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Separa tor  Sea ls  - Hardware 

HALPERT: Good morning, gentlemen. 

5 I! . S t a r t i n g  t h i s  t l ~ i r d  s e s s i o n  now I would l i k e  . t o  
I 

8 engaged i n  b a t t e r y  technology f o r  q u i t e  a long t i m e ,  has  I1 

6 

7 

9 cons iderable  experience -- a very capable gentleman. I li 

i n t roduce  Tom Hennigan, Chief of the  Electrochemical  Power . 

Sources Sect ion  here  a t  Goddard. . He has  been a c t i v e l y  I .  

1 0  in t roduce  Tom Hennigan . /I 
HENNIGAN : . Thank you very much, Gerry. 

This  morning, a s  you know, yes terday  evening we 

a cou:ple of people who wanted t o  t a l k  on a c c e l e r a t e d  I 
1.4 t e s t i n g  a:nd before  w e  s t a r t  on the  sepa-ator  - s e a l s  li I 

s e s s i o n  here ,  w e  would l i k e  t o  have t h e s e  two t a l k s  ou t  I 

Of course,  a c c e l e r a t o r  t - e s t ing  is  one t h i n g  we 

I t 5  

117 

s u r e  would l i k e  t o  have every time we make a change i n  t h e s e  
I 

! 
of the wa:y. I th ink  they a re ' abou t  f i v e  o r  t e n  minutes i n  

dura t ion .  , 

20 cells w e  have t o  go through t h e  same long l i f e  cyc le  t e s t  I i  . i 
21 t o  compare it wi th  the  c e l l s  t h a t  w e  a l ready have and today II I 
22 i f  you w q z t  t o  convince a p r o j e c t  manager t o  change a c e l l  I! j 

I/ 23 o r  change t h e  design of t h a t  ce l l  you have t o  have t h i s  long . - 1 

H 2 4  ij c y c l e  l i f e  test t o  prove t o  him t h a t  t h e  b a t t e r y  i s  a s  
I?eporters, Inc. 

reliable and a s  good as  t h e  ones t h a t  he flew before .  
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So our  f i r s t  speaker  t h i s  morning w i l l  be Ed 

Colston, who w i l l  g ive  a rundown on some of t h e  B a t t e a l e  

work -7 Design f o r  acce le ra ted  t e s t i n g .  

Ed Colston i s  a t  Goddard Space F l i g h t  Center i n  

the Adysnced Power Sources Sect ion.  

EDWARD COLSTON : I th ink  it has become c l e a r  

with time t h a t  f i v e  o r  t en  yea r s  of cyc l ing  i s  too:,long t o  

wa i t  t o  f i n d  o u t  you have a f i v e  o r  ten-year c e l l  because,  

f o r  ins.t,ance, we have some c e l l s  a l ready craned now t h a t  

were p u t  on. i n  1963 o r  1 9 6 4  which a r e  e x c e l l e n t  c e l l s  and 

t o o  bad they  'don ' t make those any more. 

(Laughter. ) 

W e  a r e  s t a r t i n g  an updated Crane f a c i l i t y ,  as 

you a l l  have heard,  and acce le ra ted  t e s t i n g  w i l l  be  a p a r t  

of it. This i s  an o u t l i n e ,  a very b r i e f  o u t l i n e  of some 

of the philosophy involved ani3 where w e  s tand .  

This work has  been developing over  the past 

f i v e  years. W e  s t a r t e d  o u t  wi th  con t rac t s :  RCA, Mauchly 

Associates ,  the Crane S t a t  Group, and f i n a l l y  B a t t e l l e .  

A l l  of  t h e i r  r e p o r t s  w e r e  mailed o u t  t o  t h e  b a t t e r y  d i s t r i b u -  

t i o n  l i s t ; .  

There i s  a tremendous amount of d e t a i l  i n  these  

r epor t s .  There is some smoke i n  p a r t s  of them, too.  We 

have reached a p o i n t  where we a r e  going t o  make some very 

~ a s i c  ass,-mptions. We are going t o  assume t h a t  a l l  aging 



processes  involve the  phys ica l  movement of  r e s t r u c t u r i n g  

I m o t  t h a t  this aging i s  caused by one o r  more 

of the 'following stresses : Gradients of temperature,  

p r e s s u q ,  concentrat ion o r  vol tage.  I was very p leased  

t o  h e a ~ : , p e o p l e  t a l k  about concentrakion g r a d i e n t s  yes terday '  

I perha?a causing some type of d e n d r i t i c  growtl  o r  potassium 

oxide c r y s t a l s  being formed. 

