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U= BEAE F perovskite T-%2] Baigld]l Co® ¢} Fe?' S A}

<
to
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J|m
o
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i

Eldlitt 1 Fol LaCoO;3(LaCO)i= Fermi level(Er) F-<-oll 33 3sl=
B3l =2 A EEE 7Y LaCoOs= #WH e o223 243t & 3 Aol
of A} wgko] g o] x¥ WEE EprtbA &EA

(La;xSrx)Co0s5:= Sro] x=/4dm], wgtstF=4 =4, 25, Ao Zokel we
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23 A7) A e A%S Btk ol# 3k Sro]d] 23 (LaSr)Co0ss At3tE Z
g 2% La AAF Aol Sri,/ol 2HA sz vl &oll weba] diFiE dx JFo] ¥
=

o A7 T2 Srol=o] Agkel thek Srke] F Akl CoeooF Aba Wl

;Y

g2 [Viol 9al (2 2.12),(2 2.13),(2 214338 Aol #Arh 2o A Coco?t Co'cor

Co™, Co*" ol 2o Yehfa K& H3 A4 o)t}

Sre. + Cog, + 2V, = Sr;,. + Cof, (2] 2.12)
. . 1
2C0;, + 05 —2C0, + Vi + 502 (gas) (4 2.13)
_1
[VpllCog,)” = Ky [Cog,IP[0g]P,? (4 2.14)
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X/ ot

0,(g)—20,, (m=1,n=0) (4 2.19)
O,+e —>0., (m=3/8n=0)

— — 2— _ _

F oA BAE o ool WAARRE TPBAA o Fatt @A Wl o
i A (4 22003 2

+ 2— _ _
H.eetronte — Hrpp (m=0,n=1/2) (4} 2.20)

aga A WA A Bel 47 gFaeld.

+ 2— — _ _

+ — ) —
Hyppp + OH rpy—> HyOppp (m=0n=1)
H,0pp— H,0(g) (m=0n=1)
[Fig 2.4]2F o] PCFCe % oA O-SOFCSHE thad F4 o &) W
3} o5l itk

PCFCe ¥ whgolA b 24 Pon $57] £ (Pmo)E Lejd g &
M ztzkel @AGl glalA Poyst Pinoel wEol ol Adtel #rk olwl w54
& 0o 2ol ¥ET & ot

mi —TLZ-

R,oc P, "Py (4] 2.22)
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1) Electron-oxygen ion mixed 2) Electron-proton mixed
conductor conductor

3) Composite composed of a proton conductorand an
electron-oxygen ion mixed conductor

[Fig 24] o8] 7FA] o] A=d& 7HA= d=AlolA 9 whe B4 =

D AAp-abz ol AmA, 2) AA-Fa o] & AEA, 3) At Ak, 529 BF

AT A
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" 25 20 -15 -10 -05

logP, (atm)

[Fig 2.5] Po,2t Pmolll W 2= A& [38]
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Ba(Ce51Z103Y 0.15Z1n0,04)035 (BCZY-Zn), Ba(Ces54Z103Y0.15Cu0.01)O035 (BCZY-Cu),
Ba(Ceos5Y015)035 (BCY), Ba(CeossZr03Y0.15)03s (BCZY), Ba(ZrossYo0.15)O0ss
(BZY)d] £AES A 3o AL§AT

glet2lo A Zn, Cuts 272 ZA(Sintering Agent)2 AL&3] 422 2525 W57
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Alfa Aesar, USA), Zn0(99.9%, Alfa Aesar, USA), Cu0O(99.7%, Alfa Aesar,
USAE 935 BE= ALEste] a4 B4 AW (Solid state reaction) o= A 3}

o Be $¥S 9] $18] Fish oil(Blown Mentaden-Z3)S 24 =

Gl 87](Nalgene bottle)ol

of
23 Bwe] RS 918l A=RUHZ0y) B3 WS A ol Fil 2447

&<t ball milling &A1& o] &ste] EFatdvt. 1 5 & EF=(Slurry)s 7F
A7 dFulE JAE ol HAEAA &3 FE& sl &4 (Calcination)
S g Atk olw] BCZY-Zni= 1200TColA 3tAE X star YA AL
1300CelA stas 3 stk 28al shad Sds vA 2ER ws7] 99
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3.1 Cell A|Z 2 E4 H7}

