0 2020/050604 A 1 |10 KO0 0 0 OO

12) 53 g 5&9?311 o3l A FAEL
(9) A A A 4 A4 7] é} 0 OO0 OO0 OO R A0

2R AP i
10y A F/NHE

“3) A FTNL
W3 e WO 2020/050604 A1
2020 9 3 € 12 ¢ (12.03.2020) \wipO | PCT

(51) FAESHE AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ, CA, CH,
HOIM 4/86 (2006.01) HOIM 8/12 (2006.01) CL, CN, CO, CR, CU, CZ, DE, DJ, DK, DM, DO, DZ, EC,
HOIM 4/90 (2006.01) EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN, HR, HU,

. N ID, IL, IN, IR, IS, JO, IP, KE, KG, KH, KN, KP, KW, KZ
= & . ) ) ) ) ) ) ) ) ) ) ) ) ) )

Q1) FAEYNE: PCT/KR2019/011364 LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG, MK,

(22) FAZLY: 2019 ' 9 ¥ 4 ¥ (04.09.2019) MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM, PA,
. _ PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC, SD,
=90 .

25) 290 Aol SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,

(26) THAA: 3o TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(30) SHAH R, 84) A= (A= 4/\1 bele d ks d B E /e o
10-2018-0105828 2018 ¥1 9 4 5 ¥ (05.09.2018) KR W Aol B35 913ke]): ARIPO (BW, GH, GM, KE,
10-2019-0098035 2019 1 8 4 12 ¢ (12.08.2019) KR LR,LS, MW, MZ, NA,RW, SD, SL, ST, SZ. TZ, UG, ZM,
- _ s ZW), +2kAl o) (AM, AZ, BY, KG, KZ, RU, TJ, T™M),

(71) EA1: 230 23 | d (KOREA UNIVERSI- 4 (AL, AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FL,
TY RESEARCI f}f{fg?ﬁfﬁiFOUNDATION) FR, GB, GR, HR, HU, IE, TS, IT, LT, LU, LV, MC, MK,
[KR/KR]: 02841 A& A] A 57 Y% 145, Seoul (KR). MT, NL, NO, PL, PT, RO, RS, SE, SL SK, SM, TR), OAPI

(72) 49 R} A3 (SHIM, Joonhyung); 06004 A 2-A] 7+ (BF, BJ, CF, CG, CL CM, GA, GN, GQ, GW, KM, ML,
T A E 201, 79°F 1033, Seoul (KR). 7 &% (KIM, MR, NE, SN, TD, TG).

Donghwan); 02842 A]-8-A] A} 5 7] -AF14 36,4053,

Seoul (KR). 3 ¥ (CHOI, Hyungjong); 54920 A z}=  &7H:

T AFA HRT A 2 333,1065 1033, Jeollabuk-do A = ALE A 9} 37 (2 2k A21%(3))
(KR).

(74) g ¢l: ME S (BAEK, Dujin et al.); 06753 A& A]
Az T vF$-H 2 150, 22, Seoul (KR).

(81) X];gi-(lﬂé_l;;o] /\]7]— W\“__ 6]— 7]_03]_1:1‘_ Z‘!F',Fo]%
) Aol 8352 $13l]): AE, AG, AL, AM, AO, AT,

mﬁm ﬂ:

(54) Title: POSITIVE ELECTRODE FOR FUEL CELL AND METHOD FOR MANUFACTURING SAME
(54) &g o] A ABAAE F= H ol o] A=

[1=8b]

AA ... Structure treated with uniform protection layer
(protection film surface exposure degree: 50-80%)

(57) Abstract: The present invention provides a positive electrode for a fuel cell and a method for manufacturing same, the positive
clectrode comprising: a porous positive electrode structure including a positive electrode material; and a protection layer disposed on
the outer surface of the positive electrode structure, wherein the protection layer includes a plurality of protection particles having a
shape of an island.

(57) £OpH: B Wl e G A2 F £k EAel T TR R 3] BT TR A EAe A F LB & £
51,37 HEF S ob el U Edisland) FUIE 2 B40) 1B QA4S £ ARAAE FF R ool Az S AT



