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INTRODUCTION 

This i s  a report  on a jo in t  e f f o r t  of Ionics,  Inc. and 
The I n s t i t u t e  of G a s  Technology t o  develop an  air-breathing f u e l  
c e l l  system powered by na tura l  gas. The long range object ive o f  
t h e  project  i s  t h e  development of  an economical power source 
u s i n g  t h i s  r ead i ly  ava i l ab le  fuel, and which has a high degree 
o f  r e l i a b i l i t y  and s a f e t y  for r e l a t i v e l y  long periods of wat tended 
operation. The system se lec ted  for t h i s  program w a s  a low 
temperature, hydrogen-oxygen fuel c e l l  with an  ac id  e lec t ro ly te .  

The hydrogen-oxygen system i s  well advanced. 
r e l a t i v e l y  high e f f i c i ency  with fuels and oxidants t h a t  a r e  easy 
t o  obtain.  The fuel  can be generated from na tura l  gas or other  
hydrocarbons and t h e  oxidant i s  ava i lab le  from t h e  air. The process 
t o  generate hydrogen for this fuel c e l l  has been presented in an 
earlier publ ica t ion  i n  this series.' 
reformer u n i t  has been discussed i n  another paper during t h i s  session.* 

because o f  i t s  long l i f e ,  reduced corrosion problems, and low 
pressure  operation. These advantages are counterbalanced in pa r t  
by t h e  present high cost  of t h e  ca ta lys t .  

An ac id  e l e c t r o l y t e  system w a s  d i c t a t ed  by the  need for 
compatibi l i ty  with t h e  carbon dioxide which i s  formed during t h e  
reforming of na tu ra l  gas and which i s  a l so  present i n  room air. 
W i t h  t h e  acid system, expensive s teps  t o  pur i fy  t h e  hydrogen are 
not required.  Also, t h e  a i r  does not have t o  be scrubbed t o  
remove carbon dioxide.  

It provides 

The descr ip t ion  of a l O O - C w  

1 

A low temperature system w a s  selected for t he  invest igat ion 

I 
L 

1 

A dual ion-exchange membrane ba t t e ry  w a s  chosen f o r  i t s  
inherent  s a fe ty  and r e l i a b i l i t y .  With t h e  ac id  e l ec t ro ly t e  
contained between two membranes, and t h e  gases on t h e  outside of  
these membranes, the chances o f  gas intermixing are minimized. A 
pinhole i n  one membrane does not br ing two reac tan t  species 
together  i n  t h e  presence of  an ac t ive  ca t a lys t  which would cause 
failure. The s a f e t y  of operat ion i s  consis tant  with the  goals of 
t h e  project .  

BATTERY CONSTRUCTION AND OPmTION 

General Descr ipt ion 

wired i n  series and with p a r a l l e l  flows of gas  and e lec t ro ly te .  
An individual  c e l l  i s  diagramed i n  Figure 1. 
i n  t h e  center  o f  t h i s  diagram, i s  f i l l e d  with a polyethylene- 

The b a t t e r y  i s  a n  in t e rna l ly  manifolded s tack  o f  c e l l s  

The ac id  compartment, 
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Po~ypropylene woven c lo th  (70% void) t o  maintain t h e  e l e c t r o l y t e  
Spacing. On e i t h e r  s ide  of t h e  ac id  compartment are ca t ion ic  
ion-exchange membranes with woven g l a s s  backing. 
membranes i s  in t imate ly  contacted by an  electrode,  ei ther anode or 
cathode. These, i n  turn ,  are held i n  place by ribbed p l a t e s .  The 
P la t e s  a r e  embossed niobium sheets ,  5 mils  th ick .  They e l e c t r i c a l l y  
connect one cathode t o  t h e  adjacent anode and simultaneously 
d i s t r i b u t e  t h e  flow of gas t o  t h e  electrodes.  
e l ec t ro ly t e  compartment frames are made of 65 durometer bu ty l  
rubber. This i s  s u f f i c i e n t l y  f i r m  t o  r e t a i n  dimensional 
s t a b i l i t y  but s t i l l  has enough f l e x i b i l i t y  f o r  sealing. The 
e lec t rodes  a r e  platinum-black bonded t o  a tant2lum screen as 
manufactured by t h e  American Cyanamid Company. The c a t a l y s t  
loading i n  t h e  present  ba t t e ry  i s  9 grams pe r  square foot .  The 
M a l  thickness f o r  a single c e l l  is 140 m i l s  o r  about 1/7 inch. 

