
NASA CR-62027 

GPO PRICE $ 

CFSTI PRICE(S) S 

Microfiche (MF) &V 
ff 653 Julv 65 

A STUDY OF ELECTROCHEMICAL PROCESSES 

IN SILVER-CADMIUM SECONDARY CELLS 
1 

July 14, 1965 

Distribution of this report is provided in the interest of 
information exchange. Responsibility for the contents 
res ides  in the author or organization that DreDared it. 

I 

Status Report on NASA Order No. S-70008-G 
NBS Project 2110422 

for 

NATIONAL AERONAUT ICs AND SPACE ADMINISTRATION 

For sale by the Clearinghouse for Federal Scientific and Technical Information 
Springfield, Virginia 22151 - Price 61.00 

https://ntrs.nasa.gov/search.jsp?R=19660017943 2020-03-16T19:11:29+00:00Z



S t a t u s  Report on NASA Order No. S-70008-G 

A Study of Elec t rochemica l  Processes  i n  Silver-Cadmium Secondary Cells 

Immediately a f t e r  r e c e i v i n g  Forming-Cycle i n s t r u c t i o n s  from NASA 
i n  December 1964 a s tudy  of t h e  d i scha rge  c h a r a c t e r i s t i c s  of Ag-Cd 
c e l l s  was begun. The f i r s t  experiment was t o  conduct t h e  normal 300 

followed by observing t h e  e f f e c t  on charge and d i s c h a r g e  which r e s u l t e d  
from changes i n  r a t e s  of charge and d ischarge ,  i n  tempera ture ,  i n  
e l e c t r o l y t e  l e v e l ,  i n  e l e c t r o l y t e  concen t r a t ion  and i n  p a r t i a l  charge 
and d i scha rge  i n  both  t h e  Ago-Ag 0 and Ag20-Ag ranges.  
were conducted i n  d u p l i c a t e .  

-- l l l u  Ll ldLge  -I.-- ar,d ?.C?c! mtp discharge a t  r ~ o m  temperature .  Th i s  was t o  be  

A l l  c e l l  t e s t s  
2 

The e f f e c t  of t h e  charpe r a t e ,  a f t e r  d i s c h a v e  t o  1.08V. 

Two cel ls  (S/N 1122 and 1055, made A p r i l  1961) r ece ived  i n  t h e  
a c t i v a t e d  s t a t e ,  bu t  of unknown h i s t o r y ,  i n i t i a l l y  had about 3.4 h r  
c a p a c i t y  t o  0.90V, e x c l u s i v e l y  i n  t h e  Ag 0-Ag range. 
a t  300 ma t o  1.65V, t h e  c a p a c i t y  was about 1 h r  t o  1.08V and 5 more 
h r s  t o  0.9OV. This  was t r u e  whether t h e  d i scha rge  was soon a f t e r  
charge  o r  delayed 430 h r s .  A recharge  a t  300 m a  a f t e r  s topping  t h e  
d i scha rge  a s  soon a s  1.08V w a s  reached d i d  not g i v e  a b e t t e r  subsequent 
c a p a c i t y  i n  t h e  Ago-Ag 0 reg ion .  Again t h e  c e l l s  w e r e  taken o f f  
d i scha rge  a s  soon a s  1.08V w e r e  reached. This  t i m e  t h e  c e l l s  w e r e  
recharged a t  10  m a  f o r  90 h r s ,  though the  v o l t a g e  climbed t o  1.5V. Now 
the  i n i t i a l  C C V ' s  were 1.16 and 1.14, and t h e  c a p a c i t i e s  t o  1.08V w e r e  
0.5 and 0 . 1  h r s ,  r e s p e c t i v e l y .  Another s toppage was made a t  1.08V. 
An overn ight  s t and  on open c i r c u i t  r e s u l t e d  i n  a recovery  of OCV t o  
1.40V, brit f u r t h e r  d i scha rge  of l e s s  than 0.02 h r .  Hence, recovery  i s  
n e g l i g i b l e .  The c e l l s  were then  charged a t  c o n s t a n t  v o l t a g e  of about 
1.46V f o r  1800 mah, a f t e r  having been brought back t o  1.40V whi le  
charg ing  a t  300 ma. S u f f i c i e n t  c u r r e n t  was passed through t h e  c e l l s  
f o r  t h e  p roduc t ion  of cons ide rab le  Ago, b u t  none w a s  produced, judging  
from t h e  next  d i scha rge  of t h e  cells. The i n i t i a l  CCV on 1.OOA 
d i scha rge  was 1.05V. A peak v o l t a g e  of about  1.075V was reached  a f t e r  
2 h r s  and 1 h r  f o r  t h e  two cells. F u l l  c a p a c i t y  of 6.5 h r s  w a s  achieved. 
(See f i g u r e  1 . )  This  l a s t  d i scha rge  agrees  wi th  those  shown on graphs  
by Sisemore,  and Hennigan and Apel t ,  but w i th  t h e  d i f f e r e n c e s  t h a t  a 
high c u r r e n t  (300 ma) may be used t o  a v o l t a g e  of about  1.4V and t h a t  
a l o w  m a x i m u m  v o l t a g e  must be maintained. 

