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SUMMARY 

An e x p l o r a t o r y  exper imenta l  f u e l  c e l l  t e s t  program was conducted t o  inves-  
t i g a t e  t h e  performance c h a r a c t e r i s t i c s  o f  a l k a l i n e  l a b o r a t o r y  research  e l e c -  
t r o d e s .  The o b j e c t i v e  of t h e  work was t o  e s t a b l i s h  t h e  e f f e c t  o f  tempera ture ,  
p ressure ,  and c o n c e n t r a t i o n  upon performance and e v a l u a t e  cand ida te  cathode 
c o n f i g u r a t i o n s  hav ing  t h e  p o t e n t i a l  f o r  improved per formance.  The per formance 
c h a r a c t e r i z a t i o n  t e s t s  p r o v i d e d  data to e m p i r i c a l l y  e s t a b l i s h  t h e  e f f e c t  o f  
tempera ture ,  p ressure ,  and c o n c e n t r a t i o n  upon per formance for  c e l l  tempera tures  
up t o  300 O F  and r e a c t a n t  p ressures  up t o  200 p s i a .  
a l l o y  cathode c a t a l y s t s  r e v e a l e d  t h a t  t h r e e  doped g o l d  a l l o y s  had more than  two 
t imes t h e  s u r f a c e  area  o f  re fe rence cathodes and t h e r e f o r e  o f f e r e d  t h e  b e s t  

E v a l u a t i o n  o f  f i v e  g o l d  

p o t e n t i a l  for  improved p e r  

The a l k a l i n e  f u e l  c e l  
power source f o r  space and 
t h e  Space S h u t t l e  O r b i t e r  

ormance. 

BACKGROUND 

has shown t o  be a r e l i a b l e ,  l i g h t w e i g h t ,  
t e r r e s t r i a l  a p p l i c a t i o n s .  The system emp 
s capable o f  p r o v i d i n g  power-on-demand up 

e f f  i c i e n t  
oyed i n  
t o  12 kW 

w i t h i n  v o l t a g e  r e g u l a t i o n  o v e r  a use fu l  o p e r a t i n g  i i f e  o f  2500 h r .  ' A  30 kW 
f u e l  c e l l  u n i t  has been s u c c e s s f u l l y  employed i n  a deep-d iv ing  submers ib le .  

O r b i t e r - t y p e  f u e l  c e l l s ,  under a NASA Lewis Research Center  sponsored 
techno logy  improvement program, have demonstrated 18 000 h r  o f  o p e r a t i o n  w i t h -  
o u t  s i g n i f i c a n t  performance degradat ion .  The l o a d  p r o f i l e  f o r  t h e  18 000-hr 
t e s t  s imu la ted  t h e  c y c l i c a l  p r o f i l e  o f  a f u e l  c e l l  u n i t  o f  a r e g e n e r a t i v e  f u e l  
c e l l  system o p e r a t i n g  i n  low-Ear th o r b i t .  The i n c o r p o r a t i o n  o f  c o r r o s i o n -  
r e s i s t a n t  c e l l  components, i n c l u d i n g  suppor ted  c a t a l y s t  anodes, po tass ium 
t i t a n a t e  m a t r i c e s ,  and advanced m a t e r i a l  c e l l  edge frame i n t o  t h e  c e l l  assem- 
b l y ,  has shown to  extend the  endurance c a p a b i l i t y  o f  t h e  a l k a l i n e  f u e l  c e l l .  
The use o f  a porous g r a p h i t e  e l e c t r o l y t e  r e s e r v o i r  p l a t e  (ERP) as a rep lacement  
f o r  t h e  porous n i c k e l  ERP would reduce t h e  we igh t  o f  t h e  O r b i t e r  e l e c t r o d e  
assembly by n e a r l y  40 p e r c e n t .  

The work accompl ished under the NASA techno logy  program has been r e p o r t e d  
i n  r e f e r e n c e s  1 t o  14. 