PCT/KR2019/011364

%] & F= R o] 9] A=

8 Al A

7l & ok

WO 2020/050604

o_eﬂ i ,Me =

o G I ) " P o pT

ﬂiﬁ JIQIEJKL sl N o_eﬂﬂ T
gl Zddg m L7 T e N
sNE Zxx T X s R A

2 ®Y Zxhw m=PUT =AY o B %%x
R N B R RS of B P LW

Z T 2o — O o BT o I - T X
s W SR F g % d K TCl R
T ZHVag mEMTE T g BN N T oo

= 0 mﬂﬁﬂ iqorul,uﬂoﬁﬂ W R gt T

—_ R X = o = T o X
BT E wL,< HETET Jdco 9T Np oo X
s LEXy BENgX LR X ol KR R T

~ 1 2 oy o B o om = o Mo R =y oof fL MU B o

Yo 2 TR ro R B e R gl O w T g

T & g Mg AT mo o TR T oAy
e 7 o mﬁwﬂmﬂwﬂm%ﬂﬂ U e A g X

R < o X 53 _ T ~o mJ,NOJXl ﬂ]ﬂo_e o O
ﬂwﬂrﬂpv MUEW@M @o#ﬂ%ﬁzoﬂ.m%ew ﬂMﬂAﬂA%Nm&r
MR =R ﬁ;ﬁﬂoii% So O G2 gy N X
o o) A SIS xxbﬂ]oﬁ_zgﬁuﬁwmﬁ Eoﬂ;u?%é%.
He® SETE e o Brgaw MR g BN T
= 2 o b < Jﬂ_m,{wﬂ%“ot%ﬂ ]o_e_%zo}ﬂ%ﬂ
P o meog GRem T oo PR
EE 4TLE BN ma S B eeT PEe g 5T
SEX AM{Y TwgylHggd g BT oglodd
mﬂov .iﬂﬂuﬂ M@ﬁﬂm@u@wﬂﬁﬂ Lo ﬁM%moo%mﬂMﬂ
T W E T TE AR EN T T g F e TP
SR oy w I ST Epue B BYLiTgdy

™ — p— —
‘UI. BHTHI7OW@ﬂumMQLmMEOim:.LMAw HH#JL%MQWEMELW
S ST e ERXTER SR B e o d eI E R
S ST TN AR ARE S W T oo =0 RS
RN SmercEsdandad 0P icared Noanpg o ®opnyp
R A TR TR g d gy rgTE Y
WE DT ECWEHT O H4FTEIT FEBBWROREFE AN P

[2]
[3]
[4]
[5]
[6]
[7]

A 32



PCT/KR2019/011364

WO 2020/050604

o

M
e

o} A = (island)

=5

-

—

50% WA 80%2

(La,Sr)(x)(Co,Fe)(y)O(z), (La,Sr)(x)Co(y)O(z),

Sh=2

A

Ak
(La,St)(x)Mn(y)O(z), (La,Ba)(x)Co(y)O(z), (La,Ba,Sr)(x)Co(y)O(z),

A}7] H|2H ATl E A

s

[13]

(La,Ba)(x)(Co,Fe)(y)O(z), (Ba,Sr)(x)(Co,Fe)(y)O(z), (Sm,Sr)(x)Co(y)O(z),

(Sm,Ba)(x)Co(y)O(z), (Pr,Ba,Sr)(x)(Co,Fe)(y)O(z), (Pr,Ba,Sr)(x)Co(y)O(z),

(Pa,Sr)(x)Co(y)O(z) 2t (Nd,Sr)(x)Co(y)O(z) 2= o]

<d<1)

<d<1) =+ x:y:z=n:n+1:3n+1-d (0=

o] a1, x:y:z=1:1:3-d (0

=
=)

AlOx, ZrOx, ZnOx, HfOx, TiOx, CeOx, LaOx, SrOx & CoOx

= O
.

o

A7 H&

[14]

0%

4
o
ol
53!

il
—_
fite]

i

&

[15]

23!

|

Z
o} Wl = (island) & Ej

A A
A7 eSS
=

ZEo] A
al,
o]
AR

1

_]
Al
B
A
4=

;OD =

= T W

J
Hj %] =

[17]

50% WA 80% Y = T}

OO
=

SEEER

s

[18]

ol

0%

0
He



PCT/KR2019/011364

WO 2020/050604

y

o

=

ol

ok

=

s

3

o

=

—_

fite]

o

mo

=

“w

~

K

—_

N

ol

<

X
‘.mo

o}

%0 X

o o

T

TN

o]

Htg

(o B

~ H

A

UER o Al 52 0]

1= SEM o] 1] o] 11,

ehuy

=
=

3¢ 529 3 H

-
U

[24]

)

[25]

1= SEM o] 1] o] 11,

ehuy

=
=

5= 549 23 H

-
U

[26]

B
W
=y
o
o
=y
o

ol
e~

M
o}

i

7

[28]

A

S 2 e oA K o]

oo
T

_
7

ol

o)
wir
m})

N

_50
o}

o}
M

[29]

23!

