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EXECUTIVE SUMMARY 

Component  d e v e l o p m e n t  d u r i n g  t h i s  q u a r t e r  c o n c e n t r a t e d  
on two o b j e c t i v e s :  d e v e l o p m e n t  o f  a  c r e e p  r e s i s t a n c e  r i b b e d  
a n o d e  a n d '  d e v e l o p m e n t  o f  a n  i n t e r n a l  r e f o r m i n g  c a t a l y s t  f o r  
s t e a m - m e t h a n e  r e f o r m i n g  i n  t h e  MCFC a n o d e .  S a t i s f a c t o r y  
a n o d e  c . r e e p  s t r e n g t h  h a s  b . e e n  a c h , i e v e d  w ' i t h  N i  + 1 6  a t %  
L i A l O  c o m p o s i t e  a n o d e s .  E f f o r t s  t h i s  p e r i o d  c o n c e n t r a t e d  on  
f a b r i c a t i o n  m e t h o d s  t o  d i r e c t l y  p r o d u c e  a  r i b b e d  a n o d e  f r o m  
t h e  N i  + L i A 1 0 ,  p o w d e r  m i x t u r e .  E n c o u r a g i n g  r e s u l t s  w e r e  
o b t a i n e d  b y  m o l d  c o m p r e s s i o n  i n  a  m a c h i n e d  g r a p h i t e  m o l d  
f o l l o w e d  b y  i n - m o l d  s i n t e r i n g  w h i c h  was  p r o m o t e d  b y  t h e  u s e  
o f  a  rew p e r c e n t  LiKCOJ a s  a  s i n t e r i n g  a g e n t .  

I n t e r n a ' l  r e f o r m i n g  c a t a l y s t  d e v e l o p m e n t  f o c u s e d  on  p r e -  
p a r a t i o n  t e c h n i q u e s  f o r  h i g h  s u r f a c e  a r e a  N i  c a t a l y s t  s u p -  
p o r t e d  o n  y - L i A I O z .  T h e  a p p r o a c h  w h i c h  i s  b e i n g  m o s t  a c -  ; 

t i v e l y  p u r s u e d  i n v o l v e s  f i r s t  p e l l e t i z i n g  t h e  L i A 1 0 ,  i n t o  
s u i t a b l e  g r a n u l e  s i z e  f o l l o w e d  b y  mu1 t i p l e  i m p r e g n a t i o n  i n  
n i c k e l  s a l t  s o l u t i o n  a n d  h e a t  t r e a t m e n t .  S e v e r a l  i m p r e g n a -  
t i o n s  a r e  n e c e s s a r y  t o  o b t a i n  a  n o m i n a l  N i  l o a d i n g  o f  1 5  
w e i g h t  p e r c e n t .  O u t - o f - c e l l ,  c a t a l y s t  t e s t i n g  h a s  b e e n  i n i -  
t i a t e d  i n  p l a n a r  i n t e g r a l  r e a c t o r s  a s  w e l l  a s  d i f f e r e n t i a l  
t u b e  r e a c t o r s .  The LiAlO,  s u p p o r t e d  c a t a l y s t  g r a n u l e s  h a v e  
d e m o n ' s t r a t e d  h i g h  a c t i v i t y  f o r  t h e  m e t h a n e - s t e a m  r e f o r m i n g  
r e a c t i o n  a n d  k i n e t i c  p a r a m e t e r s  c o m p a r e  f a v o r a b l y  w i t h  t h o s e  
f o r  c o m m e r c i a l l y  a v a i l a b l e  r e f o r m i n g  c a t a l y s t s .  

S i n g l e  c e l l  t e s t i n g  i s  b e i n g  c o n d u c t e d  i n  s u p p o r t  o f  
a n o d e  d e v e l o p m e n t ,  t h i n  m a t r i x  d e v e l o p m e n t  a n d  N i O  c a t h o d e  
e n d u r a n c e  t e s t i n g .  A 3 0 0  cm2 s i z e  c e l l  w i t h  a  m a c h i n e d  
r i b b e d  a n o d e  was  t e s t e d  f o r  1 , 0 0 0  Brs t h i s  p e r i o d .  P o s t - t e s t  
a n a l y s i s  i n d i c a t e d  e x c e l l e n t  m a c r o -  a n d  m i c r o s t r u c t u r a l  s t a -  
b i l i t y :  6 0  p s i  c o n t a c t  p r e s s u r e  o n  t h e  r i b s  r e s u l t e d  i n  o n l y  
2 m i l  c r e e p  d e f o r m a t i o n  ( 3 . 5 % )  a n d  m e a n  p o r e  s i z e  i n c r e a s e d  
b y  o n l y  0 . 0 3  pm. A p l a n a r ,  c r e e p  r e s i s t a n t  a n o d e  w a s  o p -  
e r a t e d  i n  l a b - s c a l e  c e l l  n o .  1 6 8  f o r  3 . 7 5 0  h o u r s  a n d  a g a i n  
o n l y  2 m i l  o f  c r e e p  d e f o r m a t i o n  was  m e a s u r e d .  

E n d u r a n c e  t e s t i n g - o f  N i O  c a t h o d e s  i s  b e i n g  p e r f o r m e d  t o  
d e f i n e  t h e  e c o n o m i c  l i f ' e  o f  N i O  a n d  t o  i d e n t i f y  p r a c t i c a l  
m e a n s  o f  e x t e n d i n g  l i f e  t o  s a t i s f y  e c o n o m i c  e n d u r a n c e  r e -  
q u i r e m e n t s .  P o s t - t e s t  a n a l y s e s  o f  c e l l s  1 6 1  a n d  1 6 8  i n d i c a t e  
a  c o r r e l a t i o n  b e t w e e n  e l e c t r o l y t e  c o n t e n t  i n  t h e  c a t h o d e  a n d  
N i O  l o s s  r a t e .  P o s t - t e s t  a n a l y s i s  o f  a  7 , 0 0 0  h o u r  b e n c h -  
s c a l e  c e l l  t e s t ,  No. 7 - 4 0 ,  g a v e  e v i d e n c e  f o r  a s e c o n d  s i n k  
f o r  N i O  d e p o s i t i o n  w i t h i n  t h e  e l e c t r o l y t e  t i l e .  B e s i d e s  
r e d u c t i o n  a n d  p r e c i p i t a t i o n  o f  m e t a l  N i  p a r t i c l e s  n e a r  t h e  
t i l e  c e n t e r ,  b a n d s  o f  N i  a n d  F e  o x i d e s  w e r e  a l s o  c l e a r l y  
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e v i d e n t  c l o s e  t o  t h e  t i l e - c a t h o d e  i n t e r f a c e .  T h i s  o b s e r v a -  
t i o n  s u g g e s t s  a  N i O  f l u x i n g  m e c h a n i s m  d u e  t o  a  n e g a t i v e  
s o l u b i l i t y  g r a d i e n t  f o r  N i O  w i t h i n  t h e  c a t h o l y t e .  

E l e c t r o l y t e  m a t r i x  f a b r i c a t i o n  a n d  t e s t i n g  a c t i v i t y  h a s  
c o n c e n t r a t e d  o n  t a p e  c a s t  m a t r i x  d e v e l o p m e n t .  An e c o n o m i c  
p r o c e s s  t o  p r o d u c e  c o n t r o l  l e d  p a r t i c l e  s i z e  y -LiAlO,  h a s  b e e n  
r e f i n e d  a n d  p r o g r e s s  h a s  b e e n  m a d e  i n  s e l e c t i n g  a n  o p t i m u m  
b i n a r y  p a r t i c l e  s i z e  m i x t u r e  a n d  r a t i o  f o r  h i g h  p a c k i n g  
d e n s i t y  ( 5 0 - 6 0 %  d e n s e )  a n d  s m a l l  m e a n  p o r e  s i z e  ((0.3 pm). 
T a p e  m a t r i x  s h r i n k a g e  d u r i n g  b i n d e r  b a r n - o u t  c a n  l e a d  t o  
s t r e s s  c r a c k i n g  a n d  s e v e r a l  w a y s  t o  m i n i m i z e  t h i s  s h r i n k a g e  
h a v e  b e e n  i d e n l i f  i e d  a n d  v o r i f  i e d  i n  s i m n J  n t e d  c e l l  t e s t s .  
S o l u t i o n s  t o  t h e  s h r i n k a g e  p r o b l e m  i n c l u d e  l o w  t a p e  p o r o s i t y ,  
t h o r o u g h  s o l v e n t  r e m o v a l  p r i o r  t o  a s s e m b l y  a n d  i n c l u $ L Q n  o f  
p a r t i a l  e l e c t r o l y t e  c o n t e n t  i n  t h e  t a p e .  P r e - m e l t i n g  t h e  
p a r t i a l  e l e c t . r o l y t e  c o n t e n t  o n t o  t h c  L i A 1 0 ,  p a r t i c l e s  h a s  
b e e n  f o u n d  t o  b e  a  p r c f e f r e d  e l e ~ . L r . u l y t c  a d d i t i o n  t e c h n i q n k  
b e c a u s e  o f  i m p r o v e d  c r a c k  r e s i s t a n c e  d u r i n g  t h e  e l e c t r o l y t e  
i m p r e g n a t i o n  s t e p .  
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TASK 1 COMPONENT DEVELOPMENT 

Component development  a c t i v i t i e s  a r e  c o n c e n t r a t e d  on two 

o b j e c t i v e s ;  d e v e l o p m e n t  o f  a  c r e e p  r e s i s t a n t , .  r i b b e d  a n o d e  

and development  of an  i n t e r n a l  r e fo rming  c a t a l y s t  s t r u c t u r e  

f o r  s t e a m - m e t h a n e  r e f o r m i n g  i n  t h e  MCFC anode .  High a n o d e  

c r e e p  s t r e n g t h  h a s  been  a c h i e v e d  w i t h  N i  + 1 6  w t %  LiA102 

composi te  anodes. E f f o r t s  t h i s  p e r i o d  c o n c e n t r a t e d  on f a b r i -  

c a t i o n  methods t o  d i r e c t l y  produce  a  r i b b e d  anode from t h e  N i  

+ L i A 1 0 2  powder m i x t u r e .  I n t e r n a l  r e f o r m i n g  c a t a l y s t  de-  

ve lopment  was i n v o l v e d  i n  p r e p a r a t i o n  t e c h n i q u e s  f o r  LiA102 

s u p p o r t e d  N i  c a t a l y s t  and o u t - o f - c e l l  s c r e e n i n g  of new c a t a -  

l y s t  s t r u c t u r e s .  C a t a l y s t  p e l l e t i z a t i o n  and subsequen t  a c t i -  

v a t i o n  p r o c e d u r e s  have  been e s t a b l i s h e d  and o u t - o f - c e l l  ' t e s t -  

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

a c t i v i t y  f o r  t h e  methane - r e f o r m i n g  r e a c t i o n .  

