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ELECTROLYTE INTERACTIONS IN MOLTEN CARBONATE FUEL CELLS 

Isaac Trachtenberg and David F. Cole 

Texas Instruments Incorporated, Dal las, Texas 

Performance data have been presented for a variety of fuel cells employing 
mixtures of molten alkali carbonates as electrolyte (1-6). Depending on the par- 
ticular cell design chosen, the operating conditions, age of cell and a number of 
other parameters, almost any kind of operating characteristics (current-vol tage 
relationships) desired can be obtained. 
certain operating characteristics; in fact, the entire experiment, cel 1 design and 
operating conditions are optimized to maximize one of several parameters. 
has been, for the most part, on power output per unit area of electrode and opera- 
ting life. Efficiency, pwer output per unit weight and volume, and other fuel 
cell and system characteristics have received only moderate attention. However, 
at the present state of development i t  is obvious that the particular set of fuel 
cell system characteristics chosen will be very greatly influenced by the appli- 
cation. Rather than adding more fuel to the fire, this cmunication will empha- 
size certain interactions of the electrolyte which to some extent will be appli- 
cable to all molten carbonate fuel cell systems, regardless o f  their design and 
application. 

Various investigators have emphasized 

Emphasis 

! 
There are many electrolyte interactions in a fuel cell containing molten 

alkali carbonates. The following text will discuss sane aspects o f  three of these 
interactions: electrolyte stability in some of the gas atmospheres encountered in 
operating fuel cells, corrosion of silver electrodes as a function of atmosphere 
and electrolyte canposition, and the effect o f  atmospheres and electrolyte compo- 
sition on cathode polarization. 

Electrolyte Stability 

A material suitable for use as an electrolyte in a fuel cell should be 
chemically stable to the electrodes and atmospheric environments it will encounter 
during the operating life of the cell. In fuel cells employing molten alkali 
carbonate electrolytes C02 is added to the various gas streams to insure this 
stability. 
certain operating conditions to obtain a condition at the cathode-electrolyte 
interface in which no CO is present. The effects of various gas atmospheres on 
the stability o f  molten b k C 0  were investigated. 

at 650°C for extended time intervals, and ?he composition was determined by 
standard analytical techniques. In an atmosphere of 20% CO - 8Vk air, tests 
ranging from 246 hours to 1615 hours duration indicated no 8ecomposition of 

However, if insufficient C% (7) is added, it is possible under 

3 
Samples of 50-50 mole % Li2C03-Na2C0 were exposed to various gas atmospheres 

the effect of no C02 added to the air. 
in OH content. Because of the analytical techniques employed both O= and OH- 
present in the melt will be reported only as OH'. There is no significant change 
in the Li/k ratio. The OH- concentration appears to remain constant after 48 
hours, which indicates an equilibrium hydroxide (oxide) concentration has been 
established. The 0.03% C% present in air may have been sufficient to prevent 
further decomposi t ion. 

The decanposition is indicated by the rise 
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Date f o r  a second gas composi t ion a r e  a l s o  presented i n  Table I .  The gas 
composi t ion of 10% H20, 10% 0 and 80% N2 was obta ined by bu rn ing  a m ix tu re  o f  
9.5% H2 i n  76% a i r  and 14.5% ib2. Although the re  i s  no s i g n i f i c a n t  change i n  Li/Na 
r a t i o ,  t he re  i s  s i g n i f i c a n t  decomposit ion o f  t he  e l e c t r o l y t e ,  as i l l u s t r a t e d  by 
bo th  the  decrease i n  % CO? and the  increase i n  % OH'. The C02 content  i s  s l i g h t l y  
more than 3/4 of what i t  was i n  the  p rev ious  experiment and can account f o r  on ly  a 
small p a r t  of the d i f f e r e n c e  observed fo r  the two gas composit ions. Water removes 
O= i n  the form o f  OH' and promotes f u r t h e r  decomposit ion o f  t he  carbonates. 
again, the e q u i l i b r i u m  c o n d i t i o n  appears t o  be es tab l i shed  a f t e r  21 hours, and 

. f u r t h e r  exposure t o  t h i s  gas composi t ion produces no a d d i t i o n a l  decomposition. 

