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Abstract: Thermal batteries are designed to activate at high temperatures (~500°C), therefore, the electrodes used in these sys-

tems are typically made into pellet form using compression molding techniques that do not involve polymer binders. However,

the compression molding technique poses limitations in scaling up the electrode area without increasing thickness for high-power

properties. Additionally, the tape casting method has been studied as a way to solve with, but too low a loading level is still an

obstacle to practical use. This study fabricated a film cathode of high loading level (35.79 mAh-cm-) using the tape casting

method for these problem. As utilized fabricated cathode, it investigated the influence of electrode thickness and density on

electrochemical performance. Furthermore, a film cathode with a larger area but the same amount of active material as the pellet

was fabricated, enabling the design of high-power cells with the same energy density. We expect that the fabricated film cathode

with a high loading level and scalable area will enable the development of various thermal battery designs.
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Table 1. Parameter of cathode slurry according to solvents ratio.
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Raw

Treated
Surface

Coated Coated
Slurry Slurry

Fig. 2. Picture of (a-e) coated slurry according to Table 2, (f, g) coated slurry on raw and treated graphite sheet, and (h) structural
characterization of fabricated film cathode.

Fig. 3. Cross-sectional SEM images of film cathode at different coating thickness. (a) 450 pm, (b) 550 pm, (c) 650 um, (d) 750 um,
(e) 850 um, and (g) peeled off graphite sheet at 550 um.
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Fig. 4. Electrochemical properties of film cathode at different coating thickness. (a-f) Discharge curves, (g) total polarization of film cathode,
and (h) comparison for the similar thickness film and pellet cathode.
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Table 2. Parameter of film cathode according to coating thickness. Table 3. Parameter of film cathode according to electrode density.
Coating Measured . Active Specific Coating Measured . Active Specific
thickness  thickness Dens1t?1 material capacity thickness  thickness Dens1? material capacity

) e E e (ase) R 1 IR D)
450 0.235 2.192 0.577 1462.1 450 (Raw) 0.247 1.939 0.547 1449.5
550 0.275 2.167 0.667 1454.3 0.243 2.090 0.569 1455.9
650 0.323 2.294 0.830 1405.3 450 0.235 2.196 0.577 1462.1
750 0.381 2.295 0.979 1401.8 0.210 2.403 0.569 1471.7
850 0.431 2.375 1.147 1377.1
Pellet 0.39 3.000 1.14 1289.4
(a) 2.00 M T
1.949 g/em’
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Table 5. Specification of film cathode using by tape casting on different papers.

Classification

(ref. no.) 1 [4] 2 [5] 3[6] 4[7] 58] 6[9] This work
Active material FeS CoS:z NiS: NiO NiS2 NiClz FeS»
Binder None PVDF PVDF, PVP PVDF PVDF PVDF, Na:SiO;  MgO, SiO2
Electrolyte LiCI-KCl LiCI-KCl LiF-LiCl-LiBr ~ LiCI-LiF-LiBr  LiCI-LiF-LiBr  LiCI-LiF-LiBr LiCI-KClI
Cathode thickness 50 50 300 (Under) 80 120 180 410
(nm)
Heat treatment None None 700 450 350 600 None
temperature (°C)
Areal capacity
(mAh/em?) 5.13 5.40 15.29 13.59 19.34 16.81 35.79
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