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Abstract
Recently, the current thermal battery technology needs new materials for electrodes in the power and energy density to meet

various space and defense requirements. In this paper, to replace the pellet type Li(Si) anode having limitations of the form-
ability and capacity, electrochemical properties of the lithium anode with high density for thermal batteries were investigated.
The lithium anode (Li 17, 15, 13 wt%) was fabricated by mixing the molten lithium and iron powder used as a binder to
hold the molten lithium at 500 ‘C. The single cell with 13 wt% lithium showed a stable performance. The 2.06 V (OCV)
of the lithium anode was significantly improved compared to 1.93 V (OCV) of the Li(Si) anode. Specific capacities during
the first phase of the lithium anode and Li(Si) were 1,632 and 1,181 As - g, respectively. As a result of the thermal battery
performance test at both room and high temperatures, the voltage and operating time of lithium anode thermal batteries were
superior to those of using Li(Si) anode thermal batteries. The power and energy densities of Li anode thermal batteries were

also remarkably improved.
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Table 1. Properties of the Electrodes
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Electrode

Property Li anode Li(Si) anode FeS, cathode Electrolyte
Total weight (g) 3.29 1.32 7.2 5.0
Li weight (g) 0.43 (Li 13 wt%) 0.43 - -
Diameter (mm) 56.9 56.0 56.0 56.2
Thickness (mm) 0.52 0.52 1.1 0.9
Density (g/cc) 2.70 1.07 2.90 237
m 2.4 ¥
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Figure 2. A single cell test assembly.

Figure 3. The design of @75 x L165 mm thermal battery (a) and
@75 x L130 mm thermal battery (b).
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Figure 5. SEM image of Li (17 wt%) anode (a), Li 15 wt% (b), and
Li 13 wt% (c).
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Figure 6. Single cell discharge performances of Li Anode by Li
contents.
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Figure 7. Single cell discharge comparison for Li anode and Li(Si)
anode.
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Table 2. Discharge Results of Li Anode and Li(Si) Anode Single Cells

First phase
Parameter 0V (V) : : : : 1
Electrode Voltage (V) Time (s) Energy density (Wh/l) Specific capacity (As - g™)
Li anode 2.06 1.88 782.5 356.5 1,632
Li(Si) anode 1.93 1.83 59.0 1,181
16 40 i— Li anode thermal battery
——Li-Si anode thermal battery
35 4
a‘ 14 —e— Li Anode 30
1S —=— Li-Si Anode .
< S -
o (]
= =)
_g 12 % 20
kS s
(o] 15 -
o
S 104 104
o
'_
54
8 T T T d T i T T d 0 T T T T T T T T
0 200 400 600 800 1000 0 100 200 300 400 500 600 700 800 900
Time (Sec.) Time (sec.)

Figure 8. Total polarization comparison for Li anode and Li(Si) anode
single cell.

ZF 9 uAd Tt s & 5 UtKTable 2).
Figure 7°] ©213A] WA A S vl O = Fujiwara 516]°]
st ol 72 (2)F AR GAA WEARE ALte AdE

Figure 8°l LYERSITE
R = (V,,=V)/1 )]

R, : &A & (total polarization, £2)

Voo : N8 2% (open circuit voltage, V)
Ve : HE]Z W (close circuit voltage, V)
I: PAHHA)

7M., Voo AFE A7 @3l 1 s F AYLS o833 o,
Vo= AFE Q718 9% 3V, 97 1 s F) AL AREs1ick

Figure 8014 Wb vkel o] -3 Li(Si) o=ra ARS8t &
AR ] FAEE W Z7]o 4] oF 800 s H-27HA] 8~10 m2
Eo] st A JehdH, 800 s o]l FASHA S7Iehs BEF
& YERAT) Masset 2 Fujiwara 5©] Li(Si)/FeS, @479 &5 &
S U213 o= FeS, 2] A&o] At A sirka Wt
SFITH17,18]. ©1A2 FeS,7| ®M3kE = Z-phase (LisFe,S;) 2! X-phase
(LipFeS,) T1lollA M7 ETr} dobd URAgte] FAsHA 718t
ofof sh=tl, & AAAFNA HHESTH LiSi) 5= UFAol
FAFSE Z12 FeS, 9] Ftst 7)glehe] JeFo® st ZloR whas
oh W W) A TR 489 iRl S Axs] fE AR

= T899 LiCIKCIoA KClo] A= W AEEe A3 2 o
A BE £4o] Batxow WAy wlEo R sukdc)

of

3sst 29 H A 6 =, 2018

Figure 9. Discharge performance of Li anode and Li(Si) anode
thermal battery at room temperature.
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Table 3. Discharge Results of Li Anode and Li(Si) Anode Thermal Batteries at Room and High Temperature

Room temperature

High temperature (+ 63 C)

First phase i First phase i
OCV (V) e Energy (lie;}SIty ocvV (V) phase Ene;afl/ldgglty
Voltage (V) Time (s) ( ) Voltage (V) Time (s) ( )
Li anode thermal battery 34.85 313 640 74.7 533 45.1 670 95.3
Li(Si) anode thermal battery 33.0 30.6~28.5 143~190 58.2 51.1 47.5~44.0 130~177 71.9

#cut off voltage of room temperature energy density: 25 V, **cut off voltage of high temperature energy density: 38 V.
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Figure 10. Discharge performance of Li anode and Li(Si) anode
thermal battery at high temperature (+ 63 ).
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