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. 
C€lARA.CTERIZATION OF RECOMBINATION AND CONTROL ELECTRODES 

FOR SPACECRAFT NICKEL-CADMIUM CnLS 

by 
S. Lerner and H. N. S e i g e r  

ABSTRACT 

Cells con ta in ing  var ious  materials as oxygen scavenger 
e l e c t r o d e s ,  and c e l l s  con ta in ing  a c t i v e  Adhydrodes i n  various 
p o s i t i o n s ,  have been prepared and s t u d i e d  i n  o rde r  t o  determine 
t h e  b e s t  combination f o r  u s e  i n  c e l l s  t h a t  w i l l  c o n t a i n  both 
types  of e l e c t r o d e s .  It has  been determined t h a t  t h e  b e s t  
scavenger e l e c t r o d e  m a t e r i a l  i s  t h e  AB6X f u e l  ce l l  e l e c t r o d e  
and t h e  b e s t  p o s i t i o n  f o r  t h e  Adhydrode i s  i n  t h e  c e n t e r  of  
t h e  pack. Pre l iminary  t e s t i n g  of cells  wi th  both types D f  
a u x i l i a r y  e l e c t r o d e s  has been i n i t i a t e d .  
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INTRODUCTION 

High rate charging ( r a t e s  i n  excess of C/5) of sea l ed  n i cke l -  
I t s  d e s i r a b i l i t y  cadmium b a t t e r i e s  is a d e s i r a b l e  mode o f  charge.  

i s  due t o  t h e  n e c e s s i t y  of f a s t  charging a f t e r  deep d i scha rge  i n  
low o r b i t s ,  and also because a h ighe r  rate charge is e f f i c i e n t .  
High r a t e  charging is avoided except  where con t ro lo f  t h e  amount of 
charge may be  employed. 
charge.  The minimum input  must  be t h a t  which compensates f o r  charge 
i n e f f i c i e n c y ,  o r  else t h e r e  w i l l  be a con t inua l  rundown i n  capac i ty ,  
and t h e  maximum input  avoids  bu i ld ing  up pressures  t o  the  b u r s t  po in t .  
A good c o n t r o l  s t o p s  o r  alters charge a f t e r  t he  p o i n t  where t h e  
overcharge compensates f o r  charge i n e f f i c i e n c y ,  and before  the  p o i n t  
where t h e  i n t e r n a l  c e l l  p re s su re  becomes excess ive .  

When c o n t r o l l i n g ,  w e  must inc lude  some over- 

A c o n t r o l  t h a t  has  many a t t r a c t i v e  a t t r i b u t e s  i s  t h e  Adhydrode B 
( t h e  adsorbed Iiydrogen e l e c t r o d e ) .  
p o i n t ,  which is t h e  s i g n a l  across  t h e  load r e s i s t o r  between t h e  
Adhydrode and t h e  nega t ive  e l e c t r o d e ,  a s i n g l e  l e v e l  can s a f e l y  and 
adequate ly  c o n t r o l  high rate charge over  a s u i t a b l e  range of t em-  
pe ra tu re s .  The Adhydrode is, i n  amanner  of  speaking,  a s e l f -  
powered t ransducer .  I f  t he  c e l l  c h a r a c t e r i s t i c s  change wi th  use  
o r  time, t h e  r e s u l t  i s  t h a t  t h e  s i g n a l  generated w i l l  r e f l e c t  t h i s  
change. This s i t u a t i o n  does,  i n  f a c t ,  occur .  The negat ive  e l e c -  
t r o d e s  recombine oxygen a t  decreasing rates over s e v e r a l  hundred 
cyc le s .  I f  w e  can g e t  t he  oxygen recombination a t  f a s t e r  r a t e s ,  
t h i s  disadvantage of t he  Adhydrode can be overcome. 
or  scavenger e l e c t r o d e ,  appears t o  be a reasonable  approach t o  t h i s  
p ro  b 1 em. 

