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Abstract: Thermal batteries are heat-activated primary reserve power sources that use inorganic salt as electrolytes

and specially designed to meet extremely long or environmentally severe storage requirements. They are primarily

used to deliver high power for relatively short periods in such applications as fuzes, missiles, ordnance and other

military applications. In this paper, we describe a general overview and research trends on electrode materials for

thermal batteries.
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Table 1. Classification of reserve batteries by activation method.  Sh= 2ofo]| S2|stct. A&, AoyR] T HMAS
o2 sh OEHY 28 Roll 47 AT

Activation media  Electrolyte Sea water Heat —
Eootrodes Zn/AgO Mg/PbCl, Ca/CaCrO, (ele.ctronic fuzeo) 78%2;%(,) j% jﬁéé}ig HFA](gpin-
(Anode/Cafhods) Li/SOCI, Mg/AgCl  Li(Al)/FeS, activated type)?] Pb/PbOy(5=/%=)2} Li/SOCl; FA]
Li/SO, AVAgO  Li(Si)/FeS, 7b ARgEO] STk [3]. UlArY, oy H AF] 59 A
Energy density 100300 50200 100 oz & yoyx] Wxo] EAS JIXR Zn/AgO,
(Wh/ £) Li/SOCl,, Li/SO,. Li/MnO, So] '2a] #j=ig]w 9t
Operation
temperature Medium Narrow Wide [4.5].
ange of| 59 4 Heoe AgEY g s Are
Missile, AMsfole Hrg HiIst= Al vlgHES 9.QlA]FA
Application Missile, Tropedoes, Attillery, HAafjoio g &As) g, 7]E9 Mg/PbClz, Mg/AgCl,
Artillery Sonobuoy Torpedoes, Zn/Ag0 AZA|AHIOA F]Z SojA= oYX W7}
Sonobuoy o Al/AgOo R el ol FA] et [1].
2.2 PHI|

AAX|(thermal battery)= 3}°F A(pyrotechnic
heat source)g ©o]&sto] A2odE ol Fre/do] ¢
= Akl Br1d A& (inorganic salt electrolyte)2
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ol g Al MelRS ALGSH: W ALgElo] ol AR Ty YElol @Al g st

Yol 2 AREHL St tiaARl HFAAzE Asl 3 2@, e wAl A2 a9 H2 AEe WA
oishd "|&AX](electrolyte-activated reserve battery), JF&% 59 +AIFO=Z Qloto] A= A ARREA]
/g v]EXK|(seawater-activated reserve battery), ¢ 9lod [1,2], #x= 2&(Li) 7I¥te] Li(M)/FeS;
2 &4 H|EAA|(heat-activated reserve battery, X= A|AH0] Iy UubH o ARRE Y QITt H| WA
thermal battery) 5o] ltt (& 1). T AR =2 &2 AlFste 24K HIEY

°
Asiag/yd vFHAA= AoiH HA=o] =0 (specific power)o] (1™ 2), ¥4R[A7F 2L A6}
Bystcirt @R st A|™o] 54, AlZE = JPAYA] B(maintenance free), 71 A& £%(long shelf life),
7] 59] At=o 2 XA MIH 7 =Qlsta] A5 W A= 2% (wide operation temperature) ¥ =&
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Fig. 2. Ragone chart for primary batteries (cell level).
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Table 3. Characteristics of typical anode materials.

Anode material EMF M.P Capacity
(wt.% of Li) V) (C) (Aslg)
Li(22)-Al 1.9 695 2,259
Li(44)-Si 2.0 740 1,747
LAN(20) 2.2 180 2,781
U3 Yol 13 daet fymas YYo= v
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Fig. 4. Li impregnated metal foam anode [8].

1 AN O
=3

20| ASBAOA & A2 Li-Al € Li-Si &30
Fol b2 29% 2 11% o9 532 dastd &

Ol'

vl

A 8oz oyx] dwrt FAs] FAFE Super
LAN' 7]&& A7fstdon [7], Z0atetd Ao
71E Ligkg 718t 330 vlsto] /ds0] €58 LIMFA
(Li impregnated metal foam anode) 7]&2 A 835t

== 7lee Ngstit (8]

3.3.2 ¥ (Cathode, E2XZ)

o2
|

AR AFEE= FeSye 20M+ ¥HeA|
01/\1% Az/go] &45tL, 7] 59 4ta
gh oM W A s 7H4 o= Qlsto] It
1 Qlth. FeSy= HoAR ARRE= &
HE7} ol A7} =l
|oll =7t wol At YAS &
AT [9].

2 50~100 ym L9 Q1 K}
= , A EA 2 AR XS Y5}
ol H(free electrolyte, ~35 wt.%)o] A7p=th 4=
e A7he 49 ¥o] WokA ‘catholyte’ (=cathode
+ electrolyte)gtilz ¥ 20, 28HL Trotx7] ¢sf
MgO E: A2l7} vlelg 2 AM7lelr|= 3k FeS,-
550°C olAoflAle] LEojNE BAMo=z Rurgol
AIRTE D, 7] EAsE &H(Sy) 7tAas 559 Y&
gtgsto 22 dAlsttt [10]. A (AH)2 C’Jé Oﬂﬁﬂ
5 259 4522 FeS9 wafivhs
AL ¥ ZZ(thermal runaway) dAS &

=t

o,
e}
ol
>~élﬂmk§t
Fao ool
NDROI:O
fu © 1o

]

ML %0 oo 1o
M ug L

el

o

o
g r
;9‘ I‘\O
R



A7 AAA 53 = A, A28A A28 pp. 765-770, 20151 129: 535 5 769

Table 4. Typical materials and their characteristics for electrolyte.

. Ionic
Electrolvt Composition M.P ductivit
ectrolyte conauctivi
Y (WEL%) (C) Y
(S/cm,@475°C)
LiF-LiCI-LiBr 9.6 : 22.0 : 684 436 3.21
LiCl-KCl 448 : 552 352 1.69
LiF-LiBr-KBr 0.8 : 56.0 : 432 312 1.75
LiF-LiCI-Lil 32 :13.0 : 83.8 341 2.30%

* Measured at 375°C
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