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ABSTRACT

NiO-YSZ anode-supported single cell was prepared by spin-coating YSZ and LSM slurries as electrolyte and cathode, respectively.
Dense YSZ electrolyte film was successfully prepared on the porous NiO-YSZ anode substrate by tuning pre-sintering temperature
of NiO-YSZ and co-firing temperature. The thickness of YSZ film was controlled by the solid content of slurry and coating cycles.
The experimental conditions affecting on the thickness of YSZ film was discussed. Single cells with the active electrode area ~0.8 em®
were prepared by spin-coating the cathode layers of LSM-YSZ mixture and LSM consequently as well. The effects of the pre-sintering
temperature and thus the microstructure of NiO-YSZ substrate on the current-voltage characteristics of co-fired cell were investigated.
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screen-print, vacuum casting, spray coating, tape-casting
5ol qEAH AzwyolH 2o} spin-coating
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SFXAY YSZ AL AZ37] Y3le] NiO (99.97%,
High Purity Chemicals, Japan) ¥ YSZ (TZ-8YS, Tosoh,
Japan) &2 HES T3t tl&3 FE9 NiO-YSZ 7]
He AzsYoh AFAAA = G Aol A4 =g
Bojgh M) olygl Majd/AT AvdolA Y AFE
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AZ AZRD. NiO-YSZ = 713 $¢9] spin-coating & 7
A2 sluryE Azst7] A8, YSZ A8 H(TZ-8YS,
Tosoh, Japan)yS YA o] ZHA 2 XA} A F
2220 E3sle] 2427 A% ball-milling3tch. F7HE
AAe 43 YSZ B 3R FHFL sy F&
S} spin-coating®l] 218 & FAE AAste 2] H
22 9dx AZRE A% FHstE 24 HEXLA I
ATt YSZ AAE 9o FAE 2] ) LI EY
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£ coatingstd T2 (co-firing)dt F HAF F4 FAE
SEMo. 2 #AZH3IHH.
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Fig. 1. Photograph of NiO-YSZ substrate and NiO-YSZ/YSZ/
LSM single cell prepared by spin-coat.
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Fig. 2. Shrinkage of NiO-YSZ substrate by sintering as a
function of firing temperature.
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Fig. 3. SEM micrographs of (a)top surface and (b)cross-
sectional surface of YSZ film prepared by spin-coating
YSZ slurry on NiO-YSZ substrate pre-sintered at 1200
and co-firing at 1400°C for 3 h.
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Table 1. Experimental Parameters to Prepare YSZ Films on NiO-YSZ Subsirate by Spin-coat and the Thickness of YSZ Films after Co-
firing at 1400°C. Underlined Numbers Indicate the Thickness of YSZ Films whose Current-voltage Characteristics Were

Analyzed in this Study

NiO-YSZ substrate

Film thickness (um)

YSZ solid . - Spin speed Coating covcles
content of shurry Pre-sintering Porosity (rpm) g Cy
temperature (%) 1 2 3
1200°C 52.8 1500 11.3 16.6 16.2
38 wt% o
1250°C 1500 9.23 16.2 14.9
1000°C 63.3 1000 36.7
1100°C 60.6 1000 417
43 wt% 1200°C 52.8 500 22
1000 22 423
1500 19.7

£ Ao e Halde SEg A2sE 98 1400°Ce
A co-firingS AAIAE SF7|1HY 7HAE LEE 1000-
1250°CZ H3tA ) Fig. 3& 1200°ColA 71223 Nio-
YSZ 5712 $19ll YSZ slurryZ spin-coatingdted  1400°Col]
AN 2ZdE9s W A ¥d ¢ Adde naEzE
Webd Zlolth @ ARIA kel 7] 3g
T ANy AaARA Y VEEE FE A= A7
A} 3 co-firing & wf &FolA e FA
Aol B3 FAAE AZE 5 AP ST Fig 1), 1A F
OB FY3t FA Y AFE g 7 AUATHFig. 3).
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Spin-coating®l] 2|3} A Z® YSZ AsA weo] FA=
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w2 YSZ HaE o] FAE SEMe g #F3te] Ay

g AFoltt. YSZ M2 9o FAE slurryd] ZFHE §
go] g3o] 7P ZA VErEHh Slurry 5 YSZ e
griFol 38 wt%oll A 43 wi%® Z7HAZ W, ¥ Zo ¥
A oF 28] A% 718l ol P E o] 5ol
UM slurrye] e ol 13 2" g3 Y43
2 slurry®] o] F7hel7] Wi o= AztEn) a8y 2
G3lgel apeba dsiA =te] FAC} vlEEte F71ekA|
= RUh 38 wt% YSZE TR sluryd] ASdE 53]
23] o] FHE = FALY T/ YERA] ekt