These s t r e s s e s  can genera l ly  be thought of 

' as thermal,  mechanical, chemical, and e l e c t r i c a l .  W e  

have come up. with on e l e c t r i c a l  q u a n t i t y  a  c a l c u l a t a b l e  

q u a n t i t y  w e  ca.11 Q. F i n a l l y ,  w e  have a r r i v e d  a t  some- 

t h i n g  we a r e  going t o  desc r ibe  as a number which desc r ibes  

the goodness of a b a t t e r y .  W e  a r e  going t o  c a l l  i t  Q. 

I n  every case  Q reduces t o  the u n i t s  of 

conductance p e r  u n i t  mass, mhos p e r  gram. For i n s t a n c e ,  

a value which we w i l l  use i n  t h e  Crane program i s  s o r t  

of an e l e c t r i c a l ,  a vo l t age  q u a l i t y .  This QE is  c a l c u l a t e d  

by t ak ing  one over  d e l t a  vo l t age  (A E) t i m e s  t h e  hourly 

r a t e  (n)  times t h e '  grams p e r  ampere hour ( g m )  . 
\ 

Grams p e r  ampere hou'r, grams a r e  measured. 

Ampere hours a r e  manufacturer 's  r a t e d  q u a n t i t y .  This i s  

the  vo l t age  q u a l i t y .  



1 

We w i l l  then take Q0 -- Q sub zero -- arid divide '. 

247 

it in$q > :  the  Q s  a t  any point .  ( i .e .  Q/Q ) 
0 

1 

2 

11 This w i l l  give us  a number between zero and one 

. / 
We w i l l  assume t h a t  Q s t a r t s  i n i t i a l l y  high 

and degrades with time. 

6 

7 

') I1 It i s  believed t h a t  the  r a t e  of decrease of Q 

whichlwiill i n i t i a l l y  s t a r t  a t  one and decrease towards zero. 

We w i l l  pick a point a t  which we w i l l  c a l l  it failecl. 

8 

1 1 )  can be increased by combinations of t he  following independent 

Prbbably it '  w i l l  be a t  o r  c lose  t o  zero. 

It Note: These a r en ' t  necessar i ly  s t r e s s e s ,  pure 

1 I var iab les .  

r a d i a t i o n , . t h a t  s o r t  of aging. 
I 

1 3  

1 4 

1:; 

1 4 )  

I1 I l i k e  these  because f o r  t he  f i r s t  f i v e  I 

stresses: .  They a r e  independent var iab les .  

Environmental temperature, amount of  overcharge, 

r a t e  of  charge, depth of  discharge, r a t e  o f  discharge, and 

there  a r e  about f i v e  others .  Among them, v ib ra t i on ,  

22 11 T h i s  Q r a t i o  I spoke of between one and zero 

' 15' 

2C 

- 

23 I is  very necessary. Because, one, it allows us  t o  
. 

i en t ioned ,  four can be held constant  while one i s  var ied ,  

whereas i f  c e l l  voltage i s  added, i t  c a n ' t  be done. They 

i n t e r a c t .  

24 
Repo ,ters, Inc. 

25 

1 a r b i t r a r i l y  r a t e  the  goodness of a c e l l  and, two, because 

/ i t  a r b i t r a r i l y  points  i n  t he  program, perhaps a t  Q values 



of 1, .ia75, -50, and .25, to. times a t  whicf sample c e l l s  

shoul& 'be taken o f f  l i n e  and analyzed. During the  t e s t  program I 
i n  vivd ana lys i s  of  l i v e  c e l l s  w i l l  be performed. 

To date  a t  Crane, when you take  apar t  a  dead c e l l ,  
I 

you f i n d  a mass of  gook with about f i f t e e n  th ings  wrong with 

it, a d you don' t  know which caused what and what happened ' 9 
together  arid what happened l a t e r  because it was a dead c e l l  I 
arid you were running current  through it .  I 

. The i n  vivo analys is  w i l l  be t o  determine what 

f a i l u r e  mechamism seemed t o  be progressing a t  what r a t e .  