1.1 Anode D e v e l o ~ m e n t  . 

Development of a  c r e e p  r e s i s t a n t ,  r i b b e d  anode s t r u c t u r e  

c o n t i n u e d  d u r i n g  t h i s  r e p o r t i n g  p e r i o d .  Two f a b r i c a t i o n  

p r o c e s s e s ,  t a p e  c a s t i n g  a'nd m o l d  c o m p r e s s i o n ,  a r e  b e i n g  

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

o f  p h y s i c a l l y  mixed N i  + L i A 1 0 2  c o m p o s i t e  a n o d e s .  R i b b e d  

anodes  a r e  b e i n g  produced by machining t h i c k  s i n t e r e d  p l a q u e s  

and i n i t i a l  t r i a l s  t o  d i r e c t  f a b r i c a t i o n  of r i b b e d  s t r u c t u r e s  

have  been made w i t h  both  t h e  c a s t i n g  and mold ing  t e c h i n q u e s .  

Improved c r e e p  s t r e n g t h  w i t h  reduced c e r a m i c  c o n t e n t  i n  t h e  

a n o d e  i s  a l s o  b e i n g  p u r s u e d  t h r o u g h  t h e  u s e  of  s m a l l e r  p a r -  

t i c l e  s i z e  c e r a m i c s  a n d  i m p r o v e d  powder d i s p e r s i o n  t e c h n i -  

ques .  

P a r t  of  t h e  t a p e  c a s t  a n o d e  f a b r i c a t i o n  p r o c e s s  i s  t h e  

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

t e m p e r a t u r e  b u r n o u t .  I t  was f o u n d  t h a t  a f t e r  t h i s  b u r n o u t  

p rocedure  t h e  r e s u l t a n t  anode p l a q u e  is s t r o n g  and d u r a b l e ,  

Page No. 1 
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p r e s u m a b l y  d u e  t o  t h e  i n t i m a t e  N i / L i A l O 2  p a r t i c l e  p a c k i n g  

i n h e r e n t  t o  t h i s  t echn ique .  C e l l  t e s t i n g  ( C e l l  170)  of such 

a  n o n - s i n t e r e d  anode was p r e v i o u s l y  r e p o r t e d  t o  have  a  40 mV 

l o w e r  p e r f o r m a n c e  a t  1 1 5  mA/cm2 when compared  t o  a  s i m i l a r  

c e l l  t e s t  c o n t a i n i n g  a  1 0 0 0 ~ ~  r e d u c t i o n  s i n t e r e d  t a p e  c a s t  

anode. A d d i t i o n a l l y ,  c r e e p  t e s t i n g  ( s t a n d a r d  c o n d i t i o n s :  65 

h r s . ,  7 0 0 ° ~ ,  50  p s i )  of t h e  s i n t e r e d  a n d  n o n - s i n t e r e d  t a p e  

c a s t  a n o d e s  showed t h e  n o n - s i n t e r e d  s t r u c t u r e  t o  be  weaker  

( 1 2 %  c r e e p )  r e l a t i v e  t o  t h e  s i n t e r e d  s t r u c t u r e  ( 5 %  c r e e p ) .  

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

a p p e a r s  b e n e f i c i a l  from t h e  view p o i n t s  of c e l l  performance 

a n d  c r e e p  s t r e n g t h .  I f  f u r t h e r  t e s t i n g  i n d i c a t e s  t h a t  a  

s t r o n g  N i / L i A l O 2  anode w i t h  a c c e p t a b l e  c e l l  performance can 

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

t h i s  w i l l  p r o v e  t o  be a  s i m p l i f i e d ,  c o s t - e f f e c t i v e  means of 

anode p roduc t ion .  

S e v e r a l  t h i c k  p l a n a r  N i / L i A l O z  p l a q u e s  h a v e  b e e n  

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

c o m p r e s s i o n  methods .  S u c c e s s f u l  r i b b e d  a n o d e s  h a v e  b e e n  

f a b r i c a t e d  by f i r s t  t a p e  c a s t i n g  a t h i c k  p l a n a r  a n o d e  f o l -  

l o w e d  by m a c h i n i n g  t o  f o r m  t h e  r i b b e d  s t r u c t u r e .  One s u c h  

r i b b e d  anode ( F i g u r e  1.1) h a s  been used i n  a  bench-sca le  c e l l  

t e s t  which ran  f o r  1000 h o u r s  w i t h  p romis ing  r e s u l t s  ( C e l l  7- 

4 4 ) .  However ,  b e c a u s e  o f  t h e  n e e d  t o  make t h i c k  ( - 6 0  m i l s )  

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

been e n c o u n t e r e d  w i t h  t h e  o r g a n i c  burnou t  s t e p .  The r a t e  of  

b u r n o u t  must be c a r e f u l l y  c o n t r o l l e d  t o  a v o i d  d i s t o r t i o n  and 

c rack ing .  To a v e r t  t h i s  problem, d i r e c t  t a p e  c a s t i n g  i n t o  a  

r i b b e d  s u b s t r a t e  mold was a t t empted .  However, a  r i p p l e d  and 

c r a c k e d  s t r u c t u r e  r e s u l t e d  due t o  s h r i n k a g e  d u r i n g  t h e  d r y i n g  

o f  t h c  n o n - u n i f o r m l y  t h i c k  body. C o ~ ~ s t t y u t t ~ ~ L l y ,  e I L u r  t s  t u  
p r o d u c e  r i b b e d  a n o d e s  w i l l  f o c u s  on  t h e  m o l d  c o m p r e s s i o n  

t e c h n i q u e .  
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FIGURE 1.1 MACHINED RIBBED ELECTRODE 

 he e f f o r t s  t o  d i r e c t  mold a  r i b b e d  anode  i n c l u d e d  
t r i a l s  t o  remove a  green compact from t h e  mold. Experiments 
u s ing  N i / L i A I O z  powder i n c o r p o r a t i n g  a  b inder  were unsucces- 
s f u l  because t h e  web and r i b  p o r t i o n s  of t h e  anode s e p a r a t e d  
i n  each of s e v e r a l  a t tempts .  A d d i t i o n a l l y ,  an  a t t empt  a t  in-  
mold s i n t e r i n g  us ing  t h e  binder  a d d i t i v e  powder d i d  not 'work.  

However, a t t e m p t s  a t  in-mold s i n t e r i n g  of a  LiKC03 c o n t a i n i n g  
powder showed e n c o u r a g i n g  r e s u l t s .  A 1  t hough  t h e  l i n e a r  
shr inkage  du r ing  s i n t e r i n g  caused s i g n i f i c a n t  c r ack ing  i n  t h e  
s t r u c t u r e s  "webn, s m a l l  p i e c e s  of  i n t a c t  r i b b e d  e l e c t r o d e  
c o u l d  be removed f rom t h e  mold. F u r t h e r  t r i a l s  u s i n g  d i f -  
f e r e n t  e x t e n t s  of  compact ion ,  q u a n t i t i e s  of  L i K C O j  and  s i n -  
t e r i n g  c o n d i t i o n s  a r e  n e c e s s a r y  t o  make t h i s  t e c h n i q u e  

f e a s i b l e  f o r  d i r e c t  r ibbed  anode production.  
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I n  a d d i t i o n  t o  t h e  e f f o r t s  performed on t h e  two fabr i ca -  
t i o n  techniques discussed above, some pre l iminary  experimen- 
t a t i o n  h a s  been conduc ted  i n  o t h e r  anode p r o d u c t i o n  a r e a s .  
Much s m a l l e r  q u a n t i t i e s  of c e r a m i c  would be n e c e s s a r y  t o  
a c h i e v e  comparable s t r e n g t h  i f  it were b e t t e r  d ispersed  and 
of  much s m a l l e r  p a r t i c l e  s i z e .  I f  c e r a m i c  p a r t i c l e s  a r e  
s m a l l  and w e l l  d i spe r sed  on t h e  n i c k e l  powder p r i o r  t o  s in-  
t e r i n g ,  t h e y  w i l l  be  i n c o r p o r a t e d  i n t o  t h e  "necksm of t h e  
s i n t e r e d  s t r u c t u r e .  In  t h i s  way they w i l l  be s t rengthening  
t h e  n i c k e l  ma t r ix  Inore e f f e c t i v e l y  and no t  j u s t  f i l l i n g  t h e  
l a r g e  p o r e s  and t h e r e b y  p r e v e n t i n g  t h e i r  c o l l a p s e .  we a r e  
c u r r e n t l y  i n v e s t i g a t i n g  ways of d i s p e r s i n g  very  f i n e  aluminum 
oxide i n  our  p resen t  tape  c a s t i n g  procedure. 

During t h i s  q u a r t e r ,  t h e  c a t a l y s t  p repara t ion  and out- 

o f - c e l l  s c reen ing  t e s t s  i n  methane reforming processes  were 
t h e  major a c t i v i t i e s .  

v s t  P r w a t i o ~  

High s p e c i f i c  s u r f a c e  area ,  adequate poros i ty ,  s t a b i l i t y  
under MCFC opera t ing  condi t ions ,  etc., a r e  some of t h e  s t ruc -  
t u r a l  r e q u i r e m e n t s  of an  i n t e r n a l  r e f o r m i n g  ( I R )  c a t a l y s t .  
Reforming c a t a l y s t s  a r e  c o m m e r c i a l l y  a v a i l a b l e  i n  v a r i o u s  
shapes and c a t a l y t i c  a c t i v i t i e s .  However, one of t h e  major 
concerns i n  employing commercial c a t a l y s t s  f o r  i n t e r n a l  re- 
forming is t h e  s t a b i l i t y  of t h e  support. Lithium-aluminate 
h a s  been u s e d f o r  many y e a r  s i n  MCrCas a n e l e c t r o l l y t e m a t r i x  
m a t e r i a l  w i t h  v e r y  s a t i s f a c t o r y  r e s u l t s .  Hence, t h e  most 
s t a b l e  y- l i th ium aluminate  a l l o t r o p e  appears  t o  be an a t t r a c -  
t i v e  candidate  a s  an a l t e r n a t i v e  c a t a l y s t  support. 

Last  q u a r t e r ,  t h r e e  d i f f e r e n t  c a t a l y s t  formula t ions  were 
prepared. In  t h e s e  f a b r i c t a i o n  t r i a l s ,  wet-mil l ing was em- 
p l o y e d  t o  homogenize y - L i A l O n  powders and v a r i o u s  n i c k e l  
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s a l t s .  The wet mix was s l u r r y  cast and a l l o w e d  t o  dry  i n  a i r  

t o  y i e l d  an  "agglomerated massm f o r  subsequent  thermal  pro- 
c e s s i n g  and  a c t i v a t i o n .  A s  w i l l  be shown l a t e r ,  t h i s  p r e -  

p a r a t i o n  technique  r e s u l t e d  i n  c a t a l y s t s  e x h i b i t i n g  reason- 
a b l y  h i g h  a c t i v i t i e s  i n  methane  r e f o r m i n g  r e a c t i o n s .  How- 

e v e r ,  t h e  p h y s i c a l  s t r u c t u r e  of a l l  t h r e e  f o r m u l a t i o n s  was 
u n s a t i s f a c t o r y  due t o  t h e i r  poor s t r e n g t h  and low b u l k  densi-  
t i e s  (-0.3-0.5 g / c c ) .  

