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Abstract: In this study, we introduce a Na B”-alumina composite thick film as a solid electrolyte, to reduce the resistance

of electrolyte for a Na/S battery. An alumina/zirconia composite material was used to enhance the mechanical properties
of the electrolyte. A solid electrolyte of about 40 pm thick was successfully fabricated through the conversion and
tape-casting methods. In order to investigate the effect of the surface treatment process of the solid electrolyte on the
battery performance, the electrolyte was polished by dry and wet processes, respectively, and then the Na/S batteries
were prepared for analyzing the battery characteristics. The battery with the dry process performed much better than the
battery made with the wet process. As a result, the battery manufactured by the dry process showed excellent
performance. Therefore, it is confirmed that the surface treatment process of the solid electrolyte has an important effect

on the battery capacity and coulombic efficiency, as well as the interface reaction.
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AT [4-8]. AH7Ie] A= K55 AFESH= UEFE &
g AR= dE&F AMYA] AgA|a8lez The WS
by 9lom, T3t 760 Wh/kge =& oA U,
0 AbolE 2%, AP7F YAl Wtk e 7HAIAL 9l
o [8,9]. A&ete & OolAMIAl A AREE=
AIeHd Bule EA Al HE= sl 7]gHE 4 Q1o
RAXS) WS FEstH E=ot oA R 2 59 A
7F op71d 4 ot [10,11]. oo whsl 1A AsiA-Z
AHEShe AALA] AR = Asfiie] #6l ¥hg- 5off 9t
2, e g dAACr YA HEo 2 2ES
st 27t A R BHe dlg 5 F7F 4 240t E
Q5HA] 7]o AR|Y) BA H BoE £9 oux Y
2 A 4 A 2oy uA] ASiA AHgoR
e Ashd H AW ¥re AFY o2 TAA ol
IA AsiAe] ol A= e sk o VA W
Hog Ao FAE &Y 4 Ao S Z|AA
Ud Astrt gAstez, olg Bed 2 e MEF
24 2 F27F e B35 AVA AXE AREEoll
ot vA ARt A= FE Aol AW AN da
= a3t WA= Jof Qlof. o] 7|ES] AE2 U
T2 AE AWE FstY, Aol 1d= 7sto] Al
A APde Aarl F AR E42 Frtstdd [12].
22 A HefiAe] BE A2l ohE FXe] 54 ¢
T= AR o] RofX]A] gttt 2 A-LoA = H|E:
g2} Aol JAR 2w swe s Al2auo}
AR} Setstlon o] AR)(tape-casting) &
A 71 EHENH (vapor phase convertsion)g £}

o] QFX]&(ring-type) AIAI&] 2ol F 40 pme] Na B"-

alumina-3YSZ (yttria-stabilized zirconia) £3F X3

e Azetch T3t 24 L &4 AFL o Lalol

Axle] 3ol weo] AHE olabl So] ol

A7Asto] AW AgS FAasket & o]o] ThE AR

A2 A ¢fstol wAl AsiAute] gt
o

2. M3 wy
2.1 B3 £ DA HHY ME L B}

2 AdoM = 7IAA et guE soF v A
IR AlES 95l a-Al,0s (99.9%, Samchun, Korea)

2l 3YSZ (3 mol% Yttria stabilized zirconia, TZ-3Y,
Tosoh, Japan)E ¥OH] 7:302 £H|5}1, a-AlO;
el 3 mol%e] Li,COsE ARz SAlo &5
Shitt [13-15]. Hlojz 7HA”E &3f2] AAEE ol
A #ulet 22 e &Uf2 ethanol ¥ n-propyl
acetateS HIRIE 2 dioctyl phthalate, polyvinyl butyral
(PVB-76)5 E4MA|2 BYK-1032 AFgsto] 48A17F =
o 29 s3telitt. ZulE &oje) = Hojx FjAgs)

ol oF 60 ym FA9] Tutg FUtE ASstn. 1
3 1,600°C/4A17t AZ23F 1,300°C/1AI7F st 54
S F8istgon, Na,CO; ¥ AlLOsS &% Na B"-

alumina 2AHEC} YES w=Fo g &3F 1,250°Co|A]

sash BT YNBE UEE TIME AMESIICH
AT 5, 0A A0 EAS AE BeiES AH8s)
of 714 Argsteict. EW AR el vlRg §stol,
42 ZeiF0 A% veliE AR 34 AR $ o

