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CONTRACTUAL O R I G I N  O F  THE I N V E N T I O N  

The U n i t e d  S t a t e s  Government h a s  r i g h t s  i n  t h i s  inven-  

t i o n  p u r s u a n t  t o  C o n t r a c t  No. W-31-109-ENG-38 between t h e  

U.S. Depar tment  o f  Energy anci Aryonne N a t i o n a l  L a b o r a t o r y .  

BACKGROUND O F  THE I N V E N T I O N  

T h i s  i n v e n t i o n  r e l a t e s  t o  h i g h  t e m p e r a t u r e  s e c o n d a r y  

e l e c t r o c h e m i c a l  c e l l s  and b a t t e r i e s  o f  s u c h  c e l l s  t h a t  c a n  

be used  a s  power s o u r c e s  f o r  e l e c t r i c  v e h i c l e s ,  s t o r a s e  

of  o f f - p e a k  power p r o d u c t i o n  and v a r i o u s  o t h e r  a p p l i c a t i o n s .  

1 0  T h e r e  h a s  been  a  s u b s t a n t i a l  amount o f  work i n  t h e  

deve lopment  o f  s u c h  h i g h  t e m p e r a t u r e ,  h i g h  power e l e c t r o -  

c h e m i c a l  c e l l s  and t h e i r  e l e c t r o d e s .  One g r o u p  o f  s u c h  

c e l l s  t h a t  show p r o m i s e  i n c l u d e  a l k a l i  m e t a l s  o r  a l k a l i n e  

e a r t h  m e t a l s  and t h e i r  a l l o y s  w i t h  more i n e r t  m a t e r i a l s  

a s  n e s a t i v e  e l e c t r o d e s .  I n  t h e  p o s i t i v e  e l e c t r o d e s  o f  s u c h  

c e l l s  c h a l o y e n s  and  t r a n s i t i o n  m e t a l  c h a l o g e n i d e s  a r e  con- 

keii lplated a s  a c t i v e  m a t e r i a l s .  T y p i c a l  examples  i n c l u d e  

l i t h i u m ,  sodium o r  c a l c i u m  and a l l o y s  of  t h e s e  a c t i v e  mate- 

r i a l s  w i t h  more i n e r t  e l e m e n t s  s u c h  a s  aluminum, magnesium 

20 s i l i c o n  o r  boron  a s  a  n e g a t i v e  e l e c t r o d e  m a t e r i a l s .  I n  

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



iron sulfide, cobalt sulfide, copper sulfide, nickel sul- 

fidc and others have bee11 uf particular interest. Electro- 

lytes of alkali metal halides and alkaline earth metal 

halides are typically used in these cells. 

High temperature electrochemical cells of these types 

are illustrated in the following patents: 

Artzen, U.S. Patent No. 4,110,517 shows an electro- 

chemical cell design that ernploys frangible forms of 

ceramic materials as electrically insulative cell 

10 separators. 

Vissers et al, U.S. Patent No. 4,029,860 illustrates 

a compartmented or honeycomb structure used as a current 

collector to support electrochemically active material 

within an electrode. 

Kaun et all U.S. Patent No. 4,011,374 describes the 

use of a resin into which various electrochemically active 

materials are,blended for preparing electrodes. 

~atiiers et al, U.S. Patent No. 4,086,396 describes the 

use of powdered electrically insulative ceramics as separa- 

20 tors between electrodes of opposite polarity. 

Shimotake et al, U.S. Patent No. 4,172,926 discloses 

a seconuary electrochemical cell design in which various 

active material forms suitable for use in high temperature, 

hiyh specific energy electrochemical cells are described, 

Previous secondary electrochemical cells under develop- 

ment have contained flat plate-type electrodes within 

prismatic or cylindrical housings. Electrically con- 

ductive current collectors have extended throughout the 

flat plate design to be accessible to the active material 



w i t h i n  t h e  ce l l .  E l e c t r i c a l l y  i n s u l a t i v e  s e p a r a t o r  

m a t e r i a l  h a s  e x t e n d e d  o v e r  and a round  b o t h  f l a t  s u r f a c e s  