Eay|
=R

A-site &2 (Sr)

of wh

3} ool FFel 714

ol

Wi

HHe FH

9%

SRR

%3

ol

ol
o

-

o
o

olck. mebd swo) A

f kg A

5]

]

K
|

1Al & 5 =

5]

_(H

ol

ol

Bl

ol
olp

0%

W

A A EA(S20) E B 5 F v



WO 2020/050604 PCT/KR2019/011364

[37] * 2+ Oﬂiﬂﬂ%

38] 52 55 3 sk, A ER[S10)90 M = F A RE
7| 2 H 2~ 7} o] E Al (perovskite-type) AF 8t =& EEoh= b3 A o] &=
T2A(10)E £1] g},

391 T PRA0E W EE T wEEE Bl /1S B S
3)

[40] o] 71 A, ¥ 2 8 2~ 7)ol E A A3} E-2 Cubic Perovskites, Double Perovskites 2
Layered Perovskites& 338 4~ AT}

[41] % 4o]) EAIE A2 H 22T o] EA] 4F3FE-S LageSr.4Cop,Fe 505 (LSCF)©] th.

[42] L3 s 2 H ~Fto] EA AFglE-2 (La,Sr)(x)(Co,Fe)(y)O(z), (La,Sr)(x)Co(y)O(z),
(La,St)(x)Mn(y)O(z), (La,Ba)(x)Co(y)O(z), (La,Ba,Sr)(x)Co(y)O(z),
(La,Ba)(x)(Co,Fe)(y)O(z), (Ba,Sr)(x)(Co,Fe)(y)O(z), (Sm,St)(x)Co(y)O(z),
(Sm,Ba)(x)Co(y)O(z), (Pr,Ba,Sr)(x)(Co,Fe)(y)O(z), (Pr,Ba,Sr)(x)Co(y)O(z),
(Pa,S1)(x)Co(y)O(z), (Nd,Sr)(x)Co(y)O(z) &2 o] Fo x| o 2 HE A el

‘37(101 2= 01

== T

[43] o] 7] M, x:y:z=1:1:3-d (0=<d<1) ¥=3= x:y:z=n:n+1:3n+1-d (O=<d<) & =3 4=
o]

[44] L%i ol gt F| ZH ATl EA A3l ES A B4 T o Az AANA 54
5 2 54 AV ol ] Tl A = 72 A(10)9] 3 A o 1 skt
A& E(20)°] A Z(segregation)¥] o FAd = = Ut}

[45] o7|AM, &= FZ2A10)9] T2 F= T2 (10)9] @ EH e 7]3(11)°]
A dd o] WawH-S £33 4= QU

[46] 50200 AthA o2 & 517] 9] 9Fo] &(strontium 5)°] W= T A (10)<]
FHAA A E o FAAE = A SR, G FE2AN0OE AxH = F=59
27|18}t A EAS oFEA 7|, k5 2 A (10)0] T 24 S HSAIA
A=A ] et A& FAAA A = 9t

[47] L4 AEEol AAYE AdEdAE S5 FuE MEH o2 vErd
A Lol i, 1 53 & 49 A Bl E e = SEM o n] A o]t

[48] L 42 258 FxsAE, AEE AlA FAS20000 4 = EF= -2 A (10) <]
Tl A4 AEEQ0S AAT 5 9

[49] MEE AA dAS20000 4= 584 4 A7 34 & B8 =
TZA(10)9] FHo)] A A0S AE A or AT + Uk

[50] o] 7] A, 2471 F(Oxygen vacancy)> 3 H 2] AlHo A W7 31, 1A
ol (bulk) & 255 2k 7] 3o W7} Fo] B} 2bA Y| F W E 9] Afo)i=
A Z2H ATl EA B Asite B2 &S S3%ctar 43 A Aok

[51] g, A7t F4 g ol g skl 7l MeE e Al sk kel By d



WO 2020/050604 PCT/KR2019/011364

MAAN T EAA AANE O EA o349 W2 H 2Tt E FE T S
ek, o] 4 el 2 H2sbol B ARAA TF BANA Y eHg o]},

[52] oek, 2HE 2 (a1, A FA 7FE )l A

= 2+
o] Al&o] HA H=t, o] & A A8t Aol aaA o)t
[53] 5, M8 A7 GAS20)= 524 Al gl v A A A dA D Az
WA E E 33
[54] {_]_\./\1 Al 71 ol

[55] o] 7] A, 217+ 8- -2 HCI, HF, HNO;, CH;COOH, KOH % H;PO, 5 ©] =

2] Cias R

AeE g glow, AEEo] oo upe} 2ol A 52 WA 60% 5 A7 34
z1e) st 4= 9l ok

[56] A=A A ANA = M A (A= , o) E SRl e T E2A10)e] R
Zrofaliz 217k ol = A4%%(20)0 AHS 7 Aok

[57] Az A M = A H o] Y= L& A8k, &= 7240109
FHol Zelshiz M H e A AT 4 9l

[58] o|F, F2 A7} &N L vA|, Al H Wﬂ ! A WA Y Aol E 2 B 3
histo] A E A4 FAE Q& 5 Ut