F u t u r e  a p p l i c a t i o n s  f o r  t h e  f u e l  c e l l  w i l l  r e q u i r e  a low we igh t  power sys- 
t e m  capable o f  d e l i v e r i n g  v e r y  h i g h  power. To s a t i s f y  these requ i remen ts ,  t h e  



a l k a l i n e  f u e l  c e l l  w i l l  have t o  opera te  a t  c u r r e n t  d e n s i t i e s  i n  excess o f  1000 
ASF, a t  h i g h  c e l l  tempera ture  and r e a c t a n t  p ressu re ,  t o  ach ieve  low c e l l  spe- 
c i f i c  weight  and high-power d e n s i t y .  Under t h e  NASA techno logy  program, sub- 
sca le  l a b o r a t o r y  c e l l s  have demonstrated t h e  c a p a b i l i t y  t o  o p e r a t e  a t  c u r r e n t  
d e n s i t i e s  up t o  9000 ASF and the  c a p a b i l i t y  of s u s t a i n e d  o p e r a t i o n  a t  2000 ASF 
fo r  severa l  hours .  

The p r i m a r y  goal  of t he  r e c e n t  NASA program has been t o  i d e n t i f y  t h e  pe r -  
formance c h a r a c t e r i s t i c s  o f  t h e  a l k a l i n e  f u e l  c e l l  a t  c e l l  tempera tures  up t o  
300 O F  and r e a c t a n t  p ressu res  up t o  200 p s i a .  
e m p i r i c a l  performance c o r r e l a t i o n  f a c t o r s  were developed t o  a s s i s t  t h e  system 
des igner  t o  eva lua te  the  impact  of c o n c e n t r a t i o n ,  p ressu re ,  and tempera ture  
upon performance. 
o f  new go ld -p la t inum cathode c a t a l y s t .  New c a t a l y s t  systems w i t h  more than 
two t i m e s  t h e  sur face  a rea  o f  t h e  re fe rence cathode c a t a l y s t  h a v i n g  t h e  b e s t  
p o t e n t i a l  f o r  improved per formance were i d e n t i f i e d .  T h i s  paper  d e s c r i b e s  t h e  
r e s u l t s  of r e c e n t  per formance c h a r a c t e r i z a t i o n  t e s t i n g  and c a t a l y s t  e v a l u a t i o n  
work. 

From t h e  c h a r a c t e r i z a t i o n  t e s t s ,  

An a d j u n c t  t o  t h i s  work i n c l u d e d  t h e  e x p l o r a t o r y  e v a l u a t i o n  

LABORATORY RESEARCH CELL 

E v a l u a t i o n  t e s t i n g  t o  e s t a b l i s h  the  per formance c h a r a c t e r i s t i c s  o f  t h e  
a l k a l i n e  f u e l  c e l l  and t h e  e x p l o r a t o r y  e v a l u a t i o n  o f  new cathode c a t a l y s t  was 
conducted i n  a l a b o r a t o r y  research  c e l l .  

The research  c e l l  shown i n  f i g u r e  1, has an a c t i v e  a rea  o f  0.028 f t2 w i t h  
p l a n a r  dimensions o f  2 i n .  by  2 i n .  The f u e l  c e l l  c o n s i s t s  o f  an anode and 
cathode separated by an e l e c t r o l y t e  c o n t a i n i n g  m a t r i x  w i t h  a porous e l e c t r o l y t e  
r e s e r v o i r  i n t e g r a l  w i t h  or a d j a c e n t  t o  t h e  anode. A n o n u n i t i z e d  T e f l o n  gasket  
c e l l  edge frame i s  employed t o  p r o v i d e  a r e a c t a n t  sea l  and m a i n t a i n  c e l l  pack- 
age s t r u c t u r a l  i n t e g r i t y .  S t a i n l e s s  s t e e l  end p l a t e s  p r o v i d e  f o r  m a n i f o l d i n g  
o f  r e a c t a n t s .  Reactant f l ow  f i e l d s  a re  machined i n t o  t h e  p l a t e s .  A h i g h  p i n  
coverage f i e l d  i s  employed t o  m in im ize  e l e c t r i c a l  r e s i s t a n c e .  
v i d e d  on each end p l a t e  f o r  c u r r e n t  c o l l e c t i o n .  
t o  r e t a r d  c o r r o s i o n  on  a l l  su r faces  hav ing  p o t e n t i a l  exposure t o  po tass ium 
hyd rox ide .  