between e l e c t r o d e s  and o v e r  t h e  e d g e  s u r f a c e s  f a c i n g  t h e  

c e l l  h o u s i n y .  The c e l l s  o f  p r i s m a t i c  s h a p e ,  a l t h o u g h  con- 

v e n i e n t l y  packed  w i t h i n  a b a t t e r y  h o u s i n g ,  c o n t a i n  less  

volume p e r  u n i t  w a l l  a r e a  t h a n  c o m ~ a r a b l e  c y l i n d r i c a l  

s t r u c t u r e s ,  c o n s e q u e n t l y  t h e y  g e n e r a l l y  e x h i b i t  a n  i n c r e a s e d  

w e i 5 h t  p e r  u n i t  o f  e n e r g y  s t o r a g e  c a p a c i t y .  Such f l a t  p l a t e  

e l e c t r o d e  s t r u c t u r e s  a r e  g e n e r a l l y  p r e p a r e d  by p r e s s i n g  

10  o p e r a t i o n s  t h a t  r e q u i r e  s e p a r a t e  l o a d i n g  and p r e s s i n g  

s t e p s  f o r  e a c h  e l e c t r o d e  o r  e l e c t r o d e  s e p a r a t o r  member. 

P r e v i o u s  cylindrical c e l l s  have  l n c l u d e d  c e n t r a l  p i n  

e l e c t r o d e s  o f  f o r  i n s t a n c e  l i t h i u m  aluminum a l l o y  and  a n  

a n n u l a r  e l e c t r o d e  o f  f o r  i n s t a n c e  FeS s u r r o u n d i n g  t h e  

c e n t r a l  p i n .  A p o r o u s  c e r a m i c  s e p a r a t o r  o f  e l e c t r i c a l l y  

i n s u l a t i v e  m a t e r i a l  i s  p o s i t i o n e d  between t h e  e l e c t r o d e s .  

C e l l s  o f  t h i s  t y p e  have  t h e  s h o r t c o m i n g s  o f  s m a l l  c e l l  

c a p a c i t y  and l i m i t e d  power c a p a b i l i t y .  I n c r e a s e d  e l e c t r o d e  

d i a m e t e r s  and t h i c l t n e s s e s  t o  i n c r e a s e  c a p a c i t y  d e c r e a s e s  

20 i n t e r e l e c t r o d e  s u r f a c e  and t h u s  power f o r  a  g i v e n  w e i g h t .  

A l t e r n a t i v e l y ,  t h e  u s e  o f  v e r y  e l o n g a t e d  o r  a  l a r g e  

number o f  s m a l l  d i a m e t e r  c e l l s  p r e s e n t s  cumbersome 

packag ing  and c o n n e c t i o n  prohJems.  

T h e r e f o r e ,  i n  view o f  t h e  f o r e g o i n g  e l e c t r o c h e m i c a l  

c e l l  desic,ns and p r o c e d u r e s  i t  is a n  o b j e c t  o f  t h e  p r e s e n t  

i n v e n t i o n  t o  p r o v i d e  a n  improved e l e c t r o c h e m i c a l  c e l l  w i t h  

e l e c t r o d e s  o f  c y l i n d r i c a l  d e s i g n .  

I t  is  a f u r t h e r  o b j e c t  t o  p r o v i d e  a n  e l e c t r o c h e m i c a l  

d e s i g n  i n  which u s e  o f  e l e c t r i c a l l y  i n s u l a t i v e  s e p a r a t o r  



m a t e r i a l  is  i n  g e n e r a l  r e s t r i c t e d  t o  between e l e c t r o d e  

s u r f a c e s  o f  o p p o s i t e  ~ o l a r i t y .  

I t  i s  a f u r t h e r  o b j e c t  o f  t h e  p r e s e n t  i n v e n t i o n  t o  

p r o v i d e  an e l e c t r o c h e m i c a l  c e l l  c o n t a i n i n g  a  p l u r a l i t y  o f  

e l e c t r o d e  e l e m e n t s  o f  t u b u l a r  o r  p i n  s h a p e  t o  p e r m i t  t h e i r  

f a b r i c a t i o n  by e x t r u s i o n  and o t h e r  c o n t i n u o u s  p r o c e s s e s .  

