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Abstract:

Powder compaction technology is widely used to prepare thermal battery components. This method,

however, is limited by the size, thickness, and geometry of the battery components. This limitation leads to
excessive cell capacity, overweight, and higher cost of the pellets, which decreases the specific capacities and delays
the activation time of thermal batteries. FeS, thin-film cathodes were fabricated by tape-casting technology and
analyzed by SEM and EDS in this paper. The residual organic binder of the FeS, thin-film cathodes decreased with
the temperature of the heat treatment, which improved the specific capacity because of the lower resistance. Specific
capacities of the FeS, thin-film cathodes decreased because of the higher residual binder and the restrictive reaction
of active materials with molten salts as the thickness increased. FeS; thin-film cathodes showed much higher specific
capacity (1,212.2 Ag/g) than pellet cathodes (860.7 As/g) at the optimal heat-treatment temperature (230°C).
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Fig. 1. Conventiond FeS, cathode pellets thinner than 0.25
mm thickness.
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meshollA JY=EF & FAAAZE 30.0 ymQl FeS,
(Linyi A}, &% 99% o]4}) 2%Z AMgsiqict. 19 2%
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Fig. 2. Particle size distribution of FeS, powder.

Table 1. The properties of organic binder.

Polymer type PVB
Solvents Toluene/Ethanol
Binder solids 22.4%
PVB : plasticizer ratio 171
Viscosity 450 cps

Fig. 3. The fabrication of FeS, thin film cathode sheets by
tape casting.
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Fig. 4. FeS; thin film cathode sheets with about 180 um thickness
and 230 mm in width.

Fig. 5. FeS, thin film cathodes punched in 56.2 mm; (8) without
heat treatment, (b) with heat treatment at 230°C, and (c) with
heat treatment at 300°C.

o]-&sto] 1,500 rpmo.& 234 33] whEsto] #F Y5t
Sshlgict £S2jele] A= MAeA|(DV-2T Viscometer,
Brookfield Co.) A& A] 3,500 ~5,000 cps HeS &K
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E(Od 45 ARSI, Al 56.2 mmz TR 5T
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of motd {71 vlIelE A7st7] #IsliA 150°C, 200°C,
230°C, & 300°Co|A 2A13FEt 571 7101A B4
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Table 2. The conditions of heat treatment for FeS2 thin film
cathodes.

Sample  Temperature(C)  Hesating rate  Holding time
B80 80 -
B150 150 2 hr

150C, 1 hr
B200 200 )

200C, 2 hr

10°C/min 150C, 1 hr

B230 230 )

230C, 2 hr

150C, 1 hr
B300 300 )

300C, 2 hr

2.2 M7= BM U MSAIY

EAY A - S FeS; ¥; =9 UlAfx2E= SEM
(scanning electrons microscopy, Philips)o 2 24 35}
Fon, EDS (energy dispersive X-ray spectroscopy)
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Alstoich w3t 7]&o] Male ofIate] M7|sHerA
S wlasty] fAstel BAY FI(FeS,LICIKCL
400 um), @31y SZ(LiSi+LiCI-KCl, 800 pm) ¥ A
SA(LiCl-LiBr-LiF+MgO, 440 ym)2 4% QAR
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Fig. 6. Discharge test system of single cell.
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Fig. 7. SEM images of FeS, thin film cathodes. (a) without
heat treatment and (b) with heat treatment at 230°C.
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Fig. 8. EDS image mapping of FeS, thin film cathodes. (d)
without heat treatment and (b) with heat treatment at 230C.
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FeS,2] H7|aketAl vhg-2 ofefie} 242 ¥H3-5 7A|H,
A WA HE g@AOA = 1 mole FeSy7t 1.5 mol9]
2|51} 8h2sto] Z-phase(LisFe;Sq) 02 #gtE] = dt
SolH, A7|gtstAQl vl 8P 1,206 As/g= THA

o O u
At [10].
Step 1 :
3 -+ 3 —_ 1 . 4 4
FeS, + EZ/L + 2¢ H5&3[7@25'4( Z—phase’) (1)
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Fig. 9. Discharge performances of single cells with FeS; thin
film cathodes heat-treated at different temperatures.

Table 3. Specific capacities of FeS, thin film cathodes heated
at different temperatures with cut-off voltage of 1.5 V.

B80 B150 B200 B230

Aslg 618.1 897.9 1,016.9 1,212.2

Step 2 :
(1—x)LiyFe,S,— (1—2z) Li,_ Fe,_ S+ Fe,_,.S (2)
LiFeyS,+ Li* + e — LiyFeS, + FeS+ LiyS (3)

Step 3 :

Li,_ Fe,_,S,— Li,FeS,(' X—phase’) (4)
Step 4 :

LiyFeS, +2e” — Li,S+ Fe + S~

Step 39] X-
phase (Li2FeS;) YH7HA| & Ab&sh= Aoz d2A gl
o [10,11]. 2 AolM = AFE =] T2} Z-phase?]
gz Aol 27| o] 1.5 V (cut-off) g 7|&E
ouj, y|RaFe tholA
2 5ol ALtstant.

o 5
=2 o

ofo
ol

o o= o
FeS, W7 f39) @xe] 2ol me YA 2
22 73 99 B 30 Lenfsich. @xje] A FeS, v}
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Fig. 10. Discharge performances of single cells with FeS, thin
film cathodes and pellet cathodes.

Table 4. Electrochemical performance of the single cells with
FeS;, thin film cathodes and pellet cathodes.

Thin film cathodes (thickness, um) Pellet
180 250 (400 pm)
Specific acit
cepaaily 1,212.2 957.2 860.7
(Aslg)
OCV(V) 1.96 2.06 1.96

150°C, 200°C
Z¥zF 897.9, 1,016.9
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Fig. 11. Total polarizations of single cells with FeS, thin film
cathodes and pellet cathodes.
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