The manifolds f o r  t h e  movement of f r e s h  and spent material are holes 
punched i n  t h e  margins o f  the components. Channels connect t h e  
appropriate  compartments and manifolds. I n  t h e  present geometry, 
70 percent of t h e  t o t a l  a r e a  i s  ac t ive .  The a c t i v e  area of a c e l l  
i s  1 /4  square foot .  

respect ive compartments. Spent gas i s  removed from t h e  bottom of the 
ba t t e ry  t o  sweep out t he  l i q u i d  formed by t h e  reac t ion  or which 
has passed through the membrane by osmosis. The 25 percent 
s u l f i r i c  ac id  e l ec t ro ly t e  flows from t h e  bottom of the compartment 
t o  t h e  top. This removes gas which may be i n  t h e  compartments 
during s tar t -up.  The current  i s  taken from t h e  ba t t e ry  from the  
terminal co l l ec to r  p l a t e s .  These are heavier  than  the i n t e r i o r  
sheets  t o  reduce t h e  b a t t e r y ' s  e l e c t r i c a l  res i s tance .  

Each of these  

The gas and 

The i n t e r n a l  manifolding technique i s  shown i n  Figure 1. 

In  operation, t h e  reac tan t  gases a r e  fed t o  t h e  t o p  of t h e i r  

Heat and Mass Balance 

problems within t h e  cathode compartment of  t h e  c e l l  w a s  performed 
on a d i g i t a l  computer using f i n i t e  d i f fe rence  techniques.  This 
study indicated that t h e  a i r  required f o r  a thermal balance i s  
g rea t e r  than tha t  f o r  a water balance by a f a c t o r  of approximately 
30. Therefore, t h e  heat of reac t ion  must be removed by o ther  
means. 

Figure 2 shows t h e  heat  and mass balances during 
s teady-state  operat ion on reformed na tu ra l  gas.  
conditions are t y p i c a l  of those rea l ized  i n  t h e  laboratory.  A l l  
of  t h e  heat generated i n  the ba t te ry ,  plus  that which i s  
equivalent t o  the water condensed, i s  removed by t h e  r ise  i n  t h e  
a c i d ' s  temperature. If t h e  humidity of t h e  inlet a i r  were lower 
during operation, water would be removed from the b a t t e r y  and 
the acid concentration would r i s e .  The exit  a i r  i s  a f e w  degrees 
higher than t h e  acid temperature because most o f  t he  i r r e v e r s i b i l i t y  
of t h e  reac t ion  i s  a t  t h e  cathode. The i n l e t  air  temperature and 
humidity are maintained at  t h e  conditions of t h e  e x i t  air. 
f u e l ,  on t h e  o the r  hand, need not be excessively heated o r  
humidified f o r  stable operation. 

A de t a i l ed  ana lys i s  of t h e  heat  arnd mass balance 

The operat ing 

The 
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Pressure Drop 

i s  important i n  t h e  design of the e n t i r e  system. Air must be 
supplied a t  enough pressure t o  overcome the  losses  i n  the  
humidification process and within the bat tery.  O f  g r ea t e r  
importance, the reformer must be designed t o  supply gas at 
enough pressure t o  overcome the losses  on-the anode s ide  of 
t h e  ba t t e ry  from a l i n e  pressure of six inches. 