SUKMARY O F  THE I N V E N T I O N  

I n  a c c o r d a n c e  w i t h  t h e  p r e s e n t  i n v e n t i o n ,  an  e l e c t r o -  

chemica l  c e l l  is  p r o v i d e d  t h a t  i n c l u d e s  a n  e l o n g a t e d  

10 e l e c t r i c a l l y  c o n d u c t i v e  c e l l  c o n t a i n e r  i n  e l e c t r i c a l  

conmunicat  ion  w i t h  a  f i r s t  e l e c t r o c h e m i c a l l y  a c t i v e  m a t e r i a l .  

A p l u r a l i t y  o f  f i r s t  e l e c t r i c a l l y  c o n d u c t i v e  t u b e s  w i t h  

p e r f o r a t e  w a l l s  s e r v i n g  a s  c u r r e n t  c o l l e c t o r s  a r e  a f f i x e d  

l e n g t h w i s e  w i t h i n  t h e  c e l l  c o n t a i n e r  i n  e l e c t r i c a l  communi- 

c a t i o n  w i t h  t h e  c o n t a i n e r ,  and t h e  f i r s t  a c t i v e  n a t e r  i a l .  

Each o f  t h e  p e r f o r a t e  t u b e s  i n c l u d e s  a  t u b u l a r  l a y e r  o f  

e l e c t r i c a l l y  i n s u l a t i v e  c e r a m i c  c o n c e n t r i c a l l y  d i s p o s e d  

w i t h i n  l t s  iiiiier c  i r c u m f e r e n e e .  C o n c e n t r i c a l l y  and l e n g t h -  

w i s e  w i t h i n  t h e  e l e c t r i c a l l y  i n s u l a t i v e  t u b u l a r  l a y e r s  

and p e r f o r a t e  t u b e s  a r e  e l o n g a t e d  p i n s  o f  a  s econd  a c t i v e  

m a t e r i a l  o f  o p p o s i t e  p o l a r i t y  t o  t h e  f i r s t  a c t i v e  m a t e r i a l .  

The c e l l  f u r t h e r  i n c l u d e s  e l e c t r i c a l  t e r m i n a l  means f o r  

e l e c t r i c a l l y  communicat ing s e p a r a t e l y  w i t h  t h e  f i r s t  and 

t h e  second  a c t i v e  m a t e r i a l s .  

I n  more s p e c i f i c  a s F e c t s  o f  t h e  i n v e n t i o n ,  t h e  e l e c t r o -  

c h e m i c a l  c e l l  c o n t a i n e r  i s  o f  c y l i n d r i c a l  s h a p e  and sub- 

s t a n t i a l l y  f i l l e d  i n  i t s  volume o u t s i d e  t h e  p l u r a l i t y  o f  

f i r s t  e l e c t r i c a l l y  c o n d u c t i v e  t u b e s  w i t h  t h e  f i r s t  a c t i v e  

m a t e r i a l .  I n  one  o t h e r  i m p o r t a n t  a s p e c t ,  p a r t i c u l a r l y  f o r  



electrochemical cells includiny.active materials such 

as FeS and LiAl alloy that are compatable with low carbon 

steel and other less expensive current collector materials, 

there is provided a second perforate tube of electrically 

conductive material between the electrically insulative 

tubular layer and the axial electrode pin. In this arrange- 

ment, the second electrically conductive tube can be bonded 

onto the outside surface of the electrode pin. 

In one other more specific embodiment of the invention, 

10 the elonsated cylindrical pin of electrochemically active 

material can include a longitudinal core of electrically 

conductive material serving as a current collector. An 

axial current collector of this form can be used in place 

of the inner perforate tube discussed above when more 

electrochenlically corrosive active materials such as FeS2 

are selected for use in the cylindrical pin electrode. 

This active material can be retained within the remaining 

p e l L u ~ d k e  tube but  separated trom it by the tubular layer 

of electrically insulative ceramic. 