Here 

As po in ted  ou t  by Stepanov and Trunov ( 7 ) ,  a l ow r a t i o  o f  C02/02 (<2.35), 
p a r t i c u l a r l y  i n  a cathode gas m i x t u r e  c o n t a i n i n g  a l a r g e  amount o f  i n e r t  gas, 
r e s u l t s  i n  d e p l e t i o n  o f  C02 a t  t he  e l e c t r o d e - e l e c t r o l y t e  i n t e r f a c e  and a change i n  
e l e c t r o d e  mechanism. This  e f f e c t  i s  f u r t h e r  compl icated by decomposit ion o f  the 
e l e c t r o l y t e ,  p a r t i c u l a r l y  i f  apprec iab le  amounts o f  H20 are present .  

C I 4  l abe led  LiNaCO . A samale c o n t a i n i n g  C I t  l abe led  L iNaC4 was placed i n  an 
AI2O3 boat i n  a tuae fu rnace  and heated t o  700°C w i t h  a m ix tu re  o f  23% C02 - 77% 4 
f low ing  over the f r e e  e l e c t r o l y t e .  The experiment was s t a r t e d  a t  t he  t i m e  the 
C@ - 9 mix tu re  was rep laced  by pure N . The e f f l u e n t  gas from the  furnace was 
passed through a bubbler  c o n t a i n i n g  B a ( i H ) 2 .  The BaCO p r e c i p i t a t e  was then beta- 
counted a t  i n f i n i t e  th i ckness .  The r e s u l t s  o f  t 
F igure 1 .  Apparently, two processes r e s u l t  i n  C'402 i n  gas phase. The f i r s t  
process appears t o  f a l l  o f f  r a p i d l y  (an o rde r  o f  magnitude change i n  one hour) 
and i s  e s s e n t i a l l y  complete i n  about s i x  hours. The second process, which i s  much 
s lower ,  shows only a s l i g h t  decrease w i t h  t ime up t o  250 hours. The f i r s t  process 
( f a s t )  i s  be l i eved  t o  be t h e  decomposit ion o f  LiNaC03 i n t o  LiNaO and CO2. The 
second process (slow) i s  b e l i e v e d  t o  be the  evaporat ion o f  LiNaCO . This slow 
process has an approximate r a t e  o f  10'5 mole o f  C02 per mole o f  4 passed. 
( I )  repo r ted  tha t  i n  an o p e r a t i n g  f u e l  c e l l  c g n t a i n i n g  L i ,  Na and K carbonates 
evaporat ion losses were about 
passed over the e l e c t r o l y t e .  

Evaporation o f  LiNaCO was i n v e s t i g a t e  us ing  a radiochemical technique w i t h  

s exaeriment a re  shown i n  

Broers 

mole o f  CO- per  mole o f  f u e l ,  a i r  and C02 3 

Evaporation losses were a l s o  determined by ve ry  c a r e f u l  weight loss measure- 
ment. 
p laced i n  a tube furnace a t  780°C. A gas m i x t u r e  o f  5% 02, 12% CO , 83% 
passed over t h e  e l e c t r o l y t e  m ix tu re .  
were made. The t o t a l  gas f low was 3.2 moles/hr f o r  t he  f i r s t  two runs and 3.5 
moles/hr f o r  the t h i r d  run. The average weight loss f o r  t he  th ree  runs was 
6 x 10-5 g r a d m o l e  o f  e f f l u e n t  2 3 x 10-5 gram/mole o f  e f f l u e n t .  
and 161 haurs were made u s i n g  pure N a t  2.0 and 2.1 o les/hr .  The average weight 
loss was 4.9 x g r a d m o l e  of e f f?uen t  2 0.9 x IO-' grandmole o f  e f f l u e n t .  The 
sample was then re-exposed t o  t h e  f i r s t  gas m i x t u r e  c o n t a i n i n g  CO 
The weight of the sample increased by an amount t h a t  was 68% of t i e  weight l o s t  
d u r i n g  the N2 runs. 
e f f l u e n t .  sssuming t h a t  t h i s  p o r t i o n  o f  t he  wsight  loss can be a t t r i b u t e d  t o  
e l e c t r o l y  e decomposition. 
1.6 x IO-' gram/mole o f  gas e f f l u e n t .  I f  the  l a t t e r  weighd loss IS assumed t o  be 
LiNaCO , t h i s  represents an a d d i t i o n a l  C4 loss o f  2 x 10' mole/mole of e f f l u e n t  
gas. ?he t o t a l  loss o f  C02 d u r i n g  the  % runs thus became 0.95 x 
of N2, which agrees ve ry  w e l l  w i t h  t h e  1 x 10'5 mole/mole of N2 found by the  rad io-  
chemical technique. 

t he  gas phase (1.6 x IO-' vs  0.6 x IO-' grandmole of N2). However, bo th  va lues 

have considerable u n c e r t a i n t y ,  and the d i f f e r e n c e  may not  be s i g n i f i c a n t .  