This i s  very  important because accelera ted t e s t i n g  means 

t h a t  ye~ars  of  l i f e  t e s t i n g  have been simulated i n  a matter 

of mont;hs, and the  means i n  both cases by which it d ies  i s  

the  same. The same f a i l u r e  mechanism o r  mechanisms must 

We can a l l  take  a c e l l  and k i l l  i t  i n  severa l  I 

weeks. We.can break it. G r o s s  overcharge. G r o s s  reverse 

charge. Turn it i n t o  a balloon. Make it explode. But 

wh'at we have done t o  it is  d i f f e r e n t  than what it w i l l  

s ee  i n  a c t u a l  l i f e .  I don't  th ink t h a t  t he  f a i l u r e  

mechanisms a r e  t he  same. They must be t h e  same f o r  

accelera ted t e s t i n g .  

From these  values we hope t o  ge t  an idea o f  

the  s o r t  o f  the  f a i l u r e  mechanism o r  l i f e  cycle  response ' i 
t 
! 

surface ,  t o  be ab le  t o  co r r e l a t e  points .  To be ab le  t o  1 
i 
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. . 
. corre&pte l e v e l s  when t h e  same f a i l u r e  mechanism e x i s t s ,  

: ' 

t h e  game genera l  type  o f  s e n s i t i v i t y  t o  c e r t a i n  parameters,  

an  -acce l .e ra t ion  f a c t o r  may be found say o f  t e n ;  so. t h a t  

i n s t e a d  o f  a  year  of t e s t i n g ,  it t akes  1.2 months -- 
al thoygh t e n  i s n ' t  a  b i g  enough a c c e l e r a t i o n  f a c t o r ;  I 

'would l i . ke  it t o  be about 100 o r  more. 

It i s  proposed t o  use  f i v e  l e v e l s  f o r  each s t r e s s .  

It i s  proposed t o  use f i v e  b a s i c  c e l l s  per  l e v e l  p l u s  c e l l s  

f o r  teardown a n a l y s i s .  The f u l l  f a c t o r i a l  experiment expands 

q u i t e  r a p i d l y .  For one s t r e s s  we need 55 c e l l s .  For two 

s t r e s s e s  we need 260. For t h r e e  s t r e s s e s  we need 2,165. E t  

c e t e r a .  We cannot do a  f u l l  f a c t o r i a l  experimest f o r ' f o u r  

s t r e s s e s  o r  more. Therefore,  we w i l l  do a  p a r t i a l  f a c t o r i a l  

t e s t  involv ing  one t o  two hundred c e l l s .  

We w i l l  go through it us ing  engineering judgment, 

t h i s  s o r t  o f  t h i n g ,  previous Crane d a t a ,  and what our  predic-  

t i o n  techniques have come up wi th ,  t o  d a t e ,  t o  e l imina te  and 

reduce p o s i t i o n s .  We j u s t  c a n ' t  a f f o r d  6,000 c e l l s ,  e s p e c i a l 1  

n o t  b u i l t  a s  t i g h t l y ,  uniformly, and wi th  a s  much manufacturin 

d a t a  a s  t h e s e  c e l l s  w i l l  have t o  be made. 

We w i l l  use  our  t h r e e  a n a l y t i c a l  methods, t h e  

g e n e r a l  c a t e g o r i e s  o f  a n a l y t i c a l  methods o f  t h e  da ta  t h a t  have 

come forward so f a r .  You have seen t h e s e . p o i n t e d  up i n  espe- 

c i a l l y  t h e  l a s t  B a t t e l l e  r e p o r t s ,  t h e  empi r i ca l ,  s t a t i s t i c a l  

and phys ica l  ways o f  looking a t  da ta .  We w i l l  hopeful ly  ge t  
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an ide&'of t h e  aging response surface,  We won't do i.t a l l  but 

we f e e l  1;hat f i v e  p0int.s per s t r e s s  i s  d e f i n i t e l y  enough t o  d i s  

i 
cover If: one f a i l u r e  mechanism predominates, Three'points w i l l  

give t h ~ t  i f  i t ' s  hopefully on a s t r a i g h t  l i n e .  I don' t  th ink 

tha t  wegtuill discover t h a t  -- i t ' s  purely temperature dependent I 
l i k e  a&-rhenius p lo t  but f i v e  should be enough t o  t e l l  you i f  

I 

you have two. 