To i n s u r e  e f f i c i e n t  mass t r a n s f e r  and maximum d i s p e r s i o n  
of t h e  a c t i v e  c a t a l y s t  component, c a t a l y s t  suppor t  s t r u c t u r e s  

s h o u l d  p o s s e s s  t h e  h i g h e s t  p o s s i b l e  p o r o s i t i e s  c o n s i s t e n t  
wi th  s t r e n g t h  and o t h e r  requirements.  G e n e r a l l y ,  commercial 
#reforming c a t a l y s t  s t r u c t u r e s  a t t a i n  t h i s  c o n d i t i o n  a t  -50% 
p o r o s i t i e s .  S ince  t h e  s t r e n g t h  of an  I R  c a t a l y s t  is o n l y  of 

secondary importance, t h e  l i m i t  t o  i n c r e a s i n g  t h e  p o r o s i t i e s  
is d i c t a t e d  by p h y s i c a l  and chemical  s t a b i l i t i e s .  

During t h i s  q u a r t e r  a  new method of c a t a l y s t  p r e p a r a t i o n  
was i n i t i a t e d  which e n t a i l s  t h e  p r e p a r a t i o n  o f  p o r o u s  
l i th ium-a lumina te  s t r u c t u r e s  p r i o r  t o  c a t a l y z a t i o n .  Samples 
of  y-LiAlO* powder were  b l e n d e d  w i t h  a  v a r i e t y  o f  b i n d e r s .  
A f t e r  d r y i n g ,  a s  r e q u i r e d ,  t h e  r e s u l t a n t  b l e n d s  were  c o l d -  

p r e s s e d  i n t o  d i s c s  o r  p e l l e t s  (1.5 in .  d i a . ,  0.12 i n .  t h i c k ) ,  
a n d  t h e n  s i n t e r e d  f i r s t  i n  a i r  a t  650-70o0c f o l l o w e d  by 
t u r t h e r  h e a t  t r ea tmen t  i n  COa/air a t  9 5 0 - 1 0 0 0 ~ ~ .  F igure  1.2 

t y p i f i e s  t h e  p o r o u s  s i n t e r s  o b t a i n e d  w i t h  t h i s  p r e p a r a t i o n  
technique.  D i f f e r ences  i n  t h e  s t a r t i n g  (green) d e n s i t i e s  a r e  
r e t a i n e d  t h r o u g h  t h e  t h e r m a l  t r e a t m e n t  and  a b r o a d  r a n g e  o f  
p o r o s i t i e s  can be ob ta ined  by proper  s e l e c t i o n  of t h e  i n i t i a l  
p r e s s i n g  c o n d i t i o n s .  The s i n t e r e d  p e l l e t s  and ,  f o r  com- 
p a r i s o n ,  a t a p e  c a s t  l a y e r  were c a t a l y z e d  by a  c h e m i c a l  
impregnation technique .  T y p i c a l  c a t a l y s t  l o a d i n g  o b t a i n e d  
w i t h  t h i s  t e c h n i q u e  i s  1 5  w e i g h t %  N i  a c h i e v e d  i n  t h r e e  s u c -  
c e s s i v e  impregnation s t eps .  
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F I G U R E  1.2 CATALYST SUPPORT PREPARATION 

Out-of-cel l  c a t a l y s t  sc reen ing  f o r  methane conversion is 
cartied o u t  i n  two types  of t e s t  systems: 

1) I n  a  p l a n a r  r eac to r  which s i m u l a t e s  t h e  condi t ions  
o f  MCFC w i t h  r e s p e c t  t o  g a s  f l o w  d i s t r i b u t i o n  and 
c a t a l y s t  bed loading,  and 

2)  I n  t u b u l a r  r e a c t o r s  o p e r a t e d  under  d i f f e r e n t i a l  
c o n d i t i o n s  which p r o v i d e  a  more d e t a i l e d  k i n e t i c  
in£  ormation on c a t a l y s t  a c t i v i t y .  

This q u a r t e r ,  four  ou t -o f -ce l l  t e s t s  were c a r r i e d  o u t  i n  
t h e  p lana r  reactor Lo e v a l u a t e  t h c  methane regorming a c t i  v i -  

t i e s  of c a t a l y s t s  p r e p a r e d  by wet b l e n d i n g  and by t h e  i m -  
pregnat ion technique discussed above. For t e s t i n g ,  t h e  cata-  

l y s t  g r a n u l e s  were  e v e n l y  s p r e a d  i n t o  t h e  c a v i t i e s  of  a  
cor rugated  c u r r e n t  c o l l e c t o r  p r i o r  t o  p l a c i n g  i n t o  t h e  reac- 
t o r .  T y p i c a l  c a t a l y s t  l o a d i n g s  ranged from 1 3  t o  2 4  mg/cm2 
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of p r o j e c t e d  a r e a  f o r  wet b l e n d e d  c a t a l y s t s  and -46 mg/cm2 
f o r  t h e  impregnated c a t a l y s t .  Ac t iva t ion  of the  c a t a i y s t s  by 

r e d u c t i o n  of t h e  n i c k e l  o x i d e w a s  c a r r i e d o u t i n  a l l  c a s e  s i n  
t h e  r e a c t o r  i n  H2 atmosphere  a t  6 5 0 ' ~  p r i o r  t o  r e fo rming  
experiments. 

Figure 1.3 i l l u s t r a t e s  t h e  experimental  r e s u l t s  obtained 
f o r  a  wet blended c a t a l y s t  a t  a  steam t o  carbon r a t i o  of 3.5, 
and a t  250 and 490 HR-I s p a c e  v e l o c i t i e s .  Except  f o r  a  
temporary l o s s  i n  a c t i v i t y  moni to red  f o r  t h e  270 h r  and 280 
h r  t e s t s  (which was caused  by ca rbon  d e p o s i t i o n )  methane 
conversions c l o s e  t o  thermodynamic equ i l ib r ium were achieved 
w i t h  t h i s  c a t a l y s t  a t  both  s p a c e  v e l o c i t i e s .  D e s p i t e  t h e  

no tab le  i n i t i a l  reforming a c t i v i t i e s ,  t h e  wet-mil l ing tech- 
nique f o r  IR c a t a l y s t  prepara t ion  seems t o  have l i m i t e d  mer i t  
a t  t h i s  time due t o  poor s t r u c t u r a l  s t r e n g t h s  and low densi- 
t i e s .  

100 200 300 400 

OPERATING TIME, HR 

FIGURE 1.3 METHANE CONVERSION OUT-OF-CELL TEST (OCT-P-1) 
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Reforming a c t i v i t i e s  measured a t  v a r i o u s  steam t o  carbon 
r a t i o s  f o r  a c a t a l y s t  sample prepared du r ing  t h i s  q u a r t e r  v i a  
t h e  pelletization/impregnation t e c h n i q u e  a r e  summarized i n  

F i g u r e  1.4. E x a m i n a t i o n  o f  t h e s e  d a t a  i n  c o n j u n c t i o n  w i t h  
t h e  o p e r a t i n g  t i m e  r e v e a l s  t h a t  t h e  r e f o r m i n g  p e r f o r m a n c e  
r e m a i n e d  e s s e n t i a l l y  s t a b l e  up t o  23 d a y s  and  can  be r e p r e -  
s e n t e d  by t h e  broken l i n e  a s  shown i n  t h i s  Figure. Compared 

CATALYST NO. : 82-NAM 

BULK WT.: 46.4 mg/cmZ 
e l e c t r o d e  

N i :  6 . 5  mg/cma 
e l e c t r o d e  

I 

- 

2.5  3 .0  3.5 4.0 
2 . 0  

STEAM TO CARBON RATIO 

OPERhTING TIHE-DAY 
DATA P O 1 N T - e .  

FIGURE 1.4 METHANE CONVERSION OUT-OF-CELL TEST (OCT-PI) 
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t o  t h e  thermodynamic conversion ( s o l i d  l i n e ) ,  t h i s  r ep resen t s  
l e s s  t h a n  2% d e v i a t i o n s  from t h e  t h e o r e t i c a l  v a l u e s  which 
could be accounted f o r  by t h e  experimental  e r r o r s  i n v o l v e d  i n  
measuring t h e  va r ious  opera t ing  parameters. The performance 
decay commencing on day 23 was t r a c e d  down t o  wa te r  s u p p l y  
and heat ing-control  system malfunctioning. Hence, it is  s a f e  
t o  assume t h a t  t h e  present  d a t a  is  n o t  r e p r e s e n t a t i v e  of t h e  

maximum endurance l e v e l s  o b t a i n a b l e  with t h i s  c a t a l y s t  s t r u c -  
t u r e .  

Methane r e f o r m i n g  t e s t s  employing  a  t u b u l a r  r e a c t o r  
which i s  o p e r a t e d  under d i f f e r e n t i a l  c o n d i t i o n s  were a l s o  
i n i t i a t e d  t h i s  q u a r t e r .  These s t u d i e s  a r e  d e s i g n e d  t o  
c h a r a c t e r i z e  c a t a l y t i c  a c t i v i t i e s  i n  t e r m s  of k i n e t i c  par -  
a m e t e r s  w i t h  and w i t h o u t  t h e  p r e s e n c e  of c a r b o n a t e  e l e c -  
t r o l y t e s  and t o  determine t h e  mechanism of c a t a l y s t  deac t iva-  
t ion .  

Table  1.1 is a  summary of t h e  i n i t i a l  da ta  obtained with 
a  c a t a l y s t  sample prepared during t h i s  q u a r t e r  and which is 
a l s o  being t e s t e d  i n  C e l l  7-50. Reforming a c t i v i t i e s  shown 
i n  t h i s  t a b l e  f o r  v a r i o u s  t e m p e r a t u r e s  i n d i c a t e  h i g h  
c a t a l y t i c  a c t i v i t i e s  which compare v e r y  f a v o r a b l y  t o  com- 
m e r c i a l  products .  Exper iments  w i l l  c o n t i n u e  and f u r t h e r  
r epor t ing  on r e s u l t s  w i l l  follow. 

TABLE 1.1 METHANE CONVERSION OUT-OF-CELL TEST (OCT-T-1) 

Tes t  Temp. a** SPV 
Time - OC - A* - % - S/C ~ r - l  
S t a r t  650 550 56.9 2.36 5 -030 

*A: Cata lys t  a c t i v i t y  P-mole CH4 
g-sec-a t m .  

**: Percent methane conversion. 
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TASK 2 SINGLE CELL TESTING 

A 300 cm2 c e l l  w i t h  a  machined r i b b e d  anode was t e s t e d  
f o r  1000 h o u r s  t h i s  pe r iod .  P o s t - t e s t  i n s p e c t i o n  r e v e a l e d  
e x c e l l e n t  s t r u c t u r a l  s t a b i l i t y  of t h e  anode; t o t a l  shr inkage 

was 2 m i l  o u t  of  57 m i l  w i t h  6 0  p s i  r i b  compression.  The 
e f f e c t  of H Z  s i n t e r i n g  on t a p e  c a s t  N i / L i A l O 2  anodes  was 
e v a l u a t e d  i n  l a b - s c a l e  c e l l s  No. 168 and 170. Both c e l l s  
d i s p l a y e d  good per formance  s t a b i l i t y ,  however, t h e  H 2 -  

s i n t e r e d  anode performed -.40 mV higher @ 115 mA/crn% Bench- 
s c a l e  c e l l  7-49 was assembled  t o  e v a l u a t e  t h e  e f f e c t  of 
c a t h o d e  p o t e n t i a l  on N i O  s o l u b i l i t y .  T h i s  c e l l  w i l l  be 

o p e r a t e d  a t  OCV and compared t o  a  second c e l l  o p e r a t e d  a t  a 
c u r r e n t  d e n s i t y  of 160 mA/cm2. Three bench-scale c e l l s  were 

assembled w i t h  tape  c a s t  matrices.  One of these  c e l l s  (7-46) 
c o n t a i n e d  a  b u b b l e  b a r r i e r  and showed no g a s  c r o s s  l e a k a g e  
f o r  1500 hours of operat ion.  A summary of f u e l  c e l l s  t e s t e d  

d u r i n g  t h i s  q u a r t e r  is presented i n  Table 2.1. 

