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INTRODUCTION 

h e 1  cells employing a Zr02-based electrolyte are 
customarily operated at temperatures around 1000°C in order to 
promote high oxygen ion conductivity in this solid, ceramic 
material. At such high temperatures commercial fuels - coal and 
hydrocarbons - are thermodynamically unstable; they tend to 
crack forming solid carbon and hydrogen gas. 
carbon in solid-electrolyte batteries can be prevented by mixing 
with the incoming fuel a portion o f  the COa and H20 products 
emerging from the battery. 
CO and H2 which are then oxidized in the solid-electrolyte cells 
to produce power. Essentially, therefore, in utilizing 
commercial f’uels solid-electrolyte cells oprate on CO-H2 mixtures. 

Experiments have been performed to characterize the 
performance of solid-electrolyte cells on fie1 gas mixtures 
containing CO, Hz,  COa,  and HzO in various proportions. Open 
circuit voltages have been determined in single cells at various 
emperatures; the measured values of voltage agree with those 
computed from thermodynamic data within 3%. 
the operating voltage of solid-electrolyte cells on the current 
drain ( o r  current density) has also been studied at various 
temperatures for  different fbel mixtures. In general, cells 
operating on CO-C02 mixtures develop less output voltage than those 
operating on H2-H20 because of increased polarization voltage losses. 
The addition of H2-H20 to CO-CO2 mixtures, however, greatly reduces 
these losses. And the insertion o f  a catalyst into the cell which 
pxmotes the shift reaction 

The deposition of 

These gases reform the fie1 producing 

The dependence of 

CO + H20 * C02 + H2 

causes f’urther reduction in the observed polarizations to the extent 
that cell performance on CO-H2 fbel duplicates that on pure H2. 

bell-and-spigot cells of 7/16 in. diameter and 7/16 in. length 
have-been produced. They are leak-tight. Their resistance has been 

Tubular, solid-electrolyte batteries containing 20 

*The work recorded in this paper has been carried out under the 
sponsorship of. the Office of Coal Research, U.S.  Department of 
the Interior, and Westinghouse Research Laboratories. M r .  George 
M i c h ,  Jr. , is head of O.C.R.; .Neal P. Cochran, Director of 
Utilization, and Paul Towson have monitored the work for 0. C. R. 
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Gf oq-:?'en t o  gm-atoms of carbon i n  t h e  f u e l  gas mixture - and n i ,  
t:. :Cfiilar r c t i o  ~ O T  hydrogen and carbon. .' Experimental 
vclues of open-circuit  voltage are p lo t t ed  together  with 
theo re t i ce l  curves i n  Figures 2 and 3.  Except at  n b  = 1 . 0  
(usuzl ly  corresponding t o  pure C O )  and nd = 2.0,  n i  = 0.0 
( p w e  C:&) 1;ihere E, changes very rapidly w i t h  n d ,  Et, values a r e  
!.:i'hln = 3.; of the  predicted values.  
I o be ;.iiti-!in Liie l i n i i t s  of accuracy of t h e  measurements of cgmposition, I 

'L e!::pergi-7ax?2 and voltage involved. 1 

T h i s  agreement i s  considered 

The  sinsle so l id -e l ec t ro ly t e  c e l l  shown i n  Figure 1 was a l so  
us06 I-) deeter- ine  voltaee-current curves f o r  various mixtures of 
C O ,  E2, C02, and H20 a t  d i f f e ren t  temperatures. Some of the 
e: perimen-a1 r e s u l t s  a r e  shown i n  Figures 4-7. 

0,' he c e l l  drops below t h e  open-circuit voltage because o f  res i s tance  
lo s ses  i n  t h e  e l e c t r o l y t e  and electrodes and because of polarization 
v c l t a r e  losses associaied with i r r e v e r s i b l e  e lectrode process. 

IJnen a current  i s  drawn from t h e  terminals,  t h e  voltage 

V = E t - I R - V  P ( 2 )  

where V = t h e  reminal voltage of' the c e l l ,  v o l t s  

determined from Figures 2 o r  3 ) ,  v o l t s  
Et = the open c i r c u i t  voltage of t h e  c e l l  (which can be 

I = t he  load current  passing through t h e  c e l l ,  amperes 

R = t h e  e l e c t r i c a l  r e s i s t ance  of e lectrodes and e l ec t ro ly t e ,  
ohms 

V P = t he  po la r i za t ion  voltage loss, vo l t s .  1 
z 

An approximate value f o r  t he  r e s i s t ance  of the c e l l  shown i n  Figure 1 
can be computed from 

? 