[59] LA EHA] kAR, A Al A EAI(S20) A Foll = FF T A (10)9) 9 -9
W3S S AEE P4 S A f8l, AE=0)e] AAHE =
TZAN0)E A A el wix]sfe] tf7]g 4= 3l

[60] %500 Al vkef o], A& Al A GAS200E 74 2 k=t 2 A (10)=
wH AEE 0ol AlAE ] el winHA FAHEE e 9l

[61] L6 B Fol X E A5 dAg S FelE Mefd o2 verd
QA Eolal, & 72 & 69 78 Tk FrfjiLolal, K 82 HEF TR &
EAE NEFH o8 YEbd o A ol

[62] L6 WA = 8s Fxetd, Ba T wi x| @A(S30)0 A = A E=E(20)0] Al A H
= TERAN0)S T REF30)S A 7 3

= 3L o] g3l &= Fx2A(10)9]

[63] of A o, Ei% il 1 DP7ﬂ(530)o1w = FE]
/\ o)

[64] HoZ (30)L AlOx, ZrOx, ZnOx, HfOx, TiOx, CeOx, LaOx, SrOx X CoOx & =

O]'?‘O'];ﬂ oo EHE /dgﬂ‘_gﬂo-] styE TAAEH 7 9
[65] A7 BEHAES AAT7]F 3 A ol X (Oxygen vacancy formation energy)”}
H 2 H 27| EA B4R H

(66 mebd sl te|EA) B U Y] BAL S8 st £
ol 2471 TS BATHE AL A ETh B, (] Bt o]
TYFe FEE HIHTH, b0k M ek T g A= A

2 zshshol 2ot



WO 2020/050604 PCT/KR2019/011364
(671 1Y EE kgL wolal, Aol AtE vpolo] o] d Al Fe T
7% 755tk
681 ol71M, 2H A SaH e Sl ¢ F A o8
b} 22k 7] 2291 215 S 2H(Atomic Layer Deposition, ALD)S ©]-8-3}= 4l 9]
vhgt e
[69] =, w3 o] A A g AR F2HE o] §3te] KB F(30)S M| g m A,

[}
A 2o A Al e A o] 38 HHE-S o] §3to] el YRGS T35l
3% (Growth)3taL, HEZF30)9] o4t FA & & §$L2EFHO0.1m) G =2 243
A O E GE R A5 Z2sk= 3lo] 7hs sttt
, HEZF(30)2 ofd M =(island) FEHI & ZE= 579 H& Y2K31,32)E
T At
[71] =, 247 e] B A3, 32)F T ol Ao e TrEA(10)9] ¥ R E
e M E 5 2
[72] ofAd, 7ol B ‘?}4(31 32)= AT H|((WDHEF Al1Z=o|HDE 2 EE =
T2A(10)9] e WX E = Ao, A BE d2K31, 3= S
A2 Bl(W2) 7HE o] A ¥ w5 v X = 3
[73] o] 714, A 1A B[(W )2} Al 152 °l(H1) Z%Z%S Inm WA] 10nmZ A4 E) = S o]
vl 2] st
[74] o] 7|1 M, Z+Zke] B3 ) 2K31, 32)3= HHo A XX A o] 7F29) b
FA o HolF oM At S Y ‘E} BEA|FE, BE ol
sol o "oy A A| Hof, A4 g 114 X
Fob B8, AU R[(W2)= d= T2 A10E lat F= A7
“% Abolz Btk 2HA] A A ¥ = Zlo] upghAlabar, of= 2 A4(10) 9]
AbAs 3H9l whg-o] dojitr] 98k H A& Aol = o] o ® HA = Flo]

2= O
PR

11
[70] $hy

_1

NI

_I

kel
ot

I

AN}

e
i
iy

o

Ot

£ W oop £ 24
N

uﬂrﬂiuﬂ&l'ﬂm
N2 rlo N mlo
__12

T
Ot
i
g

[75] of| A Th, xﬂzﬂ H](W2)3= % A5 AW S o] g3l M x| H H& d2H31, 32)+
s

[}
“*nm 144%1 T nm A S o Ayel | = glal, TR Y] mEE = S

[76]

HU
_a_
2
i) MN
4 & e
o 8
o E
AN
2 I
A e
> o2
2 ]
2,
BN
i)
oS, g
H e o
1o
-
g
=2
X
o
AN
N
DA
o,
it
i
e
~
2