2 .1 E n d u r a n c e J g s t i n a  of Anodes 

Bench-Scale Tes t ing  

C e l l  7-44 was assembled  t o  t e s t  a  s t a b i l i z e d  r i b b e d  
anode s t r u c t u r e .  This component was f a b r i c a t e d  by tape cas t -  
i n g  a  t h i c k  p l a q u e  of N i  + L i A l O 2  f o l l o w e d  by burn-out  i n  

a i r ,  H2  s i n t e r i n g  a t  1 0 0 0 ~ ~  and machining t o  form t h e  r ibbed 
s t r u c t u r e .  The  a s  a s sembled  anode was 57 mile  t h i c k  w i t h  
r i b s  t h a t  were 32 m i l s  h igh  by 63 m i l s  wide. T h i s  c e l l  was 
a s s e m b l e d  w i t h  a s t a n d a r d  SS r e i n f o r c e d  c a t h o d e  and h o t  
pressed  t i l e  comprised of w i n - s i t u n  de r ived  L i A l O z  (mixed a, 

B ,  Y ) .  

The c e l l  was operated f o r  1 0 0 0  endurance hours p r i o r  t o  
v o l u n t a r y  t e rmina t ion  f o r  a n a l y s i s  of r ibbed anode s t a b i l i t y .  
The OCV of t h i s  c e l l  was c o n s t a n t  t h r o u g h o u t  t h e  t e s t  
(1.075V) with good wet s e a l  e f f i c i e n c i e s  and no i n d i c a t i o n  of 
c r o s s - o v e r .  C e l l  ohmic r e s i s t a n c e  was normal  and c o n s t a n t  
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TABLE 2.1 SUMMARY OF FUEL CELL TESTING 

POTENTIAL, mV @ 115 m/cma 
CCl,T# 1.1 PI.: OCV PEAK IR LOSS 
??.- PUIIPOSK .eMPONlt.NT TYPE _C*l_ AVERAGE @ PEAK (mV) COMMENTS 

7-41 7000T Eval.  endur-  Matrix-I1.P. t i l e  1.076 853 810 6 6 Decay r a t e  a t  120 mh/cma 

ance  o f  in- Anode-Std, N i /  (7001 10 mV/1000 h r s  
conel-600 + LiAIOl 
t h i c k  NiO Cathode-Dry Pack 
ca thode  

7-45 1OOOT Eval.  Tape Matrix-H.P. T i l e  1.078 560 560 75 
c a s t  anode w/ Anode-Tape C a s t  N i /  
machined r i b s  16 LiA102 

Cathode-Dry Pack 

7-45 4T Eval.  Elec- Matrix-Tape C a s t  - 
t r o l y t e  im- Anode-Std N i /  
p r e g n a t i o n  o f  LiAlO, 
t a p e  c a s t  Cathode-tape c a s t  
m a t r i x  

7-46 150CT Eval .  t ape  Matr ix- tape  c a s t  1.070 808 700 4 5 
c a s t  m a t r i x  + Anode-Std N i /  (6401 
bubble  bar-  LiAIOl 
r i e r  Bubble B a r r i e r -  

t a p e  c a s t  N i /  
LiAIOl 
Cathode-dry pack 

7-47 25CT Eval.  t a p e  Matr ix- tape  cast 1.050 750 600 140 
m a t r i x  f a b r i -  Anode-Std Ni/LiAIOl 
c a t e d  wi th  low Cathode-dry pack 
cost L ~ A I O ,  

7-49 500 Eval. e f f e c t  Matrix-H.P. T i l e  1.076 730 700 120 
of  c a t h .  po- Anode-Std Ni/LiALOr 
t e n t i a l  on NiO Cathode-film c a s t  
s o l u b i l i t y  

168 3746T Eval .  c r e e p  re-  Anode-tape c a s t  1.077 800 780 6 0 
s i s t a n c e  anode Ni/LiAIOl 

Matr ix-s tandard 
t i l e  (mixed u,B,y) 

170 2300T Eval .  non-sin- Anode-tape c a s t  1.070 760 745 68 
t e r  tape c a s t  NlfiiA103 
anode (sirmi- Matr ix-s tandard 
l a t e  i n s i t u  t i l e  (mixed u,B,y) 
b i n d e r  burn- 
o u t )  . 

Low performance due t o  
poor g a s  d i s t r i b u t i o n  - anode a i s a l  ignmen t 

Terminated due to 
cross l e a k a g e  

N o  x-oner and 
N o  COIP a d d i t i o n s  
For 1500 h o u r s  

C r o s s  Leakage 

Opera t e  @ OCV 

Good s t a b l e  performance 

S t a b l e  performance 

( * )  P o t e n t i a l  a t  160 mA/cm2, 75% F u e l  and 50% Oxidant  U t i l i z a t i o n s  
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b e g i n n i n g  a t  670 mQ.cmg and e n d i n g  a t  605 mQ.cm2. A s  pre-  
v i o u s l y  repor ted ,  c e l l  performance was low due t o  m a l d i s t r i -  
b u t i o n  o f  f u e l  g a s  caused  by an a l i g n m e n t  problem which 

r e s u l t e d  i n  a  gas bypass of t h e  anode channels. Despi te  t h i s  
p rob lem,  c e l l  per formance  remained e s s e n t i a l  l y  c o n s t a n t  
throughout t h e  1000 hour t e s t  a t  570 mV a t  115 mA/cm2. 

p o s t - t e s t  i n s p e c t i o n  of t h e  t e r m i n a t e d  c e l l  r e v e a l e d  

e x c e l l e n t  dimensional s t a b i l i t y  of t h e  anode. A s  shown (Fig- 
1 1 r ~  1 n a  d e f o r m a t i o n  of- t h e  r i b b e d  geometry o c c u r r e d  
d u r i n g  1000 h o u r s  w i t h  60 p s i  contact p r e s s u r e  and t o t a l  
t h i c k n e s s  d e c r e a s e  was o n l y  2 m i l  o u t  of t h e  o r i g i n a l  57 m i l .  
Hg-intrusion porosimetry r e v e a l e d  l i t t l e  change i n  t h e  p re  
and  p o s t - t e s t  p o r e  spec t rum w i t h  o n l y  0.03 pm i n c r e a s e  i n  
MPS. E l e c t r o l y t e  f i l l  l e v e l  c a l c u l a t e d  from g r a v i m e t r i c  

Thicknces Poros i ty  Mean Pores E l e c t r o l y t e  F i l l ,  
m i l  8 P m vol  % of void 

Pre/Post Pre/Post Pre/Post Pre/Post 

F I G U R E  2.1 R I B  D E F I N I T I O N  AFTER 1000 HRS 
60 PSI (CELL 7-44) 

Page No. 1 2  
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a n a l y s i s  of t h e  washed anode ind ica ted  t h a t  -44% of the  anode 

v o i d  volume was f i l l e d  w i t h  e l e c t r o l y t e .  Based on t h e s e  

r e s u l t s  i t  is  apparent  t h a t  t h i s  component e x h i b i t s  e x c e l l e n t  

s t a b i l i t y  of both  t h e  micro and macro s t r u c t u r e  a s  w e l l  a s  

e x h i b i t i n g  good e l e c t r o l y t e  r e t e n t i o n  c a p a b i l i t i e s .  

Lab-Scale Component Screening 

C e l l s  1 6 8  and 170  were  a s s e m b l e d  t o  e v a l u a t e  t h e  

performance and e f f e c t  of H 2  s i n t e r i n g  on t h e  t a p e  c a s t ,  

c r e e p  s t r e n g t h e n e d  N i  + LiA102 anode p laque .  The same 

f a b r i c a t i o n  p r o c e d u r e  was used t o  c a s t  a  t h i c k  p l a q u e  which 

was subsequent ly machined i n t o  a  ribbed s t r u c t u r e  and t e s t e d  

i n  C e l l  7-44. Both of t h e s e  c e l l s  were v o l u n t a r i l y  t e r -  

minated t h i s  p e r i o d  f o r  t h e  purpose  of p o s t - t e s t  a n a l y s e s .  

C e l l  1 6 8 ,  which c o n t a i n e d  a  t a p e  c a s t  anode t h a t  had been H 2 -  

s i n t e r e d  a t  ~ O O O ' C ,  accumulated. 3750 hours of endurance whi le  

C e l l  170, assembled w i t h  t he  non-sintered anode, accumulated 

2000 hours p r i o r  t o  t e s t  termination. 

A l i f e g r a p h  comparing t h e  performance of these  c e l l s  i s  

shown i n  Figure 2.2. A s  seen i n  t h e  f i g u r e ,  c e l l  r e s i s t a n c e s  

were normal and comparable  f o r  t h e s e  c e l l s  and performance 

s t a b i l i t y  was very good f o r  l a b - s c a l e  c e l l s  and a l s o  compar- 

a b l e .  Peak performance of C e l l  168  ( s i n t e r e d  anode) a t  115 

mA/cm2 was 810 mV, approximately 40 mV lower than s t a t e -o f -  

the-art dry packed  anodes ,  p r o b a b l y  due t o  a  non-opt imized 

pore spectrum. The 115 mA/cm2 performance of C e l l  170 (non- 

s i n t e r e d  anode) was g e n e r a l l y  40 mV lower than t h a t  of C e l l  

168. Pos t - t e s t  ana lyses  of anode pore s t r u c t u r e  and e l e c t r o -  

l y t e  f i l l  have not  y e t  been completed f o r  C e l l  170 and t h u s  

an explanat ion  of the  lower performance of t h i s  c e l l  i s  not 

p resen t ly  a v a i l a b l e .  The s t r u c t u r a l  s t a b i l i t y  of the  anode 

of C e l l  1 6 8  was encourag ing  f o r  a  3750 hour t e s t :  T o t a l  
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ENERGY RESEARCH CORPORATION 
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N 
z 2: H'*O Back Pressure n .  - I I V I " I  0 

CELL LIFE. hre 
MC0189 

F I G U R E  2 . 2  EFFECT OF SINTERING ON 
TAPE CAST ANODE PERFORMANCE 

t h i c k n e s s  d e c r e a s e  a t  c o n t a c t  p o i n t s w a s  2 m i l  o u t  o f  2 2  m i l ,  

mean p o r e  s i z e  i n c r e a s e d  f r o m  0.9 t o  1 .0  pm, a n d  p o s t - t e s t  

e l e c t r o l y t e  f i l l  was 61 1101% as  oppoced to a pre-test .  f i l l  o f  

50  ~ 0 1 % .  