By c a r e f u l  s e t t i n g  of  t h e  t r i p  

An oxygen g e t t e r ,  

The o b j e c t i v e  of  t h i s  program is t o  produce c e l l s  conta in ing  
t h e  Adhydrode and scavenger e l ec t rodes .  
through an i n v e s t i g a t i o n  of m a t e r i a l s  as a scavenger e l e c t r o d e ,  and 
t h e  f a b r i c a t i o n  of  such cel ls  and b a t t e r i e s  f o r  eva lua t ion .  

This  w i l l  be accomplished 

- 1- 



OUTLINE OF PROGRAM 

The program has been completely o u t l i n e d  i n  t h e  previous quar- 
t e r l y  r e p o r t  and w i l l  be  reviewed he re  only  b r i e f l y .  
has  been d iv ided  i n t o  t h r e e  p a r t s .  The f i r s t  involves  t h e  eva lua t ion  
and improvement of scavenger e l ec t rodes .  n e  second p a r t  of t he  
program w i l l  be an eva lua t ion  of t h e  t h i r d ,  o r  a c t i v e  Adhydrode, 
e l e c t r o d e  c h a r a c t e r i s t i c s ,  
devoted t o  t e s t i n g  c e l l s  conta in ing  t h e  b e s t  f e a t u r e s  determined 
from t h e  f i r s t  two p a r t s  of t h e  program. 

The program 

The f i n a l  p a r t  of t h e  program w i l l  be  

Tes t ing  of Scavenger Elec t rodes  

Scavenger e l e c t r o d e s  of t h e  Adhydrode type ,  of va r ious  p o r o s i t i e s  
and th i cknesses ,  along wi th  two d i f f e r e n t  types of f u e l  c e l l  e l e c t r o d e s ,  
were t e s t e d  t o  determine t h e i r  a b i l i t y  t o  recombine oxygen. These 
were t e s t e d  i n  both working c e l l s  and i n  a s p e c i a l l y  designed test  
chamber 11) 

Active (Third) Elec t rode  

Three l o c a t i o n s  f o r  t h e  a c t i v e  e l e c t r o d e  were s tud ied ;  they are: 

(1) 
(2) 
(3) 

A "U" shaped e l ec t rode  placed i n  a s i d e  p o s i t i o n .  
A f l a t  p l a t e  e l ec t rode  placed a t  one end of t h e  pack. 
A f l a t  p l a t e  e l ec t rode  placed i n  the  cen te r  of  t he  pack. 

Test ing 

When the  optimum conf igura t ions  f o r  t h e  scavenger and s i g n a l i n g  
e l e c t r o d e s  have been determined, they w i l l  be used i n  combination f o r  
f i n a l  t e s t i n g .  

(1) Temperature C h a r a c t e r i s t i c s .  - The above c e l l s  s h a l l  be t e s t e d  a t  
four  d i f f e r e n t  temperatures  and t h r e e  d i f f e r e n t  depths  of d i scharge .  
The test s h a l l  be 1 week's cyc l ing  a t  each temperature  and depth of 
d i scha rge  us ing  a 60-30 minute o r b i t .  

. L i f e  Tes t inq .  - The b e s t  cells w i l l  be l i f e  t e s t e d  a t  room temperature  
a t  both 40% and 60% depths  of d i scha rge  us ing  a 60-30 minute o r b i t .  

- 2- 



EXPERIMENTAL PROCEDURES & RESULTS 

Cons t ruc t ion  & Test ing  Of C e l l s  With Scavenger Elec t rodes  

Eighteen test  cells  (numbered 1 through 18) w e r e  cons t ruc ted  wi th  
six d i f f e r e n t  conf igu ra t ions  as shown i n  Table  I. 
f i l l e d  wi th  45 cm3 of e l e c t r o l y t e ,  evacuated and p res su r i zed  t o  50 PSIG 
wi th  oxygen which was allowed t o  recombine. From t h e  void volume of  
t h e  c e l l s  (102 cm3) i t  was  determined t h a t  t h e  capac i ty  of  t h e  nega- 
t ives w a s  reduced by 1.5 AH. 