D r .  Thomas, who acted a s  our s t a t i s t i c i a n ,  assures us  

t ha t  i & . i u i l l  give us -- we can f igure  t r a n s i t i o n  energies and I 
bas i ca l ly  see  i f  somewhere i n  the  t e s t  range we a r e  changing our I 
f a i l u r e  mechanism once. We hope t o  get  years  of  data  i n  months 

and as pred ic t ion  improves, r i g h t  now our p red ic t ion  technique, 

a s  you have seen i n  t he  r epo r t s ,  i s  f a i r l y  good based on l e s s  1 
than a thousand cycles they have been ab le  t o  p red ic t  a  year ,  

two years ,  sometimes more, t h r ee  years ,  of  l i f e  based on l e s s  

than a tlzousand cycles.  And t h i s  i s  with say 95 and 90 and up 

percent accuracy. 

A s  our p red ic t ion  improves we hope t o  acce le ra te  t h e  I 
minimum laumber of cycles  necessary t o  p red ic t  f u l l  l i f e .  I n  

o ther  words, i f  we determine t h a t  with taking data  t h i s  way and 

with accurate  data  t h a t  based on 100 cycles ,  which i s n t t  r e a l l y  

f u l l y  broken i n ,  a c e l l  which has a..hundred cycles ,  we can pre- I 
d i c t  i t s  r e l a t i v e  f u l l  l i f e  i f  we can acce l e r a t e  t h i s  hundred 

cycles  i n t o  two days and then use t h i s  t o  p red ic t  t he  f u l l  l i f e  I 
I 

of t h e  c e l l  i n  e f f e c t  we w i l l  have a very  powerful, i f  you w i l l ,  I 
I 



3 
acceptapce t e s t .  This i s  one way of ge t t i ng  meaningful accep- 

tance tests. The ones t h a t  I have examined so f a r  a r e  e f f e c t i v  
t 

on picking in fan t  mor ta l i ty  but  beyond t h a t  i t ' s  very hard t o  . 

r a t e  g ~ a p ,  b e t t e r ,  and bes t  over l i f e .  

Now f i n a l l y ,  my opinion of t h i s  work i s  t h a t  it has 

made spnle very  in t e r e s t i ng ,  unusual, and usefu l  cont.ributions 

to  f a i l u r e  ana lys i s ,  predic t ion,  and I th ink t h a t  t he  B a t t e l l e  

repor t  made some, wel l ,  bas ic  contr ibut ions  t o  t he  theory of  

J. L. WEININGER:  ~ e i n i n ~ e r ,  General E l ec t r i c .  I 

9 

10 

1 1 

12 

I a m  sor ry  I am a . l i t t l e  l a t e ,  so I missed the  

the  physical  chemistry of  aging. 

Any quest ions? 

( ~ p p l a u s e .  ) 

HENNIGAN: Any questions f o r  M r .  Colston? Don't I 
13 I 

16 

17 

18 

19 

fo rge t  -to always give your name and associa t ion.  

in t roduct ion.  I ' m  r e a l l y  not sure  whether t h i s  i s  the  subject  

of  acce le ra ted  l i f e  t e s t i ng .  I f  it i s ,  I have a few remarks 

t o  make and s l i d e s .  

HENNIGAN: I would l i k e  t o  introduce D r .  Weininger, 

20 

. . 21 

from General E l e c t r i c ,  f o r  a  shor t  t a l k  on accelera ted t e s t i ng .  

WEININGER:  Actually,  I ' g o t  a number of t op i c s  I I 
22 

23 

24 
tleral Reporter:;, Inc. 