Wc a r e  t a k i r l g  a t h r e e - f o l d  a p p r o a c h  t o  t h e  e n d u r a n c e  

t e s t i n g  o f  N i O  c a t h o d e s .  One o f  t h e s e  i s  o u t - o f - c e l l  

t e s t i n g ,  i n  w h i c h  N i O  s o l u b i l i t y  may b e  d e t e r m i n e d  a s  a  

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

men t .  One o b j e c t  o f  s u c h  t e s t i n g  i s  t h e  d e t e r m i n a t i o n  o f  

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

Page No. 1 4  
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t o  c e l l  o p e r a t i o n .  A second phase i n v o l v e s  t h e  p o s t - t e s t  

ana lyses  of c e l l  components t o  e v a l u a t e  the  migration of N i O  

i n t o  t h e  t i l e  m a t r i x  a s  a  f u n c t i o n  of t ime ,  comparison of 

t h i s  w i t h  t h e o r y ,  and t h e  p o s s i b l e  c o r r e l a t i o n  w i t h  c e l l  

ope ra t ing  parameters. F i n a l l y ,  7x7 in. bench-scale and 2x2 

in. l ab - sca le  c e l l s  a r e  run t o  e v a l u a t e  r e l e v a n t  changes i n  

opera t ing  parameters and t h e i r  e f f e c t  on N i O  s o l u b i l i t y .  

Out-of -Cel l -Stabi l i ty  Tes ts  

Three s o l u b i l i t y  t e s t  pots  have been cons t ruc ted  during 

t h i s  p e r i o d .  They f e a t u r e  f l a t ,  f l a n g e d  l i d ,  s e a l e d  t o  t h e  

c e l l  body w i t h  f i b r o u s  alumina gasket  ma te r i a l .  A c y l i n d r i -  

c a l  alumina c r u c i b l e  s e r v e s  a s  a  l i n e r  i n s i d e  the  pot. I n t o  

t h i s  i s  p l a c e d  a  c o n i c a l  a lumina  c r u c i b l e  c o n t a i n i n g  t h e  
me l t .  D e t a i l s  of t h e  sample  c o n t a i n e r  a r e  shown schema- 

t i c a l l y  i n  F i g u r e  2.3. S t i r r i n g  of t h e  m e l t  and e q u i l i b r i u m  

S a m p l i n g  P i p e t t e  

A lumina  C r u c i b l e  

L e v e l  o f  Melt 

Gas  L i f t  Pump 
C i r c u l a t i o n  P o r t s  

Alumina P a p e r  

Compacted S i n t e r e d  

~ i t h i a t e d  N i c k e l  0 x i d e  

M C O l 9 2  

F I G U R E  2.3 SOLUBILITY TEST APPARATUS 
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ENERGY RESEARCH CORPORATION 

w i t h  t h e  g a s  i s  done by b u b b l i n g  t h e  g a s  th rough  an a lumina  

t u b e  i n t o  t h e  g a s  l i f t  pump assembly .  T h i s  i s  a  s h o r t  l e n g t h  

of a lumina  t u b i n g  which may p r o j e c t  above  t h e  m e l t  and has  

s l o t s  c u t  i n  i t  f o r  c i r c u l a t i o n  of t h e  m e l t .  I t  may be 

p l a c e d  on a  p i e c e  of a lumina  paper ,  o r  d i r e c t l y  on t h e  bottom 

of t h e  c r u c i b l e .  The l i t h i a t e d  N i O  w i l l  be i n  t h e  form of 

compacted p l a q u e s .  These can be p r o t e c t e d  f u r t h e r  from 

c r u m b l i n g  and d i s p e r s a l  i n  t h e  m e l t  by a  l a y e r  of a lumina  

p a p e r ,  i f  t h ~ u g h t  n e c e s s a r y .  We f e e l  t h a t  t h e  s t i r r i n g  

method given here  w i l l  however ensure good thermal and chemi- 

c a l  equ i l ib r ium,  y e t  be g e n t l e  enough t h a t  no problems w i t h  

p a r t i c u l a t e  oxide w i l l  be encountered. 

I f ,  however ,  any problems a r e  e n c o u n t e r e d  w i t h  t h e  in -  

c l u s i o n  of p a r t i c u l a t e  m a t e r i a l s  i n  t h e  sample ,  a  modi f i ed  

s a m p l i n g  p i p e t t e  may be used. A s m a l l  . f  i l t e r  t i p  made of 

P a l a u  would be a t t a c h e d ,  p e r h a p s  w i t h  a  g o l d  o r  P a l a u  w i r e ,  

t o  t h e  end of t h e  a lumina  tube .  The porous  p l u g  of P a l a u  

would need t o  have  p o r e s  of t h e  o r d e r  of a  few microns.  The 

m e l t r e t a i n e d i n t h i s  p l u g  c o u l d  n o t  be r e t a i n e d a s  a  sample ,  

b u t  o n l y  t h e  amount i n  t h e  a lumina  t u b e  would be used. 

The f i r s t  " b l a n k "  rtiii w i t h  t h e  sys tem is  p r e s e ~ ~ t l y  

underway, u s i n g  p u r e  L i K C O s  w i t h  a known amount of N i  added 

a s  a  s a l t ,  f o r  t h e  purpose  of t e s t i n g  i t  m e c h a n i c a l l y  and 

p e r f e c t i n g  t h e  sampling techniques.  

Post-Test A ~ ~ a l y s e s  

Twu c e l l s ,  Nos. 1 G 1  a n d  160 were a n a l y z e d  t o  dc tc rminc  

t h e  e f f e c t  of e l e c t r o l y t e  i n  t h e  cathode on r a t e  of d i s so lu -  

t i o n  i f  N i O .  C e l l  161  was p r e p a r e d  w i t h  components whose 

p o r e  d i s t r i b u t i o n  would a l l o w  i t  t o  be run i n  " f l o o d e d "  

condi t ion  by f requent  add i t ions  of e l e c t r o l y t e .  C e l l  168 was 

PageNo. 16 
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c o n s t r u c t e d  t o  be r u n  " d r y n  w i t h  l e s s  f r e q u e n t  a d d i t i o n s .  

P o s t - t e s t  a n a l y s i s  y i e l d e d  t h e  r e s u l t s  i n  T a b l e  2.2. A 

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

amounts of N i  determined.  

I t  is obv ious  t h a t  t h e  l e s s  t h e  e l e c t r o l y t e  p r e s e n t  i n  

t h e  c a t h o d e  t h e  l e s s  t h e  N i  i n  t h e  t i l e  a t  t h e  end  of  t h e  

t e s t .  

The l a s t  co lumn i n  t h e  T a b l e ,  t h e  s o l u b i l i t y ,  i s  e s t i -  

mated acco rd ing  t o  a  model proposed r e c e n t l y ( l l .  

For our purpose ,  we may t a k e  t h e  model i n  t h e  form 

S  = Ni0f /D'P * e 1 * 5 * t * ~  
where Co? 
S  = weight  pe r  u n i t  volume of t i l e  ( geome t r i c )  
N i  = mass of N i  found 
f = d i s t a n c e  from ca thode  a t  which N i  is found 
D = d i f f u s i v i t y  of N i  i o n  
8 = p o r o s i t y  of t h e  t i l e  
t = t ime i n  seconds  
A = f r o n t a l  a r e a  

'For t h e  e s t i m a t e d  s o l u b i l i t i e s  i n  Tab l e ' 2 . 2 ,  f  was assumed t o  

b e  a  p l a n a r  f r o n t  a t  40 m i l s  d e p t h .  8 was t a k e n  a s  SO%, a n d  

t h e  exponen t i a t ed  term is  a  t o r t u o s i t y  f a c t o r .  P 
Co, was 0.33 

atm, and D was t aken  (2) a s  5 ~ 1 0 - ~  cm2sec-I.  

TABLE 2.2 
EFFECT OF ELECTROLYTE FILL ON N i O  DISSOLUTION 

P 

CO 3  st imated 
L i f e  Add i t i ons  Cathode N i  i n  T i l e  S o l u b i l i t y  - 

C e l l  h r s  Grams F i l l , w t %  q rnh r - l~m-~  x106 ppm 
161  3100 2.3 1 5  7 .9  63 

-iitediogies Corp., FCR-4515. Second Q u a r t e r l y  Report, 
Contract5081-344-0528, Gas Research Ins t i tu te ,Aug1982 ,  p . l -  
3.3 . 

( 2 )  Del irnarskii, Yu.K. and Tumanova, N.Kj., ~ k r . ~ h i m . ~ h  a, 387-393 
(.1.963) ; 682-689 (1964) ; 3_0. 796-801 (1964) . 
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I t  w i l l  be recognized t h a t  one could  c a l c u l a t e  a  range 

of s o l u b i l i t i e s  by assuming d i f f e r e n t  v a l u e s  f o r  t h e  d i f -  

fus ion  c o e f f i c i e n t ,  t he  poin t  a t  which t h e  N i  p r e c i p i t a t e s  i n  

t h e  t i l e ,  t h e  poros i ty  or t o r t u o s i t y  f a c t o r  and t h e  pressure  

of C02. A summary of such c a l c u l a t i o n s  i s  given i n  Table 2 . 3  

f o r  C e l l  161, without ,  however, varying t h e  CO2 pressure.  I t  

i s  s e e n  t h a t  a  wide range  of c o n d i t i o n s  c o u l d  e x p l a i n  t h e  

d a t a .  

TABLE 2.3 
CALCULATED SOLUDILITIOB A 3  A F U N C T I O N  O F  MOREL PARAMETERS 

C e l l  161,  @ 0.205 gm N i ,  3100 h r s  
P r e c i p i t a t i o n  S o l u b i l i t y  

~ , c m ~ s e c - ~  Poros i ty ,  8 Distance,  m i l s  P P ~  

1 X ~ O - ~  30 1 0  
50 

50 1 0  
50 

5 ~ 1 0 - ~  30 10 
50 

50 1 0  
40 
5 0  

7 X ~ O - ~  30 1 0  
50 

5 0 18 
50 

* Haseline,  a s  shown i n  Table 2 . 2 .  

The model d e s c r i b e d  h e r e  was a p p a r e n t l y  based on em- 

p i r i c a l  c o r r e l a t i o n s  and no p r o v i s i o n  h a s  been made f o r  

p o s s i b l e  e f f e c t s  of P O2 ) ' ~ ~ 0 ,  o r  a c t i v i t y  of d i s s o l v e d  

oxygen s p e c i e s .  c o n s i d e r a t i o n s  age presently underway tn 
i n c o r p o r a t e  such  f e a t u r e s  i n  a  t h e o r e t i c a l  model. The i m -  

p o r t a n t  p o i n t  h e r e ,  however, i s  t h a t  t h e  model was based on 

e v i d e n c e ,  ( I )  somewhat s u p p o r t e d  by our d a t a ,  t h a t  t h e  d i f -  

f u s i o n a l  t r a n s p o r t  of t h e  N i  i n t o  t h e  t i l e  i s  t h e  r a t e  l i m i t -  

i n g  s , t e p  i n  t h e  o v e r a l l  l o s s  of n i c k e l .  I t  i s  t h e r e f o r e  

conceivable  t h a t  some change of condi t ions  i n  t h e  chemistry 

which changes t h e  s o l u b i l i t y  or d i f f u s i v i t y  can make a  bene- 

f i c i a l  change i n  t h e  l i f e t i m e  of t h e  c e l l .  
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A s  an i l l u s t r a t i o n ,  T a b l e  2.4 shows t h e  p e r c e n t a g e  

l o s s e s  expec ted  w i t h  t ime from t h e  c a t h o d e s  t e s t e d ,  t h e n  

shows t h e  r e d u c t i o n  we might e x p e c t  by l o w e r i n g  t h e  s o l u -  

b i l i t y  by a  f a c t o r  of 2. The l a s t  column shows t h e  l i f e  t ime  

of t h e  c e l l  assuming t h a t  a  2 0 %  weight  l o s s  i s  a c c e p t a b l e .  

