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=2 eHe SHA™M| V|8t ATD AR Z™HO| ot TAHeA @M 0|9 X2 &  The present invention relates to the structure of the solid oxide fuel cell (Sol
Zg 0|8% FN2 2= IY0A EEste 2K MSE HE MX[(Solid Oxide Fu id Oxide Fuel Cell, SOFC) operating in the middle low temperature temperat
el Cell, SOFC)Q| 11X Y WX 9o 2Hst Z4O|Ct 2 2yoM= e 2F¥oz  ure domain using the element formation by the spin coating process of bein
Tbo| RH|L} B9 SRS W &KX &5, 7|T el U 370 02 HotS v g based on the solution process and its low-temperature sintering and a ma
X eton 7|mo| QIXtS 30| 7|0l St Ol M0 M| E ALO|o| AT HISS nufacturing method thereof. In the present invention, the expensive equipm
i ’ = — [ [ — — — — = . . .
oS & QD A WAL} ZBHE DX ABE G2 MXE HET 4 ooz, s ent_or the startlr_19 mate_:rlal is not needed to the Iov_v-temperatu_re process a
OFCO| 8 skt CHBIX3} 3 A8 310 2| O|HIX|Z {02 7|}, nd it is not restricted with the substrate type and size and the interfacial rea

ction of the interval transmitted with the electrode and the deformity cause
d by the tensile stress of the substrate can be suppressed and the solid oxid
e fuel cell in which the interfacial strength is strengthened can be manufact
ured. Therefore it contribute to the yield improvement of SOFC, and the enl
argement and put to practical use.

Ci # = ¥ (Representative drawing)
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Claim 1:

The solid oxide fuel cell in which the maximum size of the YSZ grain in whic
h at least any one is formed by the spin process and which is included as th
e solid oxide fuel cell among :

the YSZ thin film electrolyte layer, the GDC diffusion barrier layer, the GDC /
LSCF multiple layer, the LSCF air electrode inside :

YSZ thin film electrolyte layer is smaller than the thickness of the YSZ thin f
ilm electrolyte layer ; and the maximum size of the GDC grain included insi
de the GDC diffusion barrier layer is smaller than the thickness of the GDC
diffusion barrier layer and the maximum ring member pore size of :

anode supporter is smaller than the sum total of the thickness of the YSZ th
in film electrolyte layer and GDC diffusion barrier layer which comprise the
anode supporter, the YSZ thin film electrolyte layer, formed on the anode su
pporter the GDC diffusion barrier layer formed on the YSZ thin film electroly
te, and the GDC / LSCF multiple layer formed on the GDC diffusion barrier |
ayer, and the LSCF air electrode formed on the GDC / LSCF multiple layer.
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Claim 2:

As for claim 1, the solid oxide fuel cell in which the average sintering tempe
rature of :

GDC diffusion barrier layer is lower than that of the average sintering tempe
rature of the YSZ thin film electrolyte layer while it spin-coats the solution a
nd it undergoes a sintering process and the solution is formed wherein the

e YSZthin film electrolyte layer includes :

¢7| GDC 2B Bt 2EREE ¢7| YSZ 95 Hel 2S5 Ba 2
2O 22 A8 §EFYS R st X UstE AR X

T 38

H1gof 20iM, 7] GDC/LSCF Bet52 (i) 2tEtE &, 2EEE ¥, ILE ¢,
E g, GDC U2 s ZHotE M1 BeE 89 £= (i) 7t=2ls 9, ME 9,
LSCF Lt 22 S Zefdtes M2 55 85 AT A0 2ZX2(510] F4L|
£ AE EFLR ot 1A ks A=K

HT 42

HM1gol AN, 47| LSCF 87|52 EHEHs ¥, AEEE &, 2LE &, 2 &, L
SCF Lt 22 S Zgots 85 A AL 22X 2[010] Y8,

d7| LSCF 87|39 Bad £Z2=£ ¢7| GDC &MgHS2| Bt AF2 =R
22 AS EFCR ot 1N thatE ARWX

H7 58

H1gol| AN, 7] YSZ &9t T HE2 O|EE ¥, NI2AE &, YSZ L= Y
= Zeote 8%s AW Yt AFMISH0 FYE D,
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GDC diffusion barrier layer is the gadolinium salt, the cerous salt, and the G
DC nanopowder the solution is spin-coated and it undergoes a sintering pro
cess and the solution is formed that include the yttrium salt, the zirconium
salt, and the YSZ nanopowder.

Claim 3:

As for claim 1, the solid oxide fuel cell spin-coating the second multiple laye
r solution and undergoes a sintering process and is formed wherein the GD
C / LSCF multiple layer includes the first composite layer solution or (ii) gad
olinium salt, the cerous salt, and the LSCF nanopowder that include (i) land
thanum salt, the strontium salt, the cobalt salt, the iron salt, the GDC nano
powder.

Claim 4:

The solid oxide fuel cell which spin-coats the solution and which undergoes
a sintering process and which is formed and in which the average sintering t
emperature of :

LSCF air electrode is lower than that of the average sintering temperature o
f the GDC diffusion barrier layer of claim 1, wherein the LSCF air electrode ¢
omprise the landthanum salt, the strontium salt, the cobalt salt, the iron sal
t, the LSCF nanopowder.

Claim 5:

As for claim 1, the solid oxide fuel cell in which :

first GDC sintering temperature is lower than the first YSZ sintering temper
ature while it spin-coats the solution and it undergoes a sintering process a
nd the solution is formed and it lowers the temperature to the second YSZ s
intering temperature after the sintering treatment of :

YSZ thin film electrolyte layer increases to the first YSZ sintering temperatu
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ZAXNelsto "MPE 1, re and it is performed and it lowers the temperature to the second GDC sint
ering temperature after the sintering treatment of :

A7| YSZ wat M| EEo| AAKE|E M1 YSZ AZAS I ASAIZ|D LM H|

2YSZ AZREZ REE LE 28y GDC diffusion barrier layer increases to the first GDC sintering temperature

and it is performed and the average sintering temperature of :

7] GDC MEH Bl AZNE[= M1 GDC 2AZ2 LT &SA7|12 LEM X2

GDC AZRLEE 25 = LhX0| 28| LSCF air electrode is lower than the first GDC sintering temperature wherei
' n the YSZ thin film electrolyte layer spin-coats the solution including the ytt

A7l K1 GDC AZE= AJ| H1YSZ AZLE O Y. rium salt, the zirconium salt, and the YSZ nanopowder, and :

A7| LSCF 27|30 B3 AZLE = AY| ®|1 GDC AZSEHI} LS 7S EX GDC diffusion barrier layer it undergoes a sintering process and it is formed

oz sl 1y Mg}%oaﬂﬂ XII_ = ° ~= 7= 72 spin-coats the solution including the gadolinium salt, the cerous salt, and th

e GDC nanopowder and undergoes a sintering process and includes it is for
med, and the LSCF air electrode is the landthanum salt, the strontium salt,
the cobalt salt, the iron salt, the LSCF nanopowder.

X3 63t Claim 6:

M5S0 RAO{AM, &7 M1 YSZ AAL2E 9 M7| M2 YSZ AA2E = 242 1050- As for claim 5, the solid oxide fuel cell in which the respectively the first YS
1150 °C % 950-1050 °Cc H<[of AL, Z sintering temperature and the second YSZ sintering temperature are in 1
050-1150 °C and 950-1050 °C range and the respectively :

7| M1 GDbC ié‘%E X M2 GDC 242k = ZZf 1000-1100 °C 5 950-10

50 °C =20 Q2 first GDC sintering temperature and the second GDC sintering temperature
are in 1000-1100 °C and 950-1050 °C range and the sintering temperature
A7| LSCF 27|39 AZ2 &£ 900-1000 °C H9I0| Y= He EXoz sfe 1 Of:

H AFSIE ol 2 XX
i tek= Q=T LSCF air electrode is in 900-1000 °C range.

XM 78k Claim 7:

Mool A0A, &7| LSCF &7|=2 1
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As for claim 6, the solid oxide fuel cell spin-coating the permeant solution s
elected from the solution, and (iii) their mixture on the LSCF air electrode a

~=-

A7 28 MNESS () 2tEls @, AEE2E 9, ALE IS ZostE 8N, (i) Ab  nd undergoes a sintering process and is formed wherein the LSCF air electr
O3 @, AEEE ¥, ALE g2 most= Y, (jii) 0|52 =8 8% Z0|M A ode includes the solution, (ii) samarium salt, the strontium salt, the cobalt s
SHEl S 8N A7) LSCF 37|30 28 IYstn 2AK2|3t0) PMElE 24 alt thatincludes :
EZ2oz 5t= 1N AetE ARHA|, . - :
solution prepreg layer is (i) landthanum salt, the strontium salt, and the co
balt salt the solution prepreg layer is included in the upper portion.
M 8% Claim 8:

H2Eo| AN, A7 YSZ LI 22 AJ| GDC Lt 222 BET £X Z1to| 2 As for claim 2, the solid oxide fuel cell in which the volume content of the n
AUXIA7|= 22 10-30 nm, 10-20 nmO|1; BET &4 Ztof| 2 gHX 2 2zt anopowder is 2-8 volume %, 2-8 volume % based on the YSZ nanopowder,
2+ 140-180 mz/g, 80- 120m2/gOID1 2t xo| A ZEXQ HIO|Z J|Z=0Z AH| L} and the volume in which the respectively the particle size according to the B

ET measurement result is 10-30 nm, 10-20 nm and the respectively the sur
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CEEo 2ol o2 Z44Zf 2-8 £I|%, 2-8 £1|%Q AS EF 22 St= 1AM & face area according to the BET measurement result is 140-180 m 2/ g, 80-
g g,

etz AEHA| 120 m 2/ g and the GDC nanopowder is the final of each layer.

o 9%t Claim 9:

(a) 923 XXM HE0 ySz 2hat M| EHSS YHAI7|= THA, (@) The process for solid oxide fuel cell manufacture in which the average si

ntering temperature of :
(b) &7| YSZ gtat Mol A A0 GDC A HE S HHAl7|= THA,

GDC diffusion barrier layer is lower than that of the average sintering tempe
(c) At7| GDC SAMEH S A0l GDC/LSCF 2852 HAA|7|= |, rature of the YSZ thin film electrolyte layer while being performed by it spin

-coats the solution including it is performed, and (b) step is the gadolinium
(d) A7| GDC/LSCF 235 A0 LSCF 27|22 SHAMA|7|= T2 =3tst= 1 salt, the cerous salt, and the GDC nanopowder by spin-coating the solution
H ASHE GIE XX HREHOZ A including the producing method of solid oxide fuel cell, and (a) step is the y
ttrium salt, the zirconium salt, and the YSZ nanopowder including the step

A7l (a) BHA= O|EE &, X|23%E ¥, YSZ LI 22U mitste S AT A of forming the YSZ thin filn_1 electrolyte Iayer gt the upper part of the anode
El5l1 AZMB|SO M AsE T, supporter, the step of forming the GDC diffusion barrier layer on

(b) YSZ thin film electrolyte, the step of forming the GDC / LSCF multiple la

71 (b) A= 7t=2lEs 8, ME &, GDC Lt-=2S Zedts 845 2T 2E yer on

St AN =N S L,

(c) GDC diffusion barrier layer, and the step of forming the LSCF air electrod
e on

(d) GDC / LSCF multiple layer and undergoing a sintering process and unde
rgoing a sintering process.
HT 10e: Claim 10:
Xoztof AU0IA, 7] YS HE2 A7| YSz g As for claim 9, the process for solid oxide fuel cell manufacture in which the
ot M| A=0| =IH7F 10 o] =M7F 100 nm YSZ thin film electrolyte layer and the YSZ grain size which the GDC diffusio
O|AtO|O{ Ab7| YSZ Eiot st2 §op-10 N barrier layer is formed so that the thickness of the YSZ thin film electrolyt
00 nmo| £ =5 H-g&| 1, e layer is 100 nm or greater and the thickness of the GDC diffusion barrier |
ayer is 100 nm or greater and in the sum total of the thickness of the YSZ t

© N

A7| ySz dob M| AlS 2o ZEtEl YSz Z™ 2 37|74 10-95 nmO| 1, At hin f_iln'_\ eIectronte_Iayer and GDC diffusion barrier layer, 500-1000 nm are
GDC S e = Ljof Z3H8l GDC ZHE 27|17 10-95 nmel 2g §xoz  andisincluded inside :
St= 1N MetE HETX| M= - o

} f = R YSZ thin film electrolyte layer are 10-95 nm ; and the GDC grain size includ

ed inside the GDC diffusion barrier layer is 10-95 nm.

XM 118 Claim 11:
Hostol UM, A7 (c) CHA= (i) 2HEHE ¥, 2AERE O, AYLE @ H A GD As for claim 9, the process for solid oxide fuel cell manufacture which is perf
CLI- 222 Zotste M1 285 N4 8l (i) 7I=2ls 9, ME ¥, LSCF LI=2 ormed by spin-coating the multiple layer solution selected from the second
ate mSISH= M2 23t 2 Zo|A MEHE 23HE o2 ALy| gDC AR multiple layer solution on the GDC diffusion barrier layer and undergoing a

sintering process wherein (c) step includes the first composite layer solution

engpat.kipris.or.kr/pmt/patent/patentRTT.jsp 6/35
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= Ao AT AEISED A 1K M3HE  and (ii) gadolinium salt, the cerous salt, and the LSCF nanopowder that incl
HIHX| M=, ude (i) landthanum salt, the strontium salt, the cobalt salt, the iron salt, th
e GDC nanopowder.
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MR 128 Claim 12:

A, & &, LSCF The process for solid oxide fuel cell manufacture in which it is performed by
spin-coating the solution and undergoing a sintering process and the averag
e sintering temperature of :

== o
ASIE AR K| M ZH, LSCF air electrode is lower than that of the average sintering temperature o
f the GDC diffusion barrier layer of claim 11, wherein (d) step comprise the
landthanum salt, the strontium salt, the cobalt salt, the iron salt, the LSCF
nanopowder.