Tabs a r e  pro-  
The end p l a t e s  a r e  g o l d - p l a t e d  

PERFORMANCE CHARACTERIZATION 

Performance e v a l u a t i o n  t e s t s  o f  l a b o r a t o r y  r e s e a r c h  c e l l s  were conducted 
t o  i d e n t i f y  t h e  e f f e c t  upon per formance o f  e l e c t r o l y t e  c o n c e n t r a t i o n ,  p ressu re ,  
and temperature.  These t e s t s  p r o v i d e d  t h e  d a t a  t o  e m p i r i c a l l y  e s t a b l i s h  t h e  
e f f e c t  of these o p e r a t i n g  parameters a t  up t o  1000 ASF and a method of ex t rapo-  
l a t i n g  c e l l  performance o u t  t o  the  peak power d e n s i t y  of  t h e  c e l l  a t  c e l l  
temperatures up t o  300 O F ,  r e a c t a n t  p ressures  up t o  200 p s i a ,  and e l e c t r o l y t e  
c o n c e n t r a t i o n  t o  50 w t  % KOH. 

The c e l l  c o n f i g u r a t i o n s  for the  f i v e  l a b o r a t o r y  research  c e l l s  assembled 
and per formance t e s t e d  a r e  summarized i n  t a b l e  I .  

Performance e v a l u a t i o n  t e s t i n g  e s t a b l i s h e d  t h e  impact  o f  e l e c t r o l y t e  con- 
c e n t r a t i o n ,  c e l l  temperature,  and r e a c t a n t  p ressu re  upon c e l l  performance. The 
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per formance response t o  e l e c t r o l y t e  c o n c e n t r a t i o n  v a r i a t i o n  f o r  c e l l  number 2 
i s  shown i n  f i g u r e  2. 

The performance c h a r a c t e r i s t i c s  o f  c e l l  number 2 a t  c e l l  tempera tures  up 
t o  300 O F  and r e a c t a n t  p ressures  up t o  200 p s i a  a r e  shown i n  f i g u r e  3. 
d a t a  p resented  has been a d j u s t e d  for  c e l l  i n t e r n a l  r e s i s t a n c e  measured a t  
4 . 5  mV a t  100 ASF. 
o v e r  t h e  performance ach ieved a t  r e f e r e n c e  o p e r a t i n g  c o n d i t i o n s  o f  180 O F  and 
60 p s i a .  

The 

A t  300 O F  and 200 p s i a ,  a 92-mV i,mprovement was o b t a i n e d  

PERFORMANCE CORRELATION FACTORS 

E m p i r i c a l  performance f a c t o r s  were e s t a b l i s h e d  f r o m  performance c h a r a c t e r -  
i z a t i o n  t e s t i n g  o f  l a b o r a t o r y  research c e l l s .  
f a c t o r  for  c o n c e n t r a t i o n  was determined by  p l o t t i n g  c e l l  performance versus  
o p e r a t i n g  c o n c e n t r a t i o n  a t  cons tan t  l o a d .  
f o r  p ressu re  and temperature were a r r i v e d  a t  by p l o t t i n g  Tafel d a t a  on semi- log 
g r i d  graph paper w i t h  t h e  l o g  o f  the v o l t a g e s  versus  the  r e c i p r o c a l  o f  p ressu re  
and temperature a t  cons tan t  l oad .  
a r e  p resented  i n  f i g u r e  5 ,  c o r r e l a t i o n  f a c t o r  f o r  c o n c e n t r a t i o n ;  and f i g u r e  6, 
c o r r e l a t i o n  f a c t o r s  for tempera ture  and p ressu re .  The v a r i a t i o n  i n  t h e  c o r r c -  
l a t i o n  f a c t o r s  for  c o n c e n t r a t i o n  and p ressu re  was i n s i g n i f i c a n t .  However, t h e  
tempera ture  c o r r e l a t i o n  f a c t o r  e x h i b i t e d  g r e a t e r  v a r i a t i o n ,  an i n d i c a t i o n  o f  
t h e  responsiveness of t h e  a l k a l i n e  fue l  c e l l  t o  tempera ture .  

The per formance c o r r e l a t i o n  

The per formance c o r r e l a t i o n  f a c t o r s  

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

A d d i t i o n a l  per formance c h a r a c t e r i z a t i o n  t e s t i n g  o f  a l k a l i n e  f u e l  c e l l s  
would genera te  a s t a t i s t i c a l  d a t a  base t o  deve lop  an improved per formance cor- 
r e l a t i o n  f a c t o r  for  tempera ture  and v e r i f y  e m p i r i c a l  per formance f a c t o r s  for  
c o n c e n t r a t i o n  and p ressu re .  