I t  can be s e e n  t h a t  i n  t h e  b e s t  c a s e ,  C e l l  168 w i t h  t h e  

TABLE 2 . 4  
ESTIMATED LIFETIME OF CATHODES AS F U N C T I O N  OF SOLUBILITY 

S o l u b i l i t y  W t % ,  l o s t  w i t h  time* Hour f o r  
Cathodes ppm 1 0 , 0 0 0  hr 50,000 hr 20% Loss 

1 6 1  63 15 73 14,000 

* Avg. cathode weight, assumed, 4.5g. 

l i m i t e d  amount of carbonate added, about 60,000 hours of l i f e  

could be expected i f  the  s o l u b i l i t y  could be halved. While 

these  c a l c u l a t i o n s  a r e  merely e s t ima tes ,  t h e  r e s u l t s  do imply 

t h a t  t h e r e  may be hope f o r  decreasing t h e  N i  l o s s  by adjus t -  

ing  the  opera t ion  condi t ions  of t h e  c e l l .  

Bench-Scale Ce l l s  

e l l  4 .  T h i s  c e l l  had o p e r a t e d  f o r  7000 hours  and 

some p o s t - t e s t  ana lyses  had been repor ted  i n  t h e  March quar- 

t e r l y  r e p o r t .  In  t h i s  p a s t  q u a r t e r ,  more e x t e n s i v e  i n s p e c -  

t i o n  of t h e  N i  m i g r a t i o n  i n  t h e  t i l e  was done. F i g u r e  2.4 

shows schemat ica l ly  the  cross-sect ioned s t r u c t u r e  of the  c e l l  

components o b s e r v e d  by o p t i c a l  microscopy. Combined w i t h  

Robinson b a c k s c a t t e r  S E M I  E D A X ,  and X-ray d o t  maps, t h e  

fo l lowing  obse rva t ions  were made. F i r s t ,  t h e r e  was ex tens ive  

cracking i n  t h e  t r a n s v e r s e  d i r e c t i o n ,  and some delaminat ion 

near  t h e  ca thode .  The ca thode  body was g e n e r a l l y  s t r o n g l y  

adhered  t o  t h e  t i l e .  Beginning benea th  t h e  s h a r p  l i n e  of 

demarca t ion  between t h e  c a t h o d e  and t h e  t i l e ,  t h e r e  was a 
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LAYER 1 - DARK 
LAYER 2 - DARK 
LAYER 3 - WHITE 
LAYER 4 - GREY 

NI  PARTICLES 

KANTHAL SCREEN 

F I G U R E  2 .4  SCHEMATIC CROSS SECTION OF CELL 7-40 

f i r s t  l a y e r  o f  c o n t a m i n a t i o n  w h i c h  c o n t a i n e d  Fe ,  N i ,  a n d  K. 

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

m a t e r i a l  w h i c h ,  h o w e v e r ,  a l s o  c o n t a i n e d  Fe a n d  N i .  B e n e a t h  

t h i s  was  a  d e l a m i n a t e d  r e q i o n  o f  t i l e  m a t r i x  c o n t a i n i n g  N i  

m e t a l  i n  r e l a t i v e l y  l a r g e  a g g l o m e r a t e d  n o d u l e s .  The  r e -  

m a i n d e r  o f  t h e  t i l e  b e n e a t h  t h i s  h a d  N i  a s  s m a l l e r  d o t s  

d i s t r i b u t e d  t h r o u g h o u t ,  b u t  w i t h  t h e  h e a v i e s t  c o n c e n t r a t i o n  

i n  a  band a b o u t  40-60% of t h e  way t h r o u g h  t h e  t i l e .  Between 

t h i s  b a n d  a n d  t h e  a n o d e ,  t h e  N i  d o t  map showed  t h e  N i  t o  b e  

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

C r  a n d  Fe ,  p r e s u m a b l y  f r o m  t h e  d e t e r i o r a t e d  K a n t h a l  s c r e e n .  

I t  a p p e a r s  g e n e r a l l y  t h a t  t h e  N i  i s  m i g r a t i n g  t h r o u g h  t h e  

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

d i ~ t i n c t  a r c a E  where  c h e m i c a l  c o n d i t i o n s  are r i g h t .  There was 

n o  c o n t i n u o u s  b r i d g i n g  o f  N i  f o u n d ,  a n d  t h e  d e p o s i t s  w e r e  

g l o b u l a r  r a t h e r  t h a n  f i l a m e n t a r y .  

Some of t h e  d e l a m i n a t e d  I n a l e r i a l  a t  t h e  i n l e r f a c e  be -  

t w e e n  t h e . c a t h o d e  p l a q u e  a n d  t h e  m a i n  body  o f  t h e  t i l e  w a s  

p i c k e d  o f f  a n d  a n a l y z e d  by XRD. The  r e f l e c t i o n s  o b t a i n e d  

w e r e  c o m p a t i b l e  w i t h  gamma L iAlOz  a n d  N i O  a s  m a j o r  p h a s e s ,  

Page No. 20 



ENERGY RESEARCH CORPORATION 

K2C03 a s  minor phase,  and t r a c e s  of a l p h a  Fe and L iNi02 .  

There was some, not p o s i t i v e ,  i n d i c a t i o n  of CaC03, Fe20s and 

K A l F , .  These r e s u l t s  c o u l d  mean t h a t  c a t h o d e  m a t e r i a l  was 

s t r o n g l y  adhered t o  t h e  . . i n t e r f a c e  al though the  samples seemed 

t o  be f r e e  of cathode plaque. They a l s o  could mean thak t h e  

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

ad jacent  t o  t h e  cathode. Analysis  of the  t i l e  by AA found N i  

i n  t h e  amount of 2.3 gm h r - l ~ m - ~ x l O ~ .  T r a c e s  of i r o n  and 

chromium (0.008 and 0.26 gm h r - l ~ m - ~ x l O ~  r e s p e c t i v e l y )  were 

a l s o  found. T h i s  i s  c o n s i s t e n t  w i t h  t h e  r e s u l t s  of t h e  SEM 

and X-ray dot  maps. 

C e l l  1-81: T h i s  c e l l  was t e r m i n a t e d  t h i s  month a f t e r  

7000 hours of operation. T h i s  c e l l ,  which was assembled w i t h  

a  t h i c k  (0.036") SS r e i n f o r c e d  c a t h o d e ,  s t a n d a r d  anode and 

hot pressed t i l e ,  exh ib i t ed  s ta te -of - the-ar t  performance f o r  

the  f i r s t  s e v e r a l  thousand hours. A summary of performance 

f o r  t h i ' s  c e l l  i s  p r e s e n t e d  i n  t h e  l i f e g r a p h  ( F i g u r e  2.5). 

C e l l  decay was uniform u n t i l  a t  7000 hours f a c i l i t y  malfunc- 

t i o n  forced t e s t  termination. 

Prel iminary examination of the  terminated c e l l  r evea led  

e x t r e m e l y  c l e a n  and e a s i l y  s e p a r a b l e  components. s e v e r e  

hardware c o r r o s i o n  was a b s e n t  a l t h o u g h  a  l a r g e  q u a n t i t y  of 

e l e c t r o l y t e  was c o l l e c t e d  from t h e  o u t s i d e  edge of the  anode 

wet s e a l  a r e a .  A d e t a i l e d  a n a l y s i s  of t h e s e  components i s  

planned, inc lud ing  a  comparison of the  cathode s t a b i l i t y  i n  

these  two (7-40, 41 )  recent  7000 hours t e s t s .  

QJ.1 7-49 was assembled during. t h i s  per iod t o  e v a l u a t e  

t h e  e f f e c t  of ca thode  p o t e n t i a l  on N i O  s o l u b i l i t y .  T h i s  

c e l l ,  which was assembled  w i t h  a  f i l m  c a s t  c a t h o d e ,  LiA102 

impregnated anode, and hot pressed t i l e ,  w i l l  be operated a t  

O C V  and compared t o  a  second c e l l  a s sembled  w i t h  s i m i l a r  

components which w i l l  be cont inuously operated a t  75% f u e l ,  

50% oxidant u t i l i z a t i o n s  and 1 6 0  mA/cm2 c u r r e n t  densi ty .  
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CELL LIFE. hrs 

F I G U R E  2 .5  L I F E G R A P H  CELL 7-41 

C e l l  7-49 e x h i b i t s  a  t h e o r e t i c a l  OCV f o r  our gas compo- 

s i t i o n  and has near pe r fec t  gas s e a l  e f f i c i e n c i e s  w i t h  no gas 

c r o s s  leakage through t h e  matrix. C e l l  performance i s  -150 

mV lower t h a n  e x p e c t e d  (850 mV) a t  115 mA/cm2 due t o  h igh  

r r r i r t a n u c  (60 mv) and l a r g e  d i ~ f t l s i o n  r e l a t e d  anode p o l a r i -  

z a t i o n .  The problem was t r a c e d  t o  a  f a u l t y  impregna t ion  of 

t h e  anode r e s u l t i n g  i n  blockage of t h e  gas s i d e  pores of t h e  

e l e c t r o d e  w i t h  LiA102 and e l e c t r o l y t e .  C e l l  performance i s  

improving due t o  e l e c t r o l y t e  r e d i s t r i b u t i o n  al though s t a t e -  

of - the-ar t  performance is no longer  expected. 
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E l e c t r o l ~ t e  Matrix ~ a b r i c a t i o n  and T e s t i n g  

Dur ing  t h e  r e p o r t i n g  p e r i o d ,  p r o g r e s s  h a s  been made 

towards t h e  p roduc t ion  of d e s i r e d  s u r f a c e  a r e a  l i t h i u m  alumi- 

n a t e  (y-LiA102) powder a t  high y i e l d  r a t e s  f o r  both i n t e r n a l  

reforming c a t a l y s t  suppor t  a c t i v i t i e s  and t a p e  m a t r i x  f a b r i -  

c a t i on .  Tape c a s t  ma t r ix  f a b r i c a t i o n  u s ing  v a r i o u s  y-LiA102 

p a r t i c l e  s i z e s  has  a l s o  p rogressed  a l o n g  wi th  t h e  pos t  m a t r i x  

s t a b i l i t y  du r ing  b inder  burnout,  s t r u c t u r a l  i n t e g r i t y  d u r i n g  

e l e c t r o l y t e  impregnation and  e l e c t r o l y t e  r e t e n t i o n  p r o p e r -  

t i e s .  

y-LiA102 Product ion 

S e v e r a l  b a t c h e s  of LiA102 powders  h a v e  been p r e p a r e d  

under c o n t r o l l e d  exper imenta l  c o n d i t i o n s  and r e l a t i v e l y  high 

powder y i e l d  (more than  95% u s a b l e  powder) ha s  been obta ined.  