3.2.1 Tape casting 37

oL/ﬂ xﬂxhs} E S o]% 245/\3 /(ﬂﬂ_m Bulo A]—%—éﬁ rﬂ”ﬂﬂ% o]ha,_i 9}};— 2

A} thgA Ay scaffoldE tape casting ¥ 32 F38] A2t 3t th Tape> 3
T w2 EFAGlurry)E skl A=A o] FolA A= AaEds w7 §
gk batchot 374 Algt® scaffoldE ¥HE7] 918k batch= uwo] X8 3FaiTh
Slurry S Alztet7] 918 AH8S A5 2452 oA A &2 ol¢fo #7] &l
2 Ethanol (99%, Sigma Aldrich, USA)¥} Xylene (98.5%, Sigma Aldrich, USA)
= Alg 393, 7FAAIZ Polyethylene Glycol 400 MW (Alfa Aesar, USA)<}t
Benzyl butyl phthalate (98%, Sigma Aldrich, USA)E A}-& &ttt 18]a A A
2 Polyvinyl Butvar B-79, B98 (Solutia inc)< A& stith ® FA4HAIZ Fish oil
(Blown Mentaden-Z3)< A8 3t T

4 2de Al dS A zZstr] 93 slurryAl Z+= BCZY-Zn, BCZY-Cu 2
af AzF st ow, AL RAHE 4GAR Yol 118 skt
A o @Al 87](Nalgene bottle)oll 7181, 7FA&Al, A3A(Polyvinyl Butvar

B-98)¢} #AMAIE ZHZ) batcholl 9HAl A wFeto] Y A azmyol B3 g

ball milling FH & AR&-3l 30& &<¢F Egtal At
2aA ¢ EE slurrydl AE=R AT FA ol ARG AgH 2

(BCZY-Zn, BCZY-CwS ¥ i 2447 5 A &717F 24 wafFoe =
ball milling Hloll A =of 2 & J=F FATH

3GA : slurryE 2441 7HE 9 ball millingst™ A7 7|25 glell 71 918 A3 H
ZE o] &3t 30w Ak 7IAE Woluo] 7EXE AAMNFUT

AGA : tapee] FAE AA3 F doctor blade®] FolE 350pm= HFo] Fal
tape casting machineo] 23t F slurrys € o5l castingS %135t

Castingo] ¥ tape> 7| &w7F 32a wf 742 5AIZF Bk A= Ao
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gaAdel 71Es JAA7I7] f18A SA(graphite, 99%, Alfa aesar,
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sof Z1gtel AA =M ojw e Fx2E Il o

o &3] # slurryE ball milling R A AW HH3 224 $lo 3

7+ F2AtH} tape casting machinel doctor bladeE 250umiEo] 2 k=0

31 castingS & s th Casting®] & taped F718vl7} e o 7}

casting ¥4 RA%E [Fig 3112 X &3 Th
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Tape casting

Height of blade

(doctor blade®| & 0|0 0|3t tape| FH X X)

Carrier film

[Fig 3.1] Tape casting &%
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3.2.2 CellA| 2& 913 tape A FH 422 a8 Y

Tape castingS &3 doJx tapesS THA Fe= 371 98] punch
outZ WS T AL A A tapee] A HaA AAP L dHAAE Al Ast7]
ste] 180 7)o ==F A3t AFS T, thEd e Alete scaffolde]
35 Aald SHERT A2 100 2719 =55 ARE

Punch outs E3] JFH tapeES 3@ T& Abolol Fi scaffoldeS 4%

of £o] lamination 3}F31t}h. Tapezt F Aol &3] o]Fo A F UrHF AT F
2o+ A% tapes+ "L Y tapeo] Yol laminator® 71A A4 &S © AlA F

At

Laminatione v} A3  tapeES A Z(sintering) AlA  FA A2ZEA

(sinterability) & = F7] #sto] 2Z24S 93 ¢Fuv A3 o] s
tapeS A= & u] ALge B R ethanold} 1112 &3t $FA coatings AlAT
Ak LFr B9 coating Fo] Ax7F W AE tapeES 2HF A4S
& atadch

24 e BCZY-Zn celld] 29+ 20AIZ 218 3t9lem BCZY-Cu cell9]
BAgole 2487 A 257 9 Eof 3dARE vro] IS st

o

%

IebA 2ol A 800T7HAl 2C/mine 2 &2 Al#A Fa 800TolA 2417 F<t
T2 stk 1gAA = tape slurryE A 2He o A8 d AgA S} 71 IS
s H7M8e 39S burn-outdlr] 93 @A o)t}

