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Abstract 

Seven electrolyte solutions in equimolar solvent mixtures or in one-component solvents 
have been selected on the basis of own results of research and on literature data: LiAsF, 
in GBL + 1,2-DME; LiClO., in GBL + l,ZDME, LiClO, in GBL+ 2-MeTHF, LiAsF, in 
PC, LiClO, in PC, LiAsF, in AN+PC, and LiClO, in AN. They were the basis for 
constructing seven series of the miniaturized coin-type R43 lithium cells with the Li/FeS 
electrode system. Relationship between composition of the electrolyte solutions and energy 
performance of the cells was studied for over 4800 h (200 days). The open-circuit voltage 
(emf) and the discharge curves (voltage U versus time t) were determined for two load 
values R= 100 kQ and R=22 ka. The practical electric charge capacity Qp, the practical 
energy capacity J&,, the weights of the spent electrode materials (lithium mLi and iron 
sulfide mFcs), the practical specific energy E,, the electric charge and energy efficiency 
coefficients, 7)Qpl vEpar were calculated. The best practical specific energy E,, has been 
obtained by cells with the solution of LiAsF, in equimolar mixture AN +PC. 

Introduction 

The choice of the electrolyte solution is an essential problem concerning non- 
aqueous cells with lithium as the anode material to assure a sufficiently high-electric 
conductance of the inner circuit of the cell and the chemical and electrochemical 
stability of the components of solution during the cell work. It has been known that 
the electromotive force of the cell at equilibrium is determined by the electrode system 
[l] - whereas the real electrode potentials (depending on the Gibbs solvation energy), 
the working voltage of the cell and the possibility to exhaust completely the electrode 
materials,. used in the cell depend on the electrolyte solution properties [2]. 

It is also known now that the molecules of the solvents and salts used hitherto 
undergo in part electrochemical, and chemical reactions with the Li electrode in the 
potential field of the given electrode system [3-6]. The passivating layers, formed in 
this way, at the interface play an important role - they confer a kinetic stability to 
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the Li electrode. The problem consists in choosing the electrolyte solution components 
in such a way that the reaction products with the electrode materials yield a sufficiently 
thin passivation layer which would not hamper the current reaction after closing the 
electric circuit [7J 

The quality of the constructed Li cell is given by its practical energy parameters: 
the capacity of the electric charge Qr,, the energy capacity E,, the specific energy E,, 
and the energy efficiency coefficient qups. Theoretically, these values can be calculated 
from the thermodynamical data: the variations in free energy, AGO, and enthalpy, 
AH’, of the electrochemical reaction occurring in the cell [l]. Thus, the practical 
energy parameter values of the cell depend also on the properties of the electrolyte 
solution, on the electrode materials preparation, and on the cell construction. 

Since few years we have investigated [8-lo] the 1.5 V Li cell with iron sulfide, 
FeS, as the cathode material. The synthesis of the porous cathode material is presented 
in ref. 8. The cell has the advantages: the high theoretical specific energy values, 
1037 W h/kg [l], the working voltage 1.5 V, and cheap and harmless FeS material. 
The system was hitherto studied by McCoy et al. [ll], Uetani et al. [12], Iwakura et 

al. [13], and by others [14-161. However, they did not obtain the attainable practical 
energy efficiency. 

It has been the purpose of this work to find the relationship between the practical 
energy efficiency values of the cells based on the Li/FeS electrode system and their 
electrolyte compositions selected on the basis of our studies presented in our work 
[17], and in literature data [18-201. 

Experimental 

Seven electrolyte solutions in equimolar two-component mixtures or in one- 
component solvents were selected on the basis of our studies of electrical conductance 
and physicochemical properties presented in refs. 17 and 20 and other literature sources 
[18, 191, Fig. 1: 

1. LiAsF, in equimolar GBL+ 1,ZDME mixture 
2. LiC104 in equimolar GBL+ 1,ZDME mixture 
3. LiClO., in equimolar GBL+2-MeTHF mixture 
4. LiAsF, in PC 
5. LiC104 in PC 
6. LiAsF, in equimolar AN+PC mixture 
7. LiC104 in AN 

where GBL: y-butyrolactone; 1,ZDME: 1,Zdimethoxyethane; 2-MeTHF: 2-methyl- 
tetrahydrofuran; PC: propylene carbonate, and AN: acetonitrile. 

They were used for constructing seven series (70 pieces, 10 cells each) of the 
miniaturized coin-type R43 Li cells based on the Li/FeS electrode system. The number 
of the series is the same as the number of the solution. 

The cathode material, porous semiconducting FeS, was of our own synthesis [8, 
91. The cells were assembled, Fig. 2, in collaboration with the Central Laboratory of 
Batteries and Cells (CLAiO) in Poznari by the methods elaborated by us and by 
CLAiO [21, 221. 