shown i n  Figure 3. From t h i s  graph, it can be observed tha t  the  
flow i n  the  cathode chamber i s  laminar; the pressure drop var ies  
d i r e c t l y  with t h e  flow r a t e .  W i t h  the  same design, t h e  pressure 
d r o p  f o r  an 80 percent hydrogen-20 percent carbon dioxide f ie1 
mixture, s imilar  t o  the  generator product, should be s i g n i f i c a n t l y  less  
than t h a t  of  t h e  air .  The pressure drop with this f u e l  mixture 
i s  so  low tha t  uneven d i s t r i b u t i o n  within the ba t t e ry  resu l t s .  
To correct  the d i s t r i b u t i o n a l  problem, the resis tance i n  the 
inlet t o  the f u e l  compartment from the f u e l  manifold i s  increased. 
I n  t h e  present design, t h e  r e s t r i c t i o n  i s  1/2 inch o f  19 m i l .  I . D .  
tantalum tubing. W i t h  t h i s  r e s t r i c t i o n ,  the pressure drop t o  
f u e l  flow i s  about t h e  same as t h e  pressure drop t o  a i r  flow. 
The flow within the  anode compartment, according t o  t h e  slope of 
t h e  l i n e  i n  Figure 3,  i s  not laminar but i s  i n  the t r a n s i t i o n  
region. 

t h r e e  t o  f ive  inches we. From t h e  e a r l i e r  paper on the  reformei 
cons tmct ion ,  it will be doted tha t  this  f i e 1  pressure i s  r e a d i l y  
obtainable from the  hydrogen generating system. Enough energy 
i s  avai lable  i n  the  reformer f l u e  gas t o  generate steam f o r  
e j e c t i n g  the a i r  required.  
according t o  Figure 2, an e j e c t o r  i s  a convenient technique f o r  air 
movement. I 

I f  extrapolated,  the pressure drops, a t  increased power w 

l eve ls ,  would be q u i t e  high. 
embossing the b ipo la r  p l a t e s  more deeply and shortening the  

1 

l eng th  of the r e s t r i c t i v e  tubing i n  the anode compartment. 

This non-uniformity presents  a problem w i t h  uneven flow 
d i s t r i b u t i o n  within t h e  ba t te ry .  
drops must be used i n  the  experimental u n i t s  f o r  uniform gas 
d i s t r i b u t i o n .  

The pressure drop of the  gas streams within the  ba t t e ry  

m e  pressure drop i n  the present ba t t e ry  design i s  

The pressure drop a t  expected operating conditions i s  

A s  the  air must be heated and humidified, 

I 

This problem can be avoided by 

The p l a t e s  a r e  now pressed manually and a r e  not ident ical .  

Relatively high pressure 

BATTERY PERFORMANCE I 
The i n i t i a l  invest igat ions o f  t h i s  program were performed 

on c e l l s  having an area of four square inches. 
t h e  b a t t e r i e s  i s  b e t t e r  than t h a t  of t& small c e l l s .  This i s  
ciue t o  improved con t ro l  f a c i l i t i e s .  
been constructed and tes ted .  Each has 13 c e l l s  with 1/4 square 
f o o t  of act ive area.  The power i s  nominally rated at  100 Watts 
each when cperated on reformed natural gas and air. 

Performance of 

Four of these b a t t e r i e s  have 
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Hydrogen-Oxygen Performance 

Polar izat ion curves for a 13 c e l l  b a t t e r y  operating on 
Various f u e l  and oxidant gases are shown i n  Figure 4. 
Figure 4 were taken with 500 hours t o t a l  operation on the electrodes,  
and j u s t  after a 100 hour run, t o  minimize t h e  e f f e c t s  of f r e sh  
ca ta lys t .  The hydrogen-oxygen performance o f  t h e  b a t t e r y  at 6OoC 
i s  t h e  standard of comparison f o r  t h e  operating conditions.  When 
these data  a r e  p lo t t ed  IR-free,with each electrode against  a 
reference,  it i s  found t h a t  t h e  anode r eac t ion  is e s s e n t i a l l y  
r eve r s ib l e  over t h e  range o f  current  density. By contrast ,  the  
oxygen electrode shows s u b s t a n t i a l  polar izat ion,  even when the  
c i r c u i t  i s  open. The i r r e v e r s i b i l i t y  of oxygen electrodes i s  well- 
known. It i s  an a rea  f o r  m r t h e r  c a t a l y s t  invest igat ion.  