The cel ls  were 

A l l  ce l l s  were then  placed OR a C/10 (1.2 A) charge t o  determine 
capac i ty .  

A f t e r  12 hours  of t h e  C/10 charge ra te ,  only  a few ce l l s  d id  
n o t  leak and some had h igh  pressures .  A t  t h e  end of 20 hours a t  t h e  
C/10 ra te ,  3 cel ls  reached a s t eady  s ta te  pressure .  
then  discharged a t  C / 2  (6.0 A) and t h e  c a p a c i t i e s  are given i n  
Table 11. 

The ce l l s  were 

Based on t h e  low capac i ty  of  t h e  c e l l s  t h a t  contained m u l t i p l e  
pas s ive  Adhydrodes a long  wi th  t h e  f a c t  t h a t  l a r g e  amounts of  hydrogen 
were evolved due t o  t h e  low negat ive  capac i ty ,  it w a s  decided t o  con- 
c e n t r a t e  on t h e  f u e l  c e l l  e l e c t r o d e s ,  e s p e c i a l l y  t h e  American Cyanamid 
ABGX, as t h e  p r e f e r r e d  scavenger e l e c t r o d e s .  

Twelve a d d i t i o n a l  c e l l s  were b u i l t  and t h e i r  cons t ruc t ion  i s  
The negat ives  were discharged 1.5 AH by t h e  shown i n  Table  111. 

a d d i t i o n  of  oxygen. The ce l l s  w e r e  then subjec ted  t o  four  charge- 
d i scha rge  c y c l e s  a t  5 amperes t o  determine t h e i r  capac i ty .  The re- 
sults of t h e s e  capac i ty  tests are shown i n  Table I V .  Based on the  
c a p a c i t y  d a t a ,  ce l l s  22, 23, 24, and 26 were chosen f o r  f u r t h e r  
t e s t i n g ,  r a t e d  a t  9.5 AH capac i ty ,  and placed on a manual 55% depth 
of d i scha rge  c y c l e  us ing  a 90 minute o r b i t  wi th  a 20% overcharge.  
Upon t h e  completion of n ine  cyc les  on t h i s  o r b i t ,  a l l  of  t h e  c e l l s  
had r u n  down t o  an end discharge  v o l t a g e  of  1.0 v o l t  o r  l e s s .  

Cells 23 and 2 4  were again p laced  on c y c l e  a t  a 55% depth of 
d i scha rge  wi th  a 10% overcharge. 
o f  charge followed by 30 minutes of  d i scharge .  Both c e l l s  s a t i s -  
f a c t o r i l y  completed 113 cyc le s ,  w i t h  ce l l  23 ope ra t ing  a t  a p re s su re  
of  between 1 and 10 PSIA and c e l l  24 ope ra t ing  between 40 and 50 PSIA. 
A t  t h e  end o f  charge ,  on t h e  114th c y c l e ,  c e l l  24 c a t a s t r o p h i c a l l y  
f a i l e d  a t  50 PSIA; v o l t a g e  measurements i nd ica t ed  t h a t  t h e  c e l l  had 
n o t  shor ted .  A p o s t  mortem on t h e  c e l l  revea led  t h a t  t h e  s e p a r a t o r  
had melted on t h e  bottom edge of  fou r  of  t h e  p l a t e s .  I f ,  two of t h e  
p l a t e s  (a p o s i t i v e  and a negat ive)  had momentarily sho r t ed  and t h e  
gas  w a s  a mix tu re  of  hydrogen and oxygen, t h e  spark  caused by t h i s  
s h o r t i n g  may v e r y  w e l l  have caused t h e  f a i l u r e .  
on c y c l e  and h a s ,  t o  d a t e ,  ( P 2 / 9 / 6 6 )  completed 320 s a t i s f a c t o r y  cyc le s  
and i s  o p e r a t i n g  i n  t h e  p re s su re  range  of 2 t o  10 PSIA. 
t h a t  i f  t h e  charge  had been c o n t r o l l e d  by means of t h e  Adhydr3de s i g n a l ,  
t h e  f a i l u r e  of ce l l  24 would have been avoided. 