A sample o f  30% LiNaCO - 70% fused M g O  was mixed i n  an A 1 2 4  boat and 

Three separate runs o f  123, 313 and 

TWO runs of 117 

f o r  17 hours. 

Th is  i s  equ iva len t  to  7.5 x mole of C%/mole of gas 

The n e t  evapora t i on  loss d u r i n g  t h e  N2 runs i s  

mole/moie 

The r a t e  o f  evapor t i on  loss app a r s  t o  be h ighe r  i n  the  absence o f  C02 i n  



These s tud ies  i n d i c a t e  t h a t  e l e c t r o l y t e  s t a b i l i t y  (decomposition and/or 
evaporat ion)  may w e l l  become a problem i n  l o n g - l i v e d  mol ten carbonate fue l  c e l l s .  
Fur ther ,  they p o i n t  up the requirement f o r  s u f f i c i e n t  C02 i n  contact  w i t h  the 
e l e c t r o l y t e ,  p a r t i c u l a r l y  i n  the cathode gas where r e l a t i v e l y  l a r g e  amounts of 
i n e r t s  w i l l  be present i f  a i r  i s  used as t h e  0 source. 
and Trunov (7 )  t h a t  the C02/02 r a t i o  be about 3.35 should be s e r i o u s l y  considered 
by mol ten carbonate f u e l  c e l l  system designers. 

S i l v e r  Corrosion 

The suggestion o f  Stepanov 

The c o r r o s i o n  o f  s i l v e r  i n  mol ten carbonates has been s tud ied  by several 
groups (10, 1 I ,  12) and observed q u a l i t a t i v e l y  by many others,  but the cond i t i ons  
employed i n  the experiments have not been rep resen ta t i ve  o f  t he  opera t i on  of a 
mol ten carbonate f u e l  c e l l  except f o r  those repor ted by Broers (8). 

The r e s u l t s  presented here were obta ined by weight loss measurements. The 
samples used were 20 gauge s i l v e r  w i r e ,  5 . 1  sq cm i n  geometric sur face area. The 
samples w e r e  immersed completely and t o  a un i fo rm depth i n  e i t h e r  50% L i  C O  - 
50% Na2C0 o r  37% Li2C03 - 39% Na2C03 - 24% K2C03 conta ined i n  an 80% A t  -320% Pd 
c r u c i b l e  03 250 cc capac i t y .  
N2 - 10% C02 u n t i l  the des i red  opera t i ng  temperature was reached and the rea f te r  
was maintained a t  t he  des i red composit ion as determined by Orsat analyses. The 
most extens ive experiments have been performed i n  an atmosphere (5% O2 - 10% C02 - 
85% N 2 )  bel ieved l i k e l y  t o  be t y p i c a l  o f  ope ra t i ng  c o n d i t i o n s  i n  mol ten carbonate 
f u e l  c e l l  systems us ing a i r  and spent fue l  i n  the  cathode as supply. ( I n  ope ra t i ng  
f u e l  c e l l  systems about 10% o f  N2 w i l l  be replaced by H20.? 

ments i nd i ca ted  apparent ly  un i fo rm a t t a c k  w i t h  no d e n d r i t i c  growths from rep rec i -  
p i t a t i o n  o f  d i sso l ved  s i l v e r .  

Atmospheric composi t ion was maintained a t  90% 

Visual e x a m i n a t i m  o f  the weight loss samples a f t e r  complet ion of the  exper i -  

Table I 1  l i s t s  the r e s u l t s  o f  experiments under a v a r i e t y  of atmospheric 
cond i t i ons  i n  b ina ry  mel ts .  
a t  600"G. Where oxygen was present ,  the r a t e  o f  weight  loss increased w i t h  i n -  
c reas ing  p a r t i a l  pressure o f  oxygen. 

Weight loss was n e g l i g i b l e  i n  the pure C02 atmosphere 

Table I11 shows the constancy w i t h  t ime o f  t he  weight l oss  of the s i l v e r  
samples i n  both t e r n a r y  and b i n a r y  carborate me l t s  under the  cond i t i ons  shown. 