After charging 2 

2 

The n e x t  d i scha rge  was not normal, though t h e  charge was a t  300 ma 
t o  1.6 v o l t s .  The i n i t i a l  C C V ' s  on 1 amp r a t e s  were 1 .15  and 1 .17V.  
These voltages dropped t o  1.075 and 1.070 i n  0 .5  h r ,  recovered t o  1.08 
m d  1 .077V a t  1 .85  h r s  and then proceeded t o  g i v e  more than 6 h r s  t o  



0.90V. Complete; recovery t o  normalcy r e s u l t e d  i n  t h e  nex t  c y c l e .  

I f  t h e  d i scha rge  of a c e l l  i s  cont inued f o r  0 .2  h r  a f t e r  t h e  
vo l t age  has  reached 1 -08 ,  t h e  OCV i s  s t i l l  1 . 4 1 V ,  t h a t  of Ago t o  
Ag20 with Cd. 
observed. Maybe t h e  Ago e x i s t s  a f t e r  i t  i s  thought t o  b e  decomposed 

:ys?i:i a 1.41 OCV. 

J u s t  how much longer  than t h a t  has  n o t  y e t  been 

A f u l l y  charged c e l l  l e t  s t a n d  on open c i r c u i t  over n i g h t  

Some p e c u l i a r i t i e s  i n  v o l t a g e s  du r ing  c y c l i n g  Ag-Cd c e l l s .  

C e l l s  1821  and 1828 were used e x c l u s i v e l y  t o  s tudy  i n  d e t a i l  t h e  
v o l t a g e s  of c e l l s  du r ing  charge and d i scha rge  c y c l e s  a t  room temperature .  
Normal d i scha rge  c a p a c i t i e s  of about 6 .8  h r s  t o  0.9OV w e r e  ob ta ined .  
I n  the second charge c y c l e  a f t e r  t h e  forming p e r i o d  (and i n  l a t e r  
c y c l e s )  t he  i n i t i a l  CCV was 1 . 2 2 .  A f t e r  0 . 1  h r  t h e  v o l t a g e  dropped t o  
1 . 1 7 ,  but the minimum of 1.167 was no t  reached u n t i l  1 .5  h r s  e lapsed.  
I n e v i t a b l y  during t h e  change from t h e  Ag-Ag 0 t o  t h e  Ag O-Ago range  
a s i m i l a r  v o l t a g e  f l u c t u a t i o n  occurred.  The g r e a t e s t  su rge  observed 
was f r o m  1.3OOV t o  1.553V t o  1.505V, a l l  t h i s  change t ak ing  on ly  a few 
minutes. 

2 2 

During d i scha rge  no v o l t a g e  d rop- r i s e -d rop  was observed i n  t h e  
AgO-Ag 0 range. This may be due t o  the  r a t e  of d i scha rge  being over 
t h r e e  fimes the r e t e  of charge and the  v o l t a g e  change might p a s s  
unnot iced.  
p r e s e n t ,  even i d f u l l y  charged c e l l .  When d i scha rge  beg ins ,  t h e r e  i s  
an Ag 0 phase p r e s e n t .  A s  d i s c h a r g e  exhausts  t h e  Ago t h e  only a c t i v e  
phase p re sen t  i s  Ag20. This c o n d i t i o n  i s  such t h a t  i t  encourages a 
continued drop i n  v o l t a g e  u n t i l  Ag appears  and p o l a r i z e s  t h e  A g ? O  wi th  
a ve ry  conduct ive subs t ance ,  t hus  causing t h e  c e l l  t o  f u n c t i o n  Z t  a 
h ighe r  v o l t a g e .  The r i s e  i s  never more than  0.01 v o l t ,  bu t  t h e  c e l l  
remains high f o r  about two hours.  Curves i l l u s t r a t i n g  t h e s e  phenomena 
a r e  shown i n  f i g u r e  2 .  

I t  isamore l i k e l y  t h a t  Ago i s  never the only  compound 

2 

One of t h e s e  c e l l s ,  a f t e r  being charged 0 .5  h r  a t  a 300 ma r a t e  
i n t o  the Ag O-Ago r e g i o n  showed t h e  next  morning no s i g n  of Ago. 
However, the o t h e r  c e l l  s i m i l a r l y  charged, b u t  f o r  0.7 h r  showed Ago 
dur ing  d i scha rge  f o r  n e a r l y  two minutea. 

