.1< x <
0.70),
Transactions of the Materials Research
Society of Japan,33, pp.1073-1076(2009).
B

@ Yan M, Mori T, Ye F, Ou D R, Zou J, and

Drennan J,

Effects of dopant concentration and
calcination temperature on the
microstructure  of  Ca-doped  ceria
nanopowders,

Journal of the European Ceramic Society,
28, pp.2709-2716(2008). A Hi

® SugaH, MoriT,YeF, OuDR, Nishimura T,
Drennan J, and Kobayashi H,
Conducting properties of Mg 25Ce 7501 875



(M=Dy, Gd) sintered specimen fabricated by
the combined process of pulsed electric
current sintering and fast sintering,
Transactions of the Materials Research
Society of Japan, 33, pp.1085-1088(2008).
i

® YeF, MoriT,OuDR, Zou J, and Drennan J,
Growth of Nano-sized Domains during
Sintering Process and their
Effect on the lonic Conductivity of
Ytterbium-Doped Ceria,
Proceedings of the 10" International
Conference of the European Ceramic
Society, pp.723-727(2008). £ Hi%E L

(@ Mori T, Buchanan R, Ou D R, Ye F, Suga H,
and Drennan J,
Influence of nano-structural feature of
Mo 25Ceg.7501 875 (M:Gd, Yb, Y) solid
electrolytes on their electronic properties,
Transactions of the Materials Research
Society of Japan, Vol.32, pp.943-946(2007).
A

Suga H, Mori T, Ye F, Ou D R, Buchanan R,
Nishimura T, Drennan J, and Kobayashi H,
Sintering behavior  of Mo.25Ce9.7501 875
(M=Dy, Gd) ceramics fabricated using
pulsed electric current sintering method,
Transactions of the Materials Research
Society of Japan, Vol.32, pp.947-950(2007).
A

© MoriT, DrennanJ, OuD R, and Ye F,
Design of micro-structure at atom level in Dy
doped CeO, solid electrolytes for fuel cell

applications,
Materials  Science  Forum,  539-543,
pp.1437-1442(2007). HHiA

Buchanan R, Mori T, and Ye F,
Investigation of the effect of microstructure
on the conductivity of Sm,0s- and Y,0s-
doped BaCeOjs in various atmospheres,
Transactions of the Materials Research
Society of Japan, Vol.32, pp.959-962(2007).
HHA Y

(3R] Ghath)

@ YeF, MoriT, Ou D R, Miyayama M,
Nakayama S, Zou J, Drennan J
Effect of Ni Diffusion on the
Microstructure of Gadolinium-Doped
Ceria (GDC) Electrolyte Film
Supported by Ni-GDC Cermet Anode
The IUMRS Intern ational Conference in
Asia, 2008 (IUMRS-ICA 2008) 4 i /=[E
FRikts 4 & B 2008/12/09~2008/12/13

@ ZRALZ (FRFEEE)
IRELEEML O BLIR &Rk, H19Ima B
WS, PRERZ 7721 5 5%, KK

2008/12/04
@ YanM, Mori T, YeF, OuDR, Zou J,
Drennan J,
Grain growth behavior and conductivity
property of Ca doped CeO,,
The 24th Japan-Korea International Seminar
on Ceramics, Shizuoka Institute of Science
and Technology, Japan, 2007/11/20~
2007/11/22.
@ Mori T(Invited), Ou D R, Ye F, Yan M, Zou
J, and Drennan J,
Design of nano-structured doped ceria solid
electrolytes for fuel cell application,
Advanced in Functional Nanomaterials 2007,
Holiday Inn surfers Paradise, Gold Coast,
Brisbane, Australia, 2007/11/11-2007/11/13.

(£ D)
the American Institute of Physics & the
American Physical Society A33L[E]CEE L
T VW™ % Virtual Journal of Nanoscale
Science & Technology @ May issue
http://www. v jnano. org

W FEEREHRCES 1. "Microstructural
Characteristics of SDC Electrolyte Film
Supported by Ni——SDC Cermet Anode” 3, i+
HimL & L THEH SN E L7, Anerican
Institute of Physics & American Physical
Society 2°H . {FHMFSFEL LT, ®EINT
T &lE, ARFRONEN, HEMICH, &S0
STV D E N ET,

6. WrIEkiik

(D) AFFEfFeHE

# #Flz (MORI TOSHIYUKI)
MNEATBUE NV - M B T i - R M
MEe 2 — Rl —F

985 80343854

(2) W ge oy P

Fei Ye  (FEI YE)
PRSTATEE NWE - BB F0REAE - BROBHEE L
Mk v % — - BF5EE

WIEEF 5 10450298

Ming Yan (MING YAN)
PSTATEE NWE - BB FCREAE - BRBHEE L
MBlE L & — < NIMS R 2 R 7 F42 8

WFgeE 5« 70465970

(3) AT IEE
L


http://www.vjnano.org/