There i s  no s i g n i f i c a n t  d i f f e r e n c e  i n  ra tes  i n  t h e  b i n a r y  and te rna ry  mix- 
t u r e s .  Accordingly, the r a t e - l i m i t i n g  process i s  apparent ly  not  t h e  d i f f u s i o n  o f  
d i sso l ved  oxygen t o  the metal sur face but r a t h e r  a process such as d i f f u s i o n  o f  
s i l v e r  ions away from t h e  d i s s o l u t i o n  s i t e s .  

Diagrams analagous t o  those o f  Pourbaix have been cons t ruc ted  by Ingram and 
Janz ( I S )  t o  show t h e  thermodynamic p o s i t i o n s  o f  meta ls  i n  t e r n a r y  molten carbonate 
e u t e c t i c  w i t h  respect t o  c o r r o f i o n  as a f u n c t i o n  o f  O2 and C02 p a r t i a l  pressures. 
These gases determine the O i O -  redox p o t e n t i a l  i n  the mel t .  

i n  ope ra t i ng  mol ten carbonate f u e l  c e l l s  l ess  severe than  i n  these experiments. 
These f a c t o r s  i nc lude  cathodic  p o l a r i z a t i o n  o f  the  s i l v e r  e l e c t r o d e  when the c e l l  
i s  subjected t o  c u r r e n t  loading,  i r r rnobi l izat ion of the e l e c t r o l y t e  by the m a t r i x  
and the l i m i t e d  amount o f  e l e c t r o l y t e  a v a i l a b l e  i n  the  c e l l .  

There are impor tant  f a c t o r s  which would tend t o  make the co r ros ion  o f  s i l v e r  



Cathode P o l a r i z a t i o n  and M e l t  Composition 

The s o l u b i l i t y  o f  oxygen i n  mol ten a l k a l i  carbonate m ix tu res  has r e c e n t l y  
been shown by Broers t o  be dependent on t h e  me l t  composit ion (8). 

(kygen was found t o  be more so lub le  i n  t e r n a r y  ( L i ,  Na, K) t han  i n  b i n a r y  
Th is  seems ample reason t o  suspect t h a t  p o l a r i z a t i o n  of the ( L i ,  Na) mixtures.  

mo l ten  carbonate f u e l  c e l l  cathode (an oxygen - carbon d i o x i d e  e lec t rode )  i s  a l s o  
dependent on melt composi t ion.  This  has been observed exper imenta l ly .  

Presented here a r e  t h e  r e s u l t s  of a s e r i e s  o f  experiments i n  which t h e  IR- 

C O  . Tem- 
f r e e  p o l a r i z a t i o n  o f  s i l v e r  cathodes has been determined i n  me l t s  o f  t w o  compo- 
s i t i o n s ,  SO%* Li2C03 - 50% Na2C0 and 37% Li2C03 - 39% Na2C03 - 24% 
pera tu re  was va r ied  from 600 to380'C.  P a r t i a l  pressures o f  CO a n d j 2  2ere f i x e d  
so t h a t  C O  /O was about 2-2.5 and were determined by Orsat anafys is .  
experi inentg $.re p e r f e r m d  in opera t i ng  f u e l  c e l l s  o f  a design which has been 
p r e v i o u s l y  described (2) .  The s i l v e r  cathodes were 1 i n .  x 4 i n .  and were con- 
s t r u c t e d  o f  120 mesh t w i l l  weave screen w i t h  3.7 m i l  w i r e  diameter. The r e s i s -  
tance measurements f o r  t he  I R  c o r r e c t i o n s  t o  t h e  p o l a r i z a t i o n  were made by a 
c u r r e n t  i n t e r r u p t i o n  technique which has a l s o  been descr ibed p rev ious l y  (8). 
Voltages were measured w i t h  respect t o  e i t h e r  a Oanner-Rey Ag/Ag+ reference e lec -  
t rode  o r  a Ag-wire i d l i n g  oxygen e lec t rode .  R e p r o d u c i b i l i t y  o f  vo l tages was 
q u i t e  s a t i s f a c t o r y  i n  b o t h  cases. 

These 

F igures 2 and 3 show the  e f f e c t s  o f  temperature on the cathode p o l a r i z a t i o n  

F igure 4 combines some o f  the data o f  Figures 2 and 
i n  b ina ry  and t e r n a r y  e l e c t r o l y t e ,  r e s p e c t i v e l y ,  a t  a f i x e d  gas composit ion o f  
15% o2 and 30% C02 (55% N2) .  
3 f o r  e a s i e r  canparison. F igure 5 presents  da ta  e x h i b i t i n g  the e f f e c t  o f  gas 
Composition on cathode p o l a r i z a t i o n  i n  the two carbonate m ix tu res  a t  a f i x e d  
temperature (700°C). I t  should be noted t h a t  t he  data a t  h igher  oxygen concen- 
t r a t i o n  ( i n  the gas phase) 
ease of measuring and m a i n t a i n i n g  constant  t he  gas composit ion. 

