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ABSTRACT 

Nicke l  hydrogen c e l l s  and, more recent1 y, b i p o l a r  b a t t e r i e s  have been 
b u i l t  b y  a  v a r i e t y  of organizat ions. The design p r i n c i p l e s  t h a t  have been 
used by  t h e  technology group a t  tne Lewis Research Center (LeRC) o f  t h e  NASA 
draw upon t h e i r  ex tens i ve  background i n  separator technology, a l k a l  ine f u e l  
c e l l  technology, and several  a l k a l i n e  c e l l  technology areas. These design 
p r i n c i p l e s  have been incorporated i n  t o  both the  more contemporary i n d i v i d u a l  
pressure vessel (IPV) designs t h a t  were pioneered by  o ther  groups, as w e l l  as 
the  more r e c e n t  b i p o l a r  b a t t e r y  designs us ing  a c t i v e  coo l ing  t h a t  are be ing  
developed a t  LeRC and t h e i r  contractors.  These p r i n c i p l e s  are r a t h e r  
s t r a i g h t f o r w a r d  a p p l i c a t i o n s  o f  c a p i l l  a r y  fo rce  formal isms, coupled w i t h  the 
s lowly  developing data base r e s u l t i n g  f rom c a r e f u l  pos t  t e s t  analyses. The 
o b j e c t i v e  of t n i s  o v e r a l l  e f f o r t  i s  d i r e c t e d  towards the low ea r th  o r b i t  (LEO) 
a p p l i c a t i o n  where the  cyc le  l i f e  requirements are much more severe than the  
geosynchronous o r b i t  ( GEO) app l ica t ion .  Nickel  hydrogen c e l l  s  have a l ready 
been success fu l l y  f lown i n  an increasing number o f  GEO missions. 

INTRODUCTION 

Reviews o f  t h e  h i s t o r y ,  s tatus,  progress, and p ro jec t i ons  r e l a t e d  t o  
n i c k e l  hydrogen have appeared i n  a  v a r i e t y  o f  meetings and pub l ica t ions .  The 
IECEC proceedings over the l a s t  few years  probably conta in  the b e s t  s e l e c t i o n  
o f  formal papers. The n i c k e l  hydrogen technology group a t  the Lewis Research 
Center o f  t h e  NASA has con t r i bu ted  about a  dozen or so papers over the l a s t  
th ree  years on var ious  aspects o f  n i c k e l  hydrogen technology. The i n t e n t  of 
t h i s  s h o r t  paper i s  t o  b r i e f l y  descr ibe tne under ly ing  p r i n c i p l e s  upon which 
a l l  o f  t he  aforementioned papers are based. The r e l a t i v e l y  recent  e n t r y  i n t o  
t h i s  technology area by NASA was p r e c i p i t a t e d  by a  des i re  t o  modi fy  e x i s t i n g  
c e l l  designs t o  increase t h e i r  cyc le  l i f e  f o r  low ea r th  o r b i t  (LEO) 
appl i ca t i ons .  Contemporary I P V  designs may rough ly  be  d i v ided  i n t o  those 
based on back-to-back designs (Comsat) and those based on r e c i r c u l a t i n g  
designs ( A i r  Force/Hughes). Several d i f f e r e n t  types o f  e lec t rode  impregnation 
procedures are c u r r e n t l y  i n  use, as w e l l  as several types o f  separator  
~ a t e r i a l s .  It was n o t  t he  i n t e n t  o f  t h e  LeRC e f f o r t  t o  develop complete ly  new 
I P V  designs b u t  r a t h e r  t o  f i r s t  t r y  t o  understand t h e  opera t ing  
c h a r a c t e r i s t i c s  o f  these c e l l s  and then t o  fo rmula te  design gu ide l ines  or  
component requirements o r  cons t ruc t i ona l  p h i  losophi  es t h a t  would resu l  t i tl 
increased cyc le  l i f e  a t  deep depths o f  discharge. The cyc le  l i f e  h i s t o r y  of 
n i c k e l  hydrogen devices i n  simulated LEO o r b i t s  a t  deep DOD's can b e s t  be 