The data for 

In t e rna l  Res i s  t ance 

Preliminary measurements of t h e  i n t e r n a l  r e s i s t ance  of 
the b a t t e r y  show 0.002 ohms-square foot  f o r  each c e l l .  This 
value w a s  determined by in t e r rup t ing  t h e  load on the  b a t t e r y  and 
instantaneously measuring the voltage r ise on an oscil loscope. 
This r e s i s t ance  f igu re  i s  probably high. More accurate  determinations 
w i l l  be possible  when f a s t e r  b a t t e r y  switching techniques have been 
perfected.  Figure 4 shows a curve for t h e  hydrogen-oxygen 
performance on an IR-free bas i s .  

i nd ica t e  that a neg l ig ib ly  s m a l l  f r a c t i o n  of t h e  i n t e r n a l  
r e s i s t ance  i s  Fn t h e  m e t a l l i c  components of t h e  ba t te ry .  The 
l i q u i d  e l e c t r o l y t e  area r e s i s t ance  i s  0.00046 ohm-square foot 
and t h e  membranes, which a c t  very much l i k e  porous media containing 
25 percent e lec t ro ly te ,  a r e  responsible for t h e  balance. 

Conductivity measurements of t h e  membranes and e l e c t r o l y t e  

Hydrogen-Air Performance 

with air  at the  cathode. The prime disadvantage i n  t h e  use of a i r  
i s  t h e  loss of cathode p o t e n t i a l  because of d i lu t ion .  This 
p o t e n t i a l  loss ranges from 40 t o  80 m i l l i v o l t s  pe r  c e l l  if s u f f i c i e n t  
a i r  i s  used. The voltage lo s s  increases  as c u r r e n t ' i s  increased. 
The loss a t  60 amps per square foot  (ASF) i s  approximately 70 
m i l l i v o l t s  per c e l l  o r  .91 v o l t s  for t h e  bat tery.  A po la r i za t ion  
curve f o r  hydrogen-air operation i s  included i n  Figure 4. 

The l o s s  of cathode po ten t i a l ,  as s t a t e d  above, depends 
upon t h e  use o f  s u f f i c i e n t  air. 
maximum e f f e c t i v e  feed r a t e  - that  is, t h e  point a t  which any 
f u r t h e r  increase i n  a i r  flow does not measureably increase t h e  
electrode poten t ia l .  A determination for t h i s  a i r  flow r a t e  i s  
presented i n  Figure 5. For a single c e l l ,  t h e  a i r  flow r a t e  at 
which a p o t e n t i a l  drop occurs i s  only s l i g h t l y  more than  t h e  
stoichiometric equivalent.  This i s  l e s s  than 20 percent excess a i r  
f o r  300 m i l l i v o l t  drop from a l i n e a r  extrapolat ion o f  t h e  
po la r i za t ion  curve, and l e s s  than 25 percent excess air for 

The goals  of t h e  p ro jec t  require  a system t h a t  operates 

This i s  designated as a 
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100 m i l l i v o l t  drop. 
excess a i r ) ,  no devia t ion  from the  s t r a igh t  l i n e  curve can be 
ob served. 

cur ren t  can flow through t h e  ba t te ry ,  a noticeable improvement 
occurs i n  the  b a t t e r y ' s  performance. 
a t  60 ASF with a decay t i m e  o f  up t o  6 hours depending upon the  
past h i s to ry  of t h e  ba t t e ry .  
t h e  cathode po ten t i a l  almost t o  t he  anode poten t ia l ,  a strongly 
reducing condition i s  produced at t h e  cathode which apparently 
c leans t h e  e l e c t  rode. 