The c y c l e  cons i s t ed  of 60 minutes 

C e l l  23 w a s  Dut back 

It i s  probable  

- 3- 



TABLE I. CONSTRUCTION OF SCAVENGER TEST CELLS 

Fuel Cell 

1- 3 

4- 6 

7- 9 

10- 12 

13- 15 

16- 18 

10 

9 

11 

7 

NO. POSITIVES 

1 Adhydrode 

2 Adhydrodes 

Control Cells 

4 Adhydrodes 

10 

10 

10 

10 

10 

10 

NO. NEGATIVES NO. & TYPE, 
SCAVENGER 

1 I 

TABLE 11. CAPACITIES OF CELLS AFTER 20 HOUR C/10 CHARGE 

CELL NO. 

2 

5 

6 

7 

8 

10 

14 

15 

17 

DISCHARGED C/2 

CAPACITY - AH 

8.6 

9.3 

9.2 

9.0 

10.4 

9.1 

7.6 

7.6 

7.6 

REMARKS 

Cells 1, 3, 4, 9, 11, 
12, 13, and 16 leaked. 

Cell 3.8 shorted 
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TABLE 111 

10 

CONSTRUCTION OF CELLS WITH SCAVENGER ELECTRODES 

10 

19-21 

22-24 

25-27 

28- 30 

NO. POSITIVE NO. NEGATIVE 
PLATES PLATES 

I 

10 10 

10 I 11 

10 I 

NO. & KIND SCAVENGER 
ELECTRODES 

Control Cells 

1 ABGX 

2 AB6X 

1 Leesona Moos 

I 

Cells 21, 25, and 27 were shorted and not tested. 
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TABLE IV 

CAPACITY DETERMINATIONS OF CEXLS KITH SCAVENGER 
ELECTRODES 

1 

2 

3 

4 

CELL I CELL 
19 20 

10.3 10.2 

8.8 8.8 

8.9 8.8 

8.3 8.0 

CAPACITY (AH)/CELL 
CELL 
22 

10.9 

10.1 

10.2 

9.8 

CELL 
23 

10.8 

9.2 

9.5 

9.5 

Avg. Last 
3 Cycles 8.7 8.5 

b 

CELL 
24 

10.8 

9.5 

9.3 

9.3 

9.4 

9.3 9.3 

CELL 
29 

9.3 

8.7 

8.7 

8.8 

8.8 

9.6 

.9.5 

9.5 

- 
CELL 
30 

9.3 

8.3 

8.7 

8.1 

8.4 

- 

9.1 

8.8 

9.1 

- 6- 
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Construction & Testing Cells With Active 
Adhydrodes 

CELL 
CAPACITY AH 

Nine cells with active Adhydrodes were built. Three cells had the 
Adhydrode in the "U" shape, three had the Adhydrode at one end of the 
pack, and three had the Adhydrode in the middle of the pack. 
struction of these cells is shown in Table V.. 

The con- 

40 41 1 42 1 43 
8 . 3  8.5 I 6 . 4  I 8 . 0  

Before testing, the cells were pressurized with enough oxygen to 
reduce the capacity of the negative by 1.5 AH. 
cycles at 5 Awere completed. 
and Adhydrode signal (across a 1 ohm resistor) were monitored. A 
typical Adhydrode signal versus pressure curve for each of the three 
Adhydrode positions is shown in Figures 1 - 3 .  The trend, shown by these 
figures, is followed in the other cycles in that the Adhydrode placed 
in the center of the pack showed a consistently greater signal to 
pressure ratio than the Adhydrodes placed in either of the other two 
positions. 