described a s  widely dispersed. The gradual accumulation of post t e s t  analysis  
has been very important in formulating our design pr inciples  and, i n  f a c t ,  
c e l l s  made t o  our specif icat ions  by a comerci  a1 suppl i e r  which incorporate 
these principles are current ly  under t e s t .  These design (Ref. 1 ) 
modifications have already been f u l l y  described in tne  most current  IECEC 
proceedings and will  not be repeated here. Instead,  a summary of our design 
principles i s  presented for  comment, c r i t i c i sm,  and review, Besides the  
growing amount of post t e s t  analysis  t h a t  has been helpful in formulating 
corrective design s t ra teg ies ,  t he  nearly twenty year background in the  
a lkal ine  fuel  c e l l  area has a l so  been a contributing factor .  7 he background 
in the  a l ~ a l i n e  fuel  c e l l  area has been responsible for  being able  t o  lay  out  
a number of principles t h a t  are  based on the  constructive use of cap i l l a ry  
forces t o  perform some very de l ica te  e lec t ro ly te  and gas managenlent tasks. 

T H E  BASIC CELL 

The basic  nickel hydrogen c e l l  consis ts  of a gas electrode fo r  the  anode, 
a separator t o  form an ionic bridge to  the  catnode, and the  cathode consist ing 
of nickel hydroxide t ha t  i s  contained within the  pores of an e l e c t r i c a l l y  
conductive substrate.  Beyond these  basic cmponents, the re  i s  a wide var ie ty  
of options for  other components, depending on the  methods or tecnniques used 
t o  a s s i s t  in e l ec t ro ly t e  management and oxygen management. The f a c t  t h a t  
ni ckel hydrogen devices do not consi s t en t l  y aispl  ay a t t r ac t i ve  cycl e 1 ives 
when tes ted to LEO regimes a t  deep depths of discharge indicates t h a t  not a l l  
of the variables are f u l l y  under control. Since a t  the s ing le  c e l l  level 
nickel hydrogen and nickel cadrlliurn device weigh about t he  same, (a 40 t o  50 
Ahr  c e l l  a t  100% UOD has an energy density of about 40 Nhr/Kg),  then nickel 
hydrogen c e l l s  only display s i  g n i  f i can t  improvements in energy density when 
they can be cycled a t  depths of discharge t ha t  a r e  well beyond 25% DOD. The 
types of shortcomings t h a t  are current ly  associated with nickel hydrogen 
devices can be divided in to  two categories: 1 )  those t ha t  a re  obvious based 
on the  r e su l t s  of post t e s t  analysis: 

a )  unaccorllmodated for  cathode expansion 

b )  uncontrol led recombination of hydrogen and oxygen 

c )  unrepl enished 1 oss of e lec t ro ly te  within the  c e l l  components 

and 2) those decay processes t h a t  have gone undetected due t o  t h e  rapid loss 
of performance of the  device due to the  f i r s t  type of decay processes. I t  i s  
t h i s  secona c l a s s  of c e l l  decay processes t h a t  a r e  of par t i cu la r  i n t e r e s t  
since the  ones in the  f i r s t  group wi l l  eventually recede as proper design 
principles are  applied. The work of Lim ( re f .  2), as  well as  o thers ,  i s  
slowly culminating in a non phenomenological decay rllodel fo r  nickel 
electrodes. Fuel ce l l  experience can shed some l i g h t  on the  long term 
s inter ing (with the resu l tan t  1 oss of c a t a ly s t  a c t i v i t y )  of hi ghly dispersed 
ca ta lys t  surfaces, and t h e  very gradual l o s s  of t h e  hydrophobic nature of the  



gas electrode. The design principles to  be out1 ined here are meant to  address 
both classes of cel l  decay modes. By t h e i r  very nature then, they are based 
on preconceived assumptions re la t ive  to  how these devices work and how they 
might be designed so tha t  they will display long cycle l ives  a t  deep DOD's. 