=

d 2ol £ WhaA o o]
A

o= Az,
Holz=d & 7|9 AT
22 RS W, A5 St ws FA9 W
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THE 43w%2] sluryE ©]-§-3ked 500, 1000, 1500 rpm
oz Fus A2 g3 29), AaEe] FAE 2um

ek 5t

ol 19.7 um=E °F 10% ol SR &yth Hr} gF
2 FAY AsE =g Azs] YA 7)1He A
TE A4 mpm ol FIAAK & AoH, AMajde] F
AE 2ds87] YAME sluryd] FEELS 55)2 He}
A7) Aol Btk a7 #ye] & Zlolt}h. J. Wang
232 vS7 slurye] FEE 20 wi% AEZ Wo] 133
FYFAE 2 umE 2EsGTh

719 7taE 2o bE A o] FA ¥
3= 20 2335 S 2Ath 38 wie LB slurryS
1200°C 7}42 &=l vls] 1250°C 7H484E &
F71% el Axd AsA 2] FAV 25 A JE
S THTable 1). 1250°C 7tAZ S37139] 713&°] F&
ShA] 7] wl &l sluryZ2FE A9 o)F&E(flux)7t
=2d 7FsAel uh 3, 7HAE 2R YR WE 73
% sluryd] Z8 FA7F Folxth 43wt THE
slury® ©]-8-3t] ZE3F A5, 57199 7 2%
£ 1200°C ©|3t2 R&E45F M2 ) 2+
Mg & F At

B dpolxst Zol slurys thad 718 el spin-
coating® ¥ ™, NHFA 71l o) Agshs GHE
M2 e sturye] GF F4 R S A0 o
3 casting layerdll 283l shear stress2F-E 7R $-9]
=A7 AR RolthV 1200°C 7tA2E 237199 spin
A4S F/ME W MY AV va sk A
L Z YA A3 casting layer?] EHo] L&
Aoz HAAct 3, spin £E7F D o= casting
layerdll ZH-8-3l= o] F45 FAL 38 €48 F A
£ Zolt}. Casting layers=

* ZEw

al
=

AR A R P S
£ 7M7) W&ol tfFEe] 4E2 casting layero] ZHE-
ate], AT ¥ sluryE =X, FIW AR FY
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7F 1000°C 7Fad 713 ol B e 433

¥ %
Ho
b

A



Spin-coating 373l <js)] A=A

(DA R whel 2ol &A|9 71F A7|(HAre] 2E
R ARAFE ZAS gEol 7ZadteE Ao Y2lo)
g Zolth. Fig. 2914 1000°CoIM 7t22 8 SFA XA
B A vls) AR $2(1% o|3ho] A 01011,}
BATE ol 4R A } Atol9] necking®t
7189 5ol dojux] 9gke-o 2w git). oo H&z‘fﬂ
1100°C =& 1200°C|A] A2A 3 %—,X]X];‘(-]]{— )2 A 2]
THE10%)°1 Q3 7189 2717 S8 ZopwA
shurryol] Bt} =& mA|# g3o] 283 5 gl
EAIZ =] 712 Qs 1100-1200 coﬂﬁ iyt
SFAAA Yol F3= 246}12‘94 %7}117} F7Hd= A
Ad FolA YSZ gAY Rt oL vhs
GAg SRR A <] UWHLZ# 299 dsid
RE g vAFze v Xs G et A
o ATz g Rk AL E*-‘M o] Fojx ok
Aoy}, & Ao 7t L5 E 1000-1200°CE
AT SF71 e 0] 831 Zﬂifz ©HA X (Table 1]
2E 2 A %Y A 854S A A
oA Bty Bl ot

AN
==

r{% A rlr

i, 1o rulo
L

M 2 B oot 2 @ ooX rfo

3.3NiO-Yszg
HEY
- A Mgt vkl o] &3 719 7taA &
o W& Asjde FHEANS el 8, 224
9]611 Az" YSZ A2 o] LSM-YSZ % LSM slurry
spin-coating¥t ¥ E12](1150°C, 3A)7Hst] BHA &S
lés}‘iiﬁ}. Fig. 4% 1000-1200°C 7122 S2XAA&
oj&at] Azd THA Y WA ATRE HAFET,
1000°Co A 7H24 sk 719 Qo] A" ysz A =
o] 7$-(Fig. 4(a)) 71&°] Ta Bel Mol 1100°C
1200°C 7Had 719& A3 Z-9(Fig. 4(b), 4(c)%}
zhsl TFEEA] ekl YSZ AsjE 2o 23] 7y
°F 37-2 um FAE Holu 23] Tl W AAW
TEo] HA 2skrh LSM-YSZ/LSM %3 Z9] %7
o 21-23 um®| ¥, LSM-YSZZ-2 0.5 um ©]38}e] ¥z
A AAER o] Fo|X LSMEF THEY 4 =
S33t7] 91 spin-coating® shury®] F=E YSZ o
3 o =A 2 YSZ sy} H)5:8k 249
S E AT A9, AL A F Yol =3x8 &
= 39 A= 13 2" 2 Ao o8 5um o|stE
O ghe FA9 Fol AU ol F2Ad o
ﬂ‘?éi‘rﬂ Aad 9o ZEE slurry?] F 2AH ¢4
P A F, 23 &) HEg N9 A
T % YT o5 97 gEes Yz o
A EA3GoNM Ni-YSZE S¢H &5 7|9 7|24
37 "/i z"*ﬂ"io‘ﬂ, 1 pm ©]3ke] 22 AEZR o]