Parameters such a s  A1203/Li2CO3 r a t i o ,  r e a c t i o n  tempera ture  

and e x p o s u r e  t i m e  h a v e  been found  t o  i n f l u e n c e  t h e  f i n a l  

powder s u r f a c e  a r e a  and p a r t i c l e  g rowth  and a r e  b e i n g  

e v a l u a t e d  f o r  t h e  c o n t r o l l e d  p r o d u c t i o n  of b o t h  h i g h  ( > l o  
m2/g) and  low (-1 m2/g) s u r f  a c e  a r e a  powders.  R e s u l t s  t o  

d a t e  i n d i c a t e  good r e p r o d u c i b i l i t y  and  = l o o %  powder y i e l d .  

Fur ther  r e s u l t s  w i l l  be r e p o r t e d  a t  a  l a t e r  da te .  

E l e c t r o l y t e  Matr ix  Development 

The g o a l  of  t h i s  t a s k  i s  t o  d e v e l o p  t h i n  ( 2 0 - 2 5  1 1 1 i l s ;  

t h i c k )  e l e c t r o l y t e  m a t r i x  f o r  ca rbona t e  f u e l  c e l l .  The t a s k  

c o n s i s t s  of t h r e e  major sub tasks :  

a )  Development of a  f a b r i c a t i o n  technique  

b) Pos t  f a b r i c a t i o n  c h a r a c t e r i z a t i o n  of t h e  ma t r ix  

c )  In  c e l l  t e s t s  of t h e  m a t r i x  
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S e v e r a l  b a t c h e s  o f  t h i n  e l e c t r o l y t e  m a t r i x  h a v e  b e e n  

p r e p a r e d  s u c c e s s f u l l y  by t a p e  c a s t i n g  t e c h n i q u e  d u r i n g  t h e  

r e p o r t i n g  p e r i o d .  M a t r i c e s  p r o d u c e d  i n  g e n e r a l  show u n i -  

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

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

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

d u r i n g  t h e  t a p e  c a s t i n g  o p e r a t i o n  and i s  t h o u g h t  t o  be due t o  

t h e  p r e s e n c e  o f  a i r  b u b b l e s  i n  t h e  c a s t i n g  s l u r r y .  Vacuum 

d e g a s s i n g  o f  t h e  m i l l e d  s l u r r y  p r i o r  t o  c a s t i n g  h a s  been  
found  e f f e c t i v e  i n  r e d u c i n g  t h e  o c c u r r e n c e  of p i n  h o l e s .  

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

t h e  e v a l u a t i o n  of m a t r i x  s t a b i l i t y  d u r i n g  h i n d e r  burnou t  and 

e l e c t r o l y t e  impregnat ion .  Disc  specimens  s e l e c t e d  randomly 

f r o m  t a p e  m a t r i c e s  a r e  h e a t e d  u p  t o  4 0 0 - 4 5 0 ' ~  i n  a i r  t o  

remove o r g a n i c s  and t h e n  examined f o r  c r a c k s  and deformat ion .  

To e v a l u a t e  t h e  b e h a v i o r  of m a t r i c e s  d u r i n g  e l e c t r o l y t e  i m -  

p r e g n a t i o n ,  d i s c  specimens  c o v e r e d  w i t h  e l e c t r o l y t e  ( t o  ob- 

t a i n  100% f i l l )  a r e  h e a t e d  t o  600-650 '~  and t h e n  examined f o r  

s t r u c t u r a l  i m p e r f e c t i o n s .  A summary of m a t r i x  c h a r a c t e r i z a -  

t i o n  i s  p r e s e n t e d  i n  T a b l e  2.5. P o r e  s p e c t r u m  ( F i g u r e  2.6) 

and mean p o r e  s i z e  have  a l s o  been o b t a i n e d  on m a t r i c e s  a f t e r  

b i n d e r  b u r n o u t .  The p o r o s i t y  a n d  mean p o r e  s i z e  o f  t a p e  

m a t r i c e s  p r e p a r e d  c a n  be d i v i d e d  i n t o  two subgroups:  

TABLE 2.5 MATRIX CHARACTERIZATION 

TAPE NO. POWDER BATCH dlacge dsmall MPS TAPE POROSITY. CARBON- CELL 1 1  S T R U C T U R ~  
SURFACE AREA pm pm pm % ATE (VOL NO. STABILITY 

m2/g 8 1 

29 9.0. .75 .26 60.5 10 7-45 Expansion 

30 9.0 -25 .19 5 8 0 Shrinkage 

3 1 .34 4 6.4 6.7 ;35 . 2 3  55 0 Shrinkage 

34 .34 + 3.4 6.7 .67 .38 5 0 0 7-46 Shrinkage 

3 5 .15 + .34 15 -67 .64 5 0 0 Shrinkage 

3 6 -15 + .34 15 -67 .94 5n 2 5 7-47 Expancion 

3 7 .34 + 3.4 6.7 .67 .55 4 3 2 5 7-48 Expansion 

38 .34 + 9.1 6.7 .25 - 5 0 25 Expansion 

3 9 .15 + 9.1 15 -25 1.5 48 2 5 Expansion 

4 0 .15 + 9.1 15 .25 .6 4 5 2 5 Expansion 

4 1 -15 + 3.48 15. -67 .65  4 7 15 Expansion 

4 2 .15 + 3.48 15 .67 .55 4 7 10 Expansion 
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Fml TAPE. I NO. 1 1  i I I I I MPS 1 1 1 1  - I I i I. I 

29 . . . . . . . . . 2 6  

30 .19 
31 * f f * * . 2 3  

35 A-A-A-ATA- .60 
B-B-B:B-B- . 9 0  
C-C-C-C-C- .55 

39 D-D-D-D:D- 1.'5 
40 E-E-E-E-E- .6 
41 F-F-F-F-F- . 6 6  
42 G-G-G-G-G- .55 

i 

F I G U R E  2 .6  PORE SPECTRA OF MATRICES WITH DIFFERENT 
PARTICLE SIZE MIXTURES AND CARBONATE CONTENTS 

a )  Tapes  w i t h  h i g h e r  p o r o s i t y  a n d  s m a l l e r  mean p o r e  
s i z e  f a b r i c a t i o n  f rom h i g h e r  s u r f a c e  a r e a  powders  
( s i n g l e y  ha tched  a r e a ) .  

b) Tapes w i th  s m a l l e r  p o r o s i t y  and r e l a t i v e l y  larger: 
mean p0r.e s i z e  f a b r i c a t e d  f rom l o w e r  s u r f a c e  a r e a  
and d u a l  s i z e  powder m ix tu r e s  ( c r o s s  ha tched  a r e a ) .  

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

m i x t u r e s  i s  c o n s i d e r e d  t o  be due  t o  b e t t e r  p a c k i n g  of  t h e  

i n t e r p a r t i c l e  v o i d s  ( oc t agona l  and t e t r a h e d r a l  v o i d s ) .  Lar- 

g e r  mean p o r e  s i z e  i n  t h e s e  t a p e s  i s  t h o u g h t  t o  be due  t o  

l o w e r  s u r f a c e  a r e a  o f  t h e  powders .  Work i s  i n  p r o g r e s s  t o  

c h a r a c t e r i z e  t h e  e f f e c t s  of powder s i z e  on t h e  mean pore  s i z e  

and  p o r o s i t y  of t h e  t a p e  m a t r i x  a n d  w i l l  be r e p o r t e d  a t  a  

l a t e r  d a t e .  I t  i s  a l s o  e v i d e n t  f r om t h e  d a t a  t h a t  m a t r i x  

sh r i nkage  i s  e l i m i n a t e d  by add ing  e l e c t r o l y t e  t o  t h e  s l u r r y .  
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S e v e r a l  t a p e  m a t r i c e s  have been t e s t e d  i n  t h e  c e l l .  I n  

g e n e r a l ,  t h i n  m a t r i c e s  have been found t o  show poor e l e c t r o -  

l y t e  r e t e n t i o n ,  l e a d i n g  t o  h i g h  c r o s s o v e r  and  poor  c e l l  

p e r f o r m a n c e .  Poor e l e c t r o l y t e  r e t e n t i o n  i n  t h e  m a t r i x  i s  

t h o u g h t  t o  be due  t o  l a r g e  p o r e  s i z e  and  improper  p o r e  d i s -  

t r i b u t i o n .  Work i s  i n  p rog re s s  t o  o b t a i n  s m a l l e r  ma t r ix  mean 

p o r e  s i z e  (-.25-.3 pm) a l o n g  w i t h  h i g h e r  t a p e  d e n s i t y  (55- 

60%)  and w i l l  be r e p o r t e d  a t  a  l a t e r  da t e .  

T h r e e  b e n c h - s c a l e  (300 cm2) c e l l s  h a v e  been a s s e m b l e d  

a n d  t e s t e d  d u r i n g  t h i s  p e r i o d  i n  s u p p o r t  of t a p e  m a t r i x  

d e v e l o p m e n t .  One of t h e s e ,  c e l l  7-46,  was a s s e m b l e d  w i t h  a  

t a p e  m a t r i x  and a  bubble  b a r r i e r  t o .  e v a l u a t e  endurance per- 

fo rmance  of t h e s e  components.  The o t h e r  two b e n c h - s c a l e  

c e l l s  (7-45, -47) were assembled wi thou t  bubble  b a r r i e r s  i n  

o r d e r  t o  o p t i m i z e  t h e  b u r n o u t  and  e l e c t r o l y t e  i m p r e g n a t i o n  

c y c l e  a s  w e l l  a s  e v a l u a t e  t h e  t ape .  

The t e s t i n g  of  t a p e  c a s t  m a t r i c e s  h a s  i d e n t i f i e d  a  

p r o b l e m  w i t h  t a p e  s h r i n k a g e  d u r i n g  o r g a n i c  b i n d e r  b u r n o u t .  

S ince  t h e  t a p e  m a t r i x  i n  a  f u e l  c e l l  assembly is  r e s t r i c t e d  

by h a r d w a r e  and  component p inch , any  s h r i n k a g e  which o c c u r s  

d u r i n g  b inder  burnout  r e s u l t s  i n  s t r e s s  c r ack ing  and subse- 

q u e n t  g a s  c r o s s o v e r .  A s e r i e s  of  i n - c e l l  and  o u t - o f - c e l l  

exper iments  i d e n t i f i e d  s e v e r a l  s i g n i f i c a n t  paramete rs  which 

call 1111ri1111ixe t a p e  shrinkage.  'rhese pararneees i n c l u d e :  

Low m a t r i x  p o r o s i t y  and hence a  low o r g a n i c  c o n t e n t  
f o r  low nhri .nko.ge.  

Pre-hea t ing  t h e  t a p e  a t  150-175 '~  p r i o r  t o  assembly 
f o r  complete  s o l v e n t  removal.  

P a r t i a l  e l e c t r o l y t e  c o n t e n t  i n  t h e  t a p e  r e d u c e s  
sh r inkage .  