CONCEPTS AND PHENOMENOM 

For a clearer understanding of the terminology to  be used to  explain the 
basis for  these principles, a ser ies  of concepts and phenomenon tha t  are  
closely related to  t h i s  subject will be presented. A minimum of mathematics 
wi 11 be used so as to  make the conversion from battery terminology to fuel 
cel l  terminology a s  simply as  possible. 

OPTIMUM VOLUME 

Nickel hydrogen c e l l s  are assumed to have an optimum volume. That i s ,  
there i s  a volume of e lectrolyte  tha t  when placed w i t h i n  the basic 
anode/separator/cathode grouping wi 11 resu l t  i n  the highest performance. This 
i s  due mainly to  the properties of the gas electrode. If there i s  too much 
electrolyte  (flooded), then the catalyst  s i t e s  are covered over w i t h  a thick 
liquid film and poor performance results.  On the other hand, i f  there is  too 
l i t  t l  e e lectrolyte  (starved) , then there are not enough ca ta lys t  s i t e s  
connected to the electrolyte  network. The matrix resistance will  not go 
through a minimum, b u t  a s  the amount of e lectrolyte  i s  reduced the resistance 
of the ce l l  will increase. In l ike manner the nickel electrode performance 
will be effected vore by being starved than flooded. How the electrolyte  
dis t r ibutes  i t s e l f  between the three o r  more components tha t  make up a single 
cell  i s  a very important topic and deserves the utmost consideration. The 
combination of pore s ize,  pore s ize dis t r ibut ion and wettabil i t y  will d ic ta te  
how the electrolyte  i s  partitioned between the components as a function of the 
amounts of e lectrolyte  tha t  i s  added t o  a ce l l .  In general, the  smallest, 
most wettable pores are f i  l led f i r s t  followed by successively larger pores. 
I t  should be obvious tha t  each particular grouping of cmponents which is 
intended to be identical way have s l igh t  variations i n  i t s  optimum volume. In 
a typical IPV c e l l ,  there are many groups of components connected together i n  
para1 le l .  One cannot individually place the optimum amount of e lectrolyte  
volume into each one of these groupings. Some groupings will therefore be on 
the wet s ide of the optimum volume, while others will be on the dry side. 
What i s  desired then i s  a cel l  design that  i s  said t o  have 'lvolume 
tolerance." That i s  to  say, the performance should not be too highly 
dependent upon the amount of e lectrolyte  volume contained w i t h i n  the grouping 
of components. 

VOLUME TOLERANCE 

Figure 1 i l l u s t r a t e s  now volume tolerance i s  incorporated into the fuel 
ce l l s  of the type used on the Shuttle Orbiter. I t  consists of a t h i n  cathode 
that incorporates a cer tain degree of wet proofing (hydrophobicity), a fu l ly  
wettable, high bubble pressure, e lectrolyte  matrix, a t h i n  anode similar to 



the cathode and an electrolyte  reservoir. The pore s i ze  and pore s i z e  
distribution i s  engineered such tha t  the electrolyte  reservoir will have the 
largest  pores and as  such will have the "1 a s t  cal 1" on electrolyte.  The ce l l  
is  i n i t i a l l y  f i l l e d  with electrolyte  i n  such a manner tha t  the reservoir will  
be only par t ia l ly  f i l l e d .  As conditions a r i se  tha t  resu l t  in an excess or a 
deficiency i n  e lectrolyte ,  the reservoir e i ther  empties or f i l l s .  In e f fec t ,  
volume tolerance has been incorporated into the ce l l .  The virtues of volume 
tolerance go well beyond being able t o  accomnodate "wet" or  "dry" conditions. 
I t  also permits a number of groupings of components tha t  possess a cer tain 
degree of stochastic var iab i l i ty  to  be assembled together and f i l l e d  i n  some 
average manner and s t i  l l  have proper performance of the device as a whole. 