25 

should have l i k e d  t o  discuss a  l i t t l e  b i t  anyway and spec i f i -  

c a l l y  t h e  business of  accelera ted l i f e  t e s t i n g  would have come 

a t  t he  very  end of  it, 

There i s  a t  GE a program sponsored by the  A i r  Force 

i 



on increas ing t h e  energy densi ty  of n icke l  pos i t i ve  p l a t e s ,  
j I 
i 

I 

t i  so thirp would be very appropriate t o  d iscuss  now. But what I . I 

i I 

t 
was p4d: icular ly  i n t e r e s t e d  i n  was i n  work which w e  were doing i : 

i 
a t  ouq,raboratory l a s t ,  which was t h e  r o l e  of addi t ives .  1 1 i 

I I 
A few remarks seem t o  be indicated on t h a t  bu t  

maybe3not i n  t h i s  p a r t i c u l a r  point  of our discussions. 

With regard t o  accelera ted l i f t  t e s t i n g ,  I recognizi  ; 

how very important and thorough your t e s t i n g  must be i n  the 

framework of  what you a r e  doing here bu t  j u s t  t o  put  a  d i f f e r e  ! 

point  of view on it, I would l i k e  t o  mention some wome work I 
t h a t  was; done on t h i s  program which has a  d i f f e r e n t  approach. 

r o l e  of add i t ive  i n  t h e  n icke l  pos i t i ve  a c t i v e  mater ia l .  I / 

And if :t could have t h e  f i r s t  s l i d e  -- 
(Slide. 9' 

The p a r t  I was concerned with p a r t i c u l a r l y  was t h e  

1 
f 
I 

without going i n t o  d e t a i l s  here;  w e  go t o  the' next  s l i d e ,  p l ea  e. 

(Slide. ) 

The purpose of discussing it i n  terms of ?=4@3-+ I 
16 

' 17 

acceler(ated l i f e  test  i s  t h a t  by having a  c e r t a i n  voltage 

scheme ~neasuring t h e  po ten t i a l  of t h e  n icke l  p o s i t i v e  p l a t e  

with respect  t o  a reference e lec t rode  i n  t h e  c e l l  w e  can 

simulate one s i n g l e  cycle  by a  t r i a n g u l a r  vol tage  s tep .  

I Reporters, Inc. 

25 

This i s  j u s t  a  l i f t  of t h e  per iod ic  t a b l e  of a l l  t h e  add i t ives  

t h a t  have been pu t  i n t o  the nicke l  pos i t i ve  p l a t e ,  and 

i 
1 

i 



have tnlc,en out .  of a ba t te ry .  You increase under po t en t io s t a t i c  

control :  the  voltage and l e t  t he  current  take i t s  own value. . 

In  t h a t  c:ase you w i l l  f i nd  t h a t  you can cycle the  p3ate,  

o r  a smal-1 sample of the  h l a t e ,  and get  some kind of  

volt an^ t r a c e  l i k e  th i s , ,  always under po t en t io s t a t i c  con t ro l ,  

but errat:ic, going up i n  vol tage  and down. A n d  what. I 

am suggdttting here ac tua l ly  i s  t h a t  you can compress 1,000 

cycles of  a  charge, discharge operat ion i n t o  one weekend. 

And the. b a t t e r y  engineer has a  great  deal  of d i f f i cu l - ty  t o  

consider t h i s  because they asked me ac tua l ly  what C r a t e  

were yau oper'ating here ,  and i f  you consider t he  C r a t e  by 

the  t r u e  de f in i t i on  of it, it i s  100 C r a t e  o r  a  1,000 C r a t e  

when you discharge one amperehour c e l l  f o r  one hour you have 

one C r a t e .  

But when you discharge a  t e n  milliampere-hour c e l l  

fo r  t e n  n ~ i l l i h o u r s  you don't  ge t  a  C r a t e  but you s t i l l  have 

a  100 C r a t e .  So what I am jus t  saying i s  t h a t  i f  you just 

s top  as ide  f o r  a  moment and look a t  it d i f f e r e n t l y ,  you can see  

t h a t  you take  the  current  d e n s i t i e s  a t  which ynu operate  i n  

an ordinary  C r a t e ,  take a  l i t t l e  sample out  of  a  b a t t e r y  

p l a t e ,  and cyc le  it and wi thin  a few minutes, depending on your 

sweep r a t e  here ,  you can ge t  a  whole discharge charge cycle.  

