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A high temperature sintering process for solid electrolyte is the main cause of the increase in manufacturing costs of
SOFCs. In this study, we developed a novel flash light sintering technique as an alternative sintering process of the
conventional thermal sintering process. The YSZ electrolyte films were fabricated by conventional screen-printing method
and the flash light sintering process and ESB sintering aid were applied to improve the flash light sinterability of the YSZ
electrolyte. In the flash light sintering process, the effect of various pulse conditions such as energy density, and pulse
interval were investigated and the microstructure, crystallinity, and sintering behavior of the sintered films were analyzed to
demonstrate the effectiveness of the flash light sintering process. The flash light sintered YSZ electrolyte layer was used to
fabricate the anode-supported SOFCs and its functionality is successfully demonstrated with the high open circuit voltage.
The significance of this study includes minimization of the process time from tens of hours to just a few seconds, thus

facilitating the commercialization of SOFCs.
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2.1 ESB-YSZ Paste ! M|2f2! Mol &! &= ghH

ESB 27 A7} 27b8 YSZ Aleke) A AlEek] 9
sto] Tl 2 A2 ESB-YSZ PasteS A|%5}¢Ic) WA,
a-Terpineol (Tokyo Chemical Industry (TCI), Japan) -£mj
10 mLof BH-3 (Sekisui Chemical, Japan) H}QIHE 0.38 ¢ &%
gk 5| Hot PlateE ©]-§5}0] 60°CollA] 24417t wialGlT). o] 5
EAHA| (Hypermet  KD-6) 0.57 g1} 7}4-A|(Dibutyl Phthalate
(DBP), Sigma-Aldrich, USA) 0.19 g2 &ujjol] &35t 5 npziz}
A2 60°ColA 2441%F aykSle] Esheich. AARE guo]
YSZ (8YSZ, TZ-8Y, Tosoh, Japan) 41} ESB (Ery4Bi;¢0s,
K-Ceracell, South Korea) &'& & 189 g2 ZZF 1:99, 5:95,
10:90, 20 : 80 & w]&= =&t F, 3-Roll Mill (Intec System,
South Koreays o]-§5t0] 1A17H ok BAtalo] o] ~ES A
e

AlZHE ESB-YSZ #o|AEE o]§3lo] NiO-YSZ S=AA|
A|(K-Ceracell, South Koreayiol| 238 ZHE Au|E o] &3}
o] I9Z &3 ESB-YSZ HsfdE AAsioith 2 Al S
gt ':771]—4 SRS 9fsf 23] Ao, 77 sy oA F

3 Hot PlateZ ©]-83}0] 100°Col| A 1A]7F S<F AZX3FITH
Xﬂﬂﬂ Aefd vhe Fad Al FAT 47189 e s}
7] flall 500°Co| Al 2A17F &<t AAefst o, AlXE sl

ure] 7 oF 10 umz BHISct

2.2 J.I-A?d b q|

NiO-YSZ 2= A4 Al doll Al=Hel ESB-YSZ Alzty] AafjdS
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Microscope, JSM-6701F, JEOL LTD., Japan)2 ©]-&3}o] B4
atglon, sisha 24 AL ff8l XA PR B (XPS,
X-Ray Photoelectron Spectroscopy, Thermo Fisher Scientific
Co., USA)E olgato] EAsleirt. mah, A=k Aleky) e
741‘04 ﬁ?@]k] ‘:UK-LQ_ _?,]z‘)—H X-A ﬂXE-LE_&]ﬂ (XRD, X-ray
Diffraction, Bruker Co., USA)E ©]-&3}o] 20 7]& 20-80° 4
of thste] EAskATt. Fade Fof ARt Al dsiE 7]
HEThaRe] d7lsket BAS Sfe AE Asha Aol
LSM-YSZ E7]2 2 LSM FAZe A3 Qe E3) =
215k ;:4 1,050°Col| A 24|17F 2Z3kT)h. AR A 24 A|2E
L F8sle] dA7mLo 4 7|A 75 scem, E7|=o] F7] 75
scem FYAIA 750°C] Ag oA A7|sket 54 24
Z}H](Solartron 1287, Solartron Analytlcal USA)E &-835}9]
Heigdeh. dmEs BAE 98] somve] R Ayl 27t o
o 1 MHZIA 0.1 Hze] 7} ool dhste] Qaelzs 242
Ay}t

NI\

|

i

3. 21} 2 nE

YSZ Alefe) Buto] A 3% A BSB 472 249 4TS
sholaly] 98 1, S5, 10, 20 mol%2] ESB7} H7}1El ESB-YSZ
A2 ARl FAE TS A-L519). Fig 12 ZHzH9]
ESB-YSZ Alghd] Asfjdo] 120 Jem?e] oA S 2ARGE &
sl A 4 Aolek 44 A9 el vl e
1-5mol%2] ESB &2 ZA|7} H71E MEo] HL w7z H
S 9 dRpe] 24 =TF AL uulgt A BRIE 4= vt b,
10 mol% ©o]2] ESB 224 A7} H7He A5 547t F=2At
E2lelA Y87 el B 4 9wl s o
o= AL FoIEF 22 glon, 20mol%.4 ESB
WK A2 A SRR S AL ST S 2, ol
AR G99 e AS| FEeA R VSZ el
3 2F 300-550 nm FHO| FIGrTrl =2 ESB 4&F A9