RESERVOIR ING 

Reservoiring i s  the technique of providing for  a certain amount of extra 
electrolyte  a t  the beginning of l i f e  fo r  use a t  some la te r  time when either 
more electrolyte  i s  required or some of t h e  original e lectrolyte  has been 
displaced for  one reason or  another. In current nickel hydrogen designs a 
variety of schenes have been used to provide a reservoir of extra 
electrolyte.  Besides the electrolyte  plate as  used in hydrogen oxygen fuel 
ce l l s ,  wall wicks used with excess f r e e  electrolyte ,  specially constructed 
pore sizing i n  the nickel electrode and separators containing bimodel pore 
s ize  dis t r ibut ions have been proposed and or used to perform this reservoiring 
function. Reservoiring must work very closely with volume tolerance in terws 
of employing capillary forces to  maintain proper electrolyte  quantit ies in the 
i ndi vi dual cel l  s and components. 

OXYGEN MANAGEMENT 

One of the ~ o s t  important aspects of ce l l  design deals with oxygen 
nanagement. The nickel electrode evolves oxygen during recharge and t h i s  gas 
must be directed out of the nickel electrode and chemically recombined with 
hydrogen. This requi res  a certain degree of care so as to  not r u i n  the  
hydrogen electrode. Based on our knowledge of the sintering tendencies of 
noble metal based catalysts ,  we have made the decision to  mploy a separate 
catalyst  surface for  the recombination procedure. The LeRC technology group 
has devised and brought into practice several novel concepts to t h i s  end. The 
catalyzed wall wick i s  f e l t  to be of special interest  for  modified IPV designs 
since i t  helps in the heat dissipation process. 

ISOPIESTIC REDISTRIBUTION 

One of the fundamental physical chemical principles taking place within 
nickel hydrogen devices is the  tendency for the vapor pressure i n  a l l  par ts  of 
the device to  be equal. When temperature and or concentration differences are 
se t  up,  then water vapor will move from place to  place in an attempt t o  bring 
about the equilibrium of the vapor pressure. This i s  helpful for  returning 
the water resulting from the recombination of oxygen and hydrogen back into 
the cell  electrolyte.  I t  can also be a source of d i f f i cu l ty  when a hot spot 



occurs and water vapor leaves f o r  a cooler  o r  a more concentrated por t ion  o f  
the e l e c t r o l y t e  w i t h i n  the c e l l ,  The r e s u l t i n g  loca l i zed  "wetE' o r  r8dryn' 
condi t ions may r e s u l t  i n  an undesired f lood ing  o f  t he  anode i n  the former case 
o r  an undesired increase i n  the c e l l  i n t e rna l  resistance i n  the  l a t t e r  case. 
The thermal management scheme used has as one ob ject ive  the  e l im ina t ion  o f  any 
l a rge  thermal gradients w i t h i n  a c e l l  t h a t  might r e s u l t  i n  l oca l  dry ou t  or 
f l ood ing  . 

VAPORIL I Q U I D  DISENGAGEMENT 

As hydrogen gas i s  generated w i t h i n  the anode during the charging 
process, i t  can dislodge and car ry  away small amounts o f  e l ec t ro l y t eo  One 
technique used t o  co r rec t  t h i s  s i t u a t i o n  i s  t o  place a microporous, 
hydrophobic f i l m  on the  back s ide o f  the  electrode. Th is  w i l l  permit the f ree  
passsage o f  hydrogen through the small pores, wh i le  a t  the same t ime p r o h i b i t  
the small drop le ts  o f  e l e c t r o l y t e  form passing through. For monopolar c e l l  
designs t h i s  scheme i s  a v iab le  option, whereas t e f l  on" e l e c t r i c a l  i nsu la t ing  
character i s t i c s  precludes i t s  use i n  b ipo la r  configurat ions. 