M 138 Claim 13:

M12=0] U}O0A, A7] (a) THAOIM 47| YSz et M EEo| 2AKX2|&= K1Y As for claim 12, the process for solid oxide fuel cell manufacture in which :
SZ AZRENK] 4EAI7|0 LIM M2 YSZ 24222 258 RF0 =HE|,
first GDC sintering temperature is lower than the first YSZ sintering temper

AM7| (b) SHAO|A 47| GDC SR Z 0| AZKN2|= H1 GDC AZLL/}X| A ature while it lowers the temperature to the second YSZ sintering temperat
SAIZ|0 LI M2 GDC AZREZ2 25 & Y30 £3E|0; ure after the sintering treatment of the YSZ thin film electrolyte layer increa

ses in (a) step to the first YSZ sintering temperature and being performed a
A7| M1 GDC AZ2E = M7 M1 YSZ AZ2EHObs W nd it lowers the temperature to the second GDC sintering temperature after

the sintering treatment of the GDC diffusion barrier layer increases in :
7] LSCF 37|52 B 242=+ &7 M1 GDC 2228 #2 A2 §3

o= st= 1| ﬁ§}§oéﬁ7§jx| ST (b) step to the first GDC sintering temperature and being performed and th

e average sintering temperature of :
LSCF air electrode is lower than the first GDC sintering temperature.
H 148 Claim 14:

130 YOM, &7 M1 YSZz AZ2E Sl &7 H2YSz 2225 = Zt2H 1050 As for claim 13, the process for solid oxide fuel cell manufacture in which th
-1150 °C % 950-1050 °C HH<|of UL, e respectively the first YSZ sintering temperature and the second YSZ sinter
ing temperature are in 1050-1150 °C and 950-1050 °C range and the respec

7| M1 GDC 2Z2% U M2 GDC 2Z2&E = 212 1000-1100 °Cc & 950-10 tively :

50 °C #H0f A2, , o o
first GDC sintering temperature and the second GDC sintering temperature
are in 1000-1100 °C and 950-1050 °C range and the sintering temperature

7| LSCF 37|=2| AZ4 2% = 900-1000 °C HR{Of| U= A2 EFPE S 1 £
K Atete ABTX| HZEUY, or

LSCF air electrode is in 900-1000 °C range.
X3 158 Claim 15:

engpat.kipris.or.kr/pmt/patent/patentRTT.jsp 7135
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Mozof UOA, A7 nH| M3tm HA2HX| HE=HH2 (e) 47| LSCF 87|38 As for claim 9, the process for solid oxide fuel cell manufacture in which :
2o 8 FEES M7= HAE F712 225,

sintering treatment is performed in 900 °C under while being performed by
7| (e) THAl= (i) BtEHE &, 2AEERE ¢, IYE &g Istst= 8, (ji) AHOF  spin-coating the solution including the solution, (ii) samarium salt, the stron
E Y, AERE ¥ JYWE AEG moSl= AU, (jii) 0|52 =8 2 Z0f|A MEH tiu_m sglt, the cobalt salt, and the permeant solutior_\ select.ed b.etween (iii) t
Sl XE 2049 AJ| LSCF 27|20 A™ AESID AANZ|sto2M 3| 0f; heir mixture on the LSCF air electrode and undergoing a sintering process w

herein the process for solid oxide fuel cell manufacture includes :

FX| |7 (e) step is (i) landthanum salt, the strontium salt, and the cobalt salt the st
- e = ep is further that form the solution prepreg layer at the upper part of (e) LS
CF air electrode.

XM 168 Claim 16:

Hogt LHX| H 158 = ol ot SHof| UOIA|, AH7| YSZ LI 22 A7 GDC L2 As for any one of claim 9 through 15, the process for solid oxide fuel cell m
2 LSCF Lt 222 BET =X A1t 2 YXt37|= 242 10-30 nm, 10-20 n  anufacture in which the volume content of the nanopowder is 2-8 volume

m, 50-100 nmO|1; BET &M Z1toj| 2 EHMLS 2+7 140-180 m?/g, 80-1 Yo, 2-8 volume %, 92-98 volume % based on the YSZ nanopowder, the GD

2 _ 2/q0|04: 2+ =0 AF7| Lb4 EOfo C nanopowder, and the volume in which the respectively the particle size ac

ZHOL_le&/Engk,ngg? 2”[‘8/2, JT!.E:I/(: ;_g’ 110, 92-98 H %0l 742‘351('2;"6?: |_T|_ cording to the BET measurement result is 10-30 nm, 10-20 nm, 50-100 nm

;1_| M%g l_oq;; x| A b T ToTE mE e = and the respectively the surface area according to the BET measurement re

EE eEr TR sult is 140-180 m 2/ g, 80-120 m 2/ g, 10-30 m 2/ g and the LSCF nanop

owder is the final of each layer.

I
lo
bt
OB
12

il
r
I=]
i
N
M
|0
tu

Tt 17¢: Claim 17:

HM3&0 UOA, 47| LSCF LI 222 BET &5 Z1to 2 XA 7|+ 50-100 As for claim 3, the solid oxide fuel cell in which the volume content of the n
nmO|1; BET £ Z1t0j| 2 EHHLS 10-30 m2/go|0; Z 9| A0l & anopowde_r is 92-98 volume % based on the yolume in which the particle si
OE J|Z02 AlY| Lt 20to| 21| st22 92-98 21|90l AS EXoz st  ze according to the BET measurement result is 50-100 nm and the surface

1M Atzts HAEFX], area according to the BET measurement result is 10-30 m 2/ g and the LSC
F nanopowder is the final of each layer.

7| =&0F Technical Field
2 eHe 2HA™| J|Hst ATl AR ZF™HO| ot TAHA @M 0|9 X2 & The present invention relates to the structure of the solid oxide fuel cell (Sol
A2 0|28t SN2 2O M ASdte 1IN AM3tE AZ MX|(Solid Oxide Fu id Oxide Fuel Cell, SOFC) operating in the middle low temperature temperat

N

el Cell, SOFC)e| #+Z U H = gtof 25k Z{0|Ct, ure domain using the element formation by the spin coating process of bein
g based on the solution process and its low-temperature sintering and a ma
nufacturing method thereof.

HiE71= Background Art
SOFCE 750 °C O|M9| 52 AE2 L 2 20|00t 07t 22| AX E At2SI0  SOFC comes from the high operating temperature more than 750 °C and it
Of St UEX| AX{o| MA HHQ = O A|SHEO|CT [M2tA O3t =2 X525 does using the expensive separator material and the selection range of the

engpat.kipris.or.kr/pmt/patent/patentRTT.jsp 8/35
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= SOFCe| LT+ = ARt dHds MotA7|= HEHY fU2z &gt
ULt SOFCO| U781t dHgs SHAIZ|7] ?I5t0] 22[E XY Z

£ 2H Y2
= A8t 2SN E 72| 0|29 Cidet 2T E HEE 4 U= 600-700 °C P
M &Sots S2d 1N et HRHEXE /HESts A0l S5t

JefLt, e E FFH 7|E O|ER|of QY3 X| 23 L|O}(yttria-stabilized zir
conia, YSZ) M{|Ho| M= B2 UHNOZ AR 2 lanthanum strontiu
st

m manganite(LSM)A &7|=2]
of ctMXel & XNstE mE =~ giCt.

M HH ZHO M=, O|H d5 XotE i dote StLtel WH2 7t=2|LoF &
4=l M2lot(gadolinia-doped ceria, GDC)Qt 20| &2 FHME 0|2 M=
0| YSz HCt =0t LN M EHES X 8dt= A0|1 CHE StLto| 2 Mol &
2F fI5t0] 7| & YSz Ml ES52| FHE E0|= Ao|Ct.

SHX|QH CiN| M2 A HESHE GDCE MAE0| W2 2 220N HMAHE
de 7| a0 =0 SA2L7(0 &5 5 =
73| 2 M2 (Open Circuit Voltage, OCV)0| %0t EHEX|o| o
CHE 2HEH Z20|E A, 0| E S0 (La,Sr)(Ga,Mg)03.4(LSGM)
2 72 eHgEol FYStn des A 7|5 S| et FEdoME o
F2 S8HRIE 7IX 2 JU7| WZOo| A LtotE HRHX|Q M HZAM 0j< Aot
Kol 380| 7t A2z O & EICH Wat, AT HE1 U= Mo E Iz
SOM HE23E2=t HE2 0 F2H U ofsHy g H0| 7t =3t ATY
£ YSZO0|7| W{Z0j o|0| THHX|o| LHHEDIIL 7hsot A2 2fQlE YSZ T &
S£HE £0|= Ao M= |1 Ut

YSZ FehTol £ME F0|7| Asto] Ches WHO| AI=EQD AR IBSEHo|
ojstof Mool 7| UM Hust & AYK|B BTt AR KOl Sofe| Es SADY
S X8 S YSZ Ho|RBO| STt SF HS| 0[5t2 HOpxIB 7| UYO| HK
o xfotelm 2% CHEX|S OCV7t ZAste PSS HOIELE 012 I=0t| Ao
of Mol FHE SIHAI7IE B 71Zo] 232 olafo] o3t 2o MRS
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sealing material material is very restrictive. Therefore, the high operating te
mperature threatens the durability of SOFC and it acts on the direct reason

decreasing the economical efficiency. It is important to develop the middle t
emperature type solid oxide fuel cell which uses the stainless steel and oper
ates the separator material in 600-700 °C range in which the sealing materi
al can apply the material variety except the glass in order to improve the du
rability and economical efficiency of SOFC.

But if the operating temperature is lowered, because the resistance is drasti
cally increased to the electrode activity degradation of the lanthanum stront
ium manganite (LSM) group air electrode which generally it has been using

as well as the conductivity of the existing yttria stabilized zirconia (yttria-st

abilized zirconia, YSZ) electrolyte the performance degradation of the end ¢
ell cannot be avoided.

In the side which first is transmitted, the ion conductivity applies the electro
lyte excellent than YSZ like the ceria (gadolinia-doped ceria, GDC) in which

one method for solving such performance degradation is doped in the gadoli
nia in the area of middle temperature and the other method reduces the thi
ckness of the existing YSZ electrolyte layer for the reduction of the resistan

ce.

However, if it is exposed to the reducing atmosphere of the fuel anode beca
use it has the electron conductivity in the ring member divide position in wh
ich as to the GDC, applied as the electrolyte the oxygen partial pressure is |
ow, the leakage current is generated and the voltage (Open Circuit Voltage,
OCV) is decreased to the opening of a meeting of the end cell and the perfo
rmance of the end cell is lowered in the world. The high temperature struct

ural stability is expected to be slight in case of another lanthanum gallate gr

oup, for example, (La,Sr) (Ga,Mg) O 3. 4 (LSGM) electrolyte and because it
has with the tolerance range which is very narrow the application which is v
ery restrictive is expected to be available in the chemical compatibility betw
een the fuel anode and the air electrode material as the electrolyte of the s
olid oxide fuel cell. Therefore, the thickness is preferred to reduce the thick
ness of the YSZ electrolyte which the enlargement of the end cell is already
possible because the material in which the structural chemical stability natu
re is most excellent among the applied and transmitted material in the man
ufacturing process temperature and operating temperature is YSZ and is co
nfirmed.

In case of in order to reduce the thickness of the YSZ electrolyte the variou
s method being attempted and the airtightness of the electrolyte being secu
red with the part vacuum deposition method but more applying the econom
ic slurry or the solution process the tendency the airtightness is remarkably
lowered if the thickness of the YSZ electrolyte layer is decreased less than t
he specific range and in conclusion, that OCV of the end cell reduces is displ
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ayed. The object of the first getting the reduction of the resistance through

the reduction of the thickness reaching the thickness of the same range as t
he thick film electrolyte layer by the existing screen printing method increas
ing the thickness which is transmitted it overcomes this can secure the airti

ghtness and is transmitted cannot be achieved.

In the air electrode side, in order to prevent the rising the polarization resis
tance of the air electrode according to the operating temperature degradati

on, the air electrode material applies the mixed conductive oxide including t
he La 1 . x Sr « CoO 3. 4 (LSC), which is the high effectiveness material in w
hich cobalt is contained in the existing LSM theLa ;. xSryCo .y Fe 0O 3
-d (LSCF), the Sm 1 .« Sr « Co 1 O 3.4 (SSC) etc. Among them, in the relat
ive high temperature, it is reported that the LSCF air electrode confirming t
he chemical stability nature is most suitable to the middle temperature typ

e. But if the LSCF air electrode is formed on the YSZ electrolyte, the interfa
ce resistance is remarkably increased to the formation of the insulating oxid
e like the SrZrO 3 or the La ; ZrO 7 through the interfacial reaction generate
d among the manufacturing process and the performance of the end cell is

markedly reduced.