2¢HA] 1 800TC oA 1300TC7HA] 5C/minl 2 5 AlA FiL 1300TCoA 2417+ &
FAAA FA 2& A0l BCZY-Cugl 4%+ 39442 A3qS 3

34 1 1300Col A 1500C7HA] 2TC/mine. & &< AlA F3 1500CelA 2A 3+

ofs thgd Tx7F FAAE scaffolde] 7]Fol
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A4 23 2 1F

41 AX "R WE AT BF M-8ty EA vu

411 Az A= A= 843 MIEC A5

£4 W@

85102)Fe03-6 (LSF)E PCFC

e YEdl=A dotr ] ¢
34 scaffoldell LaCo, LSCo,

:',:
LSFE A A @A o wbdA & Aztetar 7] -steh4 545 Hlal s &

AAE A7) 8 &5 BRRE LSVE AHEEa

Zu] 2 Ce0r8} PAE 7}

[Fig 4.1]> LaCo(A), LSCo(@), LSF(l) A= EA= A #sk ddxo wet
Air/wet Hy B¢ 7oA 700C~500C €% 9o [-V EAY A8 IdEE B
=tk 700CAA I-V EAY A8 2xZ2 YgdlE (a)= MICE SA4S 7FA L ¢l

= LSF$ LSCo A5 E4S AFg3 ©d A= 2+2F 374 mV/Cm?, 345 mV/Cm?® ¢

Y WE ¢S vtk agn A4 A5 54 A3 9 LaCo AT BAL

AgE B Aol 280 mV/CmPE ThE ¥ ASS A& daAe] e

MRtk v g ek E3, [V SAAE e MIEC 54 HAE

gt )t (A= (a)olA et FAFSHA MIEC 545 Zk+= LSF, LSCo A5 &4
5o Afdde vxd A9 dxe -V FA4Y VeV E YEde S HolFH,

LaCo®l 9ol % A% 2dnut gydow o

rlo

[Fig 4.2]¢] (a)&= 700°Col 412 LaCo, LSCo, LSFE Z}7]

A9 Qe S48 ehd. 9uds 54 5
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ohmic ASR¥ Non-ohmic ASR W3&S u}2}4] Non-ohmic
ASR9] ko]l ZoEA HY F-AoA Hd5 EAo] A3} He ASs e
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LHERE
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[Fig 4.1] AA A= A= 542 LaCo¢t MIECEE S 7HA+=

A= 52 LSCo, LSFo @4 -V EAF A8 Ux

J{m

/4w
(2) 700C, (b) 600, (c) 5007
B+ LSF, @2 LSCo, AL LaCo %=

i
i

W2 -V curve, [+ A8 W%
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Operation temperature: 973K

A= =72 LSCo, LSF9o] wrxx

Operation temperature : 873K

05 2.0
(a) (b)
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1.5
=]
=
0.3 & 1‘
Y . N L0 T
02 \ _%
) 11in 10Hz 1H:  19m:
0.0 l 0.0 ”~
0.5 0.6 0.7 0.8 1 0.9 1.0 0.5 1.0 1.5 1 2.0 25
ReZ /Cxm ReZ /Cxm
g Operation temperature : 773K 10 -
(c)  (d)
6 )
~_ ]-: Dl'l_tn‘i_{:_:}-s-_R_-:_ AT
!I 1 g 1] R
4 ™ \ >
wn
<004 Yonohmic SR
2 . o _ ] —-L—LaCODEﬂ
LKH: 10H: —-—LaSrCoDEﬁ
H —=— LaSrFeO_
] 0.01 . : . —
0 2 4 . B 8 1.0 11 1.2 1.3
ReZ/Crm” 1000/T /K"
[Fig 4.2] AA A= A= Z29 LaCo9t MIECEA S 7HA &

(a) 700C, (b) 600°C, (c) 500°C, (d) ohmic & Non-ohmic ASR # 3}&

B+ LSF, @2 LSCo, A2 LaCo 4=
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Operation temperature : 973K