R = Pbbb/Ab + ( Pe/de) ( Le/p,) 

Tihere pb = e l e c t r o l y t e  r e s i s t i v i t y ,  about 70 ohm-cm a t  1000°C 

( 3 )  
I' 

d b  = e l e c t r o l y t e  thickness,  0 .09  em 

Ab = a c t i v e  c e l l  area, 27.6 cm2 

pe/b, = r e s i s t i v i ty - th i ckness  quotient for the c e l l  electrodes, 

Le = mean d i s t ance  traveled by the e l ec t ron ic  current i n  the 

estimated t o  be 0.8 ohms 

e l ec t rodes  passing from the  p lus  t o  the  minum terminal 
of the  c e l l ,  estimated t o  be 4 cm 

Pe = mean width o f  the electrode perpendicular t o  the  d i rec t ion  
of e l e c t r o n i c  current flow, calculated as 3.4 cm 

r 
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R = C(70)(0.09)/27.61 + [(0.8)(4/3.4)1 

= 0.23  ohms + 0.94 ohms 

= 1 . 2  ohms; 

The c e l l  res i s tance  has a l s o  been determined by measuring the  voltage loss 
over t he  c e l l  while passing a current  w i t h  a i r  a t  both inner  and outer  
e lectrodes.  
i s  termed t h e  air-air res i s tance .  Generally, t h i s  r e s i s t ance  value 
checks t h e  res i s tance  as computed above. 
construct ion the air-air r e s i s t ance  of  t h e  c e l l  o f  Figure 1 checked 
the calculated resis tance.  Before t h e  data f o r  Figures 4-7 were 
obtained - t h ree  months later,  the e l e c t r o l y t e  component of c e l l  
r e s i s t ance  had gradually doubled. Presumably, the ac t ive  ce l l  
area had decreased t o  about one-half t h e  supe r f i c i a l  e lec t rode  
area.  

Values of t he  po la r i za t ion  vol tage Vp have been computed 
by Equation 2 from data of the  type presented i n  Figures 4-7. For 
these computations t h e  a i r - a i r  r e s i s t ance  values  were used, and 
Et values  were corrected by the use of Figures 2 and 3 where 
the c e l l  current  produced any appreciable  change i n  n&, t h e  oxygen 
content of t h e  f ie1 stream passing through the c e l l .  Table 1 
presents  the V 
i n  t he  simplifyed Tafel  equation3 

The constant slope of  t h i s  curve at h i&er  current  dens i t i e s  

Immediately after i t s  

values  and a l s o  g ives  derived values  o f  a n  and i o  

where a i s  an empir ical ly  determined f r ac t ion  of the e l e c t r i c a l  
work output by which the  free energy of ac t iva t ion  i s  
increased. A n  a value of about 0.5 i s  usua l ly  assumed 
i n  cases  where spec i f i c  knowledge i s  lacking. 

n i s  the  number o f  e l ec t rons  transferred f o r  each occurrence 
of the  i r r e v e r s i b l e  event causing the polar iza t ion  vol tage 
loss ;  n i s  assumed t o  be 2 i n  the electrochemical oxidat ion 
of co. 

I\ 

i i s  the  current  dens i ty  I/Ab,  amperes/cm2. 

io i s  the  exchange current  densi ty ,  the  equal but opposite rates 
a t  which the  polar izat ion-causing process and i t s  reverse  occur 
a t  open c i r c u i t  (assuming a r eve r s ib l e  e lec t rode  a t  t h i s  
condi t ion) .  

I 

I The following general  observations can be msde based on the  

\ ‘  

i 
data  f o r  pure, dry CO-C02 fuel mixtures presented i n  Figures 4-6 and 
Table 1: 

1) Polar iza t ion  lo s ses  i n  so l id -e l ec t ro ly t e  c e l l s  w i t h  
conventional e lec t rodes  are much g rea t e r  than those 
observed w i t h  H2-H20 fuel. 

increasing temperature. 
2 )  Polar iza t ions  w i t h  CO-C02 tend t o  decrease w i t h  
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determined by passing a current  through t h e  ba t t e ry  with a i r  at  

measured with pure H2 and with H2-CO mixtures a s  f i e l ,  and w i t h  
a i r  as t h e  oxidant. Over twenty-four of these batteries have 
been t e s t ed .  
and t h e i r  power output,  6 .7  f 0.8 watts. 
have been assembled i n t o  a system which produces over 100 watts 
v i t n  HZ or H2-CO fuel and a i r .  

