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Abstract: Thermal batteries are ofien used as a one-time reserve power source for modern military weapons such as nucle-
ar weapons, missiles and artillery. The separator material of the thermal battery is composed of molten salt electrolyte and
binder. Tt is used to separate the cathode and anode of the battery under normal temperature storage conditions (to prevent
self-discharge). Under the working condition of high temperature (350~550 °C ), activated by the heating system inside the
battery, the non-conductive solid molten salt electrolyte melts, and the electrodes are connected by ion conduction. Among
them, the molten salt electrolyte is in a liquid state within the operating temperature range of the thermal battery ( endotherm
causes melting) , and the binder is always kept in a solid state to adsorb the liquid molten salt, which plays a role in inhibi-
ting the flow of the electrolyte to ensure the normal operation of the thermal battery. For decades, related researchers have
been exploring the molten salt electrolyte with low melting point and high electrical conductivity, as well as the binder with
high stability and high specific surface area, to extend the life of the thermal battery and reduce the binder amount. Lesse-
ning the binder can reduce the internal resistance of the thermal battery and improve the electrical performance of the batter-
y, thereby making the thermal battery develop to the trend of high performance and miniaturization. This article outlines the

development of separator materials of thermal batteries in the

Wi EE. 2020-06-03 &E BHEI. 2020-07-15 past years, and introduces from three aspects of the mixed

HETHE: EFEARRH4 NSAF B4 54 T H (U1430108)  Process of molten salt electrolyte, binder and separator material.

S qeE. BMEE A 1973 4 SR Finally, according to the research progress and actual application
- H A, N 1V

requirements, the future of thermal battery separator materials is
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MC3907 THERMAL BATTERY
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VOLUME 292(629.7)em®  WEIGHT 1.25 Kg
DIA 69.85(84.3)mm ' LENGTH 76.2(108.9)mm Luoomghiase.
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Fig. 1 Section view of a Li-Si/FeS, thermal b.stttery{21
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Table 1 Performance parameters of common molten salt electro-

lytes

Material system Proportion M.e ltin% Cond“di‘iilt Y
/(x/%) point/°C /(S +cm™)

LiCl-KCl 58.8-41.2[¢: 9101 35[10] 1.85°

LiBr-KBr 60-40! ') 328011 —
LiF-LiCl-LiBr 22-31-471¢) 440!¢] 3.41!°
LiCl-LiBr-KBr 25-37-381¢ 3201¢! 1.72!¢]
LiF-LiBr-KBr 3-63-341°] 3200¢ 1.69'°]
LiCl-LiBr-NaF-KF ~ 23-63-10-4'% 425'%] 3. 1118
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Table 2 Performance parameters of low eutectic nitrate electro-

lytes
Material svst Proportion Melting Conductivity
aterial system /(w/%) point/C /(S - em”! )
LiNO,-KNO,['?] 33.2-66.8 124 0. 69
LiNO,-RbNO, 12/ 31.9-68. 1 148 0. 54
LiNO;-NaNO, [ '] 47-53 187 0.99
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Fig.2 SEM images of MgO with different morphology: (a) MgO powder
particles'™) | (b) MgO fiber'®) | (¢) porous MgO fiber'®* |
(d) MgO-20HF"3!
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Table 3 Examples of MgO binder with different morphology used
in thermal batteries

Discharge capacity

Leakage Conductivity

Binder - o
/(mg+ecm°) /(S-cm )

(Discharge platform:1 V)

/(mAh - g™")

MgO powder — 0.67t%! 355. 671
MgO fiber 61.203 0. 4003 28613
Porous MgO fiber ~ 30. 0% 0. 5403] 30503
MgO-20HF 23. 003! 1.344031 397031
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