AGING EFFECTS 

If i t  were no t  f o r  changes t h a t  take place w i t h i n  the ind iv idua l  c e l l  
components, one would be ready t o  draw up t he  spec i f ica t ions for  the design o f  
an I P V  c e l l  o r  a b i po la r  bat tery .  The resu l t s  of post t e s t  analysis are very 
important i n  supplying t he  required informat ion on t h i s  matter. There are 
three types o f  changes t h a t  must be fo l lowed if one i s  t o  begin wi th  a proper 
c e l l  design. 

We t tab i l i t y  

Since the e n t i r e  e l ec t ro l y t e  management philosophy i s  b u i l t  upon the 
capi 1 1 a r i  ty  cha rac te r i s t i c s  o f  the  ind iv idua l  c e l l  cmponents, then some 
knowledge i s  needed as t o  how the w e t t a b i l i t y  o f  the components change during 
the course o f  c e l l  test ing.  For instance, so ca l led  '%ettable 'hateer ia l  used 
as the separator can very qu i ck l y  lose t h i s  wettable character. This w i l l  
d i s rup t  t he  e n t i r e  "pecking order" as t o  where the  e l ec t ro l y t e  w i l l  be. The 
i n te rna l  res is tance i n  a c e l l  containing a wettable matr ix  t ha t  goes 
non-wettable increases ra the r  abruptly. The more gradual loss  o f  
hydrophobicity o f  the hydrogen electrode caused by const i tuents w i th in  the 
matr ix, perhaps, t h a t  are  deposited onto t he  anode by e l ec t ropho r i t i c  
processes can be another problem. I n  the f u e l  c e l l  area i t  i s  f e l t  t ha t  
asbestos contains some const i tuents t h a t  migrate o r  are e lec t rophoret ica l l  y 
deposited w i t h i n  the anode and u l t ima te l y  lead t o  a loss i n  the hydrophobic 
nature o f  the  electrode. Since i n  a f ue l  c e l l  the  operating temperatures are 
much higher 900 C vs 200 C and the i o n i c  f l ow i s  on ly  i n  one d i r ec t i on  
(due t o  t he  prirnary character o f  the f u e l  c e l l ) ,  i t  i s  no t  apparent t h a t  
properly reformulated asbestos i s  an unsui table separater mater ia l  f o r  n i cke l  
hydrogen devices. 



Pore s ize/Poresize D i s t r i b u t i o n  

Due t o  the  morphological changes brought about by c y c l i n g  the  a c t i v e  
ma te r ia l  between two valence s ta tes ,  t h e r e  i s  a  gradual change i n  n o t  o n l y  t h e  
average pore s ize ,  b u t  the pore s i z e  d i s t r i b u t i o n .  With n i c k e l  e lec t rodes 
the re  i s  a  tendency t o  develop more smal l  pores as t h e  e lec t rode  i s cycled. 
The reader i s  r e f e r r e d  t o  the  pos t  t e s t  ana lys i s  work o f  Lim (Ref. 2) and 
o the rs  on t h i s  matter.  The p rope r t i es  a t  t h e  end o f  t h e  requ i red  se rv i ce  l i f e  
%ust be known and accounted f o r  i n  t h e  proper design o f  a  n i c k e l  hydrogen c e l l  
or  stack. 

E l  ec t rode Growth 

Probably the  vast bothersome change t h a t  takes p lace dur ing  the  course o f  
c y c l i n g  i s  t h e  increase i n  th ickness o f  t h e  n i c k e l  electrode. The reasons f o r  
t h i s  vary  depending on t h e  i n v e s t i g a t o r  and there  have been a  v a r i e t y  o f  
c la ims f o r  ways t o  reduce t h i s  expansion by us ing  c e r t a i n  impregnation 
procedures. The growth management sc heves are of utmost ivpor tance because 
the  c y c l i n g  o f  a  n i c k e l  hydrogen c e l l  can be prematurely terminated due t o  
t h i s  phenomenon. This  problem can be a t tacked us ing  several  d i f f e r e n t  
approaches . 