The method for inserting the GDC diffusion barrier layer between the YSZ el
ectrolyte layer and LSCF cathode layer in order to suppress the interfacial r

eaction at the air electrode forming process is mainly applied. However the

method appears as the technical challenge important to already economicall
y form the GDC diffusion barrier layer after the half cell plasticity at the upp
er part of the YSZ electrolyte layer without the additional firing shrinkage wi
thout the deformity. Of course, the GDC diffusion barrier layer which is relat
ively ideal can be formed with the vacuum deposition method but because t
he expensive equipment build-up is necessary the interrogation of being ma
ny that the enlargement of the end cell is possible is left. The processing de
fection is generated with the limit sintering by the half cell substrate sinteri

ng to the layer in which the GDC diffusion barrier layer applying the current
general screen printing method is mostly transmitted with YSZ and is forme
d and it has the problem that the residual pore rate is high and because it is
for the ensuring airtightness and the thickness has to be considerably incre

ased it becomes the rising factor of another internal resistance.

Especially, the problem of increasing the interface resistance due to the soli

d solution formation with YSZ in which the crystalline structure is identical b
ecause the GDC diffusion barrier layer formation process by the existing scr
een printing method demands the firing temperature which reaches almost

1300 °C and is considerably high is embossed. It is necessary to lower the f
ormation temperature of the GDC diffusion barrier layer which can be satisfi
ed the fine structure required in the constraint condition of the half cell subs
trate in order to suppress the solid solution formation with YSZ even when s

10/35



6/22/2019

KIPRIS < At&5 7| A H <

ecuring the airtightness of the GDC diffusion barrier layer with 1200 °C this
harrow.

Summary of Invention
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2 X2l M2 Hz=5dE MEsts Aol

rir
0o
2

DR 5
Avlot e = wojo 82, 2 YSZ M UOM L HefEo REH NS
shes}y| Js HehTo| e 220 ojstol ZHY 37|12 Fo|n BT AYY
57|80t 2 S E RIS Mol NS MZohE], 7|EO 42 ol A K s M
SHOl HBAZ TN LM DEY AES 2ARISH| Aok YSZ BA0| Ly
FHEZ PRI YSZ BAYRE HIkSH0l 7T Ra2io] BOAX Ol FHS st
of 24 Fh5ict

GDC A E3t 7| To| T422 R517| 9o GDC Lhz SR YR} SAE
GDC 22 ALgsto] HOfx ol 7|50 2420 (3% + Y 22T L% 32
32 BAIolol A|UBtE HSen 0N REO| OYAS ARIFN 7| No| 7}
3 2 @2 0K oWy 7130 HHS WAE + YLk £ YSZ B 242
SErh e eR0M ANSORN YSz50| YNFS TEHOE AXSR GDC
ol ZYYS Haste + ULk,

0

S|
GDCO| ¥ Y2 Ert H2 2E0|M &-d3ts|
LSCF/GDC S¢52 &dst 8435S HESIH X
S S 4 QIC}
o= T M .

engpat.kipris.or.kr/pmt/patent/patentRTT.jsp

Problem to be solved

Therefore, the thin film YSZ electrolyte having the airtightness is formed
using the solution process method in which the object of the present
invention does not need the expensive equipment or the starting material
through the spin process on the anode supporter and the GDC diffusion
barrier layer is formed less than 1200 °C without the deformity at low
temperature and the low temperature manufacturing process of the solid
oxide fuel cell forming the LSCF air electrode on the upper portion on the
temperature which is lower than the formation temperature of GDC is
provided.

Means to solve the problem

In first, the YSZ electrolyte, the purpose of the present invention as
described above manufactures the electrolyte which reduces the grain size
with the low-temperature sintering of the electrolyte in order to secure the
structural stability of the electrolyte and , has the thickness which is greater
than the fuel anode grain size. In order to suppress the structural defect
generated in the limit sintered process of the progressed electrolyte under
the binding power of the substrate, it adds the YSZ disperse particle having
the inside binding power in the YSZ solution and it inhibits the absolute
influence of the substrate binding power and it enables to achieved.

By in order to suppress the GDC diffusion barrier layer, moreover, the
binding power of the substrate the local internal stress field corresponding
to the binding power of the absolute substrate using the GDC solution in
which the GDC nanopowder particle is dispersed being formed and the
densification being obtained and holding the anisotropy of the fine structure
back the formation of the anisotropy pore which is most large in the
airtightness affecting can be prevented. Moreover, by being plasticized in
the temperature lower than the firing temperature of the YSZ layer the
grain growth of the YSZ layer the fundamentally can be suppressed and the
grain of GDC can be minimized.

In the air electrode is the forming process, since since the additional grain
growth of GDC and YSZ should not be generated it forms at the
temperature lower than the formation temperature of GDC and it has to
have enough interface coherence the LSCF / GDC intermediate layer is
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formed and the solution process is applied and the low-temperature
sintering is and the purpose can be accomplished.

Specifically, according to one aspect of the present invention, disclosed is
the solid oxide fuel cell in which at least any one is formed by the spin
process among the YSZ thin film electrolyte layer, the GDC diffusion barrier
layer, the GDC / LSCF multiple layer, the LSCF air electrode and the
maximum size of the YSZ grain included inside the YSZ thin film electrolyte
layer is smaller than the thickness of the YSZ thin film electrolyte layer as
the solid oxide fuel cell and the maximum size of the GDC grain included
inside the GDC diffusion barrier layer is smaller than the thickness of the
GDC diffusion barrier layer and the maximum ring member pore size of the
anode supporter is smaller than the sum total of the thickness of the YSZ
thin film electrolyte layer and GDC diffusion barrier layer including the YSZ
thin film electrolyte layer, formed on the anode supporter, and the anode
supporter the GDC diffusion barrier layer formed on the YSZ thin film
electrolyte, and the GDC / LSCF multiple layer formed on the GDC diffusion
barrier layer and the LSCF air electrode formed on the GDC / LSCF multiple
layer.

According to another aspect of the present invention, while being performed
by by the solution including the producing method of solid oxide fuel cell,
and (@) step is the yttrium salt, the zirconium salt, and the YSZ
nanopowder including the step of forming the YSZ thin film electrolyte layer
at the upper part of (a) anode supporter, the step of forming the GDC
diffusion barrier layer on (b) YSZ thin film electrolyte, the step of forming
the GDC / LSCF multiple layer on (c) GDC diffusion barrier layer, and the
step of forming the LSCF air electrode on (d) GDC / LSCF multiple layer
being spin-coated and undergoing a sintering process the solution including
it is performed, and (b) step is the gadolinium salt, the cerous salt, and the
GDC nanopowder being spin-coated and undergoing a sintering process the
process for solid oxide fuel cell manufacture in which the average sintering
temperature of the GDC diffusion barrier layer is lower than that of the
average sintering temperature of the YSZ thin film electrolyte layer is
disclosed.

Effects of the Invention

According to the invention, the YSZ electrolyte, of the thin film which the
reactive gas did not penetrate using the economic solution process and the
solid oxide fuel cell which expressed the high effectiveness in the cool zone
while the formation method of LSCF which did not hinder the structural
stability of GDC and YSZ in the forming process having with the GDC
diffusion barrier layer having the structure of being elaborate of suppressing
the reaction of the LSCF air electrode and YSZ electrolyte and having GDC
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and enough interface coherence was provided and it used the same was
provided.

In the present invention, the expensive equipment or the starting material
is not needed to the low-temperature process and it is not restricted with
the substrate type and size and the interfacial reaction of the interval

t transmitted with the electrode and the deformity caused by the tensile

stress of the substrate can be suppressed and the solid oxide fuel cell in
which the interfacial strength is strengthened can be manufactured.
Therefore it contribute to the yield improvement of SOFC, and the
enlargement and put to practical use.

Description of Embodiments
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According to one aspect of the present invention, the solid oxide fuel cell for
med by the spin process of at least any one spin-coating the precursor solut
ion as the solid oxide fuel cell including anode supporter, the YSZ thin film e
lectrolyte layer formed on the anode supporter, the GDC diffusion barrier la
yer formed on the YSZ thin film electrolyte, and the GDC / LSCF multiple la
yer formed on the GDC diffusion barrier layer and the LSCF air electrode for
med on the GDC / LSCF multiple layer in the sub-layer among the YSZ thin
film electrolyte layer, GDC diffusion barrier layer, GDC / LSCF multiple layer,
LSCF air electrode and sintering is provided.

Here, for the normal operation of the solid oxide fuel cell, the maximum siz
e of the YSZ grain included inside the YSZ thin film electrolyte layer is small
er than the thickness of the YSZ thin film electrolyte layer and the maximu
m size of the GDC grain included inside the GDC diffusion barrier layer has t
o0 be smaller than the thickness of the GDC diffusion barrier layer. That is, n
ecessary that the maximum size of the YSZ grain included inside the YSZ th
in film electrolyte layer fits all conditions of the spin process in order to as
mentioned in the above be smaller than the thickness of the YSZ thin film el
ectrolyte layer and it is necessary that the maximum size of the GDC grain
which similarly is included inside the GDC diffusion barrier layer fits all cond
itions of the spin process in order to as mentioned in the above be smaller t
han the thickness of the GDC diffusion barrier layer.

Besides, in order to be smaller than the sum total of the thickness of the YS
Z thin film electrolyte layer and GDC diffusion barrier layer the maximum ri
ng member pore size of the anode supporter controls the processing conditi
on and the spin process has to be performed and here generally the ring m
ember pore size of the anode supporter corresponds to the grain size of the
fuel anode functional layer and the point it easily measures the numeric val
ue based on disclosure and relevant industry common sense of the present i
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nvention if it is the normal technical engineer or that it can determine is cle
ar.

| S1E = U

E£3|, 47| ySz Hat M| AE ol £ = 100 nm O|A&0|12, 47| GDC S &= Especially, the thickness of the YSZ thin film electrolyte layer is 100 nm or g

Ol =M= 100 nm 0|49l A7t HI2HAISIH, 0] A0 YSZ AXE 9 GDC Z reater and the maximum size of the GDC grain and YSZ grain controls the p

HMElo| XL A7|7F 2+ 9| = ECH AEE ZHRHAS XS ATl 288 4  rocessing condition in order to be smaller than the thickness of each layer a

s5L0jOF SHCH, O|Mmff, Ab7| YSZ gt M A= 0| 4|74 100 nm O|CHRl A9t At nd', in this case, the case of the thickness of the GDC diffusion barrigr layer

7| GDC SHAHEEZ0| E77F 100 nm O|2HOl ZQ0|= 2zt ysz 2ok Ms| &l =1t being 100 nm or greater has to perform the spin process the be desirable. T

Ab7| GDC SHAFRIE =0 2 Z4SHA| O|8HA DM ARK Zsto| LHAISo] =7+ 7| UM hen, it confirmed that in case the thickness of the GDC diffusion barrier laye
o

;‘P‘E‘iﬁf. r and the case in which the thickness of the YSZ thin film electrolyte layer w
as 100 nm under was 100 nm under it was rapid in the YSZ thin film electro
lyte layer and GDC diffusion barrier layer the anisotropy micro architected d
eformity was generated and the inter-layer airtightness could be collapsed.

o
o 3o
S gol

o

CESH AF7| YSZ 2Ha MBI ES Gl AT| GDC EAMEEZE 0| £ 9] B2 500-1000 Moreover, in case the sum total of the thickness of the be desirable, the YS

nm@l Z0| HtZt RIS, A7| ySz 2ok Mo ES 9l A7 GDC A S0 =7 Z thin film electrolyte layer and GDC diffusion barrier layer the sum total of
o| 30| 500 nm D0|2HQl ZHA20|= Nio &0 2 7|2 dAM1t gdg= 2~=0z  the thickness of the YSZ thin film electrolyte layer and GDC diffusion barrier
OISt SE{At0| WSO Z+zto] Zo| Lx M QHY A 0| 23| 214X, 1000 nm layer were 500 nm under 500-1000 nm the strain field due to the pore form
2 A= 0= NS UAZ E5 =2 YAAM MX| AEMS0| 28| H N9 according to the NiO ring member and fuel anod_e contraction were gene
StEl 2~ 9/2S BloISH L, rated and the structural stability of each layer drastically collapsed and in ca

se of exceeding 1000 nm it confirmed through the resistance degredation th
at the battery operation performance could be drastically lowered in the are
a of middle temperature.

o otL|2t, A7| YSz 2hat MejEE LRo| Zetel ysz AZ™E A7|= 10-95 n  Besides, the YSZ grain size included inside the YSZ thin film electrolyte laye
mO| 1, A7| GDC EAAE = LyHof Z&tE GDC ZAE A7|= 10-95 nm@l 4 r was 10-95 nm and it confirmed in case that the GDC grain size included in
O] HIZIRISIH, Ab7| YSZ Bfah M RE Lo Zet=l YSz 22 37|71 95 nm  side the GDC diffusion barrier layer the be desirable, the YSZ grain size incl
2 AL} A7| GDC EHARIEIE =20 ZSEl GDC AA™E 37|7F 95 nm=  uded inside the YSZ thin film electrolyte layer exceeded 95 nm 10-95 nm or
AIISHe A20| 242 YSZ BHOF M| RE0 A7| GDC SR =0 2243}# ojgt the GDC grain size included inside the GDC diffusion barrier layer exceeded
MOMNTEX ZE0| A4S0 Z£7F 7|2UMO| 21| £ 922 SH0I5LC). 95 nm it was rapid in the YSZ thin film electrolyte layer and GDC diffusion b

arrier layer the anisotropy micro architected deformity was generated and t
he inter-layer airtightness could be collapsed.