I n  our p a r t i c u l a r  case we have done t h i s  s p e c i f i c a l l y  

t o  t e s t  -- I ' m  coming back now t o  the  add i t ive  -- the  case of 

coba l t ,  where it was found t h a t  it i s  very  bene f i c i a l  t o  have 
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cabal$ added . t o  t he  n icke l  p l a t e ,  p a r t i c u l a r l y  f o r  the  

chargb acceptance and charge r e t en t ion  of  t he  pos i t i ve  

0 
a t  high temperature, high temperakure being 45 C: 

Maybe the  next s l i d e  w i l l  show t h a t ,  

That i s  j u s t  another sweep r a t i o  osci l lograph 

t racec ;  The next  one, please,  

Here you see i n  two normal KOH and s i x  normal 

KOH what an electrochemically deposited n icke l  sample 

w i l l  do i n  two normal and s i x  normal KOH solut ion.  The . 

Q here  r e f e r s  t o  t he  charge per square centimeter of  

e lec t rode,  And it shows t h a t  r e l a t i v e l y  more charge 

over longer periods of  time i s  maintained where cobal t  

is  added t o  the  nickel .  

This i s  generally.known i n  t he  b a t t e r y  indust ry ,  

but i t 's  worth mentioning now a l so ,  and i t ' s  simply t o  show 

you that it i s  poss ible  to .  have some o ther  accelera ted l i f e  

t e s t ,  And t h a t ' s  r e a l l y  a l l  I want t o  say on t h a t  subject .  

Thank you, 

HENNIGAN: We have a question from Ernst Cohn, 

COHN: If you r e a l l y  bel ieve  t h a t  t h i s  i s  a good 

method fo r  s imulat ing accelera ted l i f e  t e s t i n g ,  do you have 

any plans  fo r  coordinat ing your sweep method with a t r u e  

regular  l i f e  t e s t  t o  see: how wel l  they coordinate? 

WIENINGER: Well, I ' m  a f r a i d  I ' m  i n  the  R&D p a r t  
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11 t h a t  hawe been t a s t e d ,  t h e r e  a r e  no such tests a v a i l a b l e  t o  us  4 

j rb--13 

I 

. : 2  

3 

4 

so t h e  snswer i s  e s s e n t i a l l y  negative.  
b 

However, I th ink  I would l i k e  t o  t r y  t h i s  a n d  . 

r i g h t  now I am aware of  t h e  experimental d i f f i c u l t i e s  I d i d n ' t  

of  t h i s  partnership.  W e  have a c t u a l l y  looked a t  t h e  Crane 

d a t a  abd t r i e d  t o  see  whether w e  can, a t  l e a s t  t h e  coba l t  test ,  

whetherwe can c o r r e l a t e  t h e s e  wi th  what i s  a v a i l a b l e  i n  t h e  

l i t e r a s u r e .  If you a r e  t a l k i n g  about a c t u a l  commercial p l a t e s  

- 1 

go i n t o  r i g h t  now. What i s  involved r e a l l y  is i f  you have a  
. I 

I 
I 
I I 

i I 

11 
i i 

11 p l a t e ,  j u s t  t o  punch o u t  a  small  sample with t h e  p l a t e  a t  a  I 
It couple of mil l imeters  t h i c k ,  a  sample about one millimeter i n  

diameter and use  t h i s  a s  your test  e l ec t rode ,  and than  a l l  

I have t.o do i s  t o  wa i t  f o r  my col leagues  t o  g ive  up one of  

t h e i r  huge cons tan t  cu r r en t  p o t e n t i o s t a t s  i n  o rde r  t o  be a b l e  

t o  r e a l l y  work a t  t h e  cu r r en t  l e v e l s  t h a t  a r e  requi red .  

I a m  aware of  what has t o  be done b u t  it hasn ' t  bee 

li . . 

19 Sid Gross wanted t o  say  a  f e w  words on acce l e r a t ed  

1 

18 

done yet;. 

HENNIGAN: Do w e  have any f u r t h e r  ques t ions?  