2 

When the c e l l s  were charged a t  150 t o  300 ma f o r  an  i n p u t  of 2.3 
I o 3 . 2  ;mip hrs, I h e  succeeding d i scha rge  ef Eici  eiic i e s  approached 1007., 
b t i t  i n  one inst:ince both c e l l s  charged a t  40 m a  Tor ii 4.8 amp hr input  
st-eiiied t o  g i v e  a11 iiinp h r  e f f i c i e n c y  of 1 2 5 4 .  Judging from the vo1t:ige.q 
dtir i ng chrlrge ;ind d i  schnrge i t would appear that  cons ide rab le  Ago was 
toriiltd during, chi irgr  :ind t h a t  on d i scha rge  the o x i d e  w ; . s  i n  t he  lower 
s t a t e .  E r e s u m b l y  Ago r e a c t e d  w i t h  Ag t o  g i v e  Ag 0 and t h e  l a t t e r  
caused t h e  apparent  125% e f f i c i e n c y .  2 

2 



Tine e f f e c t  of h i p h e r - r a t e  charge 

Cel l s  1822 and 1823 were u:ed t o  determine t h e  e f f e c t  of 
charging a t  a h ighe r  r a t e  than t h e  customary 300 m a .  A f t e r  t h e  u s u a l  
forming c y c l e s  w e r e  completed one tes t  c y c l e  w a s  made t o  see i f  t h e  
c e l l s  w e r e  normal. N o .  1823 w a s  somewhat d e f e c t i v e ,  b u t  w a s  cont inued 
i n  t es t .  Following 1.00 amp r a t e  charges t o  f u l l  c a p a c i t y  t h e  d i s c h a r g e s  
f o r  t h r e e  c y c l e s  w e r e  a l i t t l e  s h o r t e r  d u r a t i o n  t o  0.90V, b u t  t h e  f i r s t  
1 . 5  h r s  of d i scha rge  were a t  v o l t a g e s  of 1.36 t o  1 . 3 3 V ,  though a f t e r  
over n i g h t  s t a n d  on open c i r c u i t .  This v o l t a g e  range is about 0.05V 
h ighe r  than  when t h e  charge is made at 300 ma.  See f i g u r e  3. 

The e f f e c t  of e l e c t r o l y t e  level 

C e l l s  1881 and 1858 w e r e  used t o  s tudy t h e  e f f e c t  of t h e  h e i g h t  of 
e l e c t r o l y t e  l e v e l  on t h e  c a p a c i t y  of t he  silver-cadmium cel ls .  
Following t h e  forming p e r i o d  t h e  f i rs t  test c y c l e  showed No. 1858 t o  be 
subnormal. During t h e  second d i scha rge  of t h a t  c e l l  t h e  l e v e l  of t h e  
excess  e l e c t r o l y t e  lowered t o  ze ro  before  t h e  c e l l  was down t o  1.05V. 
When t h a t  c e l l  was charged, t h e  e l e c t r o l y t e  depth r o s e  t o  1 . 6  cm. Since 
No.  1881 was deeper i n  e l e c t r o l y t e ,  2 m l  w e r e  added t o  No. 1858. The 
immediate e f f e c t  w a s  t h a t  No. 1858 became normal. More e l e c t r o l y t e  
(4.0 and 3.5 m l )  w a s  added t o  t h e  two c e l l s  i n  t h e  charged s t a t e  b r i n g i n g  
t h e  e l e c t r o l y t e  depth t o  4 . 2  c m  and 4.3 cm. (The h e i g h t  of t h e  p l a t e s  
i n  t h e  c e l l  i s  4.5 cm.) The performance of t h e  c e l l s  w a s  s l i g h t l y  
improved, bu t  t h e  15 t o  30 minu:e improvement may have been due t o  aging 
t h e  c e l l s .  Next, 2.5 and 2.8 m l  e l e c t r o l y t e  w e r e  removed l eav ing  t h e  
discharged cel ls  with a 1.1 cm depth.  A f t e r  charge t h e  depth was 2.6 cm. 
The performance w a s  s t i l l  good during d i scha rge ,  bu t  s l i g h t l y  i n f e r i o r .  
Af t e r  two more removals of e l e c t r o l y t e  none was v i s i b l e  1 . 7  h r s  a f t e r  
d i scha rge  w a s  begun. A f i n a l  removal when t h e  c e l l s  w e r e  f u l l y  charged 
l e f t  not over 0 . 3  ml excess  e l e c t r o l y t e .  On overnight  s t and  even t h e  
0.3 m l  was absorbed by t h e  s e p a r a t o r s  and e l e c t r o d e s ,  l eav ing  no 
e l e c t r o l y t e  v i s i b l e .  The average of two c y c l e s  of d i scha rge  of t h e s e  
very much " s t a rved  e l e c t r o l y t e "  ce l l s  was about 6 . 6  hours.  It i s  
apparent  tnen t h a t ,  a f t e r  c e l l s  are formed and t h e  a c t i v e  p a r t s  w e l l  
s a t u r a t e d  with e l e c t r o l y t e ,  t h e  s u r p l u s  can  b e  removed l e a v i n g  no 
adve r se  c o n d i t i o n ,  u n l e s s  extended cyc l ing  removes e l e c t r o l y -  o r  wa te r  
by some s i d e  r e a c t i o n  i n  t h e  cell .  Table 1 relates  e l e c t r o l y t e  dep th  
t o  hour s  c a p a c i t y  t o  0.9OV. 

