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So lid state batteries with lithium and an insert ion material as acti ve electrode components and a poly (ethylene oxide) based 

electrolyte, have proven to be feas ible alternatives to the c lassica l secondary battery system s. The solid state electrochemical 

cell Li 1.1 Mn204 1 PEO:LiC I0 41 G raphite was fabricated by sandwiching the thin electrolyte film between the cathode and anode 

pellets. This sandwi ch was pressed between suitable current co ll ectors in a spring tight sampl e holder assembly. The complex 

impedance of electro lyte and Li 1.1 Mn204 was measured and discharge characteristics were stud ied for vari ous loads. Also 

energy densities were calculated. Constant current di scharge curves were obtained at several load va lues. The observed energy 

density is 47 J/kg for 0. 1 M ohm load . The lithium sa lt content of the polymer e lectrolyte is found to decrease at the positive 

electrode whilst increasing at the lithium side. The results predict that the critical charge at which the curves deviate should be 

inversely proportional to the current. 

1 Introduction 
In recent years, extensive work has been done on the 

research and development of lithium-ion batteries for 
portable electronic systems and electric vehicles l. As 

candidates for cathode materials, lithium manganese 
ox ides are attractive and have the following advantages : 

low cost, ready availability and low pollution. Li l.l 
Mn204 is a potential material for use in rechargeable 

lithium batteries, particularly as high voltage cathode 

material in lithium-ion cells using carbon-based anodes . 

Graphite exhibits a high capacity with a flat discharge 
characteri stics2

•
s. The material offers a relati ve ly high 

spec ific car 1(" Y at a potential exceeding approximately 
2V vs. Lli l .i-&' il. So lid state batteries with lithium and 

an insertion material as active electrode components and 

a poly(ethylene ox ide) based electrolyte, have proven to 

be feas ible alternati ves to the classica I secondary battery 

systems . Polymer electrolytes have occupied an impor
tant position in research towards developing new high 
energy density batteries. They have certain unique prop
erties such as thin film forming property, good proces
s ibility , feasibility , li ght weight , elasticity and 
transparency as well as relatively high ionic conductiv
ity and wide potential window in the solid state. This 

work reports on preparation and characterization of 

electrodes and elect~0 1 yte!', for lithium battery. 

2 Materials and Method 

2.1 Sample preparation 
Li2C03 and Mn02 (Sigma-Aldrich, USA) were used 

as staring materials. They were dried at ISO°C for 6 
hours . Appropriate amounts of Li 2COJ and Mn02 were 

taken , mixed together in Agate mortar and pest le and 
ground to fine powder. 

The method of estimation of Li 1.1 Mn 20 4 is given as 
follows : 

2/ 1.81 x (Molecular Weigh l of Li, CO , ) 

2/ 1.81 x ( Molecular Weighl of Li, co 1 ) + 2 x ( Molecul ar Wcighl of MilO, ) 

Amount of MIl02 = 

21 ( Molecul ar Wei ghl of MilO, ) 

2/ 1.8 1 x (Molecular Weighl of Li , CO , ) + 2 x ( Molecular Weigh I of MnO ,) 

The above mixture was kept in a furnace at 900 °C 
for 8 hours in order to enable the material to undergo 
solid state reaction with elimination of CO2 and O2. 

Hence, a weight loss is observed after the first sintering. 
The completeness of the reaction is observed by the 
absence of weight loss during subsequent sintering. This 
mixture was ground to a fine powder and pelletized . This 
pellet was sintered in order to improve the packing 
density by keeping them inside the furnace at 400 °C for 

3-4 hours . 
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LiMn204 is a poor anode, hence, we preferred 

Li ll Mn204 (nominal composition) as the anode l2 . Since 

it is easy to de-intercalate the excess lithium ion from 

Lill Mn204 up to the stoichiometric limit. Further de-in

terca lation, i.e . any attempt to reduce the fraction of 

lithium ions would lead to formation if any of new phase 

other than LiMn204 which causes the cell emf getting 

drast ically reduced l3 Not only the emf is reduced, but 

the e lectrode itse lf becomes more insulating, resulting 

in increasing the internal cell resi stance. 
The starting materials, PEO (MW 35,000) arid Li

CI04 were obtained from Aldrich (USA) and Fluka 

(Germany), respective ly. Prior to the preparation of 

po lymer e lectrolyte, the PEO and LiCI04 were dried 

under vac uum at about 65 °C and 180°C, respectively. 

The polymer and the sa lt were mixed at O/salt ratio of 

8: I, because this ratio is known to y ield good ionic 

conductivity as per the reported phase diagram 14 and this 

ratio indeed offers good mechanical strength to the 

polymer e lectrolyte a lso. A known weight of PEO and 

LiCI04 were disso lved in puri fi ed aceton itrile separate ly 

and then were mixed together to form PEOg:LiCI04 
blend . Polymer e lectrolyte blend thus prepared were 

then poured into the teflon die. The po lymer e lectrolyte 

films were prepared by a standard so lvent casting 

method I5.16. High purity graphite was used as the nega

ti ve e lectrode. 

2.2 Preparation of the cell 
The laboratory test cells Li II Mn20 4 I Po lymer e lec

trolyte I graphite were fabri cated by sandwiching the 

thin e lectrolyte film (weighted) between the cathode 

(weighted) and anode (weighted) pellets. This sandwich 

was pressed between suitable current collectors in a 

spring tight sample holder assembly for further charac

terization. This assembly were probably insulated and 

measurements were carried out under high vacuum con

ditions . 

3 Results and Discussion 
The method of calculation is to take the OCY as 

before and then shunt the battery with an external resi s

tance R and note the instantaneous voltage reading. The 

internal resistance is now calcu lated by 
(OCY - Y) x R 

Rin = V 

where Rin is expressed in ohms. 