A further important embodiment of this invention 

includes solid disk shaped layers having circular openings 

through the thickness thereof adapted to snuggly nest and 

stack around each of the plurality of first electrically 

conductive tubes. The soiid disk shaped layers are of the 

first electrochenically active material. Other specific 

forms of the first electrochemically active material include 

granular material such as transition metal chalogenide 

vibrated into the open volume intermediate, the individual 

electrically conductive tubes affixed within the cell 



c o n t a i n e r .  I n  one  o t h e r  form t h e  f i r s t  e l e c t r o c h e m i c a l l y  

a c t i v e  m a t e r i a l  c a n  i n c l u d e  a  s o l i d i f i e d  m e l t  o f  a l k a l i .  

m e t a l  o r  z l k a l i n e  e a r t h  m e t a l ,  h a l i d e s  u n i f o r m l y  c o n t a i n i n g  

a  g r a n u l a r  t r a n s i t i o n  m e t a l  c h a l o g e n i d e  w i t h i n  t h e  volume 

o u t s i d e  t h e  f i r s t  e l e c t r i c a l l y  c o n d u c t i v e  t u b e s  a f f i x e d  

w i t h i n  t h e  c e l l  c o n t a i n e r .  

B R I E F  DESCRIPTION OF THE DRAWINGS 

The E r e s e n t  i n v e n t i o n  i s  i l l u s t r a t e d  i n  t h e  accompany- 

ing  d rzwings  where in :  

10 F i g .  1 is  a n  e l e v a t i o n  v i ew p a r t i a l l y  b roken  away o f  

a  c y l i n d r i c a l  e l e c t r o c h e m i c a l  c e l l .  

F i g .  2 is  a  t o p  v iew p a r t i a l l y  broken  away o f  t h e  

e l e c t r o c h e m i c a l  c e l l  o f  F i g .  1. 

F i g .  3  is a n  e n l a r g e d  f r a g m e n t a r y  v iew o f  t h e  upper  

and lower  ~ o r t i o n s  o f  e l e c t r o d e s  p a r t i a l l y  broken  away i n  

t h e  e l e c t r o c h e m i c a l  c e l l  o f  F i g .  1. 

F i g .  4 i s  a  f r a g m e n t a r y  v iew p a r t i a l l y  broken  away 

o f  an  a l t e r n a t e  e l e c t r o d e  form.  

DETAILED DESCRIPTION OF THE PREFERRED EMEOPIMENT 

20 F i g s .  1 and 2 o f  t h e  d r a w i n g s  i l l u s t r a t e  an  e l o n g a t e d  

e l e c t r o c h e m i c a l  c e l l  w i t h i n  a c y l i n d r i c a l  shaped  c o n t a i n e r  

11. Nested w i t h i n  t h e  c e l l  c o n t a i n e r  a r e  a p l u r a l i t y  o f  

f i r s t  e l e c t r i c a l l y  c o n d u c t i v e  t u b e s  1 3  o f  p e r f o r a t e  m a t e r i a l  

c o n t a i n i n g  e l e c t r o d e s  o f  a  common p o l a r i t y  e x t e n d i n g  l e n g t h -  

w i se  w i t h i n  t h e  c e l l  c o n t a i n e r .  

Al though b o t h  t h e  c o n t a i n e r  and t h e  t u b e s  a r e  i l l u s -  

t r a t e d  o f  c i r c u l a r  c r o s s - s e c t i o n  a s  a p r e f e r r e d  embodiment, 

i t  w i l l  b e  c l e a r  t h a t  v a r i o u s  o t h e r  s h a ~ e s  may a l s o  b e  

s e l e c t e d  f c r  u s e .  For i n s t a n c e ,  t h e  c o n t a i n e r  and t u b e s  



need n o t  b e  o f  t h e  same shape  i n  c r o s s - s e c t i o n  a s  t u b e s  1 3  

c a n  b e  n e s t e d  i n t o  a c o n t a i n e r  h a v i n g  v a r i o u s  p o l y g o n a l  