The performance c o r r e l a t i o n  pe rm i t  c e l l  v o l t a g e  t o  be e s t i m a t e d  a t  d i f f e r -  
e n t  o p e r a t i n g  c o n d i t i o n s  g i v e n  t h e  c e l l  v o l t a g e  a t  a known tempera ture ,  p res-  
sure ,  and c o n c e n t r a t i o n .  The procedure f o r  e s t i m a t i n g  c e l l  per formance i s  
p resented  i n  t a b l e  11. The t h r e e  s tep process  i n v o l v e s  a d j u s t i n g  per formance 
f ~ r  rnnrentration (eq .  / I \ \  C n l l n r n A  ; n  + a # - -  h . 4  r r - r C - r L  - Y - - - . . Y -  / q \ \  

a d j u s t m e n t  fc r  c e l l  tempera ture  (eq .  ( 3 : ) .  
b",,L twllvkcu 1 1 1  L u I t i  uy I c a L L a i i ~  p i c ~ b u i e  ( e q .  \ L / J  aiid 

CATHODE CATALYST EVALUATION 

An a d j u n c t  of t h e  performance c h a r a c t e r i z a t i o n  t e s t s  was t h e  e x p l o r a t o r y  
e v a l u a t i o n  of new g o l d - p l a t i n u m  cathode c a t a l y s t  hav ing  t h e  p o t e n t i a l  f o r  
improved performance. 
a l y s t s  f a b r i c a t e d  was performance t e s t e d  b e f o r e  b e i n g  assembled i n t o  a r e s e a r c h  
c e l l .  
r a t i o n s .  Cathode c a t a l y s t  c o n f i g u r a t i o n s  and per formance a r e  summarized i n  
t a b l e  111. Performance o f  severa l  AuPt c a t a l y s t s  i n  oxygen and a i r  i s  p re -  
sented i n  f i g u r e  7. 

A t r i a l  l a b o r a t o r y  cathode w i t h  each o f  t h e  AuPt c a t -  

T e s t  r e s u l t s  p r o v i d e  a performance measure o f  the  new cathode c o n f i g u -  

The b e s t  performance was achieved w i t h  t h e  r e f e r e n c e  c a t a l y s t  cathode.  
The r e f e r e n c e  c a t a l y s t  w i t h  a measured s u r f a c e  a r e a  o f  12 m2/g was t h e  l o w e s t  
o f  the  f a b r i c a t e d  c a t a l y s t s .  
s t r a t e d  a s i g n i f i c a n t l y  h i g h e r  sur face area .  

The improved AuPt and doped AuPt c a t a l y s t s  demon- 
Cathode per formance and research  
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c e l l  t e s t  r e s u l t s ,  however, d i d  n o t  ach ieve  a per fo rmance l e v e l  c o n s i s t e n t  w i th  
an improvement i n  c a t a l y s t  sur face area.  

CONCLUSIONS 

A d d i t i o n a l  research  c e l l  performance c h a r a c t e r i z a t i o n  t e s t s  a r e  necessary  
t o  v e r i f y  t h e  a p p l i c a b i  1 i t y  of t h e  de f ined e m p i r i c a l  -per formance f a c t o r s  for  
temperature,  p ressure ,  and c o n c e n t r a t i o n .  

E v a l u a t i o n  of c a t a l y s t  p r e p a r a t i o n  techn iques  and a d d i t i o n a l  e l e c t r o d e  
f a b r i c a t i o n  t r i a l s  w i l l  be r e q u i r e d  t o  ach ieve  t h e  per formance b e n e f i t s  o f  t h e  
h i g h  su r face  a rea  doped AuPt c a t a l y s t s .  

ACKNOWLEDGMENTS 

Th is  paper  summarizes t h e  r e s u l t s  o f  work c a r r i e d  o u t  a t  I n t e r n a t i o n a l  
Fuel  C e l l s ,  South Windsor,  Connec t i cu t ,  under  C o n t r a c t  No. NAS3-22234 sponsored 
b y  t h e  N a t i o n a l  Aeronaut ics  and Space A d m i n i s t r a t i o n ,  Lewis Research Cen te r .  
The NASA P r o j e c t  Manager for t h i s  c o n t r a c t  was Ms. M i c h e l l e  Manzo; t h e  P r o j e c t  
Manager f o r  I n t e r n a t i o n a l  Fuel  C e l l s  was M r .  Ronald E.  M a r t i n .  