both electrodes,  and their  fuel c e l l  performance has been I 
I 

i Their  average i n t e r n a l  r e s i s t ance  i s  8 . 2  f 1.8 ohms; 
Twenty of these b a t t e r i e s  

OPEN-CIRCUIT VOLTAGES 1 
( 

A s ingle  so l id -e l ec t ro ly t e  c e l l  has been employed t o  1 
measure t h e  open c i r c u i t  vol tages  developed by mixtures containing 
CO, H2, C O 2 ,  and H20 i n  var ious amounts. T h i s  c e l l  was fabricated 
by applying conventional, sintered-platinum e lec t rodes  outs ide and 
in s ide  of the  c e n t r a l  por t ion  of a tube of ( Zr02  ) o .  85 ( C a O )  o .  15 
e l e c t r o l y t e  mater ia l  as shown i n  Figure 1. A platinum screen w a s  placed 
i n  t h e  tube t o  serve a s  a current  co l l ec to r .  A c e l l  l ead  wire was 
at tached d i r e c t l y  t o  t h i s  screen. Platinum wires were womd around 
t h e  e lec t rode  on t h e  outs ide  of t he  tube and could be used either as 
cur ren t  leads or as vol tage  probes. 

I 

I 

Fuel mixtures obtained by mixing varying amounts of pure 
hydrogen w i t h  premixed CO-CO2 mixtures flowed ins ide  the  tubular  c e l l ,  
which was maintained a t  the  desired temperature i n  an e l e c t r i c a l l y -  

i 
! heated furnace. An a i r  atmosphere surrounded the  tube. 

The thermodynamically pred ic ted  open-circuit  vol tage 4 
of t h e  c e l l  can be ca lcu la ted  by 

\ 
), where 4F = 4( the  Faraday number) = quant i ty  of charge t ransfer red  / 

per mole of 02 passing through t h e  e l e c t r o l y t e  386,000 ' ,  

1 
coulomb s/mole 

R = universal  g a s  constant ,  8 .134 watt-sec./OK mole 

T = absolute  temperature of ce l l JoK 

= the  p a r t i a l  p ressure  of oxygen i n  t h e  air  surrounding the  

= the partial  pressure  of oxygen i n  t h e  f ie1  gas  atmosphere 
within t h e  cell .  

! P ~ 2 J a  ce l l ,  0 . 2 1  a t m .  

The value of Poz can be ca lcu la ted  from the composition o f  t he  h e 1  

by standard thermodynamic methods. " If the  water gas equilibrium, I 

. CO + H 2 0  t COz + H2 

is  achieved i n  t h e  c e l l ,  then the  f'uel composition, Po2 , f J  and hence 

Et can be determined from two parameters.n& - t h e  r a t i o  of gm-atoms 
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3 )  The CO-COB polar izat ions decrease with decreasing 
ve loc i ty  of f u e l  flow. 

4) Polar izat ions tend t o  increase more rapidly w i t h  
current a t  f u e l  compositions where the Et - nd 
curve i s  sharply dropping; conversely the polar izat ion 
voltage loss tends t o  remain more nearly constant with 
varying i a t  CO-COB fuel compositions where the  E t  - nd 
curve i s  horizontal .  

5) The an values i n  t h e  Tafel equation average about 1 .0  
as m i g h t  be expected from simple theory which assigns 
a the  value 0.5 and n the  value 2. For the 
p a r t i c u l a r  c e l l  employed i n  t h i s  invest igat ion the 
exchange current dens i t ies ,  io, averaged about 0 .7  
milliampere/cm2. Insu f f i c i en t  data are ava i l ab le  t o  
draw any f i r m  conclusions about t rends of  an and io 
w i t h  operating conditions i n  the c e l l .  