( i . e .  hexagona l  o r  o c t a g o n a l )  c r o s s - s e c t i o n s .  A l t e r n a t e l y  

t h e  f i r s t  e l e c t r i c a l l y  c o n d u c t i v e  t u b e s  1 3  c a n  b e  e l o n g a t e d  

ho l low members w i t h  p o l y g o n a l  c r o s s - s e c t i o n s  n e s t e d  w i t h i n  

t h e  c o n t a i n e r  o f  v a r i o u s  c r o s s - s e c t i o n s .  However, f o r  

p u r p o s e s  o f  t h e  p r e s e n t  a p p l i c a t i o n  t u b e s  and c o n t a i n e r s  

of t h e  p r e f e r r e d  c i r c u l a r  c r o s s - s e c t i o n s  a r e  i l l u s t r a t e d  

and d i s c u s s e d .  

10 A f i r s t  e l e c t r o c h e m i c a l l y  a c t i v e  m a t e r i a l  1 5  is f i l l e d  

w i t h i n  t h e  v o i d  volume w i t h i n  c e l l  c o n t a i n e r  11 around t h e  

f i r s t  e l e c t r i c a l l y  c o n d u c t i v e  p e r f o r a t e  t u b e s  1 3 .  Tubes 

1 3  a r e  t h e r e f o r e  a t  t h e  same p o l a r i t y  and s e r v e  a s  c u r r e n t  

c o l l e c t o r s  f o r  t h e  f i r s t  a c t i v e  m a t e r i a l  1 5 .  These  t u b e s  

c a n  b e  o f  p e r f o r a t e d  m e t a l  a s  shown o r  o f  m e t a l  mesh, 

s c r e e n ,  expanded m e t a l  and o t h e r  l i k e  p e r f o r a t e  c o n s t r u c -  

t i o n .  To e n s u r e  a d e q u a t e  s u p p o r t  and e l e c t r i c a l  c o n t a c t  

between e l e c t r i c a l l y  c o n d u c t i v e  t u b e s  1 3  and c e l l  c o n t a i n e r  

11, an  e l e c t r i c a l l y  c o n d u c t i v e  menber o r  p e r f o r a t e d  d i s k  

20 17  is m e t a l l u r g i c a l l y  bonded o r  o t h e r w i s e  f i r m l y  a f f i x e d  

by known means t o  t h e  bo t tom p o r t i o n  o f  t h e  e l e c t r i c a l l y  

c o n d u c t i v e  t u b e s  1 3  and t o  t h e  c e l l  c o n t a i n e r  11. Member 

17  t h e r e b y  p r o v i d e s  p h y s i c a l  s u p p o r t  f o r  t h e  e l e c t r i c a l l y  

c o n d u c t i v e  t u b e s  1 3  and good e l e c t r i c a l  c o n t a c t  between 

t u b e s  1 3  and t h g  c e l l  c o n t a i n e r .  A s i m i l a r  d i s k  o r  member 

18  can  b e  i n s t a l l e d  a t  t h e  t o p  p o r t i o n  o f  t h e  c e l l .  S i n c e  

p e r f o r a t e  e l e c t r i c a l l y  c o n d u c t i v e  t u b e s  1 3  a c t  a s  c u r r e n t  

c o l l e c t o r  for t h e  a c t i v e  e l e c t r o d e  m a t e r i a l  1 5 ,  and a r e  

a s  d e s c r i b e d  i n  f i r m  e l e c t r i c a l  communicat ion w i t h  c e l l  



con ta ine r  11, c e l l  con t a ine r  11 can be adapted t o  s e r v e  

a s  a  t e rmina l  o f  l i k e  p o l a r i t y  t o  t h a t  o f  e l ec t rochemica l ly  

a c t i v e  m a t e r i a l  15. 