The energy performance of the cells were studied for over 4800 h (200 days). 
The open-circuit voltage (emf) and the discharge curves (voltage U versus time t) 
were determined for the two load values: R= 100 ka and R = 22 l&, Figs. 3-8. 
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Fig. 1. Specific conductance K, as a function of molality m, seven electrolyte solutions selected 
for constructing Seven series of LWeS cells [17]: K,,,~ at 25 “C for the studied systems; (0) 11.9 
mS/cm, (0) 10.3 mS/cm, (m) 8.7 mS/cm, (Cl) 6.3 mS/cm, (A) 5.4 mS/cm, (v) 10.4 mS/cm, (*) 
2.3 mS/cm, respectively. The solid lines fitting of the Casteel-Amis equation to the experimental 

points of the studied systems. 

Anode (Li 1 

Fig. 2. Schematic illustration of the Li/FeS cell, type R43. 

Results and discussion 

The following parameters have been calculated from the discharge curves - 
voltage LJ versus time t and current intensity i versus time t - for two load values 
R=lOO ka, and R=22 kR: 

(i) the practical capacity of electric charge, QP in (C) and (mA h): 

QP = j;(t) dt (1) 
0 

(ii) the weights of spent electrode materia!s, lithium, mti, and iron sulfide, mFcs 
in g 

(iii) the practical energy capacity, E, in (J): 
I 

Ep= 
s 

U(t) i(t) dt 
0 

(2) 
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Fig. 3. Discharge characteristic (voltage U vs. time r) for seven series of the L.i/FeS cells, type 
R43, on the constant load value R= 100 Mz, at temperature: 20 “C. 

Loud. 22kR 
Temp.: L5”C 

1000 1suo 

Discharge Time in Hours 

Fig. 4. Discharge characteristics [voltage U vs. time 1) for seven series of the Li/FeS cells, type 
R43, on the constant load value R=22 k.fl, at temperature: 45 “C. 

(iv) the practical specific energy E, in (J/g) and (W h/kg): 

I 

Eps = 
s 

U(t) i(t) dt/mG + mFeS 
0 

(3) 

(v) the practical capacity of electric charge and the practical specific energy 
efficienq coefficients, Top, qEps, as: 

7% = QJQT and wps =E,I& (4) 

where QT is the theoretical electric charge capacity and ETs the theoretical specific 
energy. 



Discharge Time in Hours 

Fig. 5. Discharge characteristics (voltage CJ vs. time r) for seven series of the Li/FeS cells, type 
R43, on the constant load value R=22 kn, at temperature: 20 “C. 

Load:ZZkP 

Temp-20’C 

60 120 

Discharge Time in Minutes 

Fig. 6. Discharge characteristics (voltage lJ vs. time t) for seven series of the Li/FeS cells, type 
R43, on the constant load value R=22 kfi, at temperature: -20 “C. 

Results of calculations are presented in Table 1 for R= 100 ka and in Table 2 
for R=22 ksZ, together with the emf data. As we see, the highest practical capacity 
of electric charge efficiency coefficient, qo,,= 0.99 and the practical specific energy 
efficiency coefficient, ?Epa - - 0.60 have been obtained for the cells filled with the solution 
of L,iAsFd in equimolar mixture of AN+ PC (series No. 6), Table 2. 

The cells series No. 6, when discharged at R = 100 k&I at 20 “C, yielded the voltage 
value of 1.5 V (Fig. 3) and the current value of about 14 4, during the very long 
time, above 4800 h. 

On R= 22 kfl load, the series No. 6 cells keep the U= 1.5 V voltage also at 
45 “C for about 1500 h (Figs. 4-7). 
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Load 22kP 
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Discharge Time in Hours 
ZCOO 2sm 

Fig. 7. Discharge characteristics (voltage U vs. time t) for the series No. 6 of the Li/PeS cell, 
type R43, on the constant load value R= 22 kR, at temperature: 45 and 20 “C. 

Load:22 k.Q 

Fig. 8. The practical charge capacity Qt,, and the practical energy capacity E,, with respect to 
the seven compositions of the electrolyte solutions on the constant load value R=22 kfl, at 
temperature: 20 "C. 

Figures 5 and 6 present the changes of the voltage versus time at 20 “C and 
- 20 “C for the cells loaded with R= 22 ka. 

On full discharge at R=22 kfi, the cells of series No. 6 gave almost 100% value 
of the theoretical electric charge capacity, (Q-r= 625.6 C or 174 n-A h; Q,=624.0 C 
or 173 mA h) and practical specific energy E,-536.5 W h/kg. 

Being discharged with low current (R= 100 kR), the cells of No. 4 and No. 5 
series filled with LiC104 and LiAsFd in PC solutions behave similarly to the series 
No. 6 cells (Fig. 3). 
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At thermodynamic equilibrium the values of the theoretical energies parameters 
for electrodic Li/FeS system are as follows: the theoretical energy capacity (for 1.7 V 
average emf value) ET= 1063.5 J. The cell type R43 contains 0.045 g of Li and 
stoichiometric value of FeS = 0.285 g; hence the theoretical specific energy of the cell 
is E&=3222.3 J/g, or 895 W h/kg. The ETs value as calculated from standard 
thermodynamic functions [l] is higher and equals to 3733.0 J/g or 1037 W h/kg. 

Conclusions 

The best energy performance of the Li/FeS electrode system has been obtained 
by the cells with the solution of LiAsFa in equimolar mixture of AN+PC. 
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