The data presented i n  Figures 6 and 7 demonstrate t ha t  
small quant i t ies  of hydrogen added t o  CO-C02 g r e a t l y  reduce 
polar izat ion voltage losses .  
the  performance of the  c e l l  i s  e s s e n t i a l l y  t he  same as  w i t h  
pure Ha. A hydro en content of 5 mol $ i n  a CO-H2 mixture 
flowing at 1 . 0  cc7sec w i l l  alone support a current of 400 
milliamperes; a t  t h i s  current the observed value of V from Figure 7 
i s  about 0.15 v o l t s  i f  the e f f e c t  of  current on n& an8  hence on E t  
i s  considered. A t  a t o t a l  current of over 1000 milliamperes 
(equivalent t o  about 40 rnilliamperes/cm2) t h e  c e l l  po la r i za t ion  
voltage l o s s  has r i s e n  only s l i g h t l y  t o  0.20 v o l t s .  I f  the 
current  i n  excess of 400 milliamperes were supported by t h e  
oxidation of CO, the data of Table 1 ind ica t e  tha t  po la r i za t ions  
lo s ses  i n  excess of 0.30 v o l t s  could be expected at 1000 milliamperes. 
Apparently, t h e  water gas s h i f t  process, 

With a hydrogen-carbon r a t i o  n i  = 0.5 

CO + H20 - CO2 + H2 , 

has provided s u f f i c i e n t  hydrogen t o  maintain c e l l  polar izat ion losses  
low. 

To inves t iga t e  flrrther the e f f e c t  of hydrogen addi t ions 
on the  polar izat ion l o s s e s  associated w i t h  CO-CO2 fuel mixtures - a 
th ree -ce l l  bat tery,  i l l u s t r a t e d  i n  Figures 8 and 9, was u t i l i z e d .  I n  
operating on hydrogen and a i r  t h i s  b a t t e r y  had higher r e s i s t ance  than 
is  usual ly  encountered i n  so l id -e l ec t ro ly t e  batteries of t h i s  t ~ - p e * ’ ~  
but polar izat ion losses  were neg l ig ib l e  as shown i n  Figure 11. 
operating on CO-CO2 and a i r ,  however, polar izat ions were observed as 
shown i n  Figure 11 and i n  Table 2. 
from the data are i n  good agreement wi th  those obtained wi th  the  
s ingle  c e l l .  
mixture and t h e  obsemred open c i r c u i t  voltage per c e l l  i n  the ba t t e ry  
i s  about 0 . 2 3  v o l t s ;  t h e  Tafel equation ind ica t e s  t h a t  such a 
polar izat ion corresponds t o  a current densi ty  of 6 .2  milliamperes/cm2 

I n  

The Tafel constants derived 

The difference between Et f o r  the  CO-CO2 f’uel 
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( or 12 mill iamperes/total  cu r ren t )  passing through the  c e l l s  a t  
open c i r c u i t .  This  currer,t i s  a t t r i b u t a b l e  t o  shunt paths i n  the  
seal regions. 

In a successful  e f f o r t  t o  reduce polar izat ion losses ,  the 
CO-COa fuel stream was humidified by passing it through a water 
bz-h at room temperature. At most 3 mol $ H20 was added t o  f’uel 
sxream. A ca t a lys t  material, Cr203, was s in t e red  on t h e  outs ide of 
n e  rfuel feed x b e  and /placed i n  the  batter;r as  shown i n  Figures 

10 aiid 8. The performance o f  t he  b a t t e r y  is  shown i n  Figure 11. 
( C a h l y s c  Tubes 1 and 2 d i f f e r  s l i g h t l y  i n  the  quantity of Cr203 
appl ied L O  ,he tube and the conditions of s i n t e r i n g . )  Essen t i a l ly  
tne perfomance curves f o r  the CO-CO2 h e 1  mixture d i f fe r  from the 
H2 lluel curve only by an amount equal t o  th ree  - for t h ree  c e l l s  - 
-irr.es t5e  difference i n  Et for the  d i f f e r e n t  f i e l s ;  CO-C02 mixtures 
can be u - i l i z e d  i n  s o l i d - e l e c t r o l y t e  c e l l s  with low po la r i za t ion  
losses i f  sone H2 or H 2 0  i s  present and i f  a su i t ab le  s h i f t  ca t a lys t  
i s  employed. 

Additirjnal experience on t h e  performance of CO-H2 fie1 
It1ivILures a t  hi;her cu r ren t  d e n s i t i e s  has been gained by a series o f  
tes:s on a 20 -ce l l  s o l i d - e l e c t r o l y t e  b a t t e r y  whose construction 
and H2-air performance have been previously described. The two 
H2 performance curves o f  Figure 1 2  check w i t h  predict ions based on 1 

the calculated c e l l  r e s i s t ance  and on the  va r i a t ion  of the  open 
c i r c u i t  voltage Et wi th  the  composition of t h e  h e 1  as it i s  gradually 
oxidized along the  l eng th  of t h e  ba t te ry .  Po la r i za t ion  voltage lo s ses  
a r e  apparently negl ib le .  The CO-H2 performance curve was obtained 
IriThou+, any s h i f t  c a t a l y s t  present i n  the  ba t t e ry .  The voltage with 
the CO-H2 mixture a t  a current  dens i ty  of 450 rnilliamperes/crn , 0.9 
ampere, i s  0 . 1  of a v o l t  per c e l l  less than with pure hydrogen a t  the  
same ne t  flow of H2, 3 cc/sec. It can be expected t h a t  t h e  addi t ion 
of c a t a l y s t  w i l l  b r ing  about appreciable improvement of t h i s  20-cell  
ba t te ry .  