The e f f e c t  of high temperature  

C e l l s  1883 and 1884 w e r e  cycled a t  25", 40" and 50°C.  
gives t he  c a p a c i t i e s  t o  0.9OV and f i g u r e  4 shows t y p i c a l  curves .  I n  
[Ire Ago to Ag,O r e g i o n  t h e  CCV a t  50" is about 0.08V higher  than  t h a t  
a t  2 5 " ,  w i t h  (hat  a t  40" in t e rmed ia t e  between t h e  two. 
A x  r eg ion  there a r e  the  same r e l a t i v e  p o s i t i o n s ,  b u t  t h e  d i f f e r e n c e  
between the  extremes is only 0.02V. To e s t a b l i s h  any s u p e r i o r i t y  R S  

f:lr a s  amp h r  c a p a c i t y  is concerned more d a t a  would have t o  b e  obtained.  

Table  2 

I n  t h e  Ag20 t o  
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It i s  hard t o  imagine t h a t  44% KOH (11.64 molar)  i s  t h e  optimum 
concen t r a t ion  f o r  t h e  b e s t  perforlnance f o r  t h e  p a r t i c u l a r  a p p l i c a t i o n  
a t  hand, u n l e s s  the  v e r y  same cyc l ing  procedure used i n  t h e  a p p l i c a t i o n  
was used i n  choosing t h e  KOH concen t r a t ion .  According t o  informat ion  
g iven  by Paul  Howard i n  May 1965 t h i s  was n o t  done, b u t  t h e  concen t r a t ion  
was s p e c i f i e d  i n  t h e  Yardney p a t e n t  f o r  Ag-Cd ce l l s .  A t  t h e  p r e s e n t  
t i m e  one p a i r  of c e l l s  h a s  been a c t i v a t e d  w i t h  a 49.3% KOH (1?.24 molar) 
and the o t h e r  p a i r  wi th  33% KOH (7.9 molar) s o l u t i o n .  The ce l l s  a r e  i n  
t h e  forming per iod  and noth ing  can be s a i d  a s  t o  what r e s u l t s  t o  expec t .  
S ince  t h e  conductance i s  b e s t  i n  7 molar KOH, one might expec t  t h i s  t o  
be b e s t  f o r  Ag-Cd c e l l s .  The conductance of 7 molar i s  twice t h a t  of 
t h e  e l e c t r o l y t e  supp l i ed  by Yardney. 

A s tudy  of t h e  gas s ing  of a Ag-Cd c e l l  

A f t e r  c e l l  No. 1065 was charged a t  25" and l e t  s t a n d  two months 
i t  was a t t ached  t o  a modif ied gasometer ( s e e  f i g u r e  5 )  i n  a 50" c a b i n e t .  
On an 18 hour s t and  i t  took up 0.92 m l  oxygen. On a 5.7 h r  d i scha rge  
t o  0 . 7 6 V  i t  consumed 2.88 m l  more. Even du r ing  13.5 h r s  charge  a t  300 ma 
(to 1.47V) i t  r e q u i r e d  2 .47  m l .  While t h e  v o l t a g e  was r i s i n g  from 1.47 
t o  1.49V evoluti-on began. ( 0 . 5 7  m l  evolved . )  While t h e  v o l t a g e  was 
r i s i n g  t o  1.65 i n  1 . 7  h r s  2 7 . 1  m l  were g iven  o f f .  Twelve minutes  l a t e r  
t h e r e  were 9 . 3  1111 a d d i t i o n a l .  When t h e  charge  was s topped a t  a moment 
when p res su re  w~is r e l i e v e d  by a withdrawal of mercury, t h e  e v o l u t i o n  
ce:ised w i t h i n  5 seconds.  I f  t h e  c e l l  was on open c i r c u i t  and t h e  gas  
p rc s su re  e q u i l i b r a t e d ,  10  seconds a f t e r  beginning a 300 ma charge  t h e  
evo lu t ion  of  gas  was i n  evidence.  Hence, i t  appears  t h a t  a t  5 0 ° C ,  a t  
l e a s t ,  t h e  changes from gass ing  t o  non gass ing  and v i c e  v e r s a  on t h e  
p l a t e s  :<re  promptly r e f l e c t e d  i n  t h e  space  above t h e  p l a t e s .  When the 
e l e c t  rocicx p l a t e s  were submerged i n  e l e c t r o l y t e ,  oxygen consumption was 
rniicll s l o w e r  dur ing  open c i r c u i t  s tand .  I n  a complete c y c l e  involv ing  
purposefu l  o v e r c h a r g e  and a long s tand  pe r iod  6 1  ml of gas  w e r e  evolved 
2nd 58 in1 were consumed. (A s tudy  of gas  evo lu t ion  and consumption i n  
noriri,il c e l l  cyc l ing  h a s  n o t  been made.) A t  some charge r a t e  near  8 ma 
on a f u l l y  charged c e l l  t h e r e  i s  an equ i l ib r ium between g a s  evolved and 
gas  consumed, t h e  c e l l  having a v o l t a g e  of 1 .52V.  

It has  been assumed t h a t  a lowering of gas  p r e s s u r e  means 
consumption of oxygen and an i n c r e a s e  means evo lu t ion .  Changes of t h e  
s t r r i c tu re  of the  Cd-Cd(OH), and Ag-Ag O-Ago p l a t e s  could account f o r  

2 sowe v o l ~ i m e  changes.  
c e r t a i n  e l e c t r o l y t e  l e v e l  a t  a l l  t i m e s  by adding o r  s u b t r a c t i n g  e l e c t r o l y t e  
a s  requi red .  More w o r k  needs  t o  b e  done a t  t h i s  p o i n t .  

