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SUMMARY 

A t i t a n i u m d i s u l p h i d e cathode has been used i n a c o i n 

c e l l i n which one molar s o l u t i o n of L i C l O ^ i n pr o p y l e n e carbonate 

was the e l e c t r o l y t e . The c e l l was charged and d i s c h a r g e d f o r 

one hour each at 0.1mA. C y c l i n g between v o l t a g e l i m i t s of 

4 and 1.4 was a l s o c a r r i e d o ut. 

INTRODUCTION 

The p o s i t i v e e l e c t r o d e m a t e r i a l f o r a secondary l i t h i u m 

c e l l s h o u l d have h i g h energy d e n s i t y , s t a b i l i t y i n the e l e c t r o l y t e , 

good e l e c t r i c a l c o n d u c t i v i t y and w i t h s t a n d moderate t o hi g h 

r a t e s of d i s c h a r g e . T r a n s i t i o n metal c h a l c o g e n i d e s have these 

q u a l i t i e s and hence are bei n g w i d e l y used as cathodes i n these 

c e l l s . T i S ^ t a m a t e r i a l w i t h l a y e r e d s t r u c t u r e , has good r a t e 

c a p a b i l i t y and a hi g h t h e o r e t i c a l s p e c i f i c energy when coupled 
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w i t h l i t h i u m anode (480wh Kg 1 ) [ 1 ] . I t i s almost i n s o l u b l e 

i n most of the o r g a n i c s o l v e n t s , has an e l e c t r i c a l c o n d u c t i v i t y 

of 2 x 10 2 S c m - 1 and good i n t e r c a l a t i o n of l i t h i u m between 

TiS l a y e r s . I t i s o f t e n d e s c r i b e d as s e m i m e t a l l i c [ 2 ] . On 

i n t e r c a l a t i o n w i t h l i t h i u m TiS 2 i s c o n v e r t e d i n t o L i x T i S 2 

a s i n g l e phase product w i t h 0 < x 1 ' [ 3 ] . T h i s system has 

been s t u d i e d s u c c e s s f u l l y by s e v e r a l workers [ 4 - 8 ] . In s e v e r a l 

of these i n v e s t i g a t i o n s , s o l v e n t s o t h e r than p r o p y l e n e carbonate 

[PC] have been used. A c e t o n i t r i l e , t e t r a h y d r o f u r a n , 2 - methyl 

t e t r a h y d r o f u r a n , 1,3 - d i o x o l a n e and 1, 2 - dimethoxyethane 

are some of the s o l v e n t s s t u d i e d [ 5 , 8 ] . P C ( L i C 1 0 4 ) s o l u t i o n 

owing to i t s h i g h c o n d u c t i v i t y , b o i l i n g p o i n t and o t h e r p r o p e r t i e s 

i s s t i l l a c a n d i d a t e [6,9,10]. Poor c y c l i n g e f f i c i e n c y of l i t h i u m 

i s the main cause of f a i l u r e of these c e l l s . The f o r m a t i o n 

of s u r f a c e f i l m , d e n d r i t e growth and poor a c t i v e m a t e r i a l u t i l i z a 

t i o n are some of the problems t h a t are t o be contended w i t h * 

Excess l i t h i u m i s u s u a l l y i n c o r p o r a t e d i n such c e l l s t o overcome 

these problems t o a c e r t a i n e x t e n t [ 4 ] . In t h i s w o r k , P C ( L i C l O ^ ) 
s o l u t i o n was used i n a c o i n c e l l . 

EXPERIMENTAL 

A n o d e : L i t h i u m i n g o t s ( F o o t e , USA) was used f o r 

making t h i n sheets from which c i r c u l a r anodes 

were prepared i n a dry box. 
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Cathode : 

S e p a r a t o r : 

E l e c t r o l y t e : 

T i S 2 (CERAC) was mixed w i t h 10 w/o a c e t y l e n e 
b l a c k and PTFE b i n d e r and p e l l e t s were made 
at 9.81 K Pa. 