I n  fue l  c e l l  terminology a  " locked up" stack i s  t he  term used t o  descr ibe 
an assembly of c e l l s  o r  components t n a t  i s  of f i x e d  dimensions (see f i g u r e  
2 (a ) ) .  The on l y  way t h e  stack cou ld  expand i n  length  would be v i  a  t he  
s t r e t c h i n g  o f  t h e  t i e  b o l t s .  Thermal expansions i n  th ickness o f  t h e  m e t a l l i c  
and p l a s t i c  s tack  p a r t s  are accommodated by the  s l i g h t  amount o f  e l a s t i c  
s t r e t c h i n g  o f  t h e  t i e  b o l t s  i n  f l i g h t  weight hardware o r  t h e  use o f  
compression spr ings along w i t h  the overs ize  t i e  b o l t s  i n  labora tory  hardware. 
From what i s  known about t he  expansion c h a r a c t e r i s t i c s  o f  cyc led  n i c k e l  
electrodes, a  " locked up" s tack can lead t o  c e r t a i n  d i f f i c u l t i e s  t h a t  have 
been documented over t h e  years; most r e c e n t l y  by Mackowski and Muel l e r ,  (Ref. 
3) .  One s o l u t i o n  t o  t h i s  problem as proposed by Smithr ick,  e t  a1 (Ref. 1 )  i s  
t o  employ a  " f l o a t i n g "  s tack  t h a t  i s  designed t o  accommodate a  c e r t a i n  degree 
o f  s tack expansion. The sp r ing  constant  i s  se t  once the  compression 
character  i s t i c s  o f  t h e  separator mater i  a1 and t h e  expansion c h a r a c t e r i s t i c s  o f  
the  n i c k e l  e lec t rode  s t r u c t u r e  are known. I n  the  design o f  a  f l o a t i n g  stack 
t h e  resevo i r  i n g  and e l e c t r o l y t e  volume management schemes become very 
important  so as t o  be ab le  t o  make up fo r  the  e x t r a  e l e c t r o l y t e  r e q u i r e d  by 
t h e  expanding cathode. A c o l l  aps ib le  r e s e r v o i r  would represent another 
a1 t e r n a t i v e  f o r  ma in ta in ing  a  proper q u a n t i t y  o f  e l e c t r o l y t e  w i t h i n  each c e l l  
grouping. A s e t  o f  cmpress ion  s t reng th l conduc t i v i  t y  p l o t s  (Fig. 3) a re  
r e q u i r e d  t o  f u l l y  assess the  e f fec ts  on c e l l  performance t h a t  r e s u l t s  f rom a  
c e r t a i n  amount o f  compression on t h e  c e l l  components. I t  can be seen t h a t  a 
h i g h l y  compressible m a t r i x  m a t e r i a l  would make the  design o f  a  "f l oat ing"  
s tack  very  d i f f i c u l t .  Fur ther ,  t he re  i s  some evidence t h a t  t h e  expansion 
c h a r a c t e r i s t i c s  o f  an e lec t rode are somewhat r e l a t e d  t o  the degree o f  
cmpress ion  i t .  i s  under i n  t h e  s tack  assembly. 



