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1. Introduction 

In order to provide better understanding of the 
charge-discharge behaviour of LiA1/FeS high- 
temperature secondary cells, we measured effec- 
tive conductivities of both the positive and nega- 
tive electrodes separately. The results for porous 
positive FeS electrodes reported in previous 
papers [1, 2] indicated that the LiC1 concen- 
tration in the LiCI-KC1 electrolyte strongly 
affects the electrode resistance behaviour. The 
discharge performance is greatly improved by 
the use of LiCl-rich electrolytes. In this study we 
measured electrode conductivities of FeS posi- 
tives during charge and discharge cycles using 
the LiC1-LiBr-LiF system as the electrolyte. 
Since the salt system is free of K + ions, contain- 
ing Li + ions as the only cations, it can be con- 
sidered as a case of the LiCl-rich electrolyte. The 
following merits might be expected [3, 4] when 
the LiCI-LiBr-LiF electrolyte is used: 

(a) higher ionic conductivity than LiCI-KC1 
electrolytes because of the higher Li § ion con- 
centration, 

(b) simple electrode reactions, and good 
chargeability and dischargeability because of the 
lack of  interaction with the K + ion, 

(c) ease of analysis of  the experimental results 
because of no change in the electrolyte com- 
position in the electrode pores during charge and 
discharge. 

2. Experimental procedure 

The experimental set-up was identical to that 
reported previously [1], consisting of a working 
electrode which was the positive, a counter elec- 
trode which was an Li-A1 negative, and a cell 

container. The positive electrode potentials 
were measured against an Ni-Ni3S 2 reference 
electrode [5]. The electrolyte mixture was 
prepared from 31 mol % LiC1, 47 mol % LiBr 
and 22mol % LiF (polarographic grade), sup- 
plied by Anderson Physics Laboratories, Inc. 
This salt has a liquidus temperature of 430 ~ C. 
The FeS test electrode of  1 cm diameter and 
0.4 cm thickness was prepared by pressing a mix- 
ture of FeS ( - 6 0 ,  + 145mesh) and the elec- 
trolyte. The initial loading density was 1.30- 
1.35 A h cm -3. The impedance measurements 
were made by a vector impedance meter 
(Hewlett-Packard Model 4800A) with a 10pF 
capacitor blocking direct current. The accuracy 
of the instrument was + 5%. 

3. Results and discussion 

3.1. Effective electrode resistance in the 
LiCI-LiBr-LiF electrolyte 

Typical electrode resistance profiles during a 
discharge-charge cycle at 10 and 100mAcro -2 
are shown in Figs 1 and 2, respectively. At 
10mAcro -2 the electrode resistance increases 
gradually up to 40% utilization and starts to rise 
rather rapidly up to 60% utilization. At about 
70% utilization it begins to decrease as observed 
in the LiCl-rich electrolyte. The decline in the 
electrode resistance in the last stage of discharge 
can be attributed to the increase of coarse iron 
particles formed during this period of discharge. 
A similar phenomenon has been discussed in a 
previous paper [1]. The discharge voltage curve 
is very flat with a slight cathode potential drop 
(about 30 mV) at about 50% utilization, corre- 
sponding to the potential difference between 
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Fig. l. Change in effective specific resistance o fa  4 mm-thick 
FeS electrode during a cycle at 10mAcm -z in LiC1-LiBr- 
LiF electrolyte. Loading density, t.35 A h c m  -3; operating 
temperature, 450 ~ C. 

FeS-LizFeS2 and Li2FeS2-Li2S. The discharge 
reactions in the all lithium cation electrolyte 
have been identified as follows [6, 7]: 

2Li + + 2FeS + 2e = Li2FeS2 + Fe (1) 

2Li + + Li2FeS2 + 2e = 2Li2S + Fe (2) 

When the FeS electrode is discharged at 
100mAcro -2, the electrode resistance starts to 
increase at about 30% utilization and it remains 
at a high resistance level to the end. On charge 
it returns to the low resistance level of  the fully- 
charged state. The effect of current density on 
the resistance profile during discharge is shown 
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Fig. 3. Effect of current density on electrode resistance 
profile of a porous FeS electrode during discharge in LiC1- 
LiBr-LiF electrolyte. Loading density, 1 .35Ahem-3;  
operating temperature, 450 ~ o,  I0; Lx, 50; o ,  
I00mA cm -2 . 

in Fig. 3. A slight decline in the resistance at the 
last stage of discharge was observed at a current 
density as high as 50 mA cm -2. The changes in 
resistance profile with discharge current density 
can be attributed to the difference in electrode 
porosities at the reaction front of the positive 
electrode. During the cell discharge, reductions 
in electrode porosity occur, resulting from the 
formation of Li2 S, which leads to high effective 
resistivity [1, 2]. At the high current density, the 
pores of the electrode are quickly choked, caus- 
ing the high effective electrode resistance. 

3.2. Comparison of results obtained in the 
LiCl-LiBr-LiF and the LiCI-KCI electrolytes 

The electrode resistance profiles obtained for 
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Fig. 2. Change in effective specific resistance o f a  4 ram-thick 
FeS electrode during a cycle at 100mAcm z in LiC1-LiBr- 
LiF electrolyte. Loading density, 1.35 A h c m  -3 ; operating 
temperature, 450 ~ C. 
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Fig. 4. Electrode resistance profiles of  porous FeS electrodes 
during discharge at 10mAcro -2 in three different com- 
position electrolytes, zx, eutectic; e ,  LiCl-rich; o ,  LiC1- 
LiBr-LiF electrolyte. 
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Fig. 5. Electrode resistance profiles of porous FeS electrodes 
during discharge at 100mAcm 2 in three different com- 
position electrolytes, zx, eutectic; e, LiCl-rich; o, LiC~ 
LiBr-LiF electrolyte. 

FeS positive electrodes in the L i C I - L i B r - L i F  
electrolyte, an LiCl-rich (67.4 tool % LiC1, 
32 .6mo1% KC1) electrolyte and the eutectic 
electrolyte (58 .2mo1% LiC1, 4 1 . 8 m o 1 %  KC1) 
are shown in Figs 4 and 5. The detailed results 
obained in these LiC1-KC1 electrolytes are 
described in previous papers [1, 2]. 

At  all discharge current  densities studied, the 
changes o f  the effective specific resistance in the 
L i C I - L i B r - L i F  electrolyte were the smallest, 
part icularly toward  the end o f  the discharge. 
This can be at tr ibuted to the lack o f  the inter- 
mediate phases such as J-phase (LiK6Fe24S26C1) 
during discharge [6]. In addition, because o f  the 
absence o f  the K + ion, neither deposi t ion o f  KC1 
or  local electrolyte freezing could occur  during 
discharge. When  the LiC1-KC1 electrolyte was 
employed, a high resistance increase was 

observed and is at tr ibuted to the separation o f  a 
solid phase due to the local format ion  o f  excess 
componen t  - KC1 on discharge and LiC1 on 
charge [2, 8]. The use o f  the LiCl-rich electrolyte 
would alleviate the deposit ion o f  KC1 on dis- 
charge, but  the use o f  the all-lithium cation e~ec- 
trolyte would  completely remove the problem. 
Electrolyte composi t ion gradients and separ- 
ations o f  the salt under applied potentials have 
been analysed both  theoretically [9-11] and 
experimentally [12, 13]. The low electrode resist- 
ance o f  the L iC1-LiBr-LiF  electrolyte makes the 
system an attractive alternative to the LiC1-KC1 
system. 
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