I 

TWElLTY-CELL BATTERIES 

Twenty-five b a t t e r j e s  i d e n t i c a l  i n  construction t o  the  one whose ’ 
performance i s  presented i n  Figure 12 have been fabricated and tes ted .  
A l l  except one proved l eak - t igh t .  A t  t he  operating temperature of  
1000°C ba t t e ry  air-air  r e s i s t a n c e  - t he  voltage loss  divided by the  
current  value of 1 . 0  ampere - ranges from 6 . 4  t o  9 .4  ohms; the  
average and root  mean-square deviat ion values are 7.8 * 1 . 0  ohm. 
This average b a t t e r y  r e s i s t a n c e  i s  about 30% g rea t e r  than the 
value calculated from the e l e c t r o l y t e  r e s i s t i v i t y  and e l e c t r d e  
resistance/thickness values.  The open c i r c u i t  voltage developed 
by these b a t t e r i e s  on H2 or H 2 - C 0  f’uel and a i r  ranges between 19 and 
2 0  vo l t s ;  l o s ses  i n  t h e  generated voltage of t h e  so l id -e l ec t ro ly t e  
bell-and-spigot c e l l s  due t o  shunt currents  i n  the  seal region5 
a r e  thus less than 7$ o f  the  r eve r s ib l e  voltage.  The maximum power 
output of Lhe b a t t e r i e s  i s  6 .7  * 0.8 watts with complete combustion 
of H2 f u e l  a t  about 0.87 amperes o r  435 milliamperes/cm2. 

f 

I 
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1 The resis tance,  open c i r c u i t  voltage,  and power output of 

I 
b 

these b a t t e r i e s  a r e  i n  reasonable agreement with t h e o r e t i c a l  
calculat ions.  
y i e l d  a reasonably uniform product. 

And the methods used i n  f ab r i ca t ing  t h e  b a t t e r i e s  

100-WATT SOLID-ELECTROLYTE FU&-CEL;L POWER SUPPLY 
i 
used t o  construct a 100-watt so l id -e l ec t ro ly t e  f i e l - c e l l  power 

diameter metal base p l a t e  ( s e e  Figure 1 4 )  which provides support 

Twenty of t h e  20-cel l  b a t t e r i e s  described above have been 

\ Supply shown i n  Figure 13. The b a t t e r i e s  are mounted on a 4.5 in .  

I and manifolding f o r  up t o  twenty-four b a t t e r i e s .  The flow t o  each 
i b a t t e r y  from t h e  f u e l  plenum i s  regulated by a f i n e  needle valve - 

q one of which i s  shown on Figure 1 4 .  The valve posi t ion push rods 
a r e  adjusted t o  equalize the  flows t o  t h e  b a t t e r i e s .  The f u e l  

1 flows up the  feed tube t o  the  top of the bat tery;  i t  then f l o w s  
1 downward ins ide  the tube of c e l l s  react ing w i t h  the oxygen which 
; passes through the  e l e c t r o l y t e  a s  current i s  drawn from the  bat tery.  
I The combustion products a r e  carr ied down i n t o  the  upper plenum 
I of the  base p l a t e  and then i n t o  t h e  exhaust pipe. 

A i r  surrounds the batteries inside t h e  3-zone fkrnace ‘ ( s e e  Figure 13) which i s  used t o  maintain the  c e l l s  at the desired 5 operating temperature. P lugs  of i n su la t ion  5 in .  i n  diameter and 
: 4-1/2 in .  t h i ck  a r e  used t o  reduce heat losses  from the  t o p  and bottom 

of t h e  cy l ind r i ca l  heated region of the f i rnace.  The temperature 
d i s t r i b u t i o n  throughout the  batteries i s  indicated i n  Figure 15; the 
s m a l l  c i r c l e s  represent individual  b a t t e r i e s  i n  a plan view o f  t h e i r  
arrangement i n  t he  furnace. A t  the  top a r e  t h e  temperatures of the 