Operation temperature : 873K

0.4 2.0
(a) (b)
0.3 - 15
E
~
! =
0.2 \ M““‘s\ w L0
/ ____________________ £
0.1 PL '\ 0.5
1k 10H:
\:h
0.0 0.0
0.5 0.6 0.7 :ﬂ'.ﬂ ne 0.5 1.0 L5 2.0 25
ReZ / Ocm ReZ/Cxm”
6 Operation temperature: 773K 10
5 (G) ] (d)
= 4 é“ﬂanlim‘ - 1 JOhmic AR gl
'-aq “\ s ] E!.::::::ﬂ”:: '
= ~ A q
o) o
= W
= =
= 2 ‘}/R 0.1 { Mon-ohmic ASE
Il jum: l:r'HI
D] 2 3 4 5, 6 7 0.01 ' ' '
2 1.0 1.1 1.2 1.3 14
ReZ /Cxm 1000/T /K"
[Fig 4.3] Az} A= #= &49 LaCo9t MIECEA S 7HA &
A= =4 LSCo, LSFe] Wt d9dx 54 27}

(a) 700, (b) 600C, (¢) 500°C, (d) ohmic & Non-ohmic ASR ¥ 3}&
HB= LSF, @2 LSCo, A2 LaCo
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4.1.2 MIEC A= EZAF 4 o] AEA AF EA v

A AEEsh o] AEEE FAO] 2= MIEC 2de 44 724 4
oz A o2 HELEE JHAA #rh. o7]dl (BagsSrys)(CogsFepr)O0ss
(BSCF)&= BaCeO; A9 4 ol AEA Hdalde A5 EAZ AT 499
Aaj Ay dAEA Ba¥ol22 it mgke] dojupA "l s delA Ba® 7t
gHakslo] BSCF "oz olFsA = dsld Ul Ba®e o] e/ Ha
BSCF Wjel A e Ba2'e] & S7kstAl dth olegh Fol=9f gate] o3 273

Yol F2A A W WAL FANA Hn £F18 2FF 1A

i

Ues Yed 2 =Zelw (a), (b), ()& 22 70
0C, 600C, 500ClA e 54 H7HE detdith (a)olA d=e "= LSF7F 375
mV/Cm?, LSFC$ BSCFE 328 mV/Cm® 2 LSF7} 23 ©] =t} 3w (b)600C
9} (¢)500TCelA ¥l BSCFe A8 ™7k (b)ellHeE AL ZolAa (o)M=
LSFEt %2 A ®"E=E FZS 7FAThG00TCHA A3 == g BSCF 102
mV/Cm’, LSF 87 mV/Cm®) I-V %4 7]&7]% 700CA & BSCFe I-V 349] 7]
2717F B ZFsEA YEPg AR 2e7h vobel] e e 7&7] Wsr o &
%tk LElal 500C ol A= BSCFE =419 71& 717} LSFREth ¢knbetAl et
FHAA A wF AGTE Eol ath o] HAEAo] LSFRU =& A5 BF

9l LSCF29 #A$ol= 700CA 500C7H4 Z+zb 323 mV/Cm?, 201 mV/Cm? 78
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mV/Cm’2 LSFS A= 4= A3 ddxe] A9 9% wnoh vA dega &
Tob gl wa dg
LSCEF7} LSFE U 725 227h volgel] wreba] 71§77 | 7k = A = vt
[Fig 4.4]elA= 700C~500C7HA1¢] d9dx~ 548 vepdth 700CoNA &
LSF¢] Non-ohmic ASRe¢] 0.12Qcm*Z LSCF (0.16Qcm*) ¢ BSCF(0.15Qcm?) 2.t
2 A YEbs o AR 227 2 (b)et (c)olA = BSCF2] Non-ohmic ASR%L©]
LSFRtt 2ZHA yehykow LSCFe A%+ vE F A3 ny Lo A
Non-ohmic ASRe] =LA uwetwn. 22jar v F35(10Hz)] 9ol aldst=
F= wkEo wkglo]l AL (a)ok (b)lAE Al 7HA 9 A5 EH-oA fAsHA
EFt I 500CQ1 (0ol A= BSCFe 22 F3k oA pigde] 277t & F
b9l A= ®u #ZA vebstdh (A LSF, LSCF, BSCF ohmic ASR}
Non-ohmic ASR®] &%¢ mME WHIES YEH Fo=z 2571 Yol ubehA
BSCF¢ Non-ohmic ASR¢] W3}Zo] LSF¢ LSCF¢ Non-ohmic ASRE|] W3}
By A7) AR ZA Aoz A e AS &9l st

o
[Fig 4.6]= LSF, LSCF, BSCF Hd=

ko
il

=R AR WA Y] fyds 545
bt WA Sl e SR04 BSCFE A5 =22 A48 79l
oE A A5 E2S ARSY AR T00T ~500T7A 9] 2= o ol A

Non-ohmic ASRe] #A YElStow wkdel a7|% o 2A YEsth a8 &
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b Eol exs} stobgel] weh 2FH gasE AL #¢ & = ATk BSCFe
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(a) 700, (b) 600TC, (¢) 500C, (d) ohmic & Non-ohmic ASR W3} &
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=

(a) 700, (b) 600TC, (¢) 500C, (d) ohmic & Non-ohmic ASR W3} &
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Intensity (A.U.)