Some-prellrninary s t e p s  were taken t o  ma in ta in  a 

4 



. Conposi t ion a5 p o s i t i v e  p l a t e  

A f u l l y  charged p o s i t i v e  p l a t e  of c e l l  No.  1855 was analyzed by 
X-ray d i f f r a c t i o n  methods. The composition r e p o r t e d  was 50% Ago, 
25% Cd(0H) , 20%'Ag 0 and 0% Ag,CO . The r eason  f o r  such a l a r g e  
amount of i g  0 i s  not  apparent  i t  ?he p resen t  t i m e .  
i n v e s t i g a t i o n .  

2 
This  b e a r s  f u r t h e r  2 

Examination of c e l l  - N o .  1879 

Th i s  c e l l  was one t h a t  had been modified by D r .  Carson of t h e  
General E l e c t r i c  Company t o  inc lude  a t h i r d  e l e c t r o d e  c o n s i s t i n g  of 
piat inum black a d  pa1ladi-m enmeehed i n  a n i c k e l  g r i d .  
f a i l e d  t o  h o l d  a charge s a t i s f a c t o r i l y .  One s i d e  of t h e  c e l l  c a s e  had 
been removed, a p l a s t i c  s e p a r a t o r  i n s e r t e d  and then t h e  a d d i t i o n a l  
e l e c t r o d e .  To keep t h e  e l e c t r o d e  c l o s e  t o  t h e  nearby Cd e l e c t r o d e  a 
spongy p l a s t i c  g r i d  was added and then a new r i g i d  p l a s t i c  cove r -p l a t e  
was cemented t o  t h e  s i d e s  of t h e  c e l l  case. 

The c e l l  had 

It seemed t h a t ,  when the c e l l - c a s e  s i d e  was sawed, t h e  s e p a r a t o r  
had  been c u t  and the  Cd e l e c t r o d e  exposed t o  t h e  e l e c t r o l y t e  and 
p o s s i b l y  " t reed" t o  t h e  t h i r d  e l ec t rode .  I n s p e c t i o n  of t h e  n e a r e s t  
Cd e l e c t r o d e  shoved t h a t  t h e  f a c e  toward t h e  added t h i r d  e l e c t r o d e  was 
h l ack ,  e s p e c i n l l y  a t  t h e  bottom and near t h e  damaged s e p a r a t o r ,  while  
t he  o t h e r  s i d e  and t h e  o t h e r  Cd e l e c t r o d e s  were gray.  Spectrographic  
a n a l y s i s  showed the  ques t ionab le  Cd p l a t e  t o  c o n t a i n  Pd 0.1 t o  1%, 
N i  0 .1  t o  l % , P t  0.01 t o  0.1'7, and Ag > 10%. See appended t a b l e  3. 

The i n c l u s i o n  of plat inum and/or  palladium i n  a silver-cadmium 
cell i s  considered by some a u t h o r i t i e s  t o  be ve ry  r i s k y  and most l i k e l y  
unsuccess fu l .  

An e x a n i n r t i o n  of two o the r  r o d i f i e d  c e l l s  i s  under way. One of 
t h e s e  h a d  f a i l e d  and tne o t h e r  had not .  It w i l l  be i n t e r e s t i n g  t o  s tudy  
the!.; b o t h  s imultaneously.  

Cons ide ra t ion  of Equi l ibr ium of t he  AgO-Ag 0 0 system. 

T t  ' J A S  hoped t h a t  t h e  type of s t u d y  made on e q u i l i b r i a  of MnO 
M l I , , O .  r.!] oxides (IF lead [31 and Ag 0 r41 might be extended to AgO."The 
VH'IIICS f o r  the  S'' 
roii~,li c a l c i i l a t  ionfog9?he equ i l  ihriiirii oxygen p r e s s u r e .  

-2 

rl l  
2 given by Glclssner [51 were used t o  provide n 

jL 
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2Ag + O2 = Ag202 9.0 kcal /mole 

-2.65 kcal /mole 

-11.65 kcal /mole 

2 A g  i- 1 1 2  o2 = A&$ 

Ag202 = Ag20 + 1 1 2  O2 

-m - = 4.5756 x 1 / 2  l o g  p02 
T 

log  p02 = 17.1 a t  298°K 

So the  equ i l ib r ium p res su re  would be about lo1’ atmospheres! 
Consequently the  p l an  t o  measure equ i l ib r ium p r e s s u r e s  was abandoned. 

D i s soc ia t ion  of ARO i n  KOH s o l u t i o n .  