Three charge-discharge 
During the charge, both the pressure 

A possible explanation for the experimental results is the avail- 
ability of water to the Adhydrode. In the "U" position, water is 
available only due to the wicking action of the separator. 
when the Adhydrode is in the pack, water is available by direct contact 
with that absorbed in the electrodes and separator. Also, the Adhydrode 
in the center of the pack has both sides in contact, while in the end 
position, only one side is in direct contact with the liquid phase. 

However, 

Construction and Testing Cells With Scavenger 
Electrodes and Active Adhydrodes 

Four cells with scavenger electrodes and active Adhydrodes were 
constructed. Each cell contained 10 positives, 11 negatives, 1 AB6X 
fuel cell electrode shorted to the negative terminal and an active 
Adhydrode placed in the center of th pack and connected to a third 
terminal. The cells contained 45 cm KOH and were numbered 4 0 ,  4 1 ,  
4 2 ,  and 4 3 .  After construction, the cells were pressurized with enough 
oxygen that the capacity of the negatives was reduced by 1.5 AH. 
capacity of the cells was determined to be: 

5 

The 

The Adhydrode sensitivity was measured with a 1 / 4 ,  1, 7, and 100 
The sensitivity ohm resistor between the Adhydrode and the negative. 

curves are shown in Figures 4 ,  5, and 6 .  The cells were fully charged 
and then discharged to a 50% depth based on an 8.0 ampere-hour capacity. 

- 7- 



CELL 
NO. 

31-33 

34-36 

37-39 

TABLE V 

CONSTRUCTION OF CELLS WITH ACTIVE ADHYDRODE 

NO. POSITIVE 
PLATES 

EO 

10 

10 

NO. NEGATIVE 
PLATES 

10 

10 

10 

C e l l  31 was  s h o r t e d  and not tested. 

NQ & POSITION OF 
ADHYDRODE 

1 U Shaped 

1 End of Pack 

1 M i d d l e  of Pack 

, 
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The c e l l s  were then charged at 7.0 A (at  t h i s  ra te ,  34 minutes i s  re- 
quired t o  e x a c t l y  r e t u r n  the  removed capac i ty )  and the  pressure  r i s e  
and Adhydrode s i g n a l  (across  a 1 /4  ohm r e s i s t o r )  w e r e  recorded. 
d a t a  are shown i n  Table  V I .  A 1 / 4  ohm r e s i s t o r  was used s i n c e  t h e  
q u a n t i t y  measured i s  a c t u a l l y  vo l t age  and the  meter  on the  automatic 
cyc l ing  device  which w i l l  be used has a maximum f u l l - s c a l e  d e f l e c t i o n  
of  50 mv. 
t h e  experiment, it was decided to  use C e l l  42 as t h e  c o n t r o l l i n g  c e l l  
u s ing  a 25 mv Adhydrode cu t -of f .  F igure  7 shows the Adhydrode s i g n a l  
developed as a func t ion  of pressure  f o r  C e l l  42.- 

These 

From t h e  d a t a  i n  Table V I  and a subsequent r e p i t i t i o n  of 

S ince  t h e  automatic cyc le r ,  which allows t h e  c e l l s  t o  be charged 
. t o  an Adhydrode s i g n a l  cut-off  and then discharged,  i s  under con- 

s t r u c t i o n  bu t  is  no t  y e t  operable ,  t h e  four  cells  w e r e  manually cycled 
on a 60 minute charge-30 minute d ischarge  o r b i t  t o  50% depth of d i s -  
charge,  c o n s i s t i n g  of a charge l a s t i n g  t o  the  Adhydrode cu t -of f  
( 2 5  mv on C e l l  4 2 ) ;  an open c i r c u i t  s tand  f o r  t h e  remainder of t h e  
60 minute per iod  and a 30 minute d ischarge .  The c e l l s  completed s i x -  
t een  such cyc les .  F igure  8 is  a t y p i c a l  two c y c l e  curve f o r  t h e  
c o n t r o l  c e l l .  
which cons i s t ed  of a 5 .5  A charge f o r  60 minutes and a 9.5 A discharge  
f o r  30 minutes (60% DOD). 