[77] $HH, S A s, = F2A(10)9] Tl | ] k= 2 A(10)<]
FRlo] MiAE B35 530)9] WA A2 50% WA 80%<! Aol uhgkA skt
[78] ol 7| A, 5 8ai= F= T2 A (10)9] 3R o] A thH] &= F2A(10)9] &

hat

m%

X ¥ B35 Z30)2] M2 AA 2 H& o] 50% 1RO = A 2H F=ola,
= ok FEA(10)9] T WA iy &= T2 A (10)9] T v =) H

8Sb
B35 Z30)9 afx] =& 2 v]8&0] 50% WA 80% = Al 2 F=Fo]al, & §ci=
= A (10)e] T WA Y] = FF2A (10)e] el mi A H



PCT/KR2019/011364

WO 2020/050604

kol o),

[¢)
o

5

o] 80% Z=3F WA 100% = A %

o
=

Z(30)2] Wi %] H A 2] v
Z3HH, HS

HS

(30)2] AA ko] A7t 7

==

o

z

5 8as

[79]

At 2] A (coverage, AA &F= 724 W thH] B ZF 0]

(30)2] A=A ko] A7t 7

==

o

<

bel, 2

=l

0%

-

~

;OE

o

Z

(300l ¥ 7274 o

==

Fashy, RS

8cs

-
U

&,

22

[81]

HAl # .

=l

of b4

[83]

A=(10), & =1(40) 2 F=10)3} S=(40)

A &=

T Atk

1

14(50)2 ¥ 3813

5]

q7

Abolell 7 A

Fo]

=l

[87]

I AR A8

o)

Ao

1-2(50)2 F=(10)°0 A

43

s

s =2olH 5719

12 (50)&

5]

Bl

2 52/ gto=

& 9%

A o ' 540 A A4

[89]

o
T

o 71A, F=(10)

[90]

el o

E
=

B2, o

[91]

o
mo

ol

0

Wi



o
T

EaWN|
H

PCT/KR2019/011364
A-site &2 (Sr)

2] A-site &2 (Sr) Al A

0.5A/cm29] ¥

T .

of

],

5

i

[

AEE A ESE DB ER R
of

power density ]l TJ

T
T .

ek

—

WO 2020/050604

o
o
ol

o
A
M
ol
_50
o}

T
2=
TK
~
<

o <]
A 2] 217} 6009} 55052004 2] IV Bl A~ E Ax}olt,

5= 12a WA

=

[e)

T .

12b%} 12¢+=

-
U

[97]
[98]

0%

-

W

—_—

wr

[e]

ak

T
T .

3+

ol
=

=

A &
“

°|

o] &3]

=

=

=

=

Bode plot©] T},
4] oF

of 4 ] EIS Bl ~E Az}

o A o] EIS H| ~E 23}
(ALD™) T~ o] &l 57}

Nyquist plot®] T},

2 o) 7 3

#l o] 27+ 6005 ¢} 550

-
U

[e)

==

-
U

HS

o2 d3}rp Ay
, M ZFT0AZF, A 2710.5A/cm?) ol A

T

d el Fat 2

2 9] Z+2Z} 6002} 550
Al =]

=
o]
AR
o
T
-

[e)

=

[}
e}

T
T .
A~
T
T
T .

1

<3
=

1

k1

o
T
T1

5 14a Hlo]H Q

1

]

z
=& oA

1329} 13b
H] 1
13c<} 13d
2]
2]

14a
7] T 37 (5505, 0.5A/cm?2, 70A] 7Hel] A -
14b

=

=
}ol
=
=
=

J

~

A
A

[99]

[100]
[102]
[103]
[104]

0%

-

~

;OE
o
o
ol

[106]



PCT/KR2019/011364

WO 2020/050604

24 Y

o]
;OD
._Al
Njo

13}

H)

fite]
M
ol
_50
ol

0%

-

~

;OE

o
ol

0

—_—

<

[107]

il

%

o Agel

1

]

F A WS s

T

T

2~
=

W9, A

%

b,

ko)
-

bob. whekA] of o] whig o

ks)

WA 7bs

%3k

oA 25 = vt



10
WO 2020/050604 PCT/KR2019/011364

AT
sk T el F T2,

1)
= s XN
A elgAo] MiAE HeF; & ¥

]

a7y d=A

A7 BEZE e ofd Wl =(island) HH| & 2= B0 H3 A
F3tete ARAA R =

g8 2] Al 9lofA,

[ 3] A2kl Aol A,

2 50% WA 80%<] 1A A 8 &=
%473 4] A2kl 3 of A,
|
|

[ 5] A2kl Aot A

[d7a 6] ATl oA,
7] A Z2HE =T ol EA slslE S
(La,St)(x)(Co,Fe)(y)O(z), (La,Sr)(x)Co(y)O(z), (La,Sr)(x)Mn(y)O(z),
(La,Ba)(x)Co(y)O(z), (La,Ba,Sr)(x)Co(y)O(z), (La,Ba)(x)(Co,Fe)(y)O(z),
(Ba,Sr)(x)(Co,Fe)(y)O(z), (Sm,Sr)(x)Co(y)O(z), (Sm,Ba)(x)Co(y)O(z),
(Pr,Ba,Sr)(x)(Co,Fe)(y)O(z), (Pr,Ba,Sr)(x)Co(y)O(z), (Pa,Sr)(x)Co(y)O(z),
(Nd,SH(x)Co(y)O(2) & & o] Fol 7l 70 23 e el B4 o],
x:y:z=1:1:3-d (0=<d<1) == x:y:z=n:n+1:3n+1-d (O=<d<1)E TF=F3dh=
Az A E F.