D i lu t e  Fuel Performance 

The product o f  t h e  hydrogen generator  i s  pr imari ly  80 
percent hydrogen and 2 0  percent carbon dioxide, with t r a c e  amounts 
of methane and carbon monoxide. The methane and carbon dioxide 
d i l u t e  the anode feed whereas carbon monoxide has a polar iza t ion  
e f f e c t  which w i l l .  be discussed l a t e r .  

s ince  only hydrogen and carbon dioxide need be considered. The 
concentrat ion e f f e c t s  due t o  t h e  d i l u t i o n  of the  hydrogen are 
shown i n  Figures 6 and 7. 
Figure 4. I n  treating t h e  data,  it i s  convenient t o  def ine a 
u n i t  gas flow rate as a s toichiometr ic  equivalent ( o r  s t o i c h ) .  
This i s  a gas flow equal  t o  t h e  r a t e  at which t h e  reac tan t  gas 
i s  consumed under spec i f i ed  conditions.  For example, with a 
13 -ce l l  ba t t e ry  opera t ing  a t  15 amperes current ,  1 s to i ch  
equals  1460 m i l l i l i t e r s  per  minute of hydrogen. 
t h e  s toichiometr ic  r e l a t ionsh ips .  
and recycle  r a t i o  ( R ) ,  are shown f o r  an 80-20 percent mixture o f  
hydrogen and carbon dioxide.  

simulated by feeding a mixture of t h e  corresponding values of t h e  
pure gases. The average po ten t i a l  l o s s  at  60 ASF was then  calculated 
f o r  each condition. This voltage, expressed a s  m i l l i v o l t s  per  c e l l ,  
appears on Figure 6 nea r  t h e  in t e r sec t ion  o f  t h e  corresponding l i nes .  
The average po ten t i a l  loss i s  s t rongly influenced by excess feed 
and only s l i g h t l y  a f f ec t ed  by the recycle  r a t i o .  

condi t ions was used f o r  average reactant  concentration. A graph 
of  po ten t i a l  l o s s  aga ins t  t h e  average concentration i s  presented 
i n  Figure 7. The co r re l a t ion  i s  good. The th ree  poorest points  
occurred a t  low t o t a l  flow rates. With t h i s  condition, poor 
d i s t r i b u t i o n  between c e l l s  w a s  t he  most l i k e l y  cause, t h a t  i s ,  

Figure 7, there  i s  a wide range of conditions under which t h e  
p o t e n t i a l  loss can be held t o  approximately 20 mi l l i vo l t s  a t  60 ASF. 

Figure 7 i s  p lo t t ed  on semilog paper f o r  convenient 
presenta t ion  of t h e  da t a .  Also included on t h i s  graph i s  the  
l i n e  f o r  the  Nernst Equation which expresses the t h e o r e t i c a l  open 

A t  twice stoichiometric flow (100 percent 

If t h e  oxidant gas supply i s  in te r rupted  b r i e f l y  while 

This may amount t o  .65 vo l t s  

Since this . lack of reactant  s h i f t s  

The inves t iga t ion  of reac tan t  d i l u t i o n  i s  straightforward 

Polar iza t ion  da ta  is  included on 

Figure 6 shows 
Lines of constant f r e s h  feed ( j  ), 

J 
Experimentally, t h e  indicated feed and recycle  r a t e s  were 

The a r i thme t i c  mean of b a t t e r y  in le t  and ou t l e t  

one o r  two c e l l s  behaved d i f f e r e n t l y  from t h e  r e s t .  According t o  i 
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CiPCuit po ten t i a l  loss .  
t h e r e  appears t o  be a s ign i f i can t  d i f f u s i o n  problem at 60 ASF current.  
I n  t h e  range of probable operation, without recycle, the concen- 
t r a t i o n  e f f e c t  i s  not la rge .  

