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Electrochemical Properties of Yttria Stabilized Zirconia Binder for Thermal Batteries
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Abdtract: Thermal batteries, reserve power source, is activated by melting of molten sat at the temperature range of
350~550°C. To immobile the molten state electrolyte when the therma battery is activated, the binder must be
added in eectrolyte. Usualy, molten salts include 30~40 wt% of MgO binder to ensure electrica insulation as well
as safety. However, the conventional MgO binder tends to increase ionic conductive resistance and thus the
inclusion of the binder increases the total impedance of the battery. This paper mainly focused on the study of
yttria stabilized zirconia (YSZ) as an aternative binder for molten salt. The chemica stability between the molten
sat and YSZ is measured by XRD and DSC. And the sufficient path for ionic conduction on molten salt could be
confirmed by the enhanced wetting behavior and the enlarged pore size of YSZ. The electrochemical properties were
analyzed using single cell tests so that it showed the outstanding performance than that using MgO binder.
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Fig. 1. Images of thermal battery electrode (a) Cathode, (b) electrolyte, and (c) anode.

Fig. 2. Images of thermal single cdll after discharge (8) eectrolyte
with 45 wt% MgO binder and (b) electrolyte with 25 wt%
MgO binder.
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Molten salt(Lici+LiBr+LiF)
Vacuum drying &
Mixing

Melting
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I
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Fig. 3. Process of electrolyte materials.
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— Molten salt (All Li)
— Binder (YS2)
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Fig. 5. XRD pattern of All-Li and YSZ mixture at 550°C for
4 hours.
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Table 1. Surface area, total pore volume and diameter of MgO
and YSZ.

Mean pore
Material Surface area  Total pore size ) P
diameter
MgO 19.57 m?lg 0.1546 cmg 31.62 nm
YSz 15.28 mélg 0.2376 cm®/g 62.16 nm
15
—— YSZ binder
10 ----- MgO binder

Peak height of YSZ binder
1-3.500 Wig @ 722.3K

Heat Flow (mW)
o
 §

0L Peak height of MgO binde
14621 W/g @ 719.5K

300 400 500 600 700 800

Temperature (K)

Fig. 6. DSC result of YSZ and MgO.

o
o
i)

19

tje]sto] wioly E41E 22 vol%E &35
. MgOE BRI & A8 2 749 445.38°Cof|A]
o] ZEAlo] 5N YSZE vl 2 ARGt
46.51°Coll A A3HA &-g-o] AJATE Qict. All-Lio]
0] 430~444°C oA [3] ZA BlojUA] 42
T eI 24 3¢ 2% @AY Yo

AgREol hsd

£,

HUEIZi,hﬂJd

Gk

o & [ do Jo &
N
rpi
i
I
=)
ne.
ric
o
i)
u
2
Ra)

i
4
%)
o

[a 9]
p
in)
ue
b
>

Y U mo 9% rlo oo ox X mfo
=
ro,
2 &
Ho
i)
=

o
o 2

K
[e]
=
N
o Ao
olr
-

_L
ko
o x
r
u
é
o of
2 o
e
g
2
0
N

R R A i
CF. WloI 2 AL E MgO 2 Y ‘

=2
0] 5 o IO =2 A
S AEZe FgAWY o2k HEZ}oz B 4 9



A7 1R & ste]=wAl, A30d Als= pp. 331-337, 2017'd 59: HA|A

(b) YSZ
3291°

Fig. 7. Images of wetting characteristics of molten salt (a) on
MgO substrate and (b) on YSZ substrate in N, condition.
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Table 2. Size Information of Electrodes for Single Cells.
Electrode = Weight (g) Thickness (mm) Note
Cathode 3.60 0.54
2.50 0.44 MgO binder
Electrolyte -
2.50 0.37 YSZ binder
Anode 1.60 0.63

Fig. 8. Microstructure of electrolyte with MgO binder (a)
before discharge, (b) after discharge, and electrolyte with YSZ
(c) before discharge, and (d) after discharge.
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Fig. 9. Comparison of performance of single cells having MgO
or YSZ binder.
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Fig. 10. Comparison of total polarization of single cells having
MgO or YSZ binder.
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