Considering Fig.  3  i n  con junc t ion  with t h e  o t h e r  

F igu re s ,  t h e  manner i n  which t h e  e l e c t r o d e  com~onen t s  

wi th in  t h e  e l e c t r  i c a l l y  conduct ive  tubes  13  a r e  d i scussed 

and i l l u s t r a t e d .  A t u b u l a r  l a y e r  1 9  o f  e l e c t r i c a l l y  insu la -  

t i v e  ceramic is shown on t h e  inner  s u r f a c e  o f  e l e c t r i c a l l y  

conduct ive  tube  13. Tubular l a y e r  1 9  a c t s  a s  an i n t e r -  

1 0  e l e c t r o d e  s e p a r a t o r  between e l ec t rochemica l ly  a c t i v e  m a t e r i a l  

15 and an e longated c y l i n d e r  o r  p i n  o f  e l ec t rochemica l ly  

a c t i v e  m a t e r i a l  2 1  of oppos i t e  p o l a r i t y .  The s e p a r a t o r  19 

may be i n  va r ious  forms such a s  f e l t ,  f a b r i c ,  c l o t h ,  p a s t e  

o r  powdered m a t e r i a l .  Well known m a t e r i a l s  such a s  magnesium 

oxide ,  aluminum n i t r i d e ,  calcium s u l f i d e ,  y t t r i a  and boron 

n i t r i d e  a r e  examples of  s u i t a b l e  e l e c t r i c a l l y  i n s u l a t i v e  

ceramics t h a t  can be s e l e c t e d .  Mixtures o f  m a t e r i a l s  o r  

forms can be used. For i n s t a n c e ,  MgO powder and p o s s i b l y  

b inde r s  can be f i l l e d  i n t o  boron n i t r i d e  f e l t  and t h e  

20 composite pressed i n t n  a compact s e p a r a t o r  form. 

A second p e r f o r a t e  tube  23 is i l l u s t r a t e d  around t h e  

p in  of  e l ec t rochemica l ly  a c t i v e  m a t e r i a l  21. Tube 23 s e r v e s  

a s  an e l e c t r i c a l l y  conduct ive  c u r r e n t  c o l l e c t o r  i n  c o n t a c t  

w i t h  a c t i v e  m a t e r i a l  2 1 .  The ends o f  c u r r e n t  c o l l e c t o r  

tube 23 a r e  capped and t h e  t o p  po r t i on  i s  formed i n t o  

e l e c t r i c a l  communication wi th  t h e  e l e c t r o d e  t e rmina l  25 

a x i a l l y  extending frcm t h e  t o p  cap.  A t e rmina l  d i s k  o r  

other s u i t a b l e  type  e l e c t r i c a l  connect ion b u s  27 i n t e r -  

connec ts  each of t h e  e l e c t r o d e  t e rmina l s  25 and e l e c t r i c a l l y  



communicates w i t h  a  c e l l  t e r m i n a l  29 c o r r e s p o n d i n g  t o  t h e  

p o l a r i t y  o f  e l e c t r o c h e m i c a l l y  a c t i v e  m a t e r i a l  21. Te rmina l  

29 is i l l u s t r a t e d  e x t e n d i n g  t h r o u g h  b u t  i n s u l a t e d  from 

t h e  t o p  w a l l  o f  c o n t a i n e r  11 by e l e c t r i c a l  f e e d t h r c u g h  31.  

E l e c t r i c a l l y  i n s u l a t i v e  l a y e r s  33 and 34 a r e  p o s i t i o n e d  

a t  t h e  t o p  and t h e  bot tom o f  t h e  c e l l  c o n t a i n e r  11 t o  

e l e c t r i c a l l y  s e p a r a t e  e l e c t r o d e  components  a s s o c i a t e d  w i t h  

a c t i v e  m a t e r i a l  21  from t h e  c e l l  c o n t a i n e r .  

I n  F i g .  4 ,  an  a l t e r n a t e  p i n  c o n s t r u c t i o n  i s  i l l u s t r a t e d  

10 i n  which t h e  i n n e r  e l e c t r i c a l l y  c o n d u c t i v e  c u r r e n t  c o l l e c t o r  