A t  low average feed concentrations, 

Figure 4 includes a curve f o r  the po la r i za t ion  of t h e  
13 -ce l l  b a t t e r y  on 80 percent hydrogen-20 percent carbon dioxide 
f u e l  m u r e  vs. air. Approximately 200 percent excess f u e l  was 
used i n  the  co l l ec t ion  of these data. . 

chamber, the  carbon monoxide concentrations of the bactery inlet and 
o u t l e t  gases were measured with a s e n s i t i v e  infra-red analyzer. 
W i t h  an inlet concentration from a bo t t l ed  mixture of 80 percent 
hydrogen-20 percent carbon dioxide containing 3 ppm o f  carbon 
monoxide, t h e  b a t t e r y  o u t l e t  concentration w a s  4 t o  5 p p  of 
carbon monoxide without load. 
the reverse water gas shift r eac t ion  at 60 C i s  20 ppm. 
t h e  flow conditions i n  the  bat tery,  t h e  r eac t ion  does not 
proceed rapidly over the platinum ca ta lys t .  

To check for carbon monoxide production i n  the anode 

The thermodpamic equilibrium Of 
Under 

Performance w i t h  Reformed Natural Gas Fuel 

The purpose of this p ro jec t  i s  t o  achieve s a t i s f a c t o r y  
b a t t e r y  operation on a f u e l  derived from na tu ra l  gas.  
gas o f  t h e  hydrogen generator contains 3000 ppm of methane and 
20 ppm of carbon monoxide i n  add i t ion  t o  t h e  hydrogen and carbon 
dioxide. The methane exer t s  a neg l ig ib l e  d i l u t i o n  e f f e c t  only, 
but the carbon monoxide, even i n  s m a l l  mounts ,  s i g n i f i c a n t l y  
a f f e c t s  t h e  b a t t e r y ' s  operation. It i s  believed tha t  t h e  carbon 
monoxide i s  adsorbed a t  the r eac t ion  s i t e  and r e s u l t s  i n  a 
poisming  e f f e c t .  

The product 

Figure 4 includes a l i n e  f o r  t h e  po la r i za t ion  of  the 
13-ce l l  b a t t e r y  at 6OoC when operating on reformed n a t u r a l  gas 
(RNG) fuel and a i r .  
on RNG f u e l  and inmediately after a 100 hour run at 40 ASF. 
po la r i za t ion  a t  60 ASF i s  1 . 2  v o l t s  for the 1 3  c e l l s ,  o r  l e s s  than 
100 m i l l i v o l t s  pe r  c e l l ,  when compared with pure hydrogen feed. 
As expected from the previous section, t h e  concentration po la r i za t ion  
due t o  t h e  presence of carbon dioxide i s  less than 20 m i l l i v o l t s  
p e r  c e l l .  The remainder i s  due t o  t h e  e f f e c t  o f  the carbon monoxide. 
The maximum power o f  the b a t t e r y  i s  112 watts at 80 ASF. 

The poisoning e f f e c t  j u s t  mentioned has occurred f o r  
6OoC operation. From tests on small c e l l s ,  the e f f e c t  a t  room 
temperature is  approximate18 300 m i l l i v o l t s  p e r  c e l l .  The 
operating temperature of 60 C was selected t o  minimize t h e  
poisoning e f f e c t  without reaching the temperature a t  which the 
f u e l  reduces the  s u l f u r i c  acid t o  hydrogen su l f ide .  

The Long term e f f e c t s  o f  carbon monoxide i n  t h e  feed 
stream a r e  now being investigated.  A t  present,  the t o t a l  operating 
t h e  on reformed n a t u r a l  gas i s  800 hours. 