Fig. 1 Surface microstructure of the flash light sintered ESB-YSZ
electrolyte films irradiated of 120 J/cm? with different ESB
contents of (a) 1, (b) 5, (c) 10, and (d) 20 mol%

WS B B A AN F RS 71K 9ol
A ESBZE 4 wHgollA] oM 4

o, B e m=E
AS sl A4Eg PN Aetal & 4 QU whEbA,
YSZ Aol FAhE B4 FAE HsiA 2F 20 mol% o]Ate]
ESB &2 zA|9] A7l 71 aaprlolgka & 4= i}

ObA =21t 20 mol%2] ESB 42 zAI7} H7HE YSZ Alet
o dsfde] Fad oyl wE &2 549& wluwstas o
Feb FRAIUA ] wE GRS BASIGIT. Fig 2= 110-

130 Jiem?2] SFZAIUA S 2835 YSZ Hsjde] Ed mjAt
Z 2 Atk FRAUZ|ZF 110 Jem™® vl d] w-e 7
o= Ak gare] ozt 9 2dsprt f5ste] dafld W
ol 7]50] XHOF— % U3k 4= Qlrt. o= AiHow
o T - Ao asgt o7}t FESHA
oo %E«l *P*Ol %—F&ﬂﬂ Sot Aukebar g 4= Qlrt
olof b FRAPAUZ|E 130 Jem’ 2 Z7HAIZ] AE2] 7
< AAY 37171 71E£9] 0.5-0.7 umoj| A 1.0-1.2 um= =73t
S ZRIg 4= glow, g AYwrt e AL g
Itk 1eu} YSZ AR E Afolof| EaEe] HEEE AS g
, ol = FolUAE F> A 1HE30
ms)O 2 -85 At Ni-YSZ °:LX1Xlxﬂ°ﬂ IS = Ao
2 mhelsh 4= Gtk whebA], W2 oy & Q1% Uw it
Egh Foux] 2ARR QIS %¢% AL A8 flsiAl
oF 120 Jem?Q] P x| 2APL Agdsictar & 4= 9k o}
o]
3t

Flrl:il

alo] Roughness7} .31 Ad2 Y& 7]Fo] A5
ol 4= 9lom, o] kA AF3 B &AL 7F

ooz =

Fig. 3 E]-Okﬁ A}
Ao Fad vAtx 24 Aol 4
AL HA 2 FoUAE 2ARE A0l HIste] (Fig. 3(a)) A
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Fig. 2 FE-SEM images of flash light sintered ESB-YSZ electrolyte with different irradiation energy and 30 ms of off-time. (a) 110, (b) 120,

and (c) 130 J/em?

7HAE& 500 ms2 53 79 (Fig. 3(b)) 92| Roughness’} £¢]

o, Asj o] AEert As] A EE Ae el 4= Aok
= A A o] BheshA e 749 MES 27 J45] A
53kl gasto] 47 AZbo] BlmE EFESE 9o vt
ZAF HF o] FUMErE MEY 2k A 2 AT 5 e
Alzkol AojA AAAHQ &4 Algro]l F7HE P3Fo = mhetst
ok oiwE, 2AF H4 o] desHA Sk A9 FA %aoﬂ
ORt 2% 5o autE 7|disty] oH7| wiiol Fad Al A
=9 2=7F WolA A w1, ol wef v ~drer } FAE =
AL &gk 4= it}

Table 1.2 oFA] X|A3}3k ESB-YSZ A&)d uto] d44, 7

2do] o XPS 24 &4 Aot F3
=4 27 ESB 9 YSZY o2 OIEOW oAl 2447 FARRE A
L 3Relst 4= 9lom, YAA F Bi ohegF HAE
A 540 S5 ot = Qi 71E AT
ESB &=2-2 oF 900°C o]/ie] ko4 F3p} o]Fo|zirtal
B up 9lom 0% o]F Ffl FaA Al AT &% oo s
Z29] iEﬂ 13}7‘11}”7 opetsl 4= gt

L

>.

ﬂJO

B

Fig. 4= ESB &7 zA|7} H7be YSZ Asjae] waz

Table 1 Film compositions obtained by XPS results of the Bi-YSZ

electrolytes

Samples Bidf Ols

Y3p Zr3d Erdd

As-deposited 8.19 68.89

4.12 18.36 0.44

IPL sintering 0.47 68.86

5.51 23.09 0.13

Thermal sintering 0 67.45

6.55 2523 0.13

YSZ

) 17

"‘ Thermal sintering
|| YSZ  (1250°C 5h)
A A

N

Intensity (a.u)

fL IPL sintering
2
8 fLA (120J/cm?)

1 1 1 1 1 1

As-deposited

1 1 1 1 1

20 25 30 35 40 45 50

56 60 65 70 75 80

2 theta (degree)

Fig. 4 X-ray diffraction patterns of the 20ESB-YSZ films as-
deposited, flash light sintered and thermal sintered

oM gk vl o] & Al FEF &

> %S
ESBAS] 3ol 12 GO slorat 4+ ik WA, YSZAL
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Fig. 5 (a) Current-voltage (I-V) curves, and (b) EIS spectra of the
fuel cell with the flash light sintered ESB-YSZ electrolyte
under a constant bias voltage of 0.6 V. Both the I-V curves
and the EIS spectra were measured at 750°C
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