( p e r f o r a t e  t u b e  23 i n  F i g .  3 )  i s  r e p l a c e d  w i t h  an  a x i a l  

c o r e  35 o f  e l e c t r i c a l l y  c o n d u c t i v e  m a t e r i a l  i n  e l e c t r i c a l  

c o n t a c t  w i t h  e l e c t r o c h e m i c a l l y  a c t i v e  m a t e r i a l  21. Core  35 

i s  made i n t e g r a l  w i t h  o r  bonded,  a t t a c h e d  o r  o t h e r w i s e  

e l e c t r i c a l l y  coup led  t o  e l e c t r o d e  t e r m i n a l  25. T h i s  form 

o f  e l e c t r o d e  p i n  is  p a r t i c u l a r l y  s u i t a b l e  when m a t e r i a l s  

such  a s  i r o n  d i s u l f i d e  i s  used a s  a c t i v e  m a t e r i a l  and r e -  

q u i r e  h i g h  c o s t  c u r r e n t  c o l l e c t o r  m a t e r i a l s  s u c h  a s  

molybdenum t o  r e s i s t  c o r r o s i o n .  

The e l e c t r o c h e m i c a l  c e l l s  d e s c r i b e d  and i l l u s t r a t e d  

can  i n c l u d e  e i t h e r  t h e  p o s i t i v e  o r  t h e  n e g a t i v e  e l e c t r o -  

c h e m i c a l l y  a c t i v e  m a t e r i a l  i n  e i t h e r  o f  t h e  l o c a t i o n s  

d e s i g n a t e d  f o r  t h e  a c t i v e  m a t e r i a l s  1 5  and 21. However, i n  

c e r t a i n  c e l l s  o n e  o r  o t h e r  o f  t h e  a r r a n g e m e n t s  may b e  more 

advan tageous .  For i n s t a n c e ,  i n  a  l i t h i u m  aluminum a l l o y -  

FeS c e l l  t h e  l i t h i u m  aluminum a l l o y  c a n  a d v a n t a g e o u s l y  b e  

e x t r u d e d  i n t o  a  c o n t i n u o u s  rod  and c u t  i n t o  a p p r o p r i a t e  

l e n g t h s  a s  i l l u s t r a t e d  a t  pin e l e c t r o d e s  21. A s t e e l  

p e r f o r a t e  t u b e  i l l u s t r a t e d  a t  23 can  b e  swagged o r  o t h e r -  



wise bonded t o  t h e  o u t s i d e  o f  t h e  l i t h i u m  aluminum e l e c t r o d e  

p i n .  The c e r a m i c  s e ~ a r a t o r  m a t e r i a l  19 c a n  b e  a p p l i e d  t o  

t h e  o u t s i d e  s u r f a c e s  o f  t u b e  23 by known t e c h n i q u e s  s u c h  

a s  h i g h  t e m p e r a t u r e  s p r a y i n g ,  c o a t i n g  i n  m i x t u r e  w i t h  

an o r g a n i c  b i n d e r  which i s  l a t e r  removed o r  wrapping a s  a  

f e l t  o r  c l o t h  a round t h e  o u t e r  s u r f a c e .  

I n  a c e l l  o f  t h i s  a r r a n g e m e n t ,  t h e  c u r r e n t  c o l l e c t o r s  

1 3  f o r  t h e  FeS e l e c t r o c h e m i c a l l y  a c t i v e  ma te r  i a l  c a n  be  

welded ,  bonded o r  o t h e r w i s e  a f f i x e d  i n  e l e c t r i c a l  

10 communication w i t h  c e l l  c o n t a i n e r  11 i n  r e a d i n e s s  f o r  

r e c e i v i n g  t h e  p r e f a b r i c a t e d  a s s e m b l i e s  o f  a c t i v e  m a t e r i a l  

p i n s  2 1 ,  c u r r e n t  c o l l e c t o r  t u b e s  23 and s e p a r a t o r  m a t e r i a l  

19 .  A f t e r  ~ o s i t i o n i n g  these e l e c t r o d e  a s s e m b l i e s  c o n t a i n -  

i n g  a c t i v e  m a t e r i a l  21 i n  t u b e s  1 3 ,  t h e  p o s i t i v e  e l e c t r o d e  

m s t e r i a l  1 5  and e l e c t r o l y t e ,  s u c h  a s  L i C 1 - K C 1 ,  c a n  b e  f i l l e d  

i n t o  t h e  c e l l  volume around c u r r e n t  c o l l e c t o r  t u b e s  1 3 .  