L CHE 300 [2H, A7| Yysz ghat M| AS52 0|EE ¥, X232 E ¥, YSZ The YSZ thin film electrolyte layer according to another implementation is t
LI 2SS Zstsls 2US AT AL T AZAXNZ|SI0 WD, 47| GDC & he yttrium salt, and the GDC diffusion barrier layer the solution including th
AMBHEES JiE8|5 ¥, ME ¥, GDC LI 222 Zetsle 8MS AT FAES D e zirconium salt, and the YSZ nanopowder is spin-coated and it undergoes a
AKX 2|50} HAME|0f; A7| GDC SHAtRtei=o| I AZAL = AY| ysz gtat  sintering process and the solution is formed are the thing in which the aver
Hoj25e vt 222 E0F *2 40| B X5t age sintering temperature of the GDC diffusion barrier layer is lower than th

at of the average sintering temperature of the YSZ thin film electrolyte laye
r while it spin-coats the solution including the gadolinium salt, the cerous sa
It, and the GDC nanopowder and it undergoes a sintering process and the s
olution is formed is the be desirable.

U A0 =™, 47| GDC/LSCF 2852 (i) 2HEls 8, 2E2E g, ILE  According to one embodiment, the solid oxide fuel cell spin-coating the first
g, ® g, GDC U422 ot M1 225 Y E £ (i) x, M@ composite layer solution in which the GDC / LSCF multiple layer includes (i)
A, LSCF Lt 2%S moste N2 28tE 8Ue Am AEStD AZKXZ|sto] & landthanum salt, strontium salt, cobalt salt, iron salt, GDC nanopowder or t
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ME K AElE AFZHX|7F HSECH O|E E310 L5 S8HES dMetnt A he second multiple layer solution including (ii) gadolinium salt, the cerous s
Of 2t LI 220 Q8 2HME =&t TAMTINE dMa 4= Q= HE9 alt, and the LSCF nanopowder and undergoes a sintering process and is for
IA=30| SHEES SOISHRULE med is provided. Through this, it confirmed that the driving force of the ext

ent of forming enough solid cross linkage with the solution and nanopowder
on the low temperature with forming the internal stress field was secured.

Ct2 FA&0of =23, MAV| LSCF 37|52 ety g, AEE2E 9, AYE &, B  The LSCF air electrode according to the dissimilar implementation is the lan
o LSCF LI 228 Zetsl= 28U AH FEIS D AZAKN2[SI M|, 47| dthanum salt, and the average sintering temperature of the LSCF air electro
LSCF 27|29 i AZARL = AJ| GDC SHrtat#=o| M4 AAd-Hr} Lk de the solution including the strontium salt, the cobalt salt, the iron salt, th

740| BRSO, e LSCF nanopowder is spin-coated and it undergoes a sintering process and
the solution is formed are the thing lower than the average sintering tempe
rature of the GDC diffusion barrier layer is the be desirable.

& OHE A0 2™, &7 YSz Ha M| HES2 0|EE ¥, XI2Z&E ¥, YSZ According to another implementation, in case while the solution in which th
LI 23S Zotsts 2US AT AL T AZAXNZ|SI0 WAHE|T; 47| GDC & e YSZ thin film electrolyte layer includes yttrium salt, zirconium salt, and YS
HHE2 7I=2ls &, ME €, GDC LI 222 Ze5t= 89

, gole Am FEISIT  Z nanopowder is spin-coated and it undergoes a sintering process and the s
~ZANME|S HHEM; 47| LSCF 37|52 ety &, 2EEE ¥ o, olution including it is formed, and the GDC diffusion barrier layer is the gad
M O |SCFLI-2%S ZEsls 2US AT ALSID AZK2|510 HME|D; olinium salt, tl_1e cerous salt, and the GDC n_anopowde_r |s_sp|n-coated and it
Ab7| YSZ BHOF MB[EIZo| AZAN | K1 YSZ AZLEIIK| AFSA LEA A undergoe_:s a sintering process and the solution mcl_udlng it is formed, aljd th

SEIALK o] Az e LSCF air electrode is the landthanum salt, strontium salt, cobalt salt, iron

I
2YSZ 2BELR 255 RF0| FBE F20; 871 GDC AHT salt, LSCF nanopowder is spin-coated and it undergoes a sintering process a
XE|le % ALK AL A|F| D LIM & AHREE 22 L ! o ) co 2>
12| 1 GDC ~2 Xl &SAl7]a LEM K2 GDC £ = = =T nd the solution is formed and after the sintering treatment of the YSZ thin fi

A3l PN AHAD T L ALY AAD Cle LbT. AFY . ) ; !
g TO—T'—El;:H:ILOO Ej;:' i\(;DQCE “2*775;1 e E\\;SéEEEEl_ _E% ;“2’:;' ooil Im electrolyte layer increases to the first YSZ sintering temperature the tem
LSCF 57|52 8¢ £82&= J7] M1 GDC £22 PR2 AS 582 perature is lowered to the second YSZ sintering temperature and it is perfor

ot= M| ttetE A2HX7L MSE. med after the sintering treatment of the GDC diffusion barrier layer increas
es to the first GDC sintering temperature the temperature being lowered to
the second GDC sintering temperature and being performed the first GDC si
ntering temperature is lower than that of the first YSZ sintering temperatur
e and the solid oxide fuel cell in which the average sintering temperature of
the LSCF air electrode is lower than that of the first GDC sintering temperat
ure is provided.

-

o Ao EH, 47| M1 YSZ 2Z2% S M7 H2YSZ 2Z25+& 242 10 According to one embodiment, it is in 1050-1150 °C and 950-1050 °C range
50-1150 °C % 950-1050 °C #HJo 1; 47| X1 GDC 2ZARE % X2 GDC and the first YSZ sintering temperature and the second YSZ sintering tempe
AZARE = 22F 1000-1100 °C X 950-1050 °C (0] U2 0; A7| LSCF 27| rature the first GDC sintering temperature and the second GDC sintering te

Jo| AZAL L= 900-1000 °C HO| Q= ZHS EXROCE sl TN AtstE oz mperature the solid oxide fuel cell which is in 1000-1100 °C and 950-1050

— -

MX|7} M2 St °C range and in which the sintering temperature of the LSCF air electrode is
in 900-1000 °C range is provided.

CIE A50of EH, M7| LSCF S7|=2 1 450 8 NESS =Lotstn; 4 According to the dissimilar implementation, while the solution including the
7l 8 XMNESL2 () 2Els ¥, 2EZRE ¥, AYE HS Zost=E Y (ji) AtOF  solution, (ii) samarium salt, strontium salt, cobalt salt in which the LSCF air
B QY AEEE ¥, ALE P2 most= YW (i) 0|52 =8 8% Z0|A Med electrode includes the solution prepreg layer is included in the upper portio
g KB S AJ| LSCF 27|20 AT FESIT AZKXa|510] HME|0f; A n, and the solution prepreg layer is (i) landthanum salt, the strontium salt,
AZANE|= 900 °C O|THO| M £3lE|= 7S EXOCR st X ASIE ABFX|7} an_d the cobalt_salt, and the permeant _solution selected_ between (iii) th_eir _
R ZEICH LSCF 27|2 AE0|| LSC £ SSC 22 Am AEstn AZKXz|stoy Mixture are spin-coated on the LSCF air electrode and it undergoes a sinteri

ng process and the solution are formed the solid oxide fuel cell in which the
engpat.kipris.or.kr/pmt/patent/patentRTT.jsp 15/35
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sintering treatment is performed in 900 °C under is provided. LSC or the SS

C solution prepreg layer spin-coating LSC or the SSC solution at the upper p
art of the LSCF air electrode and underwent a sintering process and was for
med could be included and the low temperature operation performance of t

he fuel cell was improved with this and but it confirmed that in case the sint
ering temperature was 900 °C or greater the grain grew in the LSCF air elec
trode or the sub-layer and the inter-layer airtightness was drastically lowere
d.

In the solid oxide fuel cell according to the some implementation of the pres
ent invention, it is 10-30 nm, 10-20 nm, 50-100 nm and it is 140-180 m 2/

g, 80-120 m 2/ g, 10-30 m 2/ g and the YSZ nanopowder, the GDC nanopo
wder , and the LSCF nanopowder the particle size according to the BET mea
surement result the surface area according to the BET measurement result

the volume content of the nanopowder the solid oxide fuel cell which is 2-8

volume %, 2-8 volume %, 92-98 volume % is provided based on the volum
e which is the final of each layer. Here, in the volume content of the nanopo
wder is the salt solution, the volume content of the nanopowder is meant b

ased on the total volume of the solid powder remaining after heat treatmen
t and 2-8 volume % is derived from the nanopowder in other words, YSZ an
d GDC among the solid phase volume of the final membrane and rest 92-98
volume % is derived from the salt solution. It is the meaning that 92-98 vol
ume % is derived from the nanopowder in LSCF among the solid phase volu
me of the final membrane and rest 2-8 volume % is derived from the salt s
olution.

According to another aspect of the present invention, while being performed
by by the solution including the producing method of solid oxide fuel cell, a
nd (a) step is the yttrium salt, the zirconium salt, and the YSZ nanopowder
including the step of forming the YSZ thin film electrolyte layer at the upper
part of (@) anode supporter, the step of forming the GDC diffusion barrier la
yer on (b) YSZ thin film electrolyte, the step of forming the GDC / LSCF mul
tiple layer on (c) GDC diffusion barrier layer, and the step of forming the LS
CF air electrode on (d) GDC / LSCF multiple layer being spin-coated and un
dergoing a sintering process the solution including it is performed, and (b) s
tep is the gadolinium salt, the cerous salt, and the GDC nanopowder being s
pin-coated and undergoing a sintering process the process for solid oxide fu
el cell manufacture in which the average sintering temperature of the GDC
diffusion barrier layer is lower than that of the average sintering temperatur
e of the YSZ thin film electrolyte layer is provided.

According to one embodiment, the YSZ thin film electrolyte layer and GDC d
iffusion barrier layer are formed so that the thickness of the YSZ thin film el
ectrolyte layer is 100 nm or greater and the thickness of the GDC diffusion

barrier layer is 100 nm or greater and in the sum total of the thickness of th
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e YSZ thin film electrolyte layer and GDC diffusion barrier layer, 500-1000 n
m are and the YSZ grain size included inside the YSZ thin film electrolyte la
yer is 10-95 nm and the GDC grain size included inside the GDC diffusion b
arrier layer is the be desirable 10-95 nm.

(c) step according to the dissimilar implementation the process for solid oxi
de fuel cell manufacture which is performed by spin-coating on the LSCF air
electrode and undergoing a sintering process is provided the multiple layer

solution selected from the second multiple layer solution including (i) landth
anum salt, the first composite layer solution including the strontium salt, th
e cobalt salt, the iron salt, the GDC nanopowder, and (ii) gadolinium salt, th
e cerous salt, and the LSCF nanopowder.

According to another implementation, by the solution in which (d) step inclu
des the landthanum salt, strontium salt, cobalt salt, iron salt, LSCF nanopo
wder being spin-coated and undergoing a sintering process it is performed
and the process for solid oxide fuel cell manufacture in which the average si
ntering temperature of the LSCF air electrode is lower than that of the aver
age sintering temperature of the GDC diffusion barrier layer is provided.

According to one embodiment, while after the sintering treatment of the YS
Z thin film electrolyte layer increases in (a) step to the first YSZ sintering te
mperature the temperature being lowered to the second YSZ sintering temp
erature and being performed and after the sintering treatment of the GDC d
iffusion barrier layer increases in (b) step to the first GDC sintering tempera
ture the temperature being lowered to the second GDC sintering temperatur
e and being performed the first GDC sintering temperature is lower than tha
t of the first YSZ sintering temperature and the process for solid oxide fuel c
ell manufacture in which the average sintering temperature of the LSCF air
electrode is lower than that of the first GDC sintering temperature is provid
ed.

According to the dissimilar implementation, it is in 1050-1150 °C and 950-1
050 °C range and the first YSZ sintering temperature and the second YSZ si
ntering temperature the first GDC sintering temperature and the second GD
C sintering temperature the process for solid oxide fuel cell manufacture wh
ich is in 1000-1100 °C and 950-1050 °C range and in which the sintering te
mperature of the LSCF air electrode is in 900-1000 °C range is provided.

According to another implementation, while being performed by the solutio
n including the solution, (ii) samarium salt, strontium salt, cobalt salt in whi
ch the process for solid oxide fuel cell manufacture includes the step of for

ming the solution prepreg layer at the upper part of (e) LSCF air electrode i
s further, and (e) step is (i) landthanum salt, the strontium salt, and the co
balt salt, and the permeant solution selected between (iii) their mixture bei
ng spin-coated on the LSCF air electrode and undergoing a sintering proces
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s the process for solid oxide fuel cell manufacture in which the sintering tre
atment is performed in 900 °C under is provided.

In the process for solid oxide fuel cell manufacture according to the some i
mplementation of the present invention, the YSZ nanopowder, the GDC nan
opowder, and the LSCF nanopowder are the particle size according to the B
ET measurement result is 10-30 nm, and the surface area according to the
BET measurement result it is 10-20 nm, 50-100 nm are the volume content
of the nanopowder based on the volume which the respectively is 140-180

m2/g,80-120 m 2/ g, 10-30 m 2/ g and the final of each layer is 2-8 vol
ume %, 2-8 volume %, and 92-98 volume % the be desirable.

Hereinafter, the detailed description is more presented about the invention.
In advance, in order to apply the YSZ electrolyte in which the thickness is t
hin to the middle temperature type solid oxide fuel cell it has to be satisfied
the structural stability standard of two kinds of.

First, for the structural stability at the manufacturing process, if it is greater
than the grain size of the electrolyte then the thickness of the electrolyte la

yer always does. The thickness of the electrolyte which ensures the structur
al stability since the size of the grain is on the increase if the firing tempera

ture increases as the first function of the firing temperature in which in conc
lusion, the size of the grain governs the grain growth about the same mater
ial cannot help increasing. Therefore, it can be most called the ideal to lowe
r the firing temperature in order to satisfy the first structural stability stand

ard. That is, if the grain growth of the electrolyte is suppressed through the
low temperature cofired and the grain size is reduced, it corresponds to that
and the thickness of the electrolyte can be reduced. In this kind of side, it is
very profitable to manufacture the electrolyte layer with the solution proces
s method reducing the firing temperature in comparison with the existing p

owder processing.