7873 7] A1l §ho A,
A7) B3 22 AlOx, ZrOx, ZnOx, HfOx, TiOx, CeOx, LaOx, SrOx & CoOx
Z Ao shbE st ARHAAE &=

(A7) (A)FF ARE s A G
(B) 471 &= A el mHol] A&

O HEEol AAR 7] &= T4

to o N

=
A7 BEZE e ofd Wl =(island) HH| & 2= B0 H3 A
F3bete AR AAE F=9] Al x WY

o]
%73} 9] A|g8kol 1o A,



11

PCT/KR2019/011364

WO 2020/050604

71 (C) Aol A,

)

AO

50% WA 80%2 A= AR L =] A& b,

o $ho1 A,
7] (B) YA A,

H] 2

&

A8

4 10]

Q_—rL

[

)

AO

Fo
MO



1/12

PCT/KR2019/011364

WO 2020/050604

TxEH =d|

=
==

o

H A

&

.I

ki




PCT/KR2019/011364

2/12

WO 2020/050604

30
10

11

-

.

i

o

Wl

.

0

-

i

I

.

o

=




3/12

PCT/KR2019/011364

WO 2020/050604

10

[5=8a]



4/12

PCT/KR2019/011364

WO 2020/050604

[5=8b]

10

~80%)

of Meld =
=X:50

[5=8¢]

1

Pl

=
{[e]

7l

O

40

O



5/12

WO 2020/050604 PCT/KR2019/011364

5 10]

Sr3d
=
©
>
@
c
M)
=
./vl N,
1 I 1 1
140
Binding energy(eV)
11]
0.50 . -
A0s Nb5s [E]10s B15s [Jideal I
|
|
|
|
0.40 i
7 |
(
|
|
0.30 q :
I I
I I
| (
I I
| s |
0.20 | | o I
I | 291
I I |
I | 2|
| | |
I | (
0.10 ' ' !

La%



6/12

WO 2020/050604 PCT/KR2019/011364
[2=12a]
Power density @0.5A/cm?
450
00 ALSC
4
. [E)LSC-Et/ALD
‘% 350
= 300
E
> 250
£ 200
ge]
— 150
[<D]
=
3 100
50
0 i
600°C 500°C
[%=12b]
1200
<1000
=~ 4800 S
~ =
% -1 ~—
>
= 4600 =
> 2
— - QO
—_ e
q-) —
o —4 400 o
=
(@]
i (a8
2 LSC 4200
LSC-Et /ALD ]
O 2 ) 1 1 1 1 1 | 1 1 1 O
0.0 0.5 1.0 1.5 2.0 2.5

Current density / Acm™



WO 2020/050604
5=12¢]
1.2 1200
- 1000
1.0
IE
=~ 4800 S
™ 0.8 g E
S
>
I 4600 =
> 2
— 0.6 1 3
3 1400 5
=
(@]
. (e
0.4
2 LSC - 200
B LSC-Et/ALD 4
02 1 ] 1 1 ] 1 1 1 0
0.0 0.5 .0 1.5 2.0 2.5
Current density / Acm™?
[5=13a]
Nyquist plot
2.0
600°C, OCV 21SC
@ SC-Et/ALD
1.60F
o 1.2}
e\
ST 7
EE | Etching effect |
N 0.8} | |
| |
| |

7712

PCT/KR2019/011364

R@Low freq. |




WO 2020/050604

8/12

5=13b]
Nyquist plot
4
550°C, OCV 2 SC
[ LSC-Et/ALD
3 =

-Z(1) Q-cm?
N
1

PCT/KR2019/011364



9/12

WO 2020/050604 PCT/KR2019/011364

5 13c¢]

Bode plot

0.6
| 600°C, 0OCV 2LSC

0.5F @QQ%

@LSC-Et/ALD

0.4F %, .
N ] , @
5 [ 2 4 W,
I ) 2
- o -
~— R @ @
" %) -

0! 10V 10" 102 103 10* 103
Frequency(Hz)



10/12

WO 2020/050604 PCT/KR2019/011364
[5=13d]
Bode plot
0.6
550°C, 0OCV @ SC
05}k BLSC-Et/ALD

-Z(1) Q-cm?