REFERENCES 

1 .  M a r t i n ,  R . E . ,  " A l k a l i n e  Fuel  C e l l s  for  t h e  Regenera t ive  Fuel  C e l l  Energy 
Storage System," Energy f o r  the  Marke tp lace  ( 1 8 t h  IECEC) ,  Vol. 4, AIChE, 
New York, 1983, pp. 1525-1529. 

2.  M a r t i n ,  R.E., Gitlow, B . ,  and She ib ley ,  D.W., " A l k a l i n e  Regenera t ive  Fue l  
C e l l  Energy Storage System for Manned O r b i t a l  S a t e l l i t e s , "  Energy - The 
Spark and L i f e l i n e  o f  C i v i l i z a t i o n  ( 1 7 t h  I E C E C ) ,  Vol. 2, I E E E ,  P isca taway,  
NJ, 1982, pp. 790-795. 

3. M a r t i n ,  R . E . ,  "E lec t rochemica l  Energy Storage for  an  O r b i t i n g  Space 
S t a t i o n , "  FCR-3142, U n i t e d  Techno log ies  Corp.,  South Windsor,  CT, Dec. 
1981 , NASA CR-165436. 

4. M a r t i n ,  R .E .  , "Advanced Technology L i g h t w e i g h t  Fuel  C e l l  Program," 
FCR-3045, Un i ted  Technologies Corp., South Windsor,  CT, Aug. 1981, NASA 
CR-165417. 

5 .  Schuber t ,  F.N., Reid,  M . A . ,  and M a r t i n ,  R . E . ,  " A l k a l i n e  Regenera t ive  Fuel  
C e l l  Systems for  Energy Storage,"  Techno log ies  f o r  t h e  T r a n s i t i o n  ( 1 6 t h  
I E C E C ) ,  Vol. 1 ,  ASME, New York, 1981, pp. 61-66. 

6. M a r t i n ,  R . E . ,  "Advanced Technology L i g h t w e i g h t  Fuel  C e l l  Program," 
FCR-1657, Un i ted  Technologies Corp., South Windsor,  CT, J u l y  1979, NASA 
CR-159807. 

7. M a r t i n ,  R.E. ,  "Advanced Technology L i g h t w e i g h t  Fuel  C e l l  Powerp lan t  
Components Program," FCR-1656, U n i t e d  Techno log ies  Corp.,  South Windsor, 
CT, Feb. 1980, NASA CR-161412. 

4 



8.  M a r t i n ,  R .E . ,  "Advanced Technology L i g h t w e i g h t  Fue l  C e l l  Program," 
FCR-1017, U n i t e d  Techno log ies  Corp., South Windsor, CT, June 1978, NASA 
CR-159653. 

9. Mart in,  R . E . ,  Gitlow, E., and B e l l ,  W.F., " S t r i p  C e l l  Tes t  and E v a l u a t i o n  
Program," FCR-0945, U n i t e d  Techno log ies  Corp.,  South Windsor, CT, Oc t .  
1978, NASA CR-159652. 

10. M a r t i n ,  R . E . ,  Gitlow, E., Meyer, A . P . ,  and B e l l ,  W.F., "Development o f  
Advanced Fuel  C e l l  System," FCR-0398, U n i t e d  Techno log ies  Corp.,  South  
W i  ndsor  , CT, June 1976, NASA CR-159443. 

1 1 .  Meyer,  A . P . ,  and B e l l ,  W.F., "Development o f  Advanced Fuel  C e l l  System 
(Phase I V ) , "  FCR-0165, U n i t e d  Techno log ies  Corp., South Windsor, CT, Jan. 
1 976, NASA CR- 1 35030. 

12. Handley,  L.M., Meyer, A.P., and B e l l ,  W.F., "Development o f  Advanced Fuel  
C e l l  System (Phase I I I ) , "  PWA-5201, P r a t t  & Whitney A i r c r a f t ,  South  
Windsor,  CT, Jan. 1975, NASA CR-134818. 