While the nickel oxide of the fuel anode (generally, the NiO-YSZ composite)
is reduced to the metal nickel if the solid oxide fuel cell is put into in the op
erating environment with the first stability criterion depending on the correl
ation of the grain size and the transmitted thickness the pore is formed. Su
bsequently, the electrolyte layer in which the redistribution occurs through t
he sintering and the grain growth and the metal nickel exists at the upper p
art of the nickel oxide grain is exposed to the pore. It becomes the state m
echanically supported by the YSZ grain within the fuel anode in which the el
ectrolyte layer exposed to the pore by the formation of the group ball exists
in the pore around. The YSZ electrolyte layer which the pressure stress stat
e is to the direction in which the above-described YSZ electrolyte layer is tr
ansmitted because the sintering and the grain growth of the metal nickel in
duce the volume contraction of the fuel anode and is exposed to the pore d
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oes the upwardly swollen elastic deformation (buckling) under the compress
ive stress. Then, because it is puts on the tensile stress state to top and bot
tom if the connectivity with the YSZ grain of the YSZ electrolyte and fuel an
ode are not sufficient the mechanical damage can occur and if it is serious t
he interface with the YSZ electrolyte layer of the pore edge and fuel anode
can develope into the delamination defect. If it is greater than the size of th
e fuel anode pore generated with the ring member then the second stability
criterion suppressing such defect occurrence immediately, the thickness of t
he electrolyte does.

Consequently, it is the effective method which it secures the structural stabi
lity of the electrolyte in the manufacturing process and operation process to
manufacture the electrolyte reducing the grain size with the low-temperatur
e sintering of the electrolyte and has the thickness which is greater than th
e fuel anode pore size and it can maintain. But it is a very difficult subject t
o0 manufacture the transmitted layer which is completed after the plastic pro
cess like the time using the solution process method under the binding pow
er of the substrate in which the structure is already completed. Off-taste, it
has the electrolyte layer in which the volume and shape are changed with t
he firing shrinkage because contraction as to the substrate, in which the sin
tering is completed does not occur for the plastic process of the electrolyte |
ayer at all with the binding power of the substrate under the tensile stress fi
eld. The firing shrinkage of the parallel direction as to the electrolyte layer,
which is the oxide having the brittle is limited under such tensile stress field
in the substrate surface and it is only allowed only the firing shrinkage to th
e vertical direction. Therefore, the tendency that the pore and grain are sel
ectively progressed as the perpendicular direction is shown like most of thin
films which it is plasticized under the substrate binding power in the substra
te. The e-process was schematically shown in fig. 1. Because the role that t
he electrolyte of the solid oxide fuel cell prevents the mixing of the air of th
e fuel gas of the fuel anode and air electrode has to be performed the factor
hindering the airtightness suppressing the gas mixing of the air electrode a
nd fuel anode becomes as to the pore, which in the substrate perpendicularl
y develops.

In conclusion, it is the element which forms the electrolyte layer in which ha
s the airtightness to suppress the structural defect generated in the limit sin
tered process of the progressed electrolyte under the binding power of the s
ubstrate and is most important. It is the tensile stress field where the kerne
| of the substrate binding power is applied on the surface of the substrate to
the parallel direction in the transmitted layer and the directionality of this st
rain field determines the orientation of the sintering fine structure. Therefor
e, the stress distribution within the electrolyte layer has to be changed in or
der to inhibit the influence of the tensile stress field formed in the electrolyt
e layer. For this, the fine structure is selective direction is necessary to supp
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ress being progressed as the direction in which by the binding power of the
isotropy being interior given and suppressing the absolute substrate binding
power which affects which in the densification and fine structure developme
nt of the electrolyte layer.

L S2Eo| Mo HM|AES LMot THELUQURIE AHO|O| 2ZAMO| WA If the powder particle in which the sinterability is low between organization
LI Q= SoIXIE EAA|Z|H 7| X|AbOF EAMAL QIXFOl AAM Kbof| 9|8t LS powder particles in which the formation of the internal stress field configure
S HIMA|Z 4 QICH 0|9 242 QT2 & 20f LIEILYQICt YHtM oz L2282 s the electrolyte layer or having no is dispersed the internal stress can be g
o] A7|= EAQIXIO| A 7|9} shako|| o|80f X|HiE| 22 7|m 430 MOj&ol ¢ enerated by the sinterability difference of the disperse particle and matrix p
S oS HEO| 2A|IA L SBAS A & 9/ HAOIXlo| 37|98t  hase. This kind of principles was shown ip fig. 2. General.ly, size and content
2te W2 3t} of the disperse particle forming the local internal stress field of the extent w

hich suppresses the absolute fluence of the substrate binding power since t
he size of the internal stress is controlled by size and content of the dispers
e particle are required.

ES|L EUZHO A= 0|2t 22 7|m A&HS AN Y = Y= X H 5 82 Especially, in the solution process, the formation of the local internal stress
ol Mo 1R =3 Aste oict, 2oz HAM e ghoto] g2 Tp&0o|  field suppressing this kind of substrate binding power the critically importan
M L7122 XA OIS EAMEE MM E2e 20|M YUXIEM AZFA =20l Of trole. In the thermal budget of the thin film formed into the solution proces
o Ix|oF ©7| 20| stak0| OfL 7| IR0 YN 2| - Aol Bm4=0| AC}, S, becau_se the sinter drive power as to the_precursor powder, which_is form_
HIO|2280| ACt= L 10HE MAK 2%o] EXMAUL 7} HCH= HS o0/t ed after it removes the organic compound_ls very large as the ultrafine part!
Ol 22Ut S20| 71X H S LEO| SFAMO| EIte Jh=Ajo] At 74 cle but there is much content of the organic compound the volume contracti
S O|O|IC}, LB =2 AATIEHS B A|ZI0| B2 ST HO0M AHAZO| on at the thermal budget is large. It means that the non-uniformity of the fi
T . e A " lling structure is most likely to increase while meaning the that the charge d
OOz A0|7| WZ0f E7Y STFZO0| DM A= A dE5to AT . . . .
of Ao = A JHSAO| DjS ICHe AS o|O|sict, et SUDYS =5 ensity of the precursor powder is that much low thing that the volume shrin
glﬁT;ﬁTm Of’l_oiE OT;*HXI ;2 Xﬂ;:ﬁle "—I*H)\I‘I_" lo*kl ” E;'; EI-CE>2|-O7?O|OLH king rate is large if the tension in which this is uneven is applied. Moreover,
sASEY me oE= CoNE = AlRor] T il 2o = it means that the possibility the particle defect easily grows in the dispersio
8 paag JixlE BAXIE Holsto] BN 20| J|B po2ol HojEo & o interi : : :
o ;X_‘* C 74Io_ s i Con ‘='MI_E| HMM'—OIXT_"E " ;0I-‘-|. n filling structure because the sintering contraction occurs in the time to be
&= AXSh= 20| 2ast L "il f ‘-'—‘EOLT'—"— -(—)l‘l'—"— g BAs iﬂf S iO'Z short in the narrow temperature range and that the high sinter drive power
ZQOIX|2 2717t P22 SR S0M DA 20 AHOF WS SHBS & grows to the deformity of the critical dimension is very large. Therefore, the
g4 = At 8RS FoM d=ls TAH 2= 27|17t = Li0lH #?IY¥S  disperse particle having the inside binding power is added and as described
nE{stH 2AAXe 7| =4 L0y HER B0 S22 3252 &A1 2 above, it to produce the transmitted film of state without the critical defect
SHEAZ AHS0 DM F=xo| ol LS Xt MM R SEd2 X[  through the solution process is necessary that the precursor powder suppre
Sl Yo 2 M3A|Z 4= QUCH AXZ O|2st 2K ozt SHY 8839  sses the absolute influence of the substrate binding power. The disperse par
37|= 7|5 =0 ost QIS 20| H|sl| OFF XX|OF &2F2 =JHA|7|H 22X ticle dispersed in the precursor powder is the same composition but if size i
CZ HME|L SBEEo| B2 7T AA0| oSt L Rto| MLYX Ol ko o/t 0] s large than the ultrafine particle formed from the precursor then size can f
HEAM O| M| Lol WErS ARX|SHAH =i, orm the internal stress field. It can convert into the direction which enough

forms the local small scale strain field even if as to the size of the disperse
particle, only about dozens of nanometer is if it considers that the size of th
e precursor powder synthesized in the solution process is the number nano
meter range and holds the anisotropy development of the fine structure bac
k and on the whole, aims at the isotropy. If it is small in comparison with th
e tensile stress field by the substrate binding but such size of the isotropic s
tress field by the disperse particle in fact increases the content the locally fo
rmed total of the strain field suppresses the development of the anisotropy
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fine structure by the absolute influence of the strain field by the substrate b
inding.

AN 2 BEMUAXLY ot 2EXNMO| 2HEAL MY HMoZ2= KB =2 £ 2 In fact, the effect that the local stress field by the disperse particle globally

X8t O &1h= 7|To| f=Rlutsto 20| XUt £ 2 J 7 ZAA|7|= HHH 7|Te| reduces the densification speed but the effect reduces the densification spe

HEHHISEO 2= HO| =XYSIK| U= AE[O| A|USH £ E 2|7 o|O0|QY= £Z ed to the vertical direction of the substrate rather increases the densificatio

X| SN | = &2 7R} £ Q7|2 HHLXE I} 400 °C 0|8Fo] MH20jA N speed of the state nearly nonexistent the parallel of the substrate to the |

AOLITM MAK 20| AL XS 20 EAMAL QIXI0| O3t 22X 23 evel having is brought. Moreover, if the organic material removal temperatu
[=;

k>
>~
N

[ I - Lo d . . . .
RS MK ELQKIZ} 7|mo| A0 |50 RHHY LA O|HtAd %xl_-l?-}— re considers that the precursor pOWder IS formed, Whlle it occurs |e.SS than 4
_ x 00 °C at low temperature the local stress field by the disperse particle suppr

tX= AS AHSt FHHoz TN 22 YAte STTLZE Lo o

= " = Lo s " o that the precursor powder particle has the anisotropy filling structure
82 BICh ChA| ZoHD, M200A 87|12 AL ROBsE serst| m2o 7|a  S555° . .
o= - Ly il = — (L
Do) o3t SBAS MK SOt O|Xfo| K{LHHS X|HISIA| E|H S RrO| OfttA while it rearranges with the binding power of the substrate and on the whol

e, the filling structure of the precursor powder particle serves to be uniforml
ot Sukiol Ly SRS A(ol lmol ol olural aime amel swy 1 T e e peceuee the organic mat
JYS Ue SHY2Z BoA|7|H, 0|5 S WA A MY HO| THE I o3| removal accompanies the volume change the re-ordering of the precur
Mol 284 12A dojutn 2= M3N 2L UXe EHFZE #L5HA Z sor powder particle therefore has the anisotropy at low temperature. But th

= ot= AO0|CH 2= 2 20| Z2 ity gAtel 242 Sall Tl E &9 OIM T e internal stress field of the isotropy by the disperse particle diversifies the

AO| HUtS Y = A1 0| Sl ol 20| ozt o|LH 2 anisotropy strain field by the above-described substrate to the strain field w
42 AME = ALt hich considerably has the isotropy tendency and it evenly serves to occur th
rough the membrane integral in which through this, the precursor particle r
e-ordering is transmitted and in conclusion, the filling structure of the precu
rsor powder particle serves to be uniformly done. In conclusion, the equaliz
ation of the thin film fine structure transmitted through the dispersion of th

e disperse particle in which the sinterability is low can be promoted and thr
ough this, the generation of the anisotropic process defect by the anisotrop
y sintering can be suppressed.

