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Abstract

Enhancing the oxygen surface exchange reaction by increasing the specific surface area of the electrode is a
promising structural approach to lowering the operating temperature of solid oxide fuel cells (SOFCs). Nanowire
structures, due to their high specific surface area and lower tortuosity of ion and electron conduction pathways,
play a vital role in enhancing SOFC electrode performance. In this study, we synthesized LaoeSro4Co03-5 (LSC)
nanowires using a polycarbonate membrane filter as a nanotemplate and applied them to the cathode for
intermediate-temperature SOFC fabrication. The fabricated cell exhibited a 10% increase in peak power density at
650C, achieving 0.506 W-cm™, compared to cell using only commercial LSC powder. Furthermore, distribution of
relaxation times analysis revealed a 15% reduction in area-specific polarization resistance in the mid-frequency
range. These findings demonstrated that the electrode with LSC nanowires fabricated through electrospray

deposition can significantly improve electrochemical performance of intermediate-temperature SOFC.

Keywords : Fuel cell, Solid oxide fuel cell, Electrospray, Polycarbonate membrane filter

* Corresponding author.
Tel : +82-54-478-7395, E-mail : hhshin80@gmail.com,
ssshin@kumoh.ac.kr



0
>
1o
ol
59
=l
ol
el
™
.
el
fol
rlw‘
ox,
i

T AF25E @449 4sto] weEt s s
A A AAZE o7 1FE FHAL St} o]d Agd
3t @42 7] Z—Of] 2o o5 7H&3kE 7] 2015
| B8 AR th7|o BEHe g S E
o]7] {15t A Al V—qnl 2o &= ithDolman
et al., 2016). Q170 =ZQ o] AGoA % o]
Asteraet 3 AAAEHE (NOx), FH4tsHeE (SOx)
< &St SR 7R A8 A A ARS] Tiete
B 540 4k40] A7|5le) vk o' AES APAS 4
R FA oA WS AA”R] ARHA|7t S5
I JtHMinh, 1993).

S| AIE A7UAE A HEA7E d8A
A & o199 FAEZ AAstA] g710 &4 %354
Ql oqx] WHE A Aot} ARHA|9 F& TIPS
B71F00A419] SrAR3 HefdofA9 o] 29 Ak,
AETo A9 ASEG 0 & o]FojA it A=AR] 9
TR TH8LY &4 9 Aot 2¥bAo] met v of
AH, 1 F IALERE ARHAA = AlgE oz o]Fo
A YA Ak o] 2 Aot 2HIAIR ARSI JLAAE
3= dEdAE AeE SY ARgol R Qitke
A, o] B&o| 7IEX AfolE e <F 28] EU=
A, 935a 9 gdHEYol § A= o8 AREVHE
e A 59 ZFdE 222 JHOrmerod, 2003;
Kim et al., 2017). sHA|et, A2k &A49] Zuf 54
9 o] M EA49 g4E s 700 °C o139 =2
s 2EE 8 R gt o)fT & A 2= &
249l Z|AA 4 3eHy g3k SAA7IAL AA" s

AlbE S7H71H AlA" /A BEE F7HAl=
Y BAIE oplsHH, ol & IAKEHEE dAmdX
&3] dgEo] Hol gtk webA, HIZole 1A
AsHE ARAAY e 2EE RFe 32
(intermediate-temperature) 2 A%  (low-
temperature) IAASHE ARHA] A7 FgPFo]
thWachsman and Lee, 2011).

TAAHE ARAA Y] e LEE WEHA A7

shot 45 fA5] AeAE AT Neo) S 27
ARl ARLSHUSLS B4 9] o] Wolth, 1 B
NME Y wgo] Yol el two-phase

Particle and Aerosol Research A 20 ¥ A3 &

boundary =& ZHA7]E AtE EHA 27
HAEHo=z d#A JtkZhang et al., 2022; Ding
et al., 2014). 53], v v|EHA S T3 Akx
w9 n% vHgS ZA3kstAt Ulegtolo] S ¥
71501 =Sdske d97F FEEAL 9tHAhn et al,
2017: Kim et al., 2023). @ut3oz, 1iegfolo]
ZE= A7} (electrospinning) FHLE A& =7
of &Ajet E43te] Lol ek, B4 Wt
S FojoRrt MFAQ iegtolo] F29] FAo] 7t
s o9, & AdFNAe UedENE &85t
wieetolo] 2 AFE A&k MEe TS 2
ASEALA b

wicetelo] 2 7|5 AAE
ofojzE 7t H71EA4
S7goltt. A712Ar 5
Y=} iz 52 % A& F2ho] golshr] ol
ofvAl  &Ak A&
(Jaworek, 2007). 7t= x

L

A AHEE 3
22} (electrospray deposition)

b2
% 34 g2, 4% AN

L.

448 7we B9 1PE KD AFT F40
2 98 To A7A §US =52 TR, =

£ "HolA A71Y, 8, 293 5ol A9 BFS
o|Fu i H v]A| HAE0] cone-jet FAHLZ EAF
HE= g o]tk (Rietveld et al., 2006; Jaworek and
Sobczyk, 2008). o] ZAHL 4A] o]&9] Agto] i1,
dhd} A|Zto] 7hestH S&F 29 mAFE Mol &
o]3}ct= Ado] tiKim et al., 2017; Shin et al.,
2019). webA, A7IEAR S2 382 AYe A
T2 o3 F71F &2 T vAlFER Aol 71&0]
a3 vAASHEE ARHA Aoz ZyA AHEEH
o] $hLi et al, 2022; Shin et al., 2021).