71 Bo7]olA 600°C/1A7F dA2]S 5l ch SEM-EDS
(scanning electron microscope - energy-dispersive
X-ray spectroscopy, Crossbeamb40, ZEISS, Germany)
S Zgelol 1A Ao UAIPE L FHL B
On X-ray diffractometer (D8 Discover with GADDS,
Bruker AXS, Germany, Cu Ko;=1.54056 A)9] 26-6
w02 20 7]& 15~80° W9l A HHS w5
. IA XA ol Ax EXL Na B’-alumina
Aside] eaf o] Wig Ho]AES o] vt
800°CollA A 2let tiAY At A=5 F/dst
3 MHz ~ 100 Hz #ut4 HejoA wi Jojd
H(HP4192A, Hewlett Packard, USA)E &3
Ak 25~300°C, AR F7] EH71001A4
F&= et wiAstAH.

ol
-
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ool L e

2.2 A EYl 7& M3 AHS M=

= =EA 93K99%, Sigma Aldrich Co.)x@t Super
P, Poly (ethylene glycol) dimethyl ether (PEGDME
500, Aldrich)Z 1:1:100] v]&& &3lste] 724 98 A
= AUSE A Ao mHo| FsiAT. e 2
2 olzpoz AYA F2E uhA oA Aasteict.

o}
2.3 98 M2 HE
A7) AEA|Q Sha(super P) B} ulljel B3

2 23} Z2ju]dg]dl(polyvinylidene fluoride, PVDF,
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99%, Sigma Aldrich) Z8Xx}9] 4~
717} 60°CollA] 24X1%F 59t A E AAS St L
A2 835)5H7] Y3t Loz wEnE E]_(N-rnethyl
pyrrolidone, NMP, Daejung Co.)& AhgstHct &

T AEAQl sazer Zajudeld 12 63 u
gz s3stel &ejele Fulsigion] o2 Al foil
2ol 3¥sto] dry ovenollA] 12A]7F AXsSHY roll
press2 4ATH F F=S AASHICEH [16].

2 gol7] §1stod

r{m

2.4 428 LSS/ MAlo| H7|58s Sy B}

A7} 0.5 ppm o]st2 [AH

1]

=
of2x JtA=z YA %EE utA oA X188steict.
UEF 24% S2o2 1 Mo =xst A o
g AF AU ¥ 7 A5s g5 ARgsiley
YE&F =41 uAl AsiA Atolof| polyacrylonitrile

(PAN, Sigma Aldrich)2 AW XS Zo|7] A
ARESITE (21 1), 5 - WA AfolZ 5742 swagelok
A= AR&sto] 70°ColA 0.5~2.5 V RAFHL oA 0.1 C
ol Mg w2 tRd 49X 7|(WBCS battery cycler
system, WBCS 3000S, Won-A Tech Co.)& Alg-o}d]
sAstg00], AR A 25°ColN AEA By
(electrochemical impedance spectroscopy, ZIVE SP2,
WonATech Co.)& AFE35t9] 1 kHz ~ 1 mHz9] &1}
2 gelolA S stc.
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Fig. 1. Schematic layout of a roop-temperature sodium/sulfur cell.
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Fig. 2. Thick film Na B”-alumina composite electrolyte. (a)
[lustration, (b) photograph, and (c) cross-sectional SEM image.

Table 1. EDS analysis of the cross section of Na (3”-alumina

composite electrolyte.

Element O Na Al Al/Na
Atom (%) 56.61 6.25 37.14 5.94
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Fig. 3. X-ray diffraction pattern of Na 3"-alumina composite electrolyte.
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