2 2 HENNIGAN: Yes, you w i l l  have more.data next  yea r ,  I 
20 

2 1 

t e s t i n g  .. 
GROSS: I am going t o  waive it * u n t i l  next  year .  
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II O u r  next  s e s s i o n  t h i s  morning is going - to  be on I I 

257 

room t h a t  w e  a r e  s t a r t i n g  t h e  r e g u l a r  schedule now. This  is 

t h e  r e g u l a r  s e t u p  f o r  s l i d e s  t h a t  w e  have l i n e d  up. 

separakors ,  which is a very popular t a l k  around t h e  b a t t e r y  

1 

i 

i 

businees.  O f  course one of  t h e  problems wi th  p icking  a 

separator again  is w e  d o n ' t  have any real good test  t o  t e l l  

us how a s e p a r a t o r  i s  going t o  work i n  a b a t t e r y .  I w i l l  

show some data la ter  t h a t  some of t h e s e  wetting tests t h a t  

you wouldn't  even p ick  t h e s e  s e p a r a t o r s  f o r  worked quite w e l l  

i n  batteries. W e  d o n ' t  know how long they  a r e  going t o  work. 

There a r e  some i n d i c a t i o n s  t h a t  t h e  phys ica l  p r o p e r t i e s  and 

11 m a t e r i a l s  w i l l  t e l l  you n o t  t o  use  c e r t a i n  types  of sepa ra to r s ;  / 
The o t h e r  problem w e  have is wi th  supply of t h e s e  

ma te r i a l s .  I t  seems l i k e  every once i n  a whi le  you come , 

ac ross  a p r e t t y  good o,ne anti it seems kind of d i f f i c u l t  t o  
I 

get the material again.  The fe l low went o u t  of  t h a t  bus iness  

or he changed the process or  something. So pretty much I 

guess t h e  i n d u s t r y  has  stuck t o  the  nylon t ype  m a t e r i a l ,  

p r i m a r i l y  made by t h e  Pe l lon  Corporat ion,  u s u a l l y  r e f e r r e d  

II t o  as 2505ML, and as long as t h e  temperature is co ld ,  o r  I 
a t  zero, w e  had p r e t t y  good success  wi th  t h a t  sepa ra to r .  

The t r e n d  now is t o  tky t o  f i n d  a polypropylene 

t h a t  w i l l  a l s o  work i n  t h e  cells f o r  long pe r iods  of t i m e .  

I don ' t  know i f  it's going to  allow u s  t o  raise t h e  tempera- I 
i 

t u r e  i n  t h e s e  cells because w e  are  a t i l l  probably going t o  1 
I 



I/ Let's g e t  on t o  t he  few speakers we haves t h i s  

258 

1 

2 

' t o  havp problems with the  cadmiurn migration. I don't  

th ink  $;he Pellon w i l l  r e a l l y  s top it. 
i 

4 

5 

I '  /I am an o f f i c e r  of  Howard   ex tile M i l l s ,  Al l ied  Heat Seal  

morning i n  t he  separator  area. O u r  f i r s t  one i s  M r .  

Gary Lyons, from Howard Text i l e ,  who would l i k e  t o  t a l k  

6 

7 

8 

'12 11 Corporation, and United Processing. 

about liome nonwover polyamides, t he  physical  and chemical 
' 

' characa;eristics.  

Gary Lyons. 

1.6 11 have r ecen t ly  produced a new 100 percent  polypropylene woven 

'I 3 

'14 

For the  pas t  twelve years  we have been producers 

of woven and kn i t t ed  nylon'cloth.  We a l so  have made 

nylon envelopes fo r  use a s  b a t t e r y  separa tors ,  and we 

. who i s  in te res ted .  

1 7 1  

l 8  

Since 1969 we have been working with Monsanto 

c l o t h  o f  exceptional high s t r e n i t h  and heat  r e s i s t ance ,  

about e ight  m i l l s  t h i ck ,  and addi t iona l  sample yardage 

. i21i Corporation i n  adopting Cerex f o r  b a t t e r i e s .  And i n  

2 3 1 /  1970 we were appointed d i s t r i b u t o r s  of  ~ e r e x  t o  t he  

l 9  

b 
ba t t e ry  industry. 

I Reiorters, Inc. 