A f t e r  approval was gran ted  January  12 by Thomas Hennigan a 
program was undertaken t o  determine t h e  ra tes  of r e a c t i o n  of Ago i n  
va r ious  concen t r a t ions  of KOH s o l u t i o n .  The u l t i m a t e  s tudy  i n  t h i s  
i n v e s t i g a t i o n  should be t h a t  of t h e  Ago which i s  produced du r ing  charge 
of a Ag-Cd c e l l .  The use  of commercially produced Ago i s  s imple r ,  t h e  
m a t e r i a l  e a s i e r  t o  g e t  and t h e  r e s u l t s  may be of a more l a s t i n g  va lue .  
Since t h e r e  a r e  p r a c t i c a l l y  no d a t a  i n  t h e  l i t e r a t u r e ,  t h e  r e s u l t s  
should b e  pub1 i shed. 

The s tudy  was begun by p u t t i n g  some d ry  Merck Ago i n  a thermal 
balance and slowly r a i s i n g  t h e  temperature  s tepwise .  A t  50°C t h e  
weight i nc reased  wi.th time i n  a r a t h e r  uniform manner. A t  73°C t h e r e  
was a s t eady  l o s i n g  of weight.  
on ly  to  the  withdrawal of CO from t h e  a i r .  On t h i s  account i t  was 
decided t o  change immediately t o  a c losed  system and measure oxygen 
cvolu t ion  i n s t e a d  of weight l o s s .  For the  d i s s o c i a t i o n  i n  KOH s o l u t i o n  
two l o t s  of Ago have been used,  -one from Handy and Harman and t h e  o the r  
from the Ames Chemical Works. Both a r e  r epor t ed  t o  be 97 t o  98% Ago. 

The i n c r e a s e  a t  50°C could be a t t r i b u t e d  

2 

The  appara tus  used was p r e c i s e l y  t h a t  desc r ibed  i n  an a r t i c l e  on 
the  Gassing of D r y  C e l l s  [ 6 ] .  
s o l u t i o n  was put  i n  an open b o t t l e  i n  t h e  c e l l  cup. Af t e r  temperature  
s t a b i l i z a t i o n  and t h e  stopcock a top  t h e  mercury r e s e r v o i r  was c losed  
mercury was added t o  or taken from t h e  r e s e r v o i r  u n t i l  t h e  tungs ten  rod  
made e l e c t r i c a l  con tac t  w i th  t h e  mercury i n  t h e  manometer. Then t h e  
a i r  p re s su re  r e fe rence  tube was c losed  and t h e  barometr ic  p r e s s u r e  read.  

(See f i g u r e  5 . )  A sample wi th  KOH 

When a s u i t a b l e  amount of 0 was evolved, a s  judged by t h e  movement 2 of  mercury i n  t h e  manometer, mercury was removed from t h e  r e s e r v o i r  
u n t i l  e l e c t r i c a l  con tac t  was r e - e s t a b l i s h e d .  The weight of t h e  mercury 
removed allowed the  c a l c u l a t i o n  of 0 evolved and from t h i s  and t h e  time 2 clnpsed the  r a t e  could be obta ined .  

I n i  t i  a l l y  t h e  Handy and M.nrmnn Ago was used s e p a r a t e l y  wi th  442 KOH 
( 1  I .  64 molar,  suppl ied by Yardney), w a t e r  ;ind no l i q u i d .  These were 
bollowed by d i l r i ted  Yardney e l e c t r o l y t e s , - a  I to 2 (3.97 m o l a r )  nnd ‘2  

b 



? t o  l ( 7 . 9 0  m l a )  mixture  with water.  Also a much di1ui:ed soLutlon 
; J Z ~  used i n  which t h e r e  were 10 p a r t s  water t o  1 p a r t  44% KOH. This 
s o l u t i o n  W Z S  1.358 molzr. So f a r  d i s s o c i a t i o n  has  been s t u d i e d  only 
a t  50°C.  P r e p a r a t i o n s  have been made t o  go t o  h ighe r  t e n p e r a t u r e s ,  
t h e  r easons  being simply t o  g a t h e r  t h e  data  and then t o  tes t  a 
s t a t emen t  imde  i n  a Naval Ordnance Laboratory r e p o r t  (NOLTR 62-187) 
t h a t  A g . 0  decomposes "some" a t  71°C. This i s  inconceivable  from 

therniodynaruic s t m d p u i n t -  The d i a s o c i a t i t m  of Ago h a s  been 
found t o  b e  slow even a t  50°C,  b u t  even 80 t h e r e  should b e  a 
l i m i t e d  s t u d y  made a t  25°C and maybe 0 ° C .  

1 

F i g u r e  6 shows t h e  re la t ive rates i n  t h e  e a r l y  s t a g e s  f o r  t h e  
components desc r ibed  above. 
Ago became exhausted, a change w a s  made t o  t h e  Ames product  and 
a cu rve  f o r  i t  i s  included i n  f i g u r e  6. Thus t h e  two p roduc t s  are 
q u i t e  a l i k e  b u t  no t  i d e n t i c a l .  It should be observed t h a t  t h e  
weaker t h e  KOH, t h e  slower t h e  d i s s o c i a t i o n .  An anomalous f a c t  
i s  t h a t  water-wet Ago i s  slower than dry Ago. 