=712 7t4d 2E0| mE cHEX|of &

1o of >1E o

= glo X rf rlo 2,

Lo
L

i o & -l

5 AAE A

ke AgAx| 737

[ B

50.0um

At Tum

! e - i |
10.0kV 12.8mm x1.00k 50.0um

Fig. 4. SEM micrographs of fractured surface of Ni-YSZ/YSZ/
LSM single cells prepared by spin-coating YSZ and
LSM slurries on NiO-YSZ substrate presintered at
(2)1000°C, (b)1100°C, and (c)1200°C. Firing tem-
peratures of YSZ and LSM layers were 1400°C and
1150°C, respectively.

Fig. 5(a)9} 5(bye ZHzE 900°C B 700°Col A =47 ©
AA 9] AF-AG FAE FF71HY A E 25(1000,
1100, 1200 C)oﬂ wzt Bk Zlolth 900°ColA 4%
A3HFig. S(@)= 93] 1100°C & 1200°C 71422 &3
719E o] 83t AzE BHA] FHEA 0] 1000°C 7}
272 FF718 v st daE BeEg a2y
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0.0 04 0.8
Current Density (A/cmz)
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—

1000°C
1200°C
1100°C |
at0.7 Vv
0.1 +4r—r—rrrr—r—s
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1000/T (K™

Fig. 5. Performance of the single cells (active area ~0.8 cmz)
with YSZ-clectrolyte films deposited on NiO-YSZ
substrates pre-sintered at 1000°C, 1100°C, and 1200°C:
(a)Current-voltage characteristics at 900°C and
(b)700°C, and (c)area specific resistance at 0.7 V as a
function of operating temperature.
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Fig. 6. Open circuit voltage of YSZ-based single cells prepared
with NiO-YSZ substrates pre-sintered at 1000°C,
1100°C, and 1200°C.

H 22 H2(700°C)olM e 78] A 2x9 dFol
AL glE Aow BAZh Fig. 5(c) A BE vish 7+
o], ¢ A 0.7 VoA HF-FS} F49 7172 EEH
A"l v A3 (Area Specific Resistance, ASR) Z-2
700-750°Coll Al &=71%9] 7HAad zZd #AQLl 12
om® AEZ YAt} W] 800°C o)Ae] TLoAMe
1100°C>1200°C>1000°C 7142 &3719e] £AM 7 e
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Fig. 6 7 ©AA] 5o ©E 7§32 AY(Open
Circuit Voltage, OCV)%&< plotdted UERA Zlo|th BE
L5774 OCVE 1100°C>1200°C>1000°C 7F42
FH T2 EL 7S e 1000°C 74
IS o] &3 HHA 7} 7P R EEHAT S v
o o OCV #F ES ASR Fe Holr] wjiEe|t.
OCV & Asid uo] F&3] ALshA 7] d&
a7t pFol F WFOR dojgg ouisth &
AR 9 mATRE FHFH dHs RFsgeng A
A AA HHL ) pin-holed] EX|7H5AL A3
A e glok B Asde] 7dyg Fxe e
pin-holeo] EA)3chE OCV7E AT ¥at ofye}, A=
/A A BF AYE F71e Zolth

1000°C 7}44 7|39 734 7k o3t 50| A9
dojux] gk=dl(Fig. 2) ©l= 50 vol% #H7FE carbono]
AR BH 7159 2717F 220 s A9 Fo
EX 2922 uditt A ()M o), 717S Al
3 YSZ slurry®] ZEZAGhryS] A=, §ae] £5F, 7]
el AF 5ol AN engE Iy 7 W A4
o] ERAE I FEZL©)0] A8, 715 =707t
45 2AF d=EH A7|(APy= AT Aoltt 779
=7)7F A 2 1000°C 7kaE 718] 7% YSZ slurry
o ZHgshe BAT bEo] A, A0 Z 1100°C
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1200°C 7t402 &F714%
719E7} wol OCV7E A Z2AHHARE 754l Sl
3.2 AolA &S vle} 7o), 1000°CE w3 e
oM ThAAE SFARAA Yo IZHE A
A(~37 um)E 1100°C 2 1200°C 7H422d &=
A F(~42 pm)ol BI3) SRIT) olej et F)
gto] =X PN 713e] 71FE&3 I wE 2A
A zpolo) 71913k Aoz AdAn ey B
g3 A4S AsliMe 7taE 713 e 243 As)
2 F9 v TR Ulgt BAo] Frld o= o]Fojx o}k
g Aol

S HRA A2((750°C)elN 24 E 28 45
71He] 7taZ exet gl A 4R,
AZqMeE AFHEF Er ) 93 &5
(polarization resistance)?] %3] =7] w&< pin-holedl]
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