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Abstract: Thermal batteries are specialized as primary reserve batteries that operate when the internal heat source is ignited and
the produced heat (450~550°C) melts the initially insulating salt into highly conductive eutectic electrolyte. The heat source is

composed of Fe powder and KClO4 with different mass ratios and is inserted in-between the cells (stacks) to allow homogeneous

heat transfer and ensure complete melting of the electrolyte. An ideal heat source has following criteria to satisfy: sufficient

mechanical durability for stacking, appropriate heat calories, ease of combustion by an igniter, stable combustion rate, and

modest peak temperature. To satisfy the aforementioned requirements, Fe powder must have high surface area and porosity to

increase the reaction rate. Herein, the hydrothermal and spray drying synthesis techniques for Fe powder samples are employed

to investigate the physicochemical properties of Fe powder samples and their applicability as a heat source constituent. The

direct comparison with the state-of-the-art Fe powder is made to confirm the validity of synthesized products. Finally, the actual

batteries were made with the synthesized iron powder samples to examine their performances during the battery operation.
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Fig. 2. Reduction procedure for precursor made by (a) hydrothermal
method and (b) spray drying method.
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(a)

(b)

Fig. 4. Microstructure of (a) the precursor synthesized by the
hydrothermal method and (b) the reduced Fe powder.

(b)

Fig. 5. Microstructure of (a) the precursor synthesized by the spray
drying method and (b) the reduced Fe powder.
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Fig. 6. Reduction result made by hydrothermal method (a) X-ray
diffraction patterns and (b) energy dispersive X-ray spectroscopy.
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Table 1. Properties of heat powders made with various Fe precursor.
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Fig. 9. (a) Heat powder and (b) heat pellet of thermal battery.
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Table 2. Specification of electrode.

Weight  Outer dia. Inner dia.  Thickness
Electrode
() (mm) (mm) (mm)
Cathode 3.60 55.93 8.42 0.54
Electrolyte 2.48 56.24 7.72 0.44
Anode 1.60 56.10 7.92 0.63
Heat pellet 5.65 56.18 6.00 0.73
(a) 40 800
—Voltage of TB with Hyrothermal Fe (V)
AR < Moltage. of TB with Spray. Drying Fe (V). 700
o —;Voltage of TB with Conventional Fe (V)
< 30 T ————
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y T 5, T T o
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(b) 40 800
Voltage of TB with Hyrothermal Fe (V)
15 Voltage of TB with Spray Drying Fe (V) 700
B —— Voltage of TB with Conventional Fe (V) |
. 304 - 600
<
= —
§ 25 - 500 )
S : ]
© 204 Cut Oﬁ..' 230 v i 4 400 §
b 4
= o
> o
.g 154 -{ 300 3
g G
3 104 4 200
Temperature of TB wnhg Hyrothermal Fe (°C) |
5 Temperature of TB with Spray Drying Fe (°C) ]| a0
i A Temperature of TB with Conventional Fe (°C) ]
L ;
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Time(sec)

Fig. 10. Discharging performance of thermal batteries including heat

pellets used the precursor synthesized in the hydrothermal and the

spray drying methods (a) low temperature condition and (b) high

temperature condition.
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Table 3. Discharging results of thermal batteries with various
temperature.

OCV Activation Operational
(V) time (sec)

Thermal battery Peak
m

time (sec)

Condition  Fe source

(O

Conventional 32.71 0.20 483 238

Low temp.
Hydrothermal
(-32°C)

32.74 0.27 528 259

Spray drying 32.86 0.22 495 247

Conventional 33.26 0.16 671 285

High temp.
Hydrothermal
(63°C)

33.57 0.18 680 305

33.25 0.19 691 288

Spray drying
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