'winen Che s i p p l y  c;f EJ,ar?dg and Harman 

The Ago i n  11.64 molar KOH h a s  been i n  t h e  p rocess  of 
d i s s o c i a t i n g  f o r  2300 hours  and, based on t h e  weight of Ago 
sample, i t  has  ano the r  month t o  g e t  near completion. It i s  
remarkable how c o n s t a n t  t h e  r a t e  ho lds  for more than  h a l f  t h e  
d i s s o c i a t i o n  a f t e r  t h e  f i r s t  100 h r s  of s t a b i l i z a t i o n .  The volume 
is n e a r l y  l i n e a r l y  p r o p o r t i o n a l  t o  t h e  t i m e .  See f i g u r e  7. 

. With 3.97 and 1.058 molar and with water, t h e  p l o t  of volume 
a g a i n s t  t i m e  was p a r a b o l i c  a f t e r  temperature s t a b i l i z a t i o n .  This  
suggested t h a t  t h e  volume was p ropor t iona l  t o  t h e  squa re  r o o t  of 
t i m e .  F igu re  8 shows how nea r  t h i s  i s  t r u e .  The 7.90 inolar gave 
no s t r a i g h t  l i n e  e i t h e r  way. A l l  t h i s  means t h a t  t h e  e v o l u t i o n  
of oxygen by Ago t a k e s  p l a c e  i n  two ways o r  more. Rates  of 
d i s s o c i a t i o n  determined i n  t h e  100 h r  t o  300 h r  r e g i o n  have been 
intercompzred. The r a t e s  w e r e  found t o  b e  no f u n c t i o n  of t h e  %KOH, 
m o l a r i t y  o r  a c t i v i t y ,  bu t  t h e  log of the r a t e  was d i r e c t l y  
p r o p o r t i o n a l  t o  t h e  m o l a l i t y  of t h e  KOH. (See f i g u r e  9 . )  

Since i t  has  been shown above t h a t  t h e  r a t e  of d i s s o c i a t i o n  
of  AgO i n c r e a s e s  g r e a t l y  as t h e  KOH concen t r a t ion  goes up, t h e  
equa t ion  for t h e  r e a c t i o n  as i t  a c t u a l l y  t a k e r  p l a c e  must i nvo lve  
OH- ions .  The d i s s o c i a t i o n  is u s u a l l y  w r i t t e n  

2AgO -t Ag20 + 112 O2 

This  might be t h e  mechanism when only water is p r e s e n t  or when t h e  
sample is  dry.  F o r  t h e  concen t r a t ed  s o l u t i o n s  i t  i s  proposed t h a t  
t h e  r e a c t i o n  be w r i t t e n  

2Ag0 + OH- -4 Ag20 + He2  
followed by 

H02 + OH- + 1 / 2  O2 

7 



Work i n  progress c r  contemplated 
. 

It  i s  not ye t  known if 44% KOH i s  t h e  b e s t  c o n c e n t r z t i o n  f o r  
A g - C d  cells f o r  the NASA a p p l i c a t i o n .  I f  s o ,  why i s  i t?  
(;onduct;ince p o i n t s  away €rom t h i s  c o n c e n t r a t i o n .  F a c t o r s  such a s  
; r c t l v i t y ,  v i s c o s i t y ,  s o l u t i o n  e f f e c t  on t h e  e l e c t r o d e s ,  e t c .  need 
t o  be considered.  The s o l u b i l i t i e s  of Cd (OH) , Ago and Ag20 i n  
h i g h  concen t r a t ions  of KOH a r e  n o t  a v a i l a b l e .  21t i s  proposed t o  
ob ta in  theee.  It may be c i t e d  i n  t h i s  connect ion t h a t  oxides  of 
manganese a r e  ve ry  low i n  s o l u b i l i t i e s .  
t o  Scholder and Kolb [SI i n  s t a t i n g  t h a t  t h e  s o l u b i l i t i e s  are ve ry  
small (about 4 x 10 'M) i n  n e u t r a l  o r  t he  usua l  a l k a l i n e  s o l u t i o n s  
bu t  " s o l u b i l i t y  i n c r e a s e s  r a p i d l y  w i t h  i n c r e a s i n g  KOH o r  NaOH 
concen t r a t ion  . . . . " 

Kozawa and Yeagerr71 r e f e r  

The r a t e  of d i s s o c i a t i o n  of Ago i n  KOH s o l u t i o n s  a t  50°C i s  
n e a r l y  completed. It i s  planned t o  g e t  d a t a  a t  a h ighe r  temperature  
because the r e a c t i o n  should be f a s t e r  and because NOL s t a t e s  t h a t  
a t  7 1 ° C  some f ree  s i l v e r  i s  produced. 

Ago should be removed from a f u l l y  charged c e l l  and i t s  
decomposition r a t e  compared wi th  o t h e r  rates given i n  t h i s  r e p o r t .  

To g e t  some idea  a s  t o  t h e  e f f i c i e n c y  of t h e  c e l l s  on 
d i scha rge  t h e  weights  of a c t i v e  components should be determined. 
The manufacturer d e c l i n e s  t o  p rov ide  t h i s  information.  

The amount of g a s  produced and consumed during normal c y c l i n g  
has not  been determined a t  any temperature .  