13. Handley,  L.M., Meyer, A . P . ,  and B e l l ,  W.F., "Development o f  Advanced Fue l  
C e l l  System (Phase I I ) , "  PWA-4984, P r a t t  & Whitney A i r c r a f t ,  South  
Windsor,  CT,  Sept .  1973, NASA CR-134721. 

14. Grevs tad ,  P . E . ,  "Development o f  Advanced Fuel  C e l l  System," PWA-4542, 
P r a t t  & Whitney A i r c r a f t ,  South Windsor, CT, Nov. 1972, NASA CR-121136. 

5 



Ce l l  I Cathode Mat r ix  Anode/ERP 

PtPd/porous g raph i te  
PtPd/porous n i cke l  
PtPd/porous n i cke l  
PtPd/porous graph i te  
PtPd/porous g raph i te  

1 
2 
3 
4 
5 

TABLE 11. - CELL PERFORMANCE PREDICTION PROCEDURE 

Improved A u P t  Potassium t i t a n a t e  
Reference AuPt 
Doped AuPt A 
Doped AuPt 6 
Doped AuPt C I 

A.  E l e c t r o l y t e  concentrat ion 

Cathode 
ca ta l ys t  

E = E o + C (  c-co ) 
F 1000 

Oxygen performance, Tafel  Surface 
V s l  ope, area, 

0 E c e l l  vo l tage a t  C, Po, and To, V 
0 Eo = c e l l  vo l tage a t  Co, Po, and To, V 
0 CF = concentrat ion c o r r e l a t i o n  f a c t o r  ( f i g .  5)  
0 C = des i red  concentrat ion,  w t  % KOH 

Co known concentrat ion,  w t  % KOH 

10 ASF 100 ASF 

Reference AuPt 1.013 0.962 
1 Improved AuPt 1.010 .952 

Doped AuPt 6 .988 .941 
Doped AuPt A .988 .934 

1 Doped AuPt C 1.01 1 .944 

8. Reactant pressure 

P F ("") PPo 

E = E o e  

0 E = c e l l  vo l tage a t  C, P, and To, V 
0 Eo = c e l l  vo l tage a t  C, Po, and To, V 
0 P = pressure c o r r e l a t i o n  f a c t o r  ( f i g  
0 PF = desired pressure, p s i a  
0 Po = known pressure, p s i a  

C. Ce l l  temperature 

TF Y) TTo 

E = E o e  

6)  

0 E = c e l l  vo l tage a t  C, P, and T ,  V 
0 Eo = c e l l  vo l tage a t  C ,  P, and To, V 
0 T 
0 T = des i red  temperature, "F  

To = known temperature, "F 

= temperature c o r r e l a t i o n  fac to r  ( f i g .  
F 

TABLE 111. - CATHODE PERFORMANCE SUMMARY 

mV/cttcade 1 ; y g  1 
54 26.3 
57 23.7 
67 27.1 
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FIGURE 1. - TYPICAL RESEARCH CELL HARDWARE TEST SETUP. 

CURVE TEMPERATURE. PRESSURE, CONC IR 
OF P S I A  KOH. MV AT 

PERCENT 100 ADF 

CELL TEMPERATURE: 180 OF 
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FIGURE 2. - PERFORMANCE RESPONSE TO CONCENTRATION. DATA 
CORRECTED FOR CELL I R .  
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FIGURE 3 .  - PERFORMANCE RESPONSE TO TEMPERATURE AND 
PRESSURE. 
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CELL TEMPERATURE: 300 OF 
REACTANT PRESSURE: 200 PSIA 
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FIGURE 4. - PERFORMANCE CALIBRATION. 
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FIGURE 5. - PERFORMANCE COREELATION FACTOR FOR CONCEN- 
TRATION. 

TEST CONDITIONS 

TEMPERATURE: 158 % 
CONCENTRATION: 35% KOH 
PRESSURE: 14.7 PSIA 

I PRESSURE (Pc) 

4)- LVARIATION 
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CURRENT DENSITY - ASF 

FIGURE 6 .  - PERFORMANCE CORRELATION FACTORS FOR TEM- 
PERATURE AND PRESSURE. 
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PURE OXYGEN 

\ r DOPED AuPt B 
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FIGURE 7. - PERFORRANCE OF AuPt CATALYSTS I N  OXYGEN AND 
AIR. 
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