10 100 101 102 103 104

Frequency(Hz)



WO 2020/050604

11/12
PCT/KR2019/011364

5= 14a]
Durability test
0.8
ez | S
_ -——=fitting
0.7F
=
©
&
o
=
550°C , 0.5 A/cm’
O 5 I : . . | | 1 1 | 1 1 1
20 10 20 30 40 0

Time(hour)



12/12

PCT/KR2019/011364

WO 2020/050604

[ 14b]

oS
o AT T T O U U
0%y a1V 01
T —
_ 108113 loAeT
.............. 1 1081014+BUIYD1T
-
divy/13-0S1 oS

(U0Z/%)81el uollepelba(

00 9-

00" G-

00 v-

00 €-

00 ¢-

00" -

0070

001



INTERNATIONAL SEARCH REPORT

International application No.

PCT/KR2019/011364

A.  CLASSIFICATION OF SUBJECT MATTER

HOIB 4/86¢2006.01}, HOIM 4/96(2606.08}, BOIM 8/12(2006.01)i

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

HOIM 4/86; HOIM 4/04. HOIM 8/12; HO1M 4/90

Minimum documentation searched (classification system followed by classification symbols)

Korean utility models and applications for ufitity models: IPC as above
Japanese wtility models and applications {or wility models: IPC as above

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

eKOMPASS (KIPO internal) & Keywords: solid oxide fuel cell{SOFT), cathode, tsland, segregation, protect laver

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

%

See pages 4341-4343 and figures 2. 5.
v

See abstract and page B728.

pages 7979-7988
See abstract and pages 7980-7981.

1o, 6, pages F622-F620
See abstract and Fig. 4.

GONG, Yunhui et al. Stabilizing Nanostructured Solid Oxide Fuel Cell Cathode with
Atomic Layer Deposition. Nano Letters. (7 Angust 2013, vol. 13, pages 4340-4345

Y KUBICEK, Markus et al. Relationship between Cation Segregation and the Electrochemical
Oxygen Reduction Kinetics of Lad.65r0.4Co03-0 Thin Film Electrodes. Journal of The
Electrochemical Society. 21 April 2011, vol. 138, no. 6, pages B727-B734

A CHEN, Yan et al. Impact of Sr segregation on the electronic stmucture and oxygen reduction
activity of SrTil-xFexO3 surfaces. Energy & Envirommental Science. 03 Aprii 2012, vol. 5,

CHOI, Hyung Jong ¢t al. Perdformance Degradation of Lanthanum Strontium Cobaltite after
Surface Modification. Journal of The Electrochemical Society. 23 March 2015, vol. 162,

1.7

2-6,8-10

>

2-6,8-10

1-10

Further documents are listed in the continuation of Box C.

E See patent family annex.

* Special categories of cited documents:

“A”  document defining the general state of the art which is not considered
to be of particular relevance

“B” earlier application or patent but published on or after the international
filing date

“L”  document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason {as specified)

“0”  document referring to an oral disclosure, use, exhibition or other
means

“P”  document published prior to the international filing date but later than

the priority date claimed

“T”  later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

“X”  document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive

step when the document is taken alone

“Y” document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

“&” document member of the same patent family

Date of the actual completion of the international search

11 DECEMBER 2019 (11.12.2019)

Date of mailing of the international search report

11 DECEMBER 2019 (11.12.2019)

Name and mailing address of the ISA/KR

Korean Intellectual Propesty Office

Government Complex Dacjeon Building 4, 189, Cheongsa-ro, Seo-ga,
Dagieon, 35208, Republic of Korea

Facsimile No. +82-42-481-8578

Authorized officer

Telephone No.

Form PCT/ISA/210 (second sheet) (January 2015)




INTERNATIONAL SEARCH REPORT

International application No.

PCT/KR2015/011364

C (Contination). DOCUMENTS CONSIDERED TO BE RELEVANT

See claims 1-20.

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A US 2017-0062799 Al (WEST VIRGINIA UNIVERSITY) 02 March 2017 1-10

Forrn PCT/ISA/210 (continuation of second sheet) (Januaxy 2015}




INTERNATIONAL SEARCH REPORT

) S International application No.
Information on patent family members

PCT/KR2019/011 364

Patent document Publication Patent family Publication
cited in search report date member date
Us 2017-0062799 Al 02/03/2017 WO 2016-098607 A1 23/06/2016

Form PCT/ISA/210 (patent family annex) (January 2015)



SAZ9N

TAZANE LA PCT/KR2019/011364
A, ARl £IAEERFEASHERAPC)

