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MONOLITHIC SOLID OXIDE FUEL CELL DEVELOPMENT 
I 

I. K.  M. Myles and C.  C.  McPheeters 
Argonne N a t i o n a l  Labora to ry  

Argonne, I l l i n o i s  

The M o n o l i t h i c  S o l i d  Oxide Fuel C e l l  (MSOFC) i s  be ing  developed by a r e c e n t l y  
formed team compri sed o f  Argonne N a t i o n a l  Labora to ry ,  A1 1 i ed-Si gnal  

a Aerospace/AiResearch, and Combustion Eng ineer ing .  The MSOFC i s  an 
ox ide-ceramic s t r u c t u r e  i n  which a p p r o p r i a t e  e l e c t r o n i c  and i o n i c  conductors  
a r e  f a b r i c a t e d  i n  a "honeycomb" shape s i m i l a r  t o  a b l o c k  o f  co r ruga ted  
paperboard.  The e l e c t r o l y t e  t h a t  conducts oxygen i o n s  from t h e  a i r  s i d e  t o  
t h e  f u e l  s i d e  i s  y t t r i a - s t a b i l i z e d  z i r c o n i a  ( Y S Z ) .  A l l  t h e  o t h e r  m a t e r i a l s  
a re  e l e c t r o n i c  conductors  i n c l u d i n g  t h e  nickel-YSZ anode, t h e  s t ront ium-doped 
lanthanum manganite cathode,  and t h e  doped lanthanum ch romi te  i n t e r c o n n e c t  
( b i p o l a r  p l a t e ) .  These e l e c t r o n i c  and i o n i c  conductors  a re  a r ranged to  
p r o v i d e  s h o r t  conduct ion  pa ths  t o  m in im ize  r e s i s t i v e  l osses .  The power 
d e n s i t y  ach ievab le  w i t h  the  MSOFC i s  expected t o  be about  8 kW/kg o r  4 kW/L, 
a t  f u e l  e f f i c i e n c i e s  over  SO%, because o f  smal l  c e l l  s i z e  and low r e s i s t i v e  
l o s s e s  i n  the  m a t e r i a l s .  The MSOFC opera tes  i n  t h e  range o f  700 t o  1000°C, a t  
which temperatures r a p i d  reform o f  hydrocarbon f u e l s  i s  expected w i t h i n  t h e  
nickel-YSZ f u e l  channels .  

1. 

Tape c a s t i n g  and hot r o l l  c a l e n d e r i n g  a r e  used t o  f a b r i c a t e  t h e  MSOFC 
s t r u c t u r e .  The tape c a s t i n g  process c o n s i s t s  o f  spread ing  a ceramic s l u r r y  
( s l i p )  u n i f o r m l y  on a s u b s t r a t e ,  such as g l a s s  or polymer f i l m ,  u s i n g  a d o c t o r  
b lade .  A f t e r  t he  s l i p  i s  d r y ,  t h e  ceramic l a y e r  i s  s t r i p p e d  o f f  t h e  s u b s t r a t e  
i n  t h e  form o f  a f l e x i b l e  " tape . "  The h o t  r o l l  c a l e n d e r i n g  process c o n s i s t s  
o f  m i x i n g  ceramic powder w i t h  o r g a n i c  b i n d e r  and p l a s t i c i z e r  and r o l l i n g  t h e  
warm m i x t u r e  i n t o  a t h i n  tape.  The green tapes a re  c u t  t o  t h e  d e s i r e d  
d imensions,  and t h e  e l e c t r o d e  tapes a re  co r ruga ted  t o  form t h e  gas flow 
channels .  The c o r r u g a t i o n s  a re  formed by f o l d i n g  t h e  tape o n t o  a warm mold. 
A f t e r  c o o l i n g ,  t h e  tape r e t a i n s  t h e  co r ruga ted  shape. Cor rugated  e l e c t r o d e  
tapes and f l a t  e l e c t r o l y t e  and i n t e r c o n n e c t  composi te  tapes a r e  s tacked up t o  
form the  MSOFC s t r u c t u r e .  The l a y e r s  a r e  bonded t o g e t h e r  i n  t h e  green s t a t e  
by h e a t i n g  t h e  polymer b i n d e r  s l i g h t l y  above i t s  g l a s s  t r a n s i t i o n  t e m p e r a t u r e  
under a smal l  we igh t .  The bonded green s t r u c t u r e  i s  t hen  heated acco rd ing  t o  
a p r e c i s e  f i r i n g  schedule t o  t h e  s i n t e r i n g  temperature t o  form t h e  m o n o l i t h i c  
ceramic s t r u c t u r e .  

The performance o f  t he  MSOFC has improved s i g n i f i c a n t l y  d u r i n g  t h e  course of 
development. The l i m i t a t i o n  o f  t h i s  system, based on m a t e r i a l s  r e s i s t a n c e  
a lone  w i t h o u t  i n t e r f a c i a l  r e s i s t a n c e s ,  i s  0.093 ohm-cm2 a r e a - s p e c i f i c  
r e s i s t a n c e  ( A S R ) .  The c u r r e n t  t y p i c a l  performance o f  MSOFC s i n g l e  c e l l s  i s  
c h a r a c t e r i z e d  by ASRs o f  about  0.4 t o  0.5 ohm-cm2. 
the  ASR i s  expected t o  be reduced below 0.2 ohm-cm2, which w i l l  r e s u l t  i n  
power l e v e l s  g r e a t e r  than 1.4 W/cm2. 

Wi th  f u r t h e r  development 

The f e a s i b i l i t y  o f  the  MSOFC concept  has been proven,  and t h e  per formance has 
been d r a m a t i c a l l y  improved. The d i f f e r e n c e s  i n  thermal  expansion c o e f f i c i e n t s  
and f i r i n g  shr inkages among t h e  f u e l  c e l l  m a t e r i a l s  have been min imized.  As a 
r e s u l t  of good matching o f  these p r o p e r t i e s ,  t h e  MSOFC s t r u c t u r e  has been 
s u c c e s s f u l l y  f a b r i c a t e d  w i t h  few d e f e c t s ,  and t h e  system shows e x c e l l e n t  
promise for development i n t o  a p r a c t i c a l  power source.  
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