W20 A 22 XS] WS = o|L-dS 7hA[A &L dgLy, 2ibed Xt

= |

AL YSZ Mol & AMCHAO|A LI 22 24 BWHS ARSI EHFHE M 2351  One end, in the formation step known with YSZ, the formation of the anisot
o FRlo| 7|2 ENQI 7|UM S QY= o|gtM 7|29 HME AdX e 4= QUCE.  ropy pore which threatens the airtightness which is the basic features of the
OlEtN 7|22 AN|5IH ZEE 37|12 Hojsts Z40| M| 2 to| =) E ZANSI= electrolyte if it applies the solution process using the nanopowder dispersio

BT B0 22 AZZQEE XD AXME 37|90 A S E3 Ms|& ato| =74 n solution can be suppressed. It becomes the variable determining the thick
2 A|ABISH A Q17| W2 0|Ct SIX| A|MSIEl YS7Z FMB|R Qto] AM T = 1000- Ness of t_he film which is transmit'ted to con_trol the grain si_ze if it suppresse

1100 °C O3 ZAE F7|= 2 10-95 nm HE0|7| {20 M3|= oto| == & S the anlsotr_opy pore. In <_:on_c|u5|on, t'hc_a thlckqess of.the fllm transmitted b
0| 100 nm O|AFO|O{OF BICH. O|EfA O|MTLEE HS QHFS| QR[S 4 9= y the reduction of the grain size pe rTnnlm'lzed if tr_me_ sintering temperature i
- L N L s lowered. The thickness of the film in which the firing temperature of the fil
38 ZUOM= 2= 288 A7|%0| 2 MohE I FHE 2Fsi= Hr0ln= m transmitted with current optimized YSZ is transmitted because 1000-110
EIFMO FIHHQl A EE0| LOILEX| Qi= EXe| 22 =7F0| Eas|irt, P

0 °C the grain size is about 10-95 nm has to be at least 100 nm or greater.
In the processing condition which can completely suppress the anisotropy
micro architected deformity, in conclusion, the control of the thermal anneal
ing temperature in which the additional grain growth at the subsequent pro
cesses does not occur since it is the variable in which it determines at least
transmitted film thickness only the grain size is needed.
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HE 28E A7|ECt 2 FHE 7IX|= Mol & £8 dMstHete X7 FEE It confirmed although the layer which was transmitted to go to the thicknes
Ao £ 5|0 gd220o| =k2l0] YoLIH MG E X2 Nio2| =HRI0|A gAist= 7| s which was greater than the grain size was formed if the end cell was put i
237|9t HE 32 =0 o3 L Ao FTS HHA =S SHOISIACEH e 7|29 nto in the operating stage and the ring member of the fuel anode occurred,
A71= |22 AZANC AXE A7\ ol =St 2o M= J|sM=0| A being affected of the strain field by the pore size in which the electrolyte lay
X2 37|7} 500 nm 0|PH0| 2 2 Ml &ZX0| S 500 nm O|Ato|ojof 3t2 &t er was generated in the _ring memb_er of the NiO ‘_':md fuel anode contrac_tion.
OISIQILt AN Z YSZ MBI& =o| == j Because the nearly was identical with the grain size of the fuel anode sinter
&2 FMO0| 1.1 V O|AtO 2 O 248 M3||E ! ed body since the grain size of the fuel anode functional layer was 500 nm

== ' ° TorTeE EE under the size of the ring member pore confirmed that the thickness of the

C
AL electrolyte layer had to be 500 nm or greater. In fact, if the thickness of the
layer known with YSZ was formed at about 500-1000 nm range, the voltage
confirmed with the opening of a meeting securing the transmitted airtightne
ss which was quite excellent over 1.1 V.
At 7ol = EiX|g = Q= 71U ySz M| EZo| Ao AFE|H LSCF One end, when the formation of the airtightness YSZ electrolyte layer preve
227|210 g}stHE2 S by| Qs GDC EHAHEEIE 0| s M0| T siCH GDC &E nting the mixing of the gas is completed, the formation of the GDC diffusion
=0 QLS HYU QAXAHO| 27|22 HMZHOYA 7|2 Aol ¢A0|29| kA2 barrier layer for preventing the chemical reaction with the LSCF air electrod
ote 2 9l M o| XSt MEE QFSICH GDC SHAHAIHE=O| HMIZ ™ML ysz € |s The GDC barriel_‘ one end req_u_ests_: the elaborate state gf th_e extent in
Mo &=0} DFAH7FR| 2 7|EHo| 4 3{0| GDC 29| AZS X|9A|7|= goloz & Which best, the requirement specification can prevent the diffusion of the ca
25101 0|8t O\ M TEO| WEro| 7| LA Xsjol 7k = @olo|ct, matA, gpc  tion of the air electrode material in the air electrode formation process. Whil
=5 YSZ =1} OHHFX| 2 GDC L B2 QIX}7F 2ALEl GDC 2AUS ARSI & e the binding power of the substrate the formation process of the GDC diffu
R Ol 7|TFo| R& 0] CJSat & 9/ 2EX Lj= SHAS SAMsL0] K| Ustel  SON barrier layer works like the YSZ electrolyte layer on the factor delaying
s o e T Lo e 2 = the sintering of the GDC layer the development of the anisotropy fine struct
0| M 70| O WS SMEo =M 7|0 7hY 2 P2 OjX|E oY 7|Z9] e fortor Which e most it of the aitiahthess amediment. Theref
SIS HIX|BH 2 OIC}. 3k YSZ 20| AMSE SOt e 2o AMstoz ure is the factor which is most big of the airtightness impediment. Therefor

2o e, by the GDC layer forming the local internal stress field corresponding to t
M yszs2l & = N =  he binding power of the absolute substrate using the GDC solution in which
M2 GDC 52 2g2=+& 2 1000-1050 °C HP{OM - = A2H, ZHEY  the GDC nanopowder particle is dispersed like the YSZ layer and holding the
27|= % 50-60 nm O|5t2 HO{E == AL} [MEtA, RO m2tM= GDC &4t anisotropy of the fine structure and densification back the formation of the
B FHE £ £ 50-100 nm7HX| = &Y = UCE GDC2l 242 =71 1000- anisotropy pore which is most large in the airtightness affecting can be prev
1050 °c E 07| 20 YSzeto| NEX HES 3u[stHME O F/HE H @™  ented. Moreover, by being plasticized in the temperature lower than the firin
ANSEH =HSt= Z40| 7}=6}LC}. g temperature of the YSZ layer the grain growth of the YSZ layer the funda
mentally can be suppressed and the grain of GDC can be minimized. In fac
t, about 1000-1050 °C range the firing temperature of the GDC layer can re
gulate and the grain size can control less than about 50-60 nm. Therefore, t
he thickness of the GDC diffusion barrier layer can reduce even the minimu
m 50-100 nm according to the need. It is possible relatively to freely contro
| the thickness even when the solid solution formation with YSZ is avoided b
ecause the firing temperature of GDC is 1000-1050 °C range.

= _/I\_ =
UEHE 2EH2ZE YH5tn GDCol ZHE S Haste

o

YSZ FSIES Q0 Mol SAMEHE P29 GDCe YSZeF ™A XTI =4St The structural similarity was large as much as YSZ and crystalline structure
I 20 D8NS WHE 4+ US M2 XN SAM0| A0, AN Z GDC could be identical and GDC which was the diffusion barrier layer material for
AHES yg7 M| E=0| EAMSH GDCR YSZE O|20{K|= AHE 2431 A  ming on the YSZ electrolyte layer can form the solid solution at the high te

MM (interface coherency)S 7HR|BHAl &BH Z3t20] 2481 A HE 3Asg  mperature and it confirmed while it had the interface consistency (interface
SIOISIQIC Q1A AHIRO| O3 243t AW ZAstAHL ys7 M| &1} GDC & coherency) in which the interface consisting of GDC and YSZ was excellent i
=
=

|
0] Ho| YKH|BIE|0] HESH= LE240| £ 0| EX02 TME MS|EZES 0| f the GDC barrier was formed on the YSZ electrolyte layer in fact building u
- p the interface in which the junction coupling force was excellent. In the pre
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sent invention, the electrolyte layer which consisted of this distromatic whil

e it became the motive power in which the YSZ electrolyte and GDC barrier

were integrated in the nearly and the strong interface coherence by the con
tinuity interface structure paid a visit was called the bilayer electrolyte and t
he interface consistency of such bilayer electrolyte confirmed that it was not
thickness of the YSZ monolayer but the structural stability about the group

ball depended on the total thickness of the bilayer electrolyte. That is, the g
rain size of each configuration layer could maintain the structural stability a

mong the manufacturing process if it was smaller than the thickness of the i
ndividual customization layer and it confirmed that the structural stability of
the electrolyte layer was determined by the total thickness of the bilayer ele
ctrolyte if the group ball was generated. Therefore, in the YSZ monolayer el
ectrolyte, the YSZ layer more than 500 nm which was the group court noble
corresponding to the grain size of the fuel anode functional layer had to be f
ormed. However it confirmed that the structural stability of the electrolyte c
ould be maintained in the ring member pore if the thickness sum of the dist
romatic was 500 nm or greater in the bilayer electrolyte. If the total thickne
ss of the bilayer electrolyte having the structural stability considering the ri

ng member pore size is determined as 500 nm the transmitted with various
thickness combinations of bilayers structure is possible to establish the stru
cture because it can control at 100 nm or greater which is the structural sta
bility standard on the individual layer thickness manufacturing process of Y

SZ and GDC in the range of the total thickness.

The formation of the air electrode has to satisfy following conditions. Firstly,
although the thin film transmitted with the thickness and the bilayer having
the fine structure satisfied the structural stability standard at the processing
procedure and operation process is formed if the additional grain growth is

generated in the air electrode formation process the structural stability of th
e individual customization layer cannot guarantee. Therefore, in the temper
ature lower than 1000-1050 °C which is the GDC formation temperature, it i
s necessary to develop the oxygen pole manufacture process forming the ai
r electrode. So that the structure of the LSCF air electrode which is the mix

ed conductive oxide to the utmost secure the surface reaction area with the
second, branch has to have the pore structure in which the transmission of

the possible air can be smoothly made with the structure the possible and h
igh surface area. Various non-spherical particles of specific surface areas ha
ve the surface area which is much higher in comparison with the spherical p
article but the primary particle which is near to the rectangle in which the s
pecific surface area is low is structurally stable in the high temperature stru
ctural stability side in comparison with the non-spherical particle. Therefore,
it is necessary to obtain the LSCF grain size of the optimal size which can m
aintain the geometric stability in the manufacturing process and driving tem
perature if it assumes the spherical particle having the structural stability. T
hirdly, if enough connectivity is given between these constituent particles th
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en the structural stability of the porosity air electrode can be secured in the
stack in which the external force is applied.

Finally, the LSCF air electrode has the structural stability and the GDC barri
er and the strong interface coherence for the security of the electrochemical
performance. And it means it maximizes the number of solid cross linkage i
n which it has to form the possible and many solid - solid cross linkage in or
der to secure the interface coherence with the GDC barrier in other words, t
he congener of the cathode layer and GDC barrier is connected it can maxi
mize the interface coherence that it is the method for increasing the interfa
ce coherence that this inserts the GDC / LSCF multiple layer into the center
of the LSCF cathode layer and GDC barrier. Through this, the number of soli
d cross linkage the solid cross linkage between the LSCF grain of the solid ¢
ross linkage between the GDC barrier and inside of the multiple layer the G
DC grain and inside of the multiple layer LSCF and cathode layer become m
aximizeds can be increased. The point these all conditions are made in the s
intering temperature 1000-1050 °C or less satisfying the first condition that
it can guarantee the structural stability of the bilayer electrolyte has to be p
aid attention to. In order to secure enough interface coherence with the GD
C barrier through the low-temperature sintering the LSCF powder and soluti
on are gone side by side with the LSCF cathode layer with the insertion of t
he above-described GDC / LSCF intermediate layer and it applies and it can
solve. The interface coherence can be maximized because the number of so
lid cross linkage in the composition it can minimize the grain size if it applie
s the solution process and the low-temperature sintering is and similar if th
e grain size is smalls can be increased. Moreover, it is possible to when appl
ying the solution process even when the dispersion sintering by the sinterin
g speed difference of the precursor powder formed from the LSCF powder a
nd LSCF solution occurs and the grain growth of the LSCF powder itself sup
presses at the low-temperature sintering the connectivity be increased with
the sintering of the precursor powder between the LSCF powder particle an
d secure the structural stability of the air electrode.

But in this case, it is possible to add the be desirable, the pore-forming age
nt to form the micropore channel for the gas permeability security which ca
n offset this because it cannot avoid the reduction of the pore size in case o
f reducing the size of the LSCF powder and maximizing the surface area an
d form the continuous pores structure of the pore size which is relatively bi

g.

In the LSCF air electrode formed in this way, the high effectiveness air elect
rode material including LSC or SSC etc. is done for the improvement of the

additional low temperature operation performance with the impregnation (in
filtration) and the electrode activity is higher than LSCF it heat-treats in the
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Zirconium acetate solution in dilute acetic aci
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Dimethylformamide [DMF, C3H;NO]
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Water [H,0]
Aceylacetonate [Acac, CsHgO5]
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temperature lower than the formation temperature of the LSCF air electrode
and the composite air electrode can be formed.

Hereinafter, the invention is particularly illustrated through the embodimen
t. But the embodiment is nothing but the example of the invention. The inv
ention is not restricted.

Embodiment .

Manufacture and evaluation of the fuel anode suppported end cell con
sisting of the YSZ thin film electrolyte, GDC diffusion barrier layer,
GDC -LSCF multiple layer , LSCF air electrode manufactured with the
embodiment 1. solution process .

(1) The manufacturing method known with YSZ having the structur
al stability.

In advance, the acetylacetonate is added in the dispersion solvent
which before manufactures the zirconium acetate and the yttrium ni
trate which dissolves at water as the solvent as ethanol, and the dr

ent for 30 minutes after doing the mixing at a room temperature an

d it is stirred over 6 hours. The pH value of the YSZ solution manufa
ctured in this way maintained about approximately, 4. Until it 2M is

concentrated in 150 °C hot plate the YSZ solution manufacturing eva
porates. This is christened the YSZ salt solution.

After the YSZ salt solution manufacturing PVP which is YSZ nanopo
wder (the particle diameter : 10-30 nm, the specific surface area: 1

60m?2/ g, and the fuelcellmaterials com) and dispersing agent add

coated is prepared for. In this way, the YSZ solution adding the YSZ
nanopowder and manufactures is christened the YSZ dispersion sol
ution. The composition of the YSZ dispersion solution and YSZ salt s
olution showed in the table 1.