Page No. 26 



ENERGY RESEARCH CORPORATION ~OE/ET/11304-29 

Two c e l l s  were assembled  w i t h  a  p r e - d r i e d  t a p e  m a t r i x  

which was prepared w i t h  y - L i A l O *  and 7  w t %  e l e c t r o l y t e  w i t h  a  

s o l i d s  dens i ty  of 40% (60% porous matr ix  a f t e r  organic  burn- 

o u t ) .  The two c e l l s  were i d e n t i c a l  except .  f o r  t h e  q u a n t i t y  

of e l e c t r o l y t e  p r e - s t o r e d  i n  t h e  anode. These c e l l s  were 

t h e n  s l o w l y  h e a t e d  through t h e  o r g a n i c  burnou t  c y c l e  t o  a  

maximum temperature of 470 '~  (below the  e l e c t r o l y t e  me l t ing  

p o i n t )  and t h e n  c o o l e d  f o r  examina t ion  of m a t r i x  s h r i n k a g e  

cracks. ~ o t h  t apes  were observed t o  be crack-free a f t e r  t h e  

i n  s i t u  burnout c y c l e  and hence a  reasonable  con£ idence l e v e l  ---- 
was e s t a b l i s h e d  f o r  t h i s  tape matrix. 

Gel1 7-45 was assembled w i t h  t he  same tape  matr ix  which 

was a g a i n  p re -hea ted  a t  1 5 0 ' ~ .  The i n t e n t i o n  of t h i s  c e l l  

t e s t  was t o  comple te  t h e  ig s i t u  bu rnou t  and e l e c t r o l y t e  

impregnat ion  c y c l e  and c o n t i n u e  h e a t i n g  t o  6 5 0 ' ~  c e l l  op- 

e r a t i n g  temperature t o  e v a l u a t e  t h e  tape 'matr ix  performance. 

A f t e r  a . f o u r  hour h o l d  a t  5 1 0 ' ~  impregna t ion  t e m p e r a t u r e  

however, gas  c r o s s o v e r  was s u b s t a n t i a l  and i n c r e a s i n g .  The 

c e l l  was t h u s  c o o l e d  down from 5 1 0 ' ~  f o r  m a t r i x  i n s p e c t i o n .  

On c e l l  d i s a s s e m b l y  s e v e r e  c r a c k i n g  of t h e  m a t r i x  was 

obse rved .  Cathode c u r r e n t  c o l l e c t o r  c o r r o s i o n  was a l s o  

noted.  G r a v i m e t r i c  a n a l y s e s  of t h e  p o s t - t e s t  components 

b e f o r e  and a f t e r  removal  of t h e  e l e c t r o l y t e  were performed 

a n d  t h e  r e s u l t s  a r e  summarized in T a b l e  2.6 below. It was 

conc luded  from t h e s e  r e s u l t s  t h a t  m a t r i x  c r a c k i n g  o c c u r r e d  

TABLE 2.6 
ELECTROLYTE FILL LEVELS OF CELL 7-45 

Pre- tes t*  Pos t - t e s t  
~ 0 1 %  of Void vol% of void 

Anode 50 36 

Cathode 23 13 

Matrix 100 83 

* Pre - t e s t  e l e c t r o l y t e  inventory is s to red  i n  anode gas chamber. 
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d u r i n g  e l e c t r o l y t e  f i l l i n g .  T h i s  c r a c k i n g  c o u l d  be caused  by 

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

c l o s e l y  packed LiA102 p a r t i c l e s .  

I t  h a s  a l s o  been s u g g e s t e d  t h a t  because  t h e  e l e c t r o l y t e  

was a d d e d  t o  t h e  t a p e  f o r m u l a t i o n s  a s  a  powder ,  p o o r  d i s -  

p e r s i o n  ( o f  t h i s  powder )  c o u l d  r e s u l t  i n  t h e  p r e s e n c e  o f  

l a r g e  ( > l o  pm) a g g l o m e r a t e s  of c a r b o n a t e  which upon m e l t i n g  

w o u l d  l e a v e  c o r r e s p o n d i n g  p o r e s  i n  t h e  ~ i ~ 1 0 ~  m a t r i x .  For  

t h e s e  reasons w o r k  was i ~ r i t i a L r d  on a t a p e  m a t r i x  f o b r i c o t c d  

from L i A l q  p a r t i c l e s  t h a t  were p r e c o a t e d  w i t h  an  e l e c t r o l y t e  

f i l m .  

Gg1.l 7-45 was t h e  second bench-sca le  c e l l  assembled f o r  

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

dense  m a t r i x  c o u p l e d  w i t h  a  b u b b l e  b a r r i e r  on t h e  anode s i d e  

t o  e l i m i n a t e  i n i t i a l  c r o s s o v e r  problems and t h u s  e n a b l e  per-  

formance and endurance  e v a h a t i o n  of t h e s e  components. T h i s  

c e l l  e x p e r i e n c e d  no  c r o s s o v e r  p r o b l e m s  a n d  i n i t i a l  p e r -  

formance was s a t i s f a c t o r y :  808 mV @ 115 mA/cm2, 30% u t i l i z a -  

t i o n s  and  640 mV @ 160  mA/cm2, 7 5 %  f u e l  a n d  5 0 %  o x i d a n t  

u t i l i z a t i o n s  ( F i g u r e  2.7) .  The e f f e c t  of  imposed  p r e s s u r e  

d i f f e r e n t i a l  on g a s  c r o s s o v e r  was a n a l y z e d  by gas  chromato- 

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

b a r r i e r / m a t r i x  c o m b i n a t i o n .  A summary of  p e r f o r m a n c e  is 

p r o v i d e d  i n  F i g u r e  2.8. A s  shown,  t h e  p e r f o r m a n c e  a t  1 1 5  

mA/cm2 s t a b i l i z e d  a t  -700 mV a f t e r  an  i n i t i a l  d e c l i n e  d u r i n g  

t h e  f i r s t  s e v e r a l  hundred hours.  D i a g n o s t i c  a n a l y s i s  i n d i -  

c a t e ~  t h a t  an u n u c u a l l y  h igh  d i f f u s i o n  r e l a t e d  p o l a r i z a t i o n  

was o c c u r i n g  a t  t h e  anode.  A r e v i e w  o f  t h e  c h a r a c t e r i s t i c s  

of t h i s  anode r e v e a l e d  a  s l i g h t l y  lower  t h a n  normal  p o r o s i t y  

a n d  a h i g h e r  t h a n  normal LiA3.02 content, w h i c h  c o u l d  induce  

anode f l o o d i n g .  T h i s  c e l l  e x h i b i t e d  no c r o s s  o v e r  problems.  
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FIGURE 2 . 7  PERFQRMANCE OF TAPE MATRIX WITH BUBBLE BARRIER 
(BENCH SCALE CELL 7 - 4 6 )  

FIGURE 2 . 8  LIFEGRAPH OF CELL 7-46 
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However its response  t o  imposed p r e s s u r e  d i f f e r e n t i a l s  i n d i -  
c a t e s  t h a t  i t s  r e s i s t a n c e  t o  c r o s s  o v e r  diminished w i t h  t i m e .  

The OCV and r e s i s t a n c e  of t h i s  c e l l  remained s t a b l e  d e s p i t e  
t h e  f a c t  t h a t  no e l e c t r o l y t e  was added. The t e s t  was volun-  
t a r i l y  t e r m i n a t e d  a f t e r  1500  h o u r s  f o r  p o s t - t e s t  a n a l y s i s .  
R e s u l t s  w i l l  be r e p o r t e d  as  they  become a v a i l a b l e .  

C e l l  7-47 was assembled w i t h  a t a p e  which was f a b r i c a t e d  
w i t h  a L i A 1 0 2  powder t h a t  had been  p r e c o a t e d  w i t h  e l e c t r o -  
l y t e .  T h e  r e s u l t i n g  t a p e  was s i g n i f i c a n t l y  d i f f e r e n t  f rom 
t h o s e  t a p e s  f a b r i c a t e d  w i t h  e l e c t r o l y t e  mixed i n t o  t h e  s l u r r y  
a s  a s e p a r a t e  pow'der. C e l l  7-47 ach ieved  a peak UCV of 1.057 
v o l t s  wi th  our s i m u l a t e d  steam reformed methane gas. Chroma- 
t o g r a p h i c  a n a l y s i s  o f  t h e  f u e l  e x h a u s t  w i t h  2" B 2 0  o x i d a n t  
back p r e s s u r e  r e v e a l e d  -1.2% N 2  X-over. The peak 115 mA/cm2 
performance was 0.745 v o l t s  a t  30% f u e l  and ox idan t  u t i l i z a -  
t i o n s ,  A f t e r  s e v e r a l  d a y s  of  o p e r a t i o n  t h e  OCV began t o  
d e t e r i o r a t e ,  c e l l  p e r f o r m a n c e  a l s o  d r o p p e d  and  was accom- 
pan ied  by an  i n c r e a s i n g  Ohmic r e s i s t a n c e .  An a n a l y s i s  of t h e  
f u e l  e x h a u s t  a f t e r  200 h o u r s  of o p e r a t i o n  r e v e a l e d  5% N 2  X- 

o v e r ,  and t h e  t e s t  was terminated.  

O n  c e l l  d i s a s s e m b l y  t h e  m a t r i x  was s e e n  t o  be  c r a c k -  
f r e e .  Seve re  ca thode  c u r r e n t  c o l l e c t o r  c o r r o s i o n  was a g a i n  
observed  (7-45) and was a s s o c i a t e d  w i t h  e l e c t r o l y t e  w e t t i n g  
of t h e  ca thode  frame. Q u a n t i t a t i v e  a n a l y s i s  of t h e  e l e c t r o -  

l y t e  f i l l  l e v e l s  was performed and t h g s e  resul ts  a r e  shown i n  
T a b l e  2.7 

TABLE 2. ' /  
ELECTROLYTE FILL LEVELS OF CELL 7-47 

Pre-Test F i l l *  Post-Test  F i l l  
(Val% of Void) (Vo18 of Void) 

Anode 50 59 
Cathodc 17 29 
Mat r ix  1 0 0  7 4 

* P r e - t e s t  e l e c t r o l y t e  inventory  i s  s t o r e d  i n  anode gas chamber. 
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The pos t - t e s t  e l e c t r o l y t e  f i l l  l e v e l s  shown above repre- 

s e n t  only a  3% l o s s  of the t o t a l  s t o r e d  inventory.  However, 

a s  t h e  data  shows, e l e c t r o l y t e  drainage from the  t i l e  i n t o  

the  e l ec t rodes  did occur. These r e s u l t s  a r e  c o n s i s t e n t  with 

the  t e s t  da ta  which showed a  dec l in ing  OCV and inc reas ing  

Ohmic r e s i s t a n c e .  Analysis of t h i s  t ape  revealed t h a t  t h e  

LiA102 powder had a  lower than expected BET su r face  a rea  

while Hg-porosimetry indica ted  t h e  a f t e r  removal of the  or- 

ganics t h e  tape had a  l a r g e r  than expected MPS. I n  con- 

c lus ion ,  it i s  apparent t h a t  although t apes  f a b r i c a t e d  from 

t h i s  powder have good r e s i s t a n c e  t o  cracking,  the  matr ix  does 

not have a  t i g h t  enough pore spectrum t o  r e t a i n  e l e c t r o l y t e  

when coupled w i t h  our s tandard e lec t rodes .  
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