Three of t he  c e l l s  were placed on an auto-cycl ing r o u t i n e  

This  type  of c y c l e  a l l o w s  f o r  no open c i r c u i t  s tand  between t h e  
end of charge and t h e  beginning of discharge.  
t h i s  regime, two a f  t h e  c e l l s  a r e  ope ra t ing  c l o s e  t o ,  o r  i n ,  vacuum 
(P < 15  PSIA) and the t h i r d  is ope ra t ing  5n t h e  range of  15 t o  40 PSU. 
To d a t e ,  t h e  cells  have completed 48 success fu l  cyc le s  and w i l l  be 
cont inued on c y c l e  and monitored f o r  t h e  remainder of t h e  program. 
F igures  9-11 are t y p i c a l  curves f o r  a l l  t h r e e  c e l l s .  

However, even under 
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PROJECT DATA SHEET DATE 

OPERATOR TEST DESCRIPTION 

- 
TABLE V I  

I 

PRESSURE VERSUS ADHYDRODE SIGNAL 

1 / 4  OHM, 7.0  AMPERE CHARGE 

0 

3 I 

7 I 
10 

1 3  

1 5  

1 8  

2 0  

22 

25  

27 

2 9  

3 0  

3 4  

36 

3 8  

4 2  

4 5  

48 

40 41 4 2  43 
mv = mtr = mv = mv = 

1 / 4  m a  P S I A  1 / 4  m a  P S I A  1 / 4  ma P S I A  11’4 ma 

2 1  29  40 9 5 1 5 1 

2 0  27 39  9 5 1 5 1 

20 26 39  9 5 1 5 1 

20 2 1  3 9  11 5 3 5 3 

2 1  23 , 3 9  1 2  5 4 5 3 

2 4  27 41 14 7 5 5 5 

26  29  4 3  1 5  9 6 7 6 

2 9  3 4  44 1 6  1 0  8 8 7 

3 0  35 4 5  1 8  11 9 9 8 

32 

35 

39 

41 

4 5  

4 9  

55 

60 

39 4 6  1 9  11 10 10 10 

4 2  5 0  2 0  1 3  1 2  10 1 2  

48 52 22  1 5  14 11 15 

50+ 55 2 4  18 1 7  14 30  

5 O+ I 59  1 27 I 20  I 2 0  I 1 9  1 33 
I I I I 1 1 

50+ I 63  I 26  I 23  I 27 I 23  I 36 
I I I 1 1 1 

50+ 67 2 9  2 9  40 26  41 

50+ 70 3 3  3 4  50+ 30 56 
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CONCLUSIONS 

The first six months of the contract work period ha4 emphasized the 
preliminary design and testing of cells with scavenger and signalling 
electrodes separately. 

It has been found that the best scavenger electrode material for 
oxygen recombination is the AB6X fuel cell electrode, and that for 
signalling purposes, the active Adhydrode placed i n  the center of the 
pack yields the highest signal to pressure ratio as compared to 
Adhydrodes placed in other positions. 
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I .  

FUTURE WORK 

Due to the low capacity obtained with the electrode configuration 
presently used, future cells that are being built will have the follow- 
ing configurations: 13 positives, 14 negatives, 1 AB6X fuel cell 
electrode at one end, and 1 active adhydrode in the center of the pack. 
This configuration is different than the one used to date in that it 
has additional electrodes (3  positives and 3 negatives) to increase 
capacity . 

At present, 10 cells of the above configuration are under con- 
struction. These cells, along with three V0-12HsAD cells from the 
Pilot Plant will be tested for 1 week at various temperatures and 
depths of discharge as outlined in the First Quarterly Report. 
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