What i s  the cause of t h i s  e l e c t r o l y t e  composi t ion e f f e c t ?  

were more rep roduc ib le ,  p a r t l y  because o f  t he  greater  

The s t r u c t u r e  and 
p r o p e r t i e s  o f  mol ten a l k a l i  carbonates and o t h e r  i o n i c  l i q u i d s  a re  known t o  
depend on t h e  p a r t i c u l a r  a l k a l i  meta l  i ons  present  (14). As t h e  s i z e  o f  the 
a l k a l i  metal i o n  increases,  t h e  volume expansion o f  t h e  carbonate on m e l t i n g  
increases. 
"holes1' i n t o  the me l t  s t r u c t u r e .  
become invo lved  i n  fo rma t ion  o f  i on -pa i r s ,  but  the l a r g e r  ions a r e  more e f f e c t i v e  
i n  s t a b i l i z i n g  o the r  complex i ons  which may be formed, 

Most o f  t h i s  volume expansion i s  accounted f o r  by i n t r o d u c t i o n  o f  
The smal ler  c a t i o n s  have a g rea te r  tendence t o  

' 

Janz (15)  repo r ted  t h a t  exper imen ta l l y  determined conductances, sur face 
tens ions and d e n s i t i e s  a r e  much neare r  the  va lues canputed by simple a d d i t i v i t y  
r e l a t i o n s h i p s  i n  t h e  case of a L i  C4 - k 2 C O  m i x t u r e  than i n  t h a t  o f  a 
~ i 2 ~ 0 3  - k 2 c 0 3  - ~ c o ~ ,  o r  a L i  ~6 - 5co3 mlxture.  2 3  -. 

ine neat o f  s o l u t i o n  of oxygen, l i k e  the  a c t i v a t i o n  energ ies f o r  v i s c o s i t y  
and conductance (16), i s  h i g h e r  f o r  t he  t e r n a r y  than  for the  b ina ry  (Li-Na) mixture. 
A l l  these p r o p e r t i e s  seem r e l a t e d  t o  the degree o f  d i s s i m i l a r i t y  o f  t he  cat ions.  
Most a t tempts (17) a t  exp lana t ion  o f  t h i s  behavior  have been i n  terms o f  c a p e -  
t i t i o n  of the c a t i o n s  f o r  c e r t a i n  o r i e n t a t i o n s  w i t h  respect t o  the  carbonate ion, 
the l a r g e r  ca t i ons  o r i e n t i n g  so as  t o  a l l o w  more freedom of r o t a t i o n  f o r  t h e  anion. 

* mole % 
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Improvements in cathode polarization in molten carbonate fuel cells utilizing 
ternary electrolyte are not, unfortunately, 'directly reflected in greater pwer 
densities than those of cells using binary electrolyte. 
ternary electrolyte cells is poorer than that in the binary electrolyte cells, so 
pcwer densities do not differ significantly. However, the electrolytic composition 
might be chosen so as to improve power output if there is a considerably more 
severe polarization of one electrode in a cell than of its counterpart. 

Anode polarization in the 

Anode polarization behavior may be clarified by determinations of hydrogen 
solubility in the melts. 

SUMMARY 

Studies of three areas of influence of molten carbonate fuel cell system 
operating conditions on interactions with the electrolyte have helped to define 
certain problems which may arise. Electrolyte loss (decomposition and evaporation) 
may be minimized by optimizing CO distribution to the electrolyte-gas interface. 
Corrosion of silver is increased %y raising 0 partial pressure in the cathode gas 
supply but there is little latitude for change in this composition in a system 
uti 1 izing air and spent-fuel C02. Cathode polarization characteristics are better 
in Li-Na-K ternary melt than in Li-Na binary melt but power densities are not 
significantly different because of anode polarization behavior. 