RtotaJ = Rin + Rload 
Rin = Rtotal - Rload 

The discharge vo ltages of Li ll Mn2041 Polymer elec

trolyte I graph ite agai nst di scharge time at room tem

perature are shown in Fig. I . 
When the cell is an assembled condition, then 

Lil IMn204 /PEO:LiC I04/C 

gives OCY = 0 .8SY appearing at graphite with respect 

to Lill Mn204 and 
LiIIMn204 /PEO:LiCI04/Cxli 
After charging, g ives OCY = 2.SSY. 
The electrochemical reactions of the discharge of the 

ce ll were expressed as: 
At time of charg ing ce ll reactions are 

at Anode: Lill Mn20 4 ~ Li ll _xMn204 + Li + + e

at Cathode: C + xLi+ + e - ~ Cxli 

When ce ll is charged suc h that the Li gets de-interca

lated from Lill Mn20 4 to get interca late in C (graph ite). 

During discharge, 

at Anode: CxLi ~ C(x-r)li + yLi+ e-

at Cathode: Li l l-x Mn204 + yLi+ + e- ~ 

Li(1 l-x+I')Mn20 4 

and the above a ll reaction g ives OCY = 2.SSV. 
This reaction may continue till y = x. wheny becomes 

x it means that the ce ll is fully di scharged and the open 

ci rcuit voltage is 2.SSV as observed at the beg in)1ing of 

di scharge. 
Fig. 1 shows that OCV without any load measured as 

a function of time. While eva luati ng the ce ll perform

ance under the idea l sto rage condition , OCY (= 2.55 V) 

has been found to be dec reas ing exponentiall y to a 

steady value ofO.7SV after 100 minutes. 
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3.1 AC-impedance measurements 
Room temperature electrode and electrolyte conduc

tivities were determined separately from ac-impedance 

measurements using CHEN HW A 1061 LCZ meter with 
frequency range between 40 Hz and 200 kHz. The 
po lymer e lectrolyte film was sandwiched between two 
well polished stainless steel disk electrodes attached 
with spring tight sample ho lder assembly. 

The room temperature conductivity of the electrode 

and electrolyte was obtained from the standard complex 
impedance analysis method, used in solid state ionics. 
The room temperature conductivity of the electrode and 
electrolyte were found to be 5.09 x 10-4 Scm-' and 1.23 
x 10-4 Scm-' , respectively . 

3.2 Load characteristics 
The important characteristics of the secondary cell 

are that the charge and discharge - the transformat ion of 
electrical energy to chemical energy and back again to 
e lectrical energy - should prove nearly revers ibly, 
should be energy efficient, and should have minimal 
physical changes that can lim it the cells cycle fife . 

The discharge curves presented for different loads 
shows that the slight variation in initial voltage is due to 
a slight spread in the initial open circuit voltage across 
an array. 

At greater discharge currents the curve initially fol
lows the EMF curve, so that any diffusional over poten
tials may be assumed to be insignificant. However, after 
the passage of a critical amount of charge, which de
pends on the current, the curves deviate sharply down
wards. Such downward deviation at critical charge 
va lues are typical of diffusion limitation. The behaviour 
is due to bulk electrolyte transport number of less than 
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Fig. 2 - Energy density versus load 

one for the ion which passes through the electrode/e lec

trolyte interface . 
The energy density can be calculated by 
Energy dens ity = Power density x hours of service 
Whr/kg = W / kg x hr = (A x V x hr) / kg 
The energy densi ti es of the secondary battery system 

for different load va lues are shown graphically in Fig. 
2 . The sharper s lo pe, is indicat ive of superior retenti on 

of capacity with increasing di scharge. 
All the results reported here are those of cells operat

ing at room temperature . Constant current discharge 
curve were obtained at severa l load va lues for 50 min

utes time as shown in Fig. 3. The ohmic contribution is 
due to the resistances of the po lym er e lectro lytes, the 
cathode mate rial and the interfac ial res istance between 

the e lectrolyte and the lithium . 
In the cell described here, we wou ld expect that the 

lithium sa lt content of the po lymer e lectrolyte decreases 
at the positi ve e lectrode whil e increas ing at th e lithium 

s ide. These resu lts predict that the cr iti ca l cha nge at 
w hich the curves deviate sho uld be in versely propor

tional to the current. The resu lts s uggest that PEO based 
polymeric e lectrolytes can be considered as potential 
electrolytes for high energy density batte ries . 

4 Conclusion 
Several chemical-synthesized conductive po lymers 

have been examined for their characteristics as po lymer 

electrolyte material for lithium secondary batteries. The 
poly(eth y lene oxide) was found to hav e good 

charge/discharge characteri stics . In the initial state of 
discharge, electrode over po tenti a ls are generated 
mainly by the e lectronic res istance path , which will be 
sufficiently low in all cases. However, after a partia l 
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discharge of surface material, subsequent discharge re
quires conduction through the ionic resistance. These 
results indicate that the formation of passivation layers 
at the Graphite/PEO:LiCI04 and LiuMn204IPEO:Li
CI04 interfaces strongly influence the kinetics of the Lt 
ion insertion into or extraction out of the electrodes . 

We have found that the graphite which functions as a 
lithium intercalation compound, has good charac
teristics for a negative electrode material. The ac imped
ance measurements also indicated that the interfacial 
properties for the electrode covering the upper voltage 
range are far superior to those for the lower voltage 
range. The current value is reduced due to interfacial 
res istance of the cell. The internal resistance of the cell 
ari ses as a result of poor interfacial contact between the 
electrode and the electrolyte due to semisolid nature of 
the electrolyte. 
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