These data  were taken a f t e r  300 t o t a l  hours 
The 

Apparently, t h e  a n d e  can be rejuvenated by two techniques. 
If the b a t t e r y  load i s  removed f o r  about an hour, t h e  output 
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voltage of an 80-20 fuel mixture i s  produced when t h e  load is  
restored.  Another technique t o  remove the  anode poisoning i s  
t o  short  c i r c u i t  t h e  b a t t e r y  without fuel. In  t h i s  case, t h e  
carbon monoxide apparent ly  i s  oxidized. It i s  not known i f  
either o f  t hese  rejuvenat ion techniques can be repeated 
indef in i te ly .  
f a l l o f f  rate wi th  repeated anode treatment. 

F'UTIJRE IMPROVEMENTS 

approximate ma te r i a l  cost  was $50,000 per ki lowatt  of power 
on hydrogen-oxygen feeds.  
kilowatt  with a n  RNG-air feed. The cost  must s t i l l  be reduced 
s ign i f i can t ly  f o r  th is  me1 c e l l  battery t o  be an  economical 
power source. There are severa l  points  of po ten t i a l  improvement 
i n  t h e  bat tery.  

f o r  a subs t an t i a l  loss of '  c e l l  po ten t i a l .  A majority of t he  
res i s tance  i s  i n  t h e  ion-exchange membranes. Research a t  Ionics 
has produced a membrene which could reduce the  res i s tance  by more 
than half ,  d o u b l i x  t h e  power output. It i s  l i k e l y  t h a t  addi t ional  
ef'fort w i l l  r e s u l t  i n  f u r t h e r  improvements i n  membrane technology. 

There i s  evidence of increasing po ten t i a l  

When t h i s  program was  s t a r t e d  two years ago, t he  

The present cost  i s  $3,000 per 

The e ? e c t r i c a l  res i s tance  of t he  e l ec t ro ly t e  accounts 

Experimental e lec t rodes  w i t h  a g rea t e r  to le rance  f o r  
carbon monoxide a r e  now being studied. These electrodes may 
reduce ' t h e  load on t h e  methanation system of the  hydrogen generator 
and permit lower temperature operation. Improvement o f  t he  
carbon monoxide po la r i za t ion  may be possible  w i t h  increased uni t  
power output. 

b a t t e r y  ma te r i a l  cos t s .  Although the electrodes have a high scrap 
valua, the platinum i s  a hlgh cos t  investment. While it i s  
unl ike ly  t h a t  platinum w i l l  be replaced as a ca ta lys t ,  a t  least on 
t h e  oxygen s ide,  t h e  p o s s i b i l i t y  of a more e f f ec t ive  use of  t he  
ca t a lys t  i s  s i g n i f i c a n t .  Experiments with electrodes using 
d i f f e ren t  amounts o f  platinum indica te  t h a t  t h e  effect iveness  of the 
platinum (at constant  p o t e n t i a l )  increases  s ign i f i can t ly  as  t h e  
platinum loading decreases.  Some success may be expected from 
attempts t o  p lace  small  amounts of ca t a lys t  on the  electrode 
sur face  most favorable  t o  t h e  react ion.  The anode polar iza t ion  
curve ind ica tes  tha t  reduction i n  ca t a lys t  loading may be possible 
now without penal ty  t o  performance. 

Electrode cos ts  are a s ign i f i can t  f r ac t ion  of t he  t o t a l  

The authors  wish t o  thank Southem Cal i fornia  Gas Company, 
Soutnzi-rl Counties G a s  Company o f  Cal i fornia ,  and Con-Gas Service 
Corp., m o  a re  sponsoring t h i s  invest igat ion,  f o r  permission t o  
publ ish these r e s u l t s .  
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Figure 3.-PRESSURE DROPS IN THE BATTERY GAS S T W S  
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CUR RENT, AM P/SQ -FT 

Figure 4.-OPEXATING PERFORMANCE OF A 1 3 - C E U  BATTERY AT 6 O o C  

I .o IO 0 01 01 - 
CURRENT ON 114 SOFT, AMPERES 

Figure 5. -POLARIZATION CUHVE SHOWING P O T E N T m  DROP AS 
CURRENT APFROACHES STOICHIOMETRIC E&UTvALFNT O F  A I R  FEED 
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