HO01M 4/86(2006.01)i, HO1M 4/90(2006.01)i, HO1M 8/12(2006.01)i

B. ZALE Eof

b AL EAGEA S EFE /) A)
HOIM 4/86; HOIM 4/04; HOIM 8/12; HOIM 4/90

b 7% Bk Sahe A 274 o9 o]
FHEEASA TR Y T AL TR AR H T A TRC
YREEHAGUNTR L AR BALSUSTR: 2AE Aozl /A IRC

Az o] &1 A4 do]Eju] o] (e o] B ul o] 0] 3] F A o3| D sl H9)
eKOMPASS (5517 Ul ¥ A A 2®) & 7] = A ASE A2 X]|(solid oixde fuel cell; SOFC), %= (cathode), o}
W= (island), 1S (segregation), B &% (protect layer)

c. #EE™

7hel el QA % B pAcFehs 490l 1A Al Y7 Y
X GONG, YUNHUI 5, "Stabilizing Nanostructured Solid Oxide Fuel Cell Cathode 1,7

with Atomic Layer Deposition",

Nano Letters, 2013.08.07., 13¥, #Ho]#] 4340-4345
H o)A 4341-4343 % Fig 2, 5 &=,

Y 2-6,8-10

Y KUBICEK, MARKUS &, "Relationship between Cation Segregation and the 2-6,8-10
Electrochemical Oxygen Reduction Kinetics of La0.6Sr0.4Co032d Thin Film
Electrodes", Journal of The Electrochemical Society, 2011.04.21., 158¢, 6%,
# o] x] B727-B734

f.of % odle]x] B728 .

A CEHN, YAN &, "Impact of Sr segregation on the electronic structure and 1-10
oxygen reduction activity of SrTil-xFexO3 surfaces", Energy & Environmental
Science, 2012.04.03., 5@, ¥ o]=] 7979-7988

QoF 2 ye]x] 7980-7981 =%,

A CHOI, HYUNG JONG %, "Performance Degradation of Lanthanum Strontium 1-10
Cobaltite after Surface Modification",

Journal of The Electrochemical Society, 2015.03.23., 162¥, 63., #H o]X]
F622-F626

2ok 4 Fig 4 A=,

/| = - 7/ _ _ ~ .
X F7F E10] el el 71 AIH o) e, X cl5sle) 2@ 2A 8 FxaaA L.
* Agd 39 52 shel e
‘7 FAEUY EE N Fol) BAH FPO2, U3} 4257
“A7 £ Bl gl Ao nolE AN V| EFFS AYFED  on] Ul 7|27t i P o] 2L o] asky] 9] 288
2
D" B FAZ LA Fd3l0] A3 £ Td
‘B =AEYIRT E 299 BE $0IS G FAS AL olF K SER ALl e FD AT F svow F7d 2 A
o EAY HEA £E 55 T4 e dusdel e Aew 2ok
L $AE T R L ATt B E Be TR AST A Y <y 5w pde) Q= B9 82 Flo] s} o)) 2 Eew
e OE S8 ol f (ol FE HWADE #3]7] g3t 8" &9 Zohats Ao m o zate] Belabel A AW A4S Ape
[} p
0" TF WA, A, A EE VB SH L dFan JEE D sdngel g Ao 2o
P ¢AD el F el FAHA oY FAZAD o] Kol F/) A FH ‘& B A SR Sole Y
A EAL] LA e d A EA R LA RS

2019 12€ 119 (11.12.2019) 20191 129 11¢ (11.12.2019)

BRE:

=)
oo
o

Ae N5 +82-42-481-3371

WA HE 182-42-481-8578

42 PCT/ISA/210 (- A A 82 2019\ 78)



= A 2 AR 1A

TAEEAD

PCT/KR2019/011364
cA%). #BHES
F}el| a1+ A8T9y L A FAENE k= A9 714 e A7y
A US 2017-0062799 A1 (WEST VIRGINIA UNIVERSITY) 2017.03.02 1-10

AT 120 FE.

42 PCT/ISA/210 (- A 8%] 9] A< 2019 7€)




L ELEET
o 3

A ZEW

SE o) Bat AR PCT/KR2019/011364
jf;ﬁj%é%"” A =AY =53 =
US 2017-0062799 Al 2017/03/02 WO 2016-099607 Al 2016/06/23

212 PCT/ASA/210 (-5

£3] F7182)) 20194 78)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - claims
	Page 12 - claims
	Page 13 - drawings
	Page 14 - drawings
	Page 15 - drawings
	Page 16 - drawings
	Page 17 - drawings
	Page 18 - drawings
	Page 19 - drawings
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - wo-search-report
	Page 26 - wo-search-report
	Page 27 - wo-search-report
	Page 28 - wo-search-report
	Page 29 - wo-search-report
	Page 30 - wo-search-report