CELL AND BATTERY DESIGN PRINCIPLES 

The fo rego ing  1  i s t  o f  t o p i c s  form the  bas i s  o f  developing t h e  r e q u i r e d  
design p r i n c i p l e s  f o r  a  n i c k e l  hydrogen device. I t  should be  noted t h a t  t h e  
ac tua l  e lec t rochemis t ry  t h a t  goes on i n s i d e  the  device was never mentioned. 
Only as t h e  e lec t rochemis t ry  e f f e c t s  t h e  e l e c t r o l y t e  volume, t h e  component 
pore s i ze lpo re  s i z e  d i s t r i b u t i o n ,  o r  t h e  expansion cha rac te r i s t i cs ,  i s  i t  
important.  Measurement o f  t he  pore s i z e  and t h e  d i s t r i b u t i o n  o f  t h a t  pore 
s i z e  f o r  each one o f  t h e  c e l l  components as a  f u n c t i o n  of c y c l e  l i f e  and 
degree o f  compression i s  t h e  essen t i a l  s t a r t i n g  p o i n t  f o r  t h i s  procedure. 
This permi ts  one ( w i t h  the help of some w e t t a b i l i t y  i n fo rma t ion )  t o  c a l c u l a t e  
t h e  d i s t r i b u t i o n  among c e l l  components o f  t h e  e l e c t r o l y t e  as a  f u n c t i o n  o f  
e l e c t r o l y t e  content.  The pore s i z e  c h a r a c t e r i s t i c s  o f  t he  ma t r i x  n a t e r i  a1 
used as t h e  separator i s  sub jec t  t o  a  c e r t a i n  amount o f  adjustment depending 
on the  p a r t i c l e  s i z e  and phys ica l  nature o f  t h e  ingred ien ts  used i n  t h e i r  
formulat ion.  Th is  i s  fo l lowed by a  se r ies  o f  measurements whereby t h e  
i o n i c / e l e c t r i c a l  c o n d u c t i v i t y  i s  measured as a  f u n c t i o n  of t he  compressive 
fo rces  p laced on t h e  component. Th i s  i s  u s u a l l y  done i n  a  f u l l y  sa tura ted  
c o n d i t i o n  b u t  can a l s o  be done as a  f u n c t i o n  o f  e l e c t r o l y t e  content.  

There i s  probably n o t  any one b e s t  way t o  design a  c e l l  o r  b a t t e r y  b u t  t h e r e  
i s  a  c e r t a i n  degree o f  formal  ism requ i red  t o  adequately account f o r  a1 1  the  
changes t h a t  take p lace over t h e  course o f  t h e  u s e f u l  l i f e  o f  a  c e l l  o r  
ba t te ry .  Once the  oxygen management, e l e c t r o l y t e  rese r  v o i r i  ng , thermal 
management, and t h e  component growth management techniques are a1 1  decided 
upon, then a  ser ies  o f  r a t h e r  s t r a i g h t  forward c a l c u l a t i o n s  based on pore s i z e  
engineering p r i n c i p l e s  (Ref. 4)  can be app l ied  t o  insure  proper c e l l  and stack 
performance over the  expected c y c l e  l i f e  o f  t h e  c e l l .  The o v e r a l l  output  o f  
these p r i n c i p l e s  have r e s u l t e d  i n  t he  c e l l  and s tack  designs t h a t  have been 
produced by the n i c k e l  hydrogen technology group a t  the Lewis Research 
Center. These designs have been f u l l y  documented a t  e a r l i e r  conferences and 
c u r r e n t  c y c l e  l i f e  r e s u l t s  w i l l  be repo r ted  a t  t h i s  c u r r e n t  workshop session. 
I t  i s  the  c u r r e n t  phi losophy o f  t he  group to:  

1 )  Use a  separate r e c o a i n a t i o n  c a t a l y s t  ( ra the r  tnan t h e  hydrogen 
e lec t rode)  t o  recombine t h e  oxygen coming f rom t h e  n i c k e l  e lec t rode.  
This  then d i c t a t e s  the  use o f  a  separator ma t r i x  t h a t  w i  11 have a  
s u f f i c i e n t l y  smal l  pore s i z e  t o  prec lude the  passage o f  oxygen 
through open pores w i t h i n  the  separator.  

2) Use a  " f l o a t i n g "  s tack  r a t n e r  than a  " locked up" s tack  t o  
circumvent the problems associated w i t h  p o s i t i v e  p l  ate growth. The 
modi f ied  I PV designs use spr ings  which permi t  ac tua l  s tack expansion, 
whereas t h e  b i p o l a r  designs employ toll aps ib l  e  components. 

3) Provide e l e c t r o l y t e  management schemes which w i  11 mainta in proper 
e l e c t r o l y t e  content  w i t h i n  the  c e l l  components. These are a l l  based 
on pore s i z e  engineer ing p r i n c i p l e s  i n  con junc t ion  w i t h  t h e  knowledge 
o f  m a t r i x  f a b r i c a t i o n  techniques. 