B‘zﬂ::o_‘ﬁhizo5

@1 |
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[Fig 4.71 BSCF ZA4°l Ce, Y, Pr, Mn #3§ 29

(a) normal BSCF, (b) Ce 0.1 mol %|2st BSCF, (¢) Y 0.15 mol *] %3t BSCF,

(d) Pr 0.05 mol % %3 BSCF, (e) Nd 0.1 mol % %3 BSCF
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[Fig. 4.8] BSCFe| Ti< 0.1 mol ~ 0.4 mol %33t XRD 1=
(a) normal BSCF, (b) Ti 0.1 mol, (¢) Ti 0.2 mol, (d) Ti 0.3 mol, (¢) Ti 0.4

mol
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Ceramic Composite Cathode for Intermediate Temperature Protonic

Ceramic Fuel cells
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Because of excellent energy efficiency and environmentally friendly, Solid
Oxide Fuel Cells (SOFCs) are attracting much attention. Especially, YSZ-based
SOFC has the advantage of wide selection of fuel. However, SOFCs operate in
a high temperature that has disadvantages that are expensive to operate and the
poor long-term stability of the material. To complement disadvantages, when
SOFCs decrease in operating temperature, conductivity inside the material
decreases. As result, energy efficiency is decreased and internal resistance is
greatly increased. In particular, the polarization resistance in cathode is
significantly increased, which greatly affects the overall cell performance.

Therefore, Protonic Coducting Ceramic Fuel Cell, which is stable even at low
temperature and has high efficiency without decreasing the conductivity, is
needed. Because of the structural defects that occur when water vapor is
contained, PCFCs have advantages that the activation energy required for proton
migration is small and the ionic conductivity isn't decreased in inter-mediate
temperature. However, proton migrates through the electrolyte and reacts with
oxygen ions at the cathode surface, so that reaction occurs only at the interface
between the electrolyte and cathode. Consequently, the polarization resistance of
the electrode is increased.

In this paper, we investigate what factors determine the -electrochemical
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reactions at the cathode of PCFC. The electrode materials used in conventional
SOFCs were applied to the PCFC. According to the conductivity type in order
to find electrode materials having necessary elements at the cathode of PCFC.
(Lap§Srp2)Co0;.5 (LaCo) which is electronic conductor material, (LaggSro2)Co0O;.s
(LSCo), (LaggSros)FeOss (LSF), (LaggSro2)(CoosFeps)Oss (LSCF) which are
Mixed ionic-Electronic Conducting Ceramic(MIEC) and (BagsSros)(CoosFeo2)Oss
(BSCF), which has proton conductivity caused oxide vacancy occurring cation
exchange at proton conducting ceramic electrolyte and electrode interface,
fabricate ceramic composite electrodes by using infiltration method. And
fabricated cells were measured in order to estimate I-V curve, power density and
electrochemical impedance spectroscopy. It was confirmed that electrode materials
having electrical conductivity and MIEC characteristics, which are factors
affecting the performance of the cathode in the SOFC, do not affect the
electrode characteristics when used as the cathode of the PCFC. The protonic
conductivity seems to affect the electrode characteristics more than other factors.
In order to increase the protonic conductivity, a part of the Co’" content in the
BSCF composition was substituted with the ionic radius and the electronegativity
was low. the Y, Ce, Nd, Pr and Ti ions were replaced by Co*" content in order
to perform that hydrogen gas reacts spontaneously and becomes proton. The
characteristics of the electrode materials that increased the proton conductivity in
the half cell were not significantly different from those of the conventional
BSCF. AS a result of the study, it was confirmed that the factors that determine
the cathode characteristics in the PCFC are different from those of the SOFC.
And there are not electrical conductivity, oxygen ion conductivity and protonic
conductivity but other factors of the cathode material.

Protonic Conducting Ceramic Fuel Cell, MIEC, protonic conducting materials,

BSCF
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