2 AFoAe HedERE o83 Yol A
= A T A7 EA F2 58S Aot S2F
IAASE ARARY H5 TS Basta gtk
Hicotolo] A=o] H7E 37 9Lt 48 HA=
Houl A5 TV S88E A7|BEAF 223 4L
Bl 5L 71w Yol AZFLoEH Hlotolo] A=
o] A Aol "= AIske E4E EAstA} &
o} Esh dhdE JueA g4 7|HE o]85ke] 37

¢

=

So] w72 WPt A71sket AuEs Aol wl%]
L 9ge R BARLA S



Polycarbonate WHe1el BE 718 LageSro Co0s-5 Lhzotoloirt A g5l

2. 4

et

e

LagsSro.4Co0s3-5 (LSC) Hi=eolo] AZZ s
LSC A7A €9L PechiniBo 2 AZsI et WA,
La(NO3);-6H,0 (Alfa Aesar), Sr(NO3),, Co(NO3),-
6H,O (Sigma-Aldrich)& ®ol25o 3FslFEno|

£ EH&) 9A FYgrt &9Z wRHA7|H A E
24k oddAZE g AR Frstg o, o] b &
O|Z A EEARDAZEE EHES 113118 sH3iTh
A&ARQl wits B9 FPeidl A &AL mul
0|83} polycarbonate WEFQl HE (pore size:
200 nm, Sigma-Aldrich) 9o "ojx=Fc} T
715 ZOE HAA &Ho] AMEA 7] Y5t A
TFA 8Ho] =xH polycarbonate WEH I HEE
715 Ao B2 308 B¢t AT HEE JFEAIF
o|%, "o|25E ol&sto] HE HEWH o AFA
‘RS AlFstth AddE EE ¢F0y =7k
YL 80 “CollAf 8AIZE Bt ASFE AX F ol 800 °C
olA 1AIZF Bt 2FES AFPste] HYlegloo] fLx 9
LSCE &/dskitt

(a)

La(03)3'6H20 Co(NOs)2-6H20

52
DI watern
. Stirring

LSC nanowire

Ethylene glycol

LSC precursor
solution

=

Vacuum chamber
(30 min)

After annealing

(800 °C, 1 h) X )

Figure 1. (a) Schematics of the fabrication process of LSC nanowire from polycarbonate membrane filter.
SEM images of (b) the top surface of polycarbonate membrane filter and (c) the as-sintered

LSC nanowire.

Citric acid

'y

LSC precursor
& solution

Polycarbonate
membrane filter

L9 LANEE ArdA AR 97

A== o 71 Az A8 A== 2A]l Nio

(Sumitomo), 8 mol% Y,;03;-ZrO, (Yittria
Stabilized  Zirconia, YSZ; Tosoh) &<
polymethlymethacrylate (PMMA; Sunjin

Chemical) 715 ¥4#}, KD-1 (Sigma Aldrich) &
AHA|Q}F SHA ethyl alcohol I} toluene & Zufjo]
Yy & 49 APttt & 9Pol= AE 5 mm
9} 10 mm ZrO2 &2 AH&5i9itt. o] W, 47 7kA
A2t vy H9&E& ot= dibuthyl phthalate ¢}
polyvinyl butyral (PVB) € H7}slo] &8=9] HA4
I Ade F7HIA olF, #UsHA At &9
£ golZ= s§A¥" AH] (tape casting machine:
Hansung Tech.) o FYsto] g2 A== AAS
(anode supporting layer, ASL) A|EE AZFstct o
"= 7]%5% (anode functional layer, AFL) A|JE=
St ASL AE Al s A9 PMMA £32 F
UY3hA] oFeth AE ASL, AFL AEE @ 42
(hydraulic press machine; Hansung Tech.) & ©]
&3t 60T, 5 MPa & Fo|yloldS x¥sta] 0.8
mm FAY A= 78S ARt

(b)

500 nm

Part. Aerosol Res. Vol. 20, No. 3(2024)



Ce09Gdo.102-5 (CGO) Hl® F3t LSC 3715 52
A718AF &2 M| (Blectrospray machine;
NanoNC)E AHgsto] AZstAal ¥ &2 1250 €
2A1ZE B715 F2 950 T 1A17E B9 EAEE A
sto] Mg @Atk o] W, A& LSC &
(Kceracell) I} $HA4J35t tpgfolo] L [SC B
Zgsto] ARESHRIT)

A7 BAL Z& FAAE ethyl alcoholS |2
Agetglod, B & Z2o] 39 & o] 2 wi%
H&9] CGO ¥Z2 2 wt% PVB BIQIE S} g7 £
otgict. Hm o] M7|RA T3 AL 110 € 7]
T2, 7.0 kV 7F Y, 5 cm =& 9-71% A,
0.2 ml-h™' fFo|qict. W, F713 S 4%
&) ¥ 10 wi% HE&9 LSC £ZE 10 wi%
polyvinylpyrrolidone (PVP) HFRITE|e} 3 it
oH, 3715 &d9] A2 S 272 110 T 7]
W25, 6.4 kV A7 AY, 4 cm =& -71% A,
0.2 ml-h™' g0l it

Aet Aol M8t o S Yol daTole
3% H, 05 E3IL Q= Hy &, 371599« air

=
200 mL-min™! %o g E&FQc} Ao AF-AY
uE A B

e}

=}

o

T T T T

=
el

S LSC nanowire
=
‘@
c
L
£

LSC commercial powder

PR SRS RS S S E S S S S S S S S S S S S NS S

20 30 40 50 60 70 80

26 (deg.)
Figure 2. XRD results of LSC commercial powder
and LSC nanowire after 800 °C, 1 h.
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Figure 3. BET results of LSC commercial powder
and LSC nanowire after 800 °C, 1 h.
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