C e l g a r d 2402 ( i m m e d i a t e l y above the cathode) 
and Tata p o l y p r o p y l e n e 421 C ( I n d i a ) were 
used. 

L i C l 0 4 was fused i n vacuum at 150°C f o r 
24 hours. 

PC was s t o r e d over CaO f o r 24 h o u r s , then 

d i s t i l l e d under reduced p r e s s u r e and then 

s t o r e d over 4 A m o l e c u l a r s i e v e s 1 molar 

s o l u t i o n of L i C l 0 4 i n PC was prepared i n 

a dry box. 

20 mm d i a c o i n c e l l s were f a b r i c a t e d i n 
a d r y box under argon atmosphere. Anode to cathode r a t i o was 
2:1 o n l y f o r reasons of c l o s e p a c k i n g i n the c e l l . 

The c e l l s were d i s c h a r g e d at 0.1mA and the 
c a p a c i t y was determined as ImAh. c y c l i n g was done under two 
modes: 

1. D i s c h a r g e 

Charge 

2. D i s c h a r g e 

Charge 

0.1mA f o r 1 hour 

0.1mA f o r 1 hour 

0.1mA upto 1.4V 

0.1mA upto 4.0V 
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In mode 1/ c e l l v o l t a g e s were measured at the end 

of charge and d i s c h a r g e . In the case of mode 2, the c a p a c i t y 

.was c a l c u l a t e d f o r each d i s c h a r g e upto 1.4V 

RESULTS AND DISCUSSION 

The r e s u l t s of c y c l i n g under mode 1 are g i v e n i n F i g . l . 

The depth of d i s c h a r g e i s 10%. The c y c l i n g was abandoned at 

234 c y c l e s s i n c e the charge v o l t a g e rose beyond 4.5V. At t h i s 

p o i n t the c e l l end of d i s c h a r g e v o l t a g e was o n l y 2, w e l l above 

the cut o f f v o l t a g e of 1.4V. The end of d i s c h a r g e v o l t a g e was 

measured i n t h i s s t udy t o determine the u s a b i l i t y of the c e l l 

at v a r i o u s s t a g e s , s i n c e i n most equipments, o p e r a t i n g v o l t a g e 

i s the main c r i t e r i o n . In the second mode ( F i g . 2 ) the depth 

of d i s c h a r g e was 45%. Here a g a i n c y c l i n g was d i s c o n t i n u e d not 

due t o r e a c h i n g c u t t o f f v o l t a g e at d i s c h a r g e . The charge v o l t a g e 

i n c r e a s e d and o n l y 15 c y c l e s c o u l d be s t u d i e d . I f we are t o 

go by the e a r l i e r works i n t h i s f i e l d , t he f a i l u r e i s due t o 

the l i t h i u m e l e c t r o d e • o n l y . L i t h i u m forms a s u r f a c e f i l m i n 

PC[11 t o 1 3 ] . I t i s w e l l known t h a t the poor c y c l a b i l i t y of 

l i t h i u m e l e c t r o d e reduces the l i f e of these c e l l s . The natu r e 

and c h a r a c t e r i s t i c s of these f i l m s are s t i l l b e i n g e x p l o r e d . 

U s u a l l y an anode t o cathode r a t i o of 6:1 i s employed[4]. I n c o r 

p o r a t i n g a d d i t i v e s t o r e t a r d f i l m f o r m a t i o n on l i t h i u m , use 

of L i A s F ^ i n 2Me THF and ot h e r s o l v e n t s , and a l l o y i n g of l i t h i u m 

are some of the ways being s t u d i e d . We b e l i e v e t h a t by co n t i n u o u s 

work i n t h i s l i n e , a L i / T i s r e c h a r g e a b l e c e l l of s e v e r a l thousand 
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c y c l e s can be made to r e a l i t y . 
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