By app ly ing  these p r i n c i p l e s ,  c e l l s  and s tacks  have a l ready been made and are 
being tes ted  w i t h  r e s u l t s  t h a t  have l e d  us t o  be1 ieve  t h a t  much o f  the  
myst ique t h a t  c u r r e n t l  y enshrouds contemporary e l  ectrcsc hemical device 
technology should be ab le  t o  be rep1 aced w i t h  a r a t h e r  simple s e t  oP s t r a i g h t  
forward formal isms based on elementary p r i n c i p l e s  o f  phys ica l  chemistry.  

CONCLUDING REMARKS 

Nicke l  hydrogen c e l l s  have been made by a number o f  groups over t h e  pas t  
f i f t e e n  y e w s  o r  so. These devices are intended t o  rep lace n i cke l  cadqium 
ce 11 s and b a t t e r i e s  i n  aerospace appl i ca t ions .  They have a l ready  been 
success fu l l y  in t roduced i n  GEO app l i ca t i ons  where t h e  cyc le  l i f e  requirements 
are r a t h e r  l i m i t e d .  I n  simulated LEO app l ica t ions ,  t h e  c y c l e  l i f e  h i s t o r y  of 
n i c k e l  hydrogen c e l l s  has been somewhat e r r a t i c  b u t  by i n  l a r g e  d isappo in t ing  
i n  t e rns  o f  being a b l e  t o  c o n s i s t e n t l y  d i s p l a y  1 0 ' s  o f  thousands o f  cyc les  a t  
deep DOD1s. The n i c k e l  hydrogen technology group a t  t he  Lewis Research Center 
of t h e  NASA has been developing bo th  I P V  c e l l s  t n a t  are mod i f i ca t i ons  o f  t h e  
bas ic  back t o  back and r e c i r c u l a t i n g  designs, as w e l l  as l a r g e  b i p o l a r  ~ a t t e r y  
systems. These designs are in tended p r i m a r i l y  f o r  LEO a p p l i c a t i o n s  b u t w i l l  
be extended t o  GEO app l i ca t i ons  as wel l .  Over tne  pas t  two years these 
designs have been t r a n s l a t e d  t o  working hardware. This  shor t  paper i s  a 
d iscussion o f  t h e  design p r i n c i p l e s  t h a t  have been used i n  developing these 
new designs. They a re  based on a combination o f  t h e  e x i s t i n g  da ta  base coming 
frm pos t  t e s t  analyses of several c e l l  types, as w e l l  as t h e  use o f  c a p i l l a r y  
forces t o  p rov ide  the  r e q u i r e d  e l e c t r o l y t e  volume management. A numer  o f  
novel schemes have a l so  been f a c t o r e d  i n t o  these designs i n  an at tempt t o  
r e c t i f y  some o f  t h e  documented f a i l u r e  mechanisms. An a c t i v e  program t o  
address o the r  a n t i c i p a t e d  decay and f a i l u r e  mechanisms i s  a1 so underwhy both 
on contract ,  as w e l l  as v i a  inhouse pro jec ts .  C e l l  hardware i nco rpo ra t i ng  
these design concepts are  c u r r e n t l  y under tes t .  As newer in fo rmat ion  becomes 
a v a i l a b l e  on f a c t o r s  t h a t  w i l l  e f f e c t  c e l l  c y c l e  l i f e ,  i t  w i l l  be fac to red  
i n t o  upgraded c e l l  designs . 
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FUEL CELL EMPLOYING RESERVOIR 

TO BRING ABOUT VOLUME TOLERANCE 

Figure 1. Fuel Cell Employing Reseilroir t o  Bring About Volume Tolerance 

TWO DIFFERENT STACK ASSEMBLY TYPES 
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Figure 2. Two Different Stack Assembly Types 



MATRIX RESISTANCE AS A FUNCTION OF 
COMPRESSIVE FORCE 

C O U P R E I S I V E  F O R C E  

Figure 3. Matrix Resistance as a Function of Compressive Force 