1 uppermost c e l l  i n  t h ree  b a t t e r i e s  indicated by Pt -Pt - lO$ Rh 
I thermocouples. The middle temperatures a r e  those on the t e n t h  c e l l  
I from the  top; a t  the  bottom a r e  shown temperatures of the lowest c e l l s  ‘ i n  the b a t t e r i e s .  
: \ \reading on a ba t t e ry  opposite t h e  
kfurnace the  temperatures are within &3O0C of the average value. ’ Even better uniformity can be achieved by a more caref’ul adjustment 

f 

i 

With the  excepthon of one low temperature 
crack” of the sp l i t - t ube  

of the  heat input t o  the various sect ions of t he  furnace. 

each group the  b a t t e r i e s  are e l e c t r i c a l l y  connected i n  ser ies .  
two groups, each containing 200 series-connected c e l l s ,  are used 

‘ t h i s  power supply i s  shown i n  Figure 16. The open-circuit  voltage i s  
‘200 vol t s ;  the  maximum power i s  102 w a t t s  a t  1 . 2  amperes wi th  HE flow 

. i n  p a r a l l e l  t o  supply power t o  the  load. The e l e c t r i c a l  performance of 

t. ,at a rate corresponding t o  2 . 1  amperes. This  power output i s  
about 20% lower than tha t  which might be expected from the 
measurements of the power output of s ing le  b a t t e r i e s .  A reduciion 
i n  temperature of b a t t e r i e s  caused by heat lo s ses  through the  s p l i t ”  
i n  the f’urnace and a non-uniform d i s t r i b u t i o n  of a i r  flow through t h e  
b a t t e r i e s  have been shown t o  cause i n  p a r t  t h i s  reduction i n  power. 5 With excess H2 flow, the  performance of the b a t t e r y  i s  improved as shown 

, i n  Figure 17 aqd a maximum power of 110 w a t t s  i s  achieved. 

of generating f’uel-cell power by means of banks of so l id -e l ec t ro ly t e  

1, 
The twenty b a t t e r i e s  a r e  divided inr;o two groups of ten; i n  

The 

I 
< The 100-watt  power supply demonstrates the f e a s i b i l i t y  

, b a t t e r i e s .  This, p lus  the  demonstrated a b i l i t y  of t h e  b a t t e r i e s  t o  produce 

, 
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p o m r  e f f i c i e n t l y  from carbon monoxide - carbon dioxide - water - 
nydro.:en a i x t u r e s  wi th  the  employment of a chrome oxide ca t a lys t  , 
deiyonstrates ;he t echn ica l  f e a s i b i l i t y  of generat ing t h i s  power 
from coal .  1 

I 
,i 

4 

1 
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Table 2 

Polarization Voltage Losses w i t h  CO-CO, i n  a Three-Cell 
Solid-Electrolyte Battery 

Fuel: 90 mol 3 CO, 10 mol $ Co2 
n' = 1.1 
5 3  cc/sec 

Oxidant: a i r  
Temperature : 1000°C2 

Cel l  area (ac t ive) :  2.0 cm 

2 Current density, I/AB = i, milliamperes/cm : 25 50 100 150 
Polarization o l tage  loss, V volts:  0.37 0.44 0.51 0.55 

P' 

2 Derived Tafe l  constants: on = 0.92 
. io = 0.6 milliamperes/cm 

i 

J 
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Materials Code ,035 in. - Platinum Electrode 
*x-..*aa. Platinum Screen 

lml (Zr02)0.85 (CaOjO. 15 ElectrolMe 

Fig. 1-Schematic cross section of fuel cell TCf8 
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Fig. 2 -Generated voltage of a fuel cell using a C-0 fuel 
mixture as a function of fuel mixture composition 

Data for $, * 0. 105 

A Data for nk = O . S a ,  

0 Data for nh 0.W 
- Thermodynamically Predicted Curves 

Moles C 

1.2 1.4 1.6 1.8 2.0 

n ' .  - 2;:; in Fuel Mixture 
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Fip 3 --Generated voltage of a fuel cell using a C-H-O fuel mixture at 
1060°C as a function of fuel mixture composition 
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Fig. 10-Fuel feed tube for three-cell batterywith Cr203 catalyst coating 
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Fig. 15-Battery temprature  distribution as a function 
of axial position --at operating temperature 
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Fig. 16-100-watt battery performance before and after increasing a i r  flow 
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Fig. 17-Performance of 100-watt solid-electrolyte fuel-cell power system 