The e l e c t r o l y t e  and  a c t i v e  m a t e r i a l  m i x t u r e  c a n  b e  v i b r a t e d  

i n  powdered form o r  ~ o u r e d  a s  a  F a s t e  o r  s l u r r y  i n t o  t h a t  

volume. I n  one  o t h e r  p r o c e d u r e ,  s o l i d  d i s k s  o f  p o s i t i v e  

20 e l e c t r o d e  m a t e r i a l  15  and e l e c t r o l y t e  ( i l l u s t r a t e d  a s  1 5 a ,  

15b ,  1 5 c  and 15d i n  F i g .  3 )  c a n  b e  p r e p a r e d  w i t h  c i r c u l a r  

o p e n i n g s  c o r r e s p o n d i n g  t o  t h e  o u t s i d e  d i a m e t e r s  o f  c u r r e n t  

c o l l e c t o r  t u b e s  13 .  The d i s k s  a r e  t h e n  s t a c k e d  i n   lace 

d u r i n g  t h e  a s sembl ing  o f  t h e  c e l l  p r i o r  t o  i n s t a l l i n g  

t h e  upper  c e l l  comFonents.  

I t  is  t h e r e f o r e  s e e n  t h a t  t h e  F r e s e n t  i n v e n t i o n  p r c -  

v i d e s  an e l e c t r o c h e m i c a l  c e l l  i n  which t h e  c o n t a i n e r  c u r r e n t  

c o l l e c t o r s  arid i n t e r e l e c t r o d e  s e p a r a t o r s  a r e  e f f e c t i v e l y  and 

e c o n o m i c a l l y  used .  The c y l i n d r i c a l  c e l l  c o n t a i n e r  p r o v i d e s  



t h e  advantages o f  l e s s  o u t s i d e  wal l  a r e a  per u n i t  c e l l  

volume and t h u s  p o t e n t i a l  f o r  a  reduced c e l l  weight b u t  

without  s a c r i f i c i n g  i n t e r e l e c t r o d e  s u r f a c e .  The use o f  a  

p l u r a l i t y  o f  t u b u l a r  e l e c t r o d e s  w i th in  a  c y l i n d r i c a l  c e l l  

con t a ine r  p rov ides  economies i n  s e p a r a t o r  and c u r r e n t  

c o l l e c t o r  use. The c e l l  des ign  i s  a l s o  a p p r o p r i a t e  f o r  

employing e x t r u s i o n  and o the r  cont inuous  Frocesses  i n  

t h e  f a b r i c a t i o n  of c e l l  com~onen t s  t o  f a c i l i t a t e  c e l l  

c o n s t r u c t i o n  and assembly. 

1 0  Although t h e  p re sen t  inven t ion  i s  descr ibed  in  terms 

of s p e c i f i c  embodiments, i t  w i l l  be c l e a r  t h a t  va r ious  

changes and mod i f i ca t i ons  can be made in  t h e  m a t e r i a l s ,  

s t r u c t u r e  and p roces s  s t e p s  w i t h i n  t h e  scope of t h e  fol lowing 

c la ims .  
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A secondary, high temperature electrochemical cell 

especially adapted for lithium alloy negative electrodes, 

transition metal chalcoyenide positive electrodes and alkali 

metal hal.ide or alkaline earth metal halide electrolyte is 

disclosed. The cell is held within an elongated cylindrical 

container in which one of the active materials is filled 

around the outside surfaces of a plurality of perforate 

tubular current collectors along the length of the container. 

Each of the current collector tubes contain a concentric 

tubular layer of electrically insulative ceramic as an 

interelectrode separator. The active material of opposite 

polarity in elongated pin 'shape is positioned longitudinally 

within the separator layer. A second electrically con- 

ductive tube with perforate walls can be swagged or other- 

wise bonded to the outer surface of the pin as a current 

collector and the electrically insulative ceramic layer 

can be coated or otherwise layered onto the outer surface 

of this second current collector. Alternatively, the 

central pin electrode can include an axial core as a 

current collector. 