2 
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Table I 
LiNaCO Electrolyte Composition as a Function o f  Time at 650°C 3 

Gas Composition 100% Air 

%CO = %OH- %Na+ %Li + Li/Na 3 - - - - Hours - 
0 66.6 0.0 25.7 7.5 * 29 
3 66.7 0.2 25.6 7.5 .29 

48 66.9 0.5 26.4 7.6 29 
98 66.8 0.5 26.4 7.9 .30 

144 67.2 0.4 26.4 8.1 , .31 
216 66.6 0.5 26.2 7.8 .30 
336 67.1 0.6 26.0 7.9 .30 

.Gas Compos i t ion 10% H20 - 10% O2 - 80% N2 

(9.5% H2 - 76% Air - 14.5% N2) 

Hours 

0 
3 

21 
71 

165 
333 
477 

- %co,- %OH- - 
66.5 0.0 
65.1 1.2 
63.5 3. I 
64.1 3.2 
64.0 2.1 
62.4 3.0 
63.3 2.3 

%Li + - %Na+ 

25.7 8.0 
25.5 8.0 

I 25.6 8.3 
25.6 8.0 
25.7 8.1 
25.9 8.1 
25.9 8.2 

Li/Na 

.31 

.31 

.32 

.31 

.32 

.31 

.32 

Table I1 
Silver Corrosion in Mol ten AI  kali Carbonates 

50 Mole % Li2C03 - 50 Mole % k 2 c 0 3  Electrolyte : 

Area o f  Sample: 5.09 S q .  h. 

(Hrs) ature % ( M g / b  ) 
Time Temper- Gas Compos i t ion w t .  Loss 

"C -- 
100 600 
48 600 

I68 600 
loo 600 
1 1 1  600 

4 
5 
5 

10.5 
27.5 

- -- c02 
_c 

100 
12 
IO 
89.5 
72.5 

<. 06 

17.9 2 0.2 
20.6 f: 2.8 
40.8 2 2.2 

5.1 2 1.1 

Rate of 
w t  Loss 

(Mq/Gn2Hr) 

<. 0006 

0.1 I 
0.20 2 0.03 
0.36 2 0.02 

0.11 2 0.02 



Table I11 

S i l v e r  Corrosion i n  Mol ten  A I  ka l  i Carbonates 

Elect  ro t  y t e  : 

Area of Sample: 5.09 Sq. Gn. 

37 Mole % Li2C03 - 39 Mole % Na2C03 - 24 Mole % sC03 

Time Tempera- Gas Composition (%) W t .  Loss Rate o f  p. Loss 
(Hrs.) t u r e  ("C) O2 O2 N2 ( W h 2 )  (Mg/Gn / H r )  

26 700 5 IO 85 6.2 2 0 . 8  0.24 2 0 . 0 3  

95 700 5 IO 85 21.8 2 1.2 0.23 2 0.01 
48 700 5 IO 85 IO 0.21 

E l e c t r o l y t e  : 

Area o f  Sample: 5.09 Sq. Cm. 

50 Mole % Li2C03 - 50 Mole % Na2C03 

Time Tempera- Gas Composition (%) W t .  Loss Rate o f  W t .  Loss 
(Hrs.) t u r e  ("C) 02 co2 N2 (Mg/h2) (Mg/Gn2/Hr) 

24 700 5 IO 85 5.8 2 0.7 0.24 2 0.03 
48 700 5 IO 85 8.0 2 1.3 0.17 2 0.03 

- 

72 700 5 IO 85 18.5 2 1.5 0.26 2 0.02 
96 700 5 IO 85 21.5 0.22 

I 

T I M E  (HOURS) 
0 I 2 3 4  5 6 

I I I I I I 

0 

0 

f 

F I 1 ,  I 1 1 1  
0 40 80 120 160 200 240 

TIME (HOURS) 

Fig. 1. Rate of Con evolution from L w a C O s  at 650? C 
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Fig. 2 .  Cathode po la r i za t i cn  i n  binary ( L A - N a )  
e l e c t r o l y t e  v s  temperature$OC). 

I Gas composition: 15d- 02, 3 ,S C o n ,  55% N2 
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0 I 2 3 4 5 6 7  
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Fig. 3. Cathode po la r i za t ion  in ternary (Li-Na-K) 
e l e c t r o l y t e  v s  temperature roc) .  . 
G a s  composition: 15% 02 ,  3G$ Con, 55% N 2  
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Fig .  4. Cathc3.e po la r i za t ion  i n  binary (B)  and 
t e r m r y  ( T )  e l e c t r o l y t e  v s  temperature ("C) . 
G a s  composition: 15% 0 2 ,  ?L$ C o n ,  55% NZ 
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Fig .  5.  Cathode po la r i ze t ion  a t  70O0C i n  binary ( B )  
and ternary ( T )  e l e c t r c l y t e  vs gas composition 
(% 02 - k COa ) . 