The r e v e r s a l  of a c e l l  during d i scha rge  of R b a t t e r y  of c e l l s  
may occur. This  can be s imulated by charging a c e l l  i n  r e v e r s e  a t  
a low r a t e .  The p roduc t ion  of hydrogen i n  t h i s  p rocess  and t h e  
p o s s i b l e  d i s p o s a l  of t h e  hydrogen need t o  be s tud ied .  

The s tudy  of n second c e l l - f a i l u r e  of General E l e c t r i c  
modified c e l l s  i s  i n  p rocess .  It appears  t h a t  a si lver e l e c t r o d e  
i s  t h e  cause of f a i l u r e .  During a 40 hour s t and  a f t e r  charge t h e  
Ago seemed t o  have been l o s t .  The evidence i s  t h a t  t h e r e  was on ly  
the Ag 0-Ag v o l t a g e  level during d i scha rge .  The c e l l  must be 
opened and examined. 2 

It might be p r o f i t a b l e  t o  sever one of t h e  cadmium p l a t e s  
and u s e  i t  a s  a r e f e r e n c e  e l e c t r o d e  i n  a c e l l .  By t h i s  means both 
t h e  s i l v e r  and t h e  working cadmium e l e c t r o d e s  could be s t u d i e d  during 
charge and d i scha rge .  

So very l i t t l e  w o r k  has been done t o  produce a cons t an t  v o l t a g e  
c e l l  t h a t  i t  h:ls riot been included i n  t h i s  r e p o r t .  
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TABLE l--THE EFFECT OF ELECTROLYTE LEVEL 

CYCLE 
NO. 

1 
2 

3 
4 

5 

6 
7 
8 
9 

10 

11 
1 2  

13 
14 
15 

16 
1 7  
18 
1 9  

10 

(Cel l s  Nos. 1881 and 1858) 

ELECTROLYTE 1 AMP DISCHARGE ELECTROLYTE 
DEPTH BEFORE TO 0.90V DEPTH AFTER 

DISCHARGE DISCHARGE - 1881 1858 1881 1858 1881 1858 
CM CM HRS HRS CM CM 

6.7 4.6 
1 . 7  1 .4  6.9 5.1 TRACE NONE 

Added 2.2 m l  e l e c t r o l y t e  t o  No. 1858 

1.8 3.1 7.0 6.8 0.8 1.9 
1.8 2.8 6.9 6.5 0.7 1.7 

Removed 0.5 m l  e l e c t r o l y t e  from No. 1858 

1 .8  2 . 1  6.8 6.2 0.8 1.0 

E lec t ro ly t e  added: 4.0 m l  t o  1881 and 3.5 m l  t o  1858 

4.2 4 .3  6.6 5.8 
4.2 4.5 7 . 1  6.7 3.6 4.0 
4.0 4.7 7.0 6.6 
4.3 4.4 7.0 6.7 

6.8 6.4 3.5 4.2 

E lec t ro ly t e  removedr 2.5 m l  from 1881 and 2.8 from 1858 

1.1 1.1 

2.4 2.3 7.31 6.9 1.6 1.6 
2.6 2.5 6.71 6.4 
2.6 2.5 E lec t ro ly t e  removed: 1.4 m l  from each 

0.8 0.7 
1.1 1 . 2  
1 . 2  1 . 2  

6.7 6.2 
6.8 6.4 
6.8 6.6 

0 0 
0 0 
0 0 

Elec t ro ly t e  removed: 0.7 m l  from 1881 and 0.9 m l  from 1858 

TRACE TRACE 6.6 6.2 
11 6.5 6.6 

6.8 6.6 
6.8 6.5 

I 1  

I 1  11 

11 II 

0 0 
0 0 
0 0 
0 0 



TABLE 2--TEE EFFECT OF HIGB TEMpERAWRE 

(Cells Nos. 1883 and 1884) 

cycm TEMPERATURE STAND 1 AMP DISCHARGE 
NO. CHARGE DISCHARGE CHARGED To 0.9OV 

OC O C  HOURS 1883 1884 
1 HOURS HOURS 
I 

I i 

I 3 

4 

5 

6 

7 

I 8 

I 9 

10 

25 

25 

25 

40 

40 

40 

25 

50 

so 

50 

25 

25 

40 

40 

40 

25 

50 

50 

50 

25 

24 

64 

25 

19 

20 

18 

16 

0.2 

2 . 3  

19 

7.2 6.5 

7 . 1  6 .4 

7.2 6.7 

7 . 7  7 . 7  

7 .4  7 . 6  

6.9 7.2 

7 .0  7 . 2  

7; 8 7 .8  

7.6 7 .6  

7 . 2  6 .8  

11 



TABLE 3 

TABLE OF RESULTS 

No. L a b o r a t o r y  No. L a b e l  of Sample 

2 - 
3 35440b Crumbly plate comp-rmatnrial 
4 
5 

Metal Grid - 1  35440a - 
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Figure 5. Gasometer. 

For cel l  No. 1065 
ce l l -cup 5 w a s  replaced 
by an adaptor to which 
c e l l  was connected by a 
rubber tube. 
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