The component The amount it does It the reverse is nam

ed
Yttrium nitrate hexahydrate[Y(NO3)5-  Y0.152%0.8501.93
6H,0] Precursor
(8YSz)=2 M
Zirconium acetate solution in dilute ac
etic acid
Dimethylformamide[DMF,C3H,NO] 1.4 M Solvent
Ethanol [EtOH,C,HO0] 0.62 M Solvent supplementa

| agent
Water[H,0] 0.5 M Solvent
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Nano-YSZ powder (X =A}:fuelcellmaterials)
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Aceylacetonate[Acac,C5HgO5] 0.27 M Complexing agent

Nano-YSZ powder(Manufacturer: fuelc
ellmaterials)

Polyvinylpyrrolidone[PVP,(CgHgNO) ]

5 vol% Nanopowder

25 wt% of the nano-

powder Dispersing agent

(Mn=10,000)

On the other hand, the NiO-YSZ substrate and the NiO-YSZ function

al layer coating the YSZ solution manufactured like the lower part. I
t was little more elaborate the NiO-YSZ functional layer was sintere
d after doing the formation (1400 °C, 3hours) and the NiO-YSZ gran

ule made the liquid condensation process the NiO-YSZ substrate of t
wo stages inclined structure was made after doing the hot pressing

in the upper part with the screen printing method.

Each YSZ solution was coated on the niO-YSZ upper part of substrat
e obtained in this way in the spin coater. The coating was performe
d to the YSZ dispersion solution two times YSZ salt solution 1 time
YSZ dispersion solution two times total 5 times 2000 rpm and it drie
d after the angular step in the air atmosphere to 200 °C. After the Y
SZ thin film coated heated to 1100 °C it dropped to 1000 °C without
the holding time and it heat-treated for 12 hours and the structure
known with the final YSZ was obtained.

The surface of the thin film known with YSZ it manufactured accordi
ng to as a method and scanning electron microscope photo of the cr
oss-section were shown in each drawing 3 aand 3 b . As shown int
he figure, it could confirm that the YSZ thin film formed the elaborat
e fine structure without the pin-hole in spite of the non-uniform sur
face of the substrate even when being very uniform.

(2) The manufacturing method of the GDC diffusion barrier layer ha
ving the structural stability.

The acetylacetonate is added in the gadolinum nitrate dissolved at
water and the mixed solvent which before manufactures the cerium
nitrate as the solvent as ethanol, and the dryness control agent cum
the solvent as DMF, and the complexing agent for 30 minutes after
doing the mixing at a room temperature and it is stirred in 1 hour. T
he pH value of the GDC solution manufactured in this way maintaine
d about approximately, 4. The GDC solution manufacturing ages at
90 °C hot plate for 3hours. The fine structure caused by the fast vola
tility of the gadolinium ion of the cracking shape is reduced through
this ripening process and point can control the thickness of the GDC
thin film through the modulation.
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Gadolinium nitrate hexahydrate [Gd(NO3) Gdo.2Ceq.801.9

#183#H,0] 274
3 2 (GDC) = 0.1 M
Cerium nitrate hexahydrate [Ce(NO3)3#1
83#H,0]
Dimethylformamide [DMF, C3H;NO] 1.0719 M 20
Ethanol [EtOH, C;HgO] 0.6274 M S0j2xH|
Water [H,0] iM 20j
Aceylacetonate [Acac, C5HgO5] 0.4428 M A3
xt3lSt2 0l 23
Acetic acid [AC, C,H,0,] 0.363 M At i‘;}}%*i
=
Glycerol [C3H5(0OH)3] 5 wt% HEZHHA
- - ipitation2 £ %
Nano-GDC powder (co-precipitation2 2 H| 5 vol% Lhgat

x)
Polyvinyl lid PVP,(CgHgN
olyvinylpyrrolidone [ 1(CeHoNO)n] 10 wt% of the nano-

d
(Mn = 10,000) powder
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The GDC solution which it adds the glycerol which is the dryness co
ntrol agent after the GDC solution manufacturing GDC nanopowder
(the particle diameter: about 10 nm, and the specific surface area :

97 m 2 / g) which manufacture with the coprecipitation method and
PVP which is the dispersing agent adds and it irradiates for 10 minu
tes with supersonic waves and it coats is prepared for. The composi
tion of the GDC solution showed in the table 2.

The amount it do
es

Gdg.>Cep g0;1.9

The component It the reverse is named

Gadolinium nitrate hexahydrate

Precursor
[Gd(NO3)3-H50]
31372 (GDC)=0.1 M
Cerium nitrate hexahydrate[Ce(N
03)3°H,0]
Dlmethylforma(r:]lde[DMF,C3H7N 1.0719 M Solvent
Ethanol[EtOH,C,HgO] 0.6274 M Solvent supplemental agent
Water[H,0] iM Solvent
Aceylacetonate[Acac,C5HgO5] 0.4428 M Complexing agent
. . The complex compound and
Acet d[AC,C5H,0 . P
cetic acid[AC,C2H40,] 0.363 M solubility increase
Glycerol[C3H5(0H)3] 5 wt% Dryness control agent
Nano-GDC powder(The co-precipi 5 vol% Nanopowder

tation manufacture)
Polyvinylpyrrolidone[PVP,(CgHgN

0),] 10 wt% of the na

no-powder Dispersing agent

(Mn=10,000)

It spin-coated on the upper part known with YSZ the GDC solution o
btained in this way was obtained in 1 step to about 2000 rpm. The d
rying performed in 300 °C after each coating step using the RTP (Ra
pid thermal processing) and until the desired thickness consisted of
approximately, 80-100 nm 1 time coating thickness of the GDC solut
ion controlled the coating frequency. After the GDC diffusion barrier
layer coated heated to 1050 °C in the air atmosphere it dropped to 1
000 °C without the holding time and it heat-treated for 12 hours.

The surface of the GDC diffusion barrier layer manufactured accordi
ng to as a method and scanning electron microscope photo of the cr
oss-section were shown in each drawing 4 aand 4 b . As shown int
he figure, it could confirm even when the GDC diffusion barrier laye
r was very uniform forming the elaborate fine structure which there
was no with the deformity (defect).
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(3) GDC/LSCF AH AEH S SF4A|7|= GDC 2% 24 LSCF 82| =/dut
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OS2t DMF, OIMI ROt EHIO| E2L OLMIELS] E8 BOHE H20|AM 30 & &
QHmutoh 2 Fof offeh T HMH, AEEE HAME, ALE i H Hi
AS Z4Z AM M= =010 HItstn 4=20AM 6 A7t miEH5l0| LSCF 8
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VPE ZtZ} ®7IPH £ 10 & S =30 ZASI| EEZ8 GDC/LSCF 84S &
H|$HCt, GDC/LSCF 82| =42 & 30j LIEFLHACE.
4g s o g
Lanthanum nitrate hexahydrate [La(NO3)3 La°'65r0'4c3°°'2|:e0'80
#183#H,0] BT
(LSCF) = 0.035 M
Strontium nitrate [Sr(NO3),]
Cobalt nitrate hexahydrate [Co(NO3),#18
3#H,0]
Iron Nitrate Nonahydrate [Fe(NO3)3#183
#H,0]
Dimethylformamide [DMF, C3H;NO] 0.5588 M 0y
Ethanol [EtOH, C;HgO] 0.37 M SojEZH
Water [H,0] 0.6 M Soj
Aceylacetonate [Acac, C5HgO5] 0.1588 M A3
Acetic acid [AC, C,H405] 0.2834 M &ﬂX":LFBHE
Nano-GDC powder (;(;-precipitationsi H| 45 vol% Loy
Polyvinylpyrrolidone [PVP,(CgHgNO),,] 10 Wt% of the nano-p .

d
(Mn = 10,000) owder

0|¥7| ¢o{Z! GDC/LSCF 842 THA| 20| M 20{Tl GDC &F FHS {0l of
000 rpm2E 23| A% ALSIQCE 2t [ O F, A== R

0°ColM HASRien, 3™ FH = tHE 50 nm 0|52 &7|5

$2 O|X|X| oA 37|33 GDC EAEH B0 A HetAS FAAL
=5 5L
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(3) The composition and application example of the GDC powder dis
persion LSCF solution raising the GDC / LSCF interface coherence.

Ethanol and DMF, and the mixed solvent of the acetic acid and acety
lacetonate the lanthanum nitrate, dissolved at water the strontium
nitrate, and the cobalt nitrate and iron nitrate are added for 30 min
utes after doing the mixing in the mixed solvent which it before ma
nufactures at a room temperature and it is stirred in 6 hours and th
e LSCF solution is manufactured. After the GDC nanopowder manufa
ctured with the coprecipitation method and PVP which is the disper
sing agent are added in the LSCF solution manufacturing the GDC /
LSCF solution which is the ultrasonic irradiation for 10 minutes and
coated is prepared for. The composition of the GDC / LSCF solution
showed in the table 3.

The amount it do
es
Lag gSro.4C0p,>Fe
Lanthanum nitrate hexahydrate[L 0.803
a(NO3)3-H,0] Precursor

(LSCF)=0.035 M

The component It the reverse is named

Strontium nitrate[Sr(NO3),]
Cobalt nitrate hexahydrate[Co(N

03)2°H,0]
Iron Nitrate Nonahydrate[Fe(NO3
)3'H>0]
Di hylf i DMF H-5N

imethy °rmag1]'de[ 1C3H7 0.5588 M Solvent
Ethanol[EtOH,C,HgO] 0.37 M Solvent supplemental agent

Water[H,0] 0.6 M Solvent

Aceylacetonate[Acac,C5HgO5] 0.1588 M Complexing agent

Acetic acid[AC,C,H40,] 0.2834M  Thecomplexing agent and s

olubility increase

Nano-GDC powder(The co-precipi
tation manufacture)

Polyvinylpyrrolidone[PVP,(CgHgN
0)nl 10 wt% of the na
no-powder

45 vol% Nanopowder

Dispersing agent

(Mn=10,000)

It spin-coated at about 2000 rpm in two times on the GDC expansio
n barrier in which the GDC / LSCF solution obtained in this way was
obtained in 2 step. The drying performed in 600°C after each coatin

g step using RTP and the coating thickness did not affect less than a
pproximately, 50 nm in the air electrode performance degradation a
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Lanthanum nitrate hexahydrate [La(NO3)3#183# 0;

3%
H,0] A
(LSCF) = 0.4 M
Strontium nitrate [Sr(NO3),]
Cobalt nitrate hexahydrate [Co(NO3),#183#H50]
Iron Nitrate Nonahydrate [Fe(NO3)3#183#H,0]
Etylenediaminetetraaecticacid [EDTA, (Cy1gH;16N> 0.3 M At oHH|
0g)]
Citric aicd [CA, (CgHgO7)] 0.6 M -1 |
. . pH =3
Ammonium hydroxide [NH,O0H] pH = 10 |
HZg 8H2 70 °COlA| 3 AlZH iHIAZI 2 100 °CE 2EE SN SIR & &
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nd the interface coherence of the GDC diffusion barrier layer and air
electrode improved.

(4) The composition and application example of the LSCF powder di
spersion LSCF solution maximizing the surface area and air transmi
ssion rate of the LSCF air electrode.

In advance, after the ethylenediaminetetraacetic acid is put and eac
h LSCF precursor salts are added in the ammonia solution of 300 ml
it is stirred in at a room temperature for 30 minutes. After the citric
acid is added in the solution manufactured after it mixes for 3hours
the pH is proper using the ammonia solution until 10 becomes. The
composition of the LSCF powder manufactured showed in the table
4.

The amount it doe It the reverse is na
s med

Lag,eSro.4C0q.2Feq

The component

Lanthanum nitrate hexahydrate[La(NO3)3-
H,0]

803 Precursor

(LSCF)=0.4 M
Strontium nitrate[Sr(NO3),]
Cobalt nitrate hexahydrate[Co(NO3),-H,
0]
Iron Nitrate Nonahydrate[Fe(NO3)3-H50]
Etylenediaminetetraaecticacid[EDTA,(C;¢

0.4 M Complexing agent
H;16N203)] P 929

Citric aicd[CA,(CgHgO7)] 0.6 M Complexing agent
Ammonium hydroxide[NH4OH] pH=10 PH modifier

After the solution manufactured is time stirred in 70 °C 3 the temper
ature is raised to 100 °C and it ages for night. While it goes to 250
°C by increasing the temperature the solution which it is precocious
dries. The dry powder incinerates under 3hours in 700 °C after doin
g the constitution. The ultrastructure photo and XRD measurement
result of the powder manufactured according to as a method were s
hown in figures 5 and 6. The respectively the particle size and surfa
ce area of the LSCF powder measured by BET were 54 nm and 17 m
2 / g Lee. It could observe in fig. 5 that the LSCF powder having the
particle size less than 100 nm was manufactured and as shown in Fi
gure 6, it could confirm that the LSCF powder which there was no w
ith the second phase was manufactured.

Next, the lanthanum nitrate, dissolved at water the strontium nitrat
e, and the cobalt nitrate and iron nitrate are added in the mixed sol
vent which it before manufactures for 30 minutes after doing the mi
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20| Soffst EF HMAH, AEEE MY AYWE EMHT ofo|AH EMHZ 242t  xing at a room temperature and the propanediol, the methoxyethan
M M =35t =200 H7lstn A20A 6 A|Zt mutstC}, M=t |_s F 290 ol, and the mixed solvent of the acetic acid and acetylacetonate are
LSCF Lt 220} 2AH| S 2tz M7I510] 30 2 SO X210} ZAs 3, A|HEtM  stirred in to produce the coating solution for the LSCF air electrode
x1|g|. HIQIGE Y1 32 EoF WaASICE, WS LSCF U0 7|:-_ougx1| X7}t by at a room temperature with 6 hours. After the LSCF nanopowder
S CHA] 312 O US| X3 LSCF 28U S Z=H|3IC}, LSCF 8Ad0o] xMe §  and dispersing agent are added in the LSCF solution manufacturing
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L
Lag 6Srp.4C0og.>Feq g0
Lanthanum nitrate hexahydrate [La(NO3) 0.6770.4 3 0.27%0.8

3#183#H,0]
(LSCF) = 0.2 M
Strontium nitrate [Sr(NO3),]

Cobalt nitrate hexahydrate [Co(NO3),#18

3#H,0]
Iron Nitrate Nonahydrate [Fe(NO3)3#183
#H,0]
1,3-Propanediol [C3HgO5] 2.3 M
2-Methoxyethanol [C3HgO5] 0.98 M
Water [H,0] 0.34 M
Aceylacetonate [Acac, C5HgO5] 0.35 M
Acetic acid [AC, C;H405] 0.53 M

Nano-LSCF powder (%SlEE2Ho 2 HxX) 95.384 vol%

Polyvinylpyrrolidone [PVP,(CgHgNO) ] 10 Wt% of the nano-

(Mn = 10,000) powder
Hydroxypropyl ceIIu(I;])se [HPC, M,=80,00 2 Wt%
Polyvinyl butyral 79 [(CgH1405),1 5 wt%
Triton X-100 [C44H55,0(C5H40),(n=9-1 2 Wt%
0)]
M= LSCF 842 T 30|A €0{Zl GDC/LSCF 23S
o2 AW IAYSQICE 2 2L T ¥, AZE RTPS 0|8310] 60
sigon, Asts £t 8 Uit 2 ASE ZUHYCL 2YY

2 950 °COf|M 2 A|ZH S 2ASIAACY
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IYZ 20 2F 2000 rpm

and it irradiates for 30 minutes with supersonic waves the surfacta
nt and binder are put in and it mills for day. The LSCF solution whic
h a day more mills to the again after it adds the pore-forming agent
in the LSCF solution milled and it coats is prepared for. The composi
tion of the LSCF solution showed in the table 5.

o st .
0= The component The an;te):nt itd It the reverse is named
LK Lag,6Sro.4C00.2F
A Lanthanum nitrate hexahydrate[La(N e0.803
. Precursor
03)3°H,0]
(LSCF)=0.2 M
Strontium nitrate[Sr(NO3),]
Cobalt nitrate hexahydrate[Co(NO3),
*H,0]
Iron Nitrate Nonahydrate[Fe(NO3)3-
gy H20]
IjEXH| 1,3-Propanediol[C3HgO5] 2.3 M Solvent
204 2-Methoxyethanol[C3HgO,] 0.98 M Solvent sup;r)‘ltemental age
xH315HE
ﬂ_};':_;' i‘HE Water[H;0] 0.34 M Solvent
ot [
- Eg;} ° Aceylacetonate[Acac,C5HgO5] 0.35 M Complex compound
- - The complex compound an
L} 2ok Acetic acid[AC,C,H,40 . S
=g ! 1d[AC,C2H40] 0.53 M d solubility increase
Nano-LSCF powder(The complex com o
LA pound method manufacture) 95.384 vol% Nanopowder
Polyvinylpyrrolidone[PVP,(CgHgNO),,
. 0,
7|3ddH| 1 ];‘(;;v:_g’o‘x;:f Dispersing agent
ZSHN| (Mn=10,000)

Hydroxypropyl cellulose[HPC,M,,,=80,

HHEA 000] 2 wt% Pore-forming agent
Polyvinyl butyral 79[(CgH1405),1] 5 wt% Binder
Tri X-1 H H =9-
riton 00[C14H250(C2H40)n(n=9 2 wt% Surfactant

10)]

The LSCF solution manufacturing spin-coated at about 2000 rpm on
the GDC / LSCF coating layer obtained in 3 step. The drying perform
ed in 600 °C after each coating step using RTP and until it became t
he desired thickness the coating frequency was controlled. The LSC
F cathode layer coated sintered in 950 °C for 2 hours.
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The surface of the LSCF cathode layer manufactured and scanning e
lectron microscope photo of the cross-section were drawn accordin

g to as a method with each drawing 7a, and 7b and it showed for th
e drawing 7 c . As shown in the figure, the LSCF cathode layer form

ed enough pore in which the gas passed and it could observe that th
e cathode layer in which LSCF of the small particle size caused by th
e LSCF salt solution and LSCF of about 200 nm particle size which w
as relatively big caused by the LSCF powder were mixed and having
about 5 pm thickness formed. It means with it means that the speci
fic surface area of the whole LSCF cathode layer in which this conta

cted the air gas became maximized operating to the thickness whic

h relatively is thin in comparison with the LSCF cathode layer manuf
actured with about 20 pym thickness as the air electrode.

(5) The performance evaluation of the end cell consisting of the YSZ
electrolyte manufactured with the solution process, GDC diffusion b
arrier layer, and the GDC / LSCF layer and LSCF cathode layer.

After the NiO-YSZ anode supporter substrate was cut according to 2
X2 cm size after it spin-coated 5 times according to the manufacturi
ng method of the YSZ thinfilm structure written in 1 step as it sinter
ed 1100-1050 °C and the film known with YSZ of about 400 nm thic
kness was obtained it coated according to the manufacturing metho
d of the GDC diffusion barrier layer which here was written in 2 step
and it sintered in 1050-1000 °C lower than the sintering temperatur
e of the YSZ electrolyte and the GDC diffusion barrier layer of about
350 nm thickness was manufactured the GDC / LSCF layer was desc
ribed on the manufactured GDC diffusion barrier layer in *** 3 in or
der to increase the interface coherence with the LSCF cathode layer
, it coated and the GDC / LSCF interface combination increment laye
r less than about 50nm was manufactured and the end cell consistin
g of the LSCF cathode layer sintering in 950 °C in which the sinterin
g temperature was lower than that of the YSZ electrolyte layer and
GDC diffusion barrier layer at 2 hours according to the LSCF method
manufacturing AIR electrode which finally described in 4 step after
doing 8 time coating and had the thickness of about 5 pm was manu
factured the manufactured end cell had the air electrode area of abo
ut 1.5x1.5 cm. In the flux of the air of the hydrogen of the fuel ano
de using the current collector of 1x1 cm size and separator and air
electrode is 200 sccm this, it meant that the performance evaluatio
n was performed through 500-650 °C this result was shown in fig. 8
it compared with the YSZ electrolyte printing screen of about 10-15
pm thickness which generally was manufactured in 650 °C to 1.116
V and the OCV value of the YSZ thin film +350 nm GDC barrier havin
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Samarium nitrate hexahydrate [Sa(NO3)3#183#H,0]

Strontium nitrate [Sr(NO3),]
Cobalt nitrate hexahydrate [Co(NO3),#183#H,0]
Ethanol [EtOH, C;HgO]
Water [H,0]
Urea [C;H405]
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g the thickness of about 400 nm obtained the OCV value which ther
e was no with loss as shown in 8 the YSZ electrolyte which this valu
e manufactured with the solution process steadily operated as the e
lectrolyte the performance of the end cell manufactured with moreo
ver, the solution process showed the performance which it was sup
erior and refined than in 650 °C to about 850 mW and it showed tha
t the GDC diffusion barrier layer well suppressed the interfacial diff
usion reaction of the cathode layer and electrolyte and it showed th
at the GDC / LSCF coating film improved the interface coherence so
that the low-temperature sintering of the LSCF air electrode was po
ssible finally the performance equaling the LSCF air electrode printi
ng screen of manufactured 20 pm thickness the visibility could be c
onfirmed in spite of the LSCF air electrode, moreover, the thickness
which was relatively thin called 5 pm.

Manufacture and evaluation of the fuel anode supppor
ted end cell consisting of the YSZ thin film electrolyte
manufactured with the embodiment 2. solution proces
s , GDC diffusion barrier layer , and GDC -LSCF multipl
e layer and SSC are dipped to the LSCF air electrode .

(1) At low temperature, the composition of the SSC solution penetra
tion (infiltration) for the performance improvement of the LSCF air
electrode and application example

To produce the SSC permeant solution, the samarium nitrate, and th
e strontium nitrate and cobalt nitrate were added in the mixed solv

ent of ethanol and water and urea was put and 30 segregation mixe
d after doing the mixing in 3 times normal temperature. The compo

sition of the SSC solution manufacturing showed in the table 6.

The amount it d
oes

) Sao_5Sro_5C003

The component It the reverse is named

Samarium nitrate hexahydrate[Sa(NO3

Precursor
‘H,0
3H20] (8YSZ)=2 M
Strontium nitrate[Sr(NO3),]
Cobalt nitrate hexahydrate[Co(NO3)5>-H
20]
Ethanol[EtOH,C,HgO] 0.81 M Solvent
Water[H,0] 0.375 M Solvent supplemental a
gent
Urea[C;H405] a4 M Complex compound
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It spin-coated at 1500 rpm in 4 times on the LSCF cathode layer ma
nufactured in 4 in which the SSC solution manufacturing preceded s
tep of the embodiment 1 and it infiltrated and it heat-treated in 600
°C after each coating step using RTP.

(2) The performance evaluation of the end cell consisting of the SSC
penetration and the YSZ electrolyte, GDC diffusion barrier layer, GD

C / LSCF layer, LSCF cathode layer manufactured with the solution p
rocess.

Generally, after the manufactured NiO-YSZ anode supporter substra
te was cut according to 2x2 cm size the film known with YSZ spin-c
oated the YSZ dispersion solution on 1 time and sintered 1100-1050

rding to the manufacturing method of the YSZ thin film written in 1
step of the embodiment 1. Here, according to the manufacturing me
thod of the GDC diffusion barrier layer written in 2 step of the embo
diment 1, it coated in the total 4 times and it sintered in 1050-1000
°C lower than the sintering temperature of the YSZ electrolyte and t
he GDC diffusion barrier layer of about 350 nm thickness was manuf
actured. As the GDC / LSCF layer was described on the manufacture
d GDC diffusion barrier layer in 3 step of the embodiment 1 in order
to increase the interface coherence with the LSCF cathode layer, it
coated in two times and the GDC / LSCF interface combination incre

2 7|22 o= 1N MFHEHX|E T ment layer less than about 50nm was manufactured and the LSCF c

athode layer sintering in 950 °C in which the sintering temperature
was lower than that of the YSZ electrolyte layer and GDC diffusion b
arrier layer at 2 hours according to the LSCF method manufacturing
AIR electrode which described in moreover, 4 step of the embodime
nt 1 after doing 8 time coating and had the thickness of about 5 pm
was manufactured. According to the manufacturing method of the S
SC permeant solution written in 1 step of the embodiment 2 on the
manufactured LSCF cathode layer, the SSC solution was permeated
with 4 times and it heat-treated at 600 °C and the end cell for the so
lid oxide fuel cell done based on the solution process was manufact
ured. In order to ascertain the effect of the SSC impregnation, the e
nd cell which SSC was not dipped together manufactured. Manufact
ured end cells had the air electrode area of about 1.5x1.5 cm and th
e flux of the air of the hydrogen of the fuel anode and air electrode
performed the performance evaluation using the current collector a
nd separator of 1x1 cm size in 200 sccm in the range of 500-650 °C.
The performance result at 650 °C was shown in fig. 9.

In the OCV value of about 100 nm YSZ thin film electrolyte +350 nm
GDC diffusion barrier layer as shown in Figure 9 is 650 °C, it can kno
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25C 0 w that the through-thickness of the GDC layer and YSZ does not arri
9l 7 ve to 500 nm and OCV low shows up as 0.89V than the embodiment
YSZ Mo”2 £

5| ssc g&o| &
=M, 0l= ss

1 with about 1V in case SSC is not dipped in case of being dipped. H
owever, in 650 °C, in that case, the performance value showed up as
1.2 W without the SSC impregnation and it high showed up than the
embodiment 1. The thickness of the YSZ electrolyte thinned down in
comparison with the embodiment 1 to about 1/4 this is presumed. E
specially, in case of being dipped to SSC the performance value high
as 1.72 W was shown in spite of lower OCV. The evidence which can
confirm that the SSC penetration reaches the positive effect on the
air electrode performance becomes as to the this.

Brief explanation of the drawing
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Figure 1 is a diagrammatic view about the deformity the thin film fo
rmed under the limit sintering influence of without the local internal
stress field substrate with the solution process has.

Figure 2 is a diagrammatic view about the principles that the defor

mity is suppressed at the thin film being formed by the solution pro
cess in case of forming the local internal stress field with the disper
se particle.

Figure 3 is a surface (the drawing 3a) of the thin film transmitted fr
om 1 step of the embodiment 1 with YSZ it manufactures and scann
ing electron microscope photo of the cross section (the drawing 3b)
of the invention.

Figure 4 is a surface (the drawing 4a) of the GDC diffusion barrier la
ver manufactured in 2 step of the embodiment 1 and scanning elect
ron microscope photo of the cross section (the drawing 4b) of the in
vention.

Figure 5 is a scanning electron microscope photo of the LSCF powde
r manufactured in 4 step of the embodiment 1 of the invention.

Figure 6 is X ray diffraction analysis result of the LSCF powder man
ufactured in 4 step of the embodiment 1 of the invention.

Fig. 7 is the scanning microscope photograph of the air electrode fo
rmed into the LSCF powder dispersion LSCF solution manufacturing
in 4 step of the embodiment 1 of the invention. Figure 7a is a low re
solution photograph, and the drawing 7b is the high power photogr
aph of the surface of the surface. Figure 7c is a photograph of the cr
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oss section.

It is the graph showing the voltage-current - electricity measureme
nt value of the end cell in which the solution process base SOFC unit
battery manufactured of Figure 8the invention is driven in 650-500
°C and obtained.

Figure 9 is graph showing the voltage-current - electricity measure

ment value in which the end cell of the case of being not with the ca
se in which SSC is dipped at the LSCF air electrode in the solution pr
ocess base SOFC end cell which in the above preferred embodiment
2, it manufactures at a rate per the invention is driven in 650 °C and
obtained.
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