I n  recent  years  t he  use of  man-made f i b e r s  i n  both 

1 of these  goods w i l l  be ava i lab le  very  sho r t l y  f o r  anyone 
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m i l i t a r y  and i n d u s t r i a l  a p p l i c a t i o n s  have inc reased  dramati- 

ca l ly .  Many d i f f e r e n t  f i b e r s  and a m u l t i p l i c i t y  of  fabric 
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1 c o n s t ~ c t i o n s  are now ava i l ab le .  Consequently f a b r i c  and 

1 

f i b e r  gons t ruc t ions  f o r  s p e c i f i c  end uses  are s e l e c t e d  a f t e r  

meticqlaus assessment of  t h e i r  performance p r o p e r t i e s .  Aware 

of t h e  n e e d ' f o r  a t o p  performing f i b e r  and new lower c o s t  - 

' s t r u ~ ~ m s ,  Monsanto, i n  1963 began resea rch  on spun bonded 

materials and t h i s  r e sea rch  has  culminated i n  the.dleve1opment 

and more r e c e n t l y  i n  q u a n t i t y  product ion of C&rex spun bonded 
I 

nylon fkbric. 

: . '  - ., 3 
Manufactured by an i n t e g r a t e d  p rocess ,o f  f i b e r  

spinning and bonding, Cerex i s  formed from a-web of 100 

pe rcen t  nylon,  66 continuous f i l ament s  self-bonded a t  t h e  

f i l ament  junct ions.  I t  con ta ins  no adhesive,  no s i z i n g ,  

b inders ,  o r  fabric f i n i s h e s  . 
On an equal  weight b a s i s ,  Cerex is t h e  wor ld ' s  

s t r o n g e s t  . , nonwoven f a b r i c .  It possess  a l l  o f  t h e  h igh  

performance a t t r i b u t e s  o f  nylon 66 p l u s  t h e  unique f e a t u r e s  o 

a specjif i c a l l y  engineered spon bonded s t r u c t u r e .  . 

Could I have t h e  first s l i d e ,  please. ,  , 

(Sl ide.  ) 

A scanning e l e c t r o n  photomicrograph . . of Cerex 

a t  24 t imes magnif ica t ion  i s  i n  t h a t  s l i d e  number one. I n  t h  

f i g u r e  t h e r e  is a network of  bonded continuous f i l ament s  with 

genus ranging  from three t o  f i v e .  Because of the absence of 

, I - .  



any eq(erna1 binder it i s  poss ible  t o  have a web of uncoated 

vmaabce ' . I  of i n t e r s t i c e s  f o r  easy c i r c u l a t i o n  of t h e  e i c c t r o l y T .  1 
This may no t  be the  case f o r  t h e  s tap le . f i1ament  t 

i 
, , 

wovencd~ere matted areas  of f i b e r  and binder diminish sur face  I / 
area, 

. ,  
A t  t h i s  po in t  it is important t o  note  t h e  d i f f e r enc  

between spun bondeds and the  broad c l a s s  of products nonwovens 1 : 
Spun bondeds a r e  continuous. f i lament web, web s t r u c t u r e s ,  

bonded i a t  t h e  f i lament  crossover points .  The key word is 

."continuous . . filament." The continuous f i laments along , with 

s t rong !bonds allows any ex te rna l  fo rce  t o  be propagated 

throughout t he  f a b r i c  t o  a s i g n i f i c a n t  extent .  . ,  Th,is  causes 

%ex t o  be much s t ronger  than ,any s t a p l e  f i b e r  nonwoven. 
* * #  . . 
. . 

,Could I have s l i d e  number two? 
. . 

I .. 
(Slide. ) 

Cerex is  also a highly homogeneous s t r u c t u r e  due 

to t h e  absence of an ex t e rna l  binder.  This is p a r t i c u l a r l y  I 
evideq1:: i n  s l i d e s  one and two where t h e  clean network of  I 
Cerex  ' f i laments  is cont ras ted  with s l i d e  number, two, a staple 

nonwovtm. Where d i s c r e t e  f i laments  are held together  i n  a 

contiguous network by globs of binder.  The t o t a l  nonfiberous 

materiill content of Gerex is less than one percent.  According 1 to ,~Federa l  spec CCT-l91B, Method 2611. I 
I 

I .. With no f i n i s h e r s  o r  binder systems present  . . 
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1011 retentiion i n  30 percent  KOH has been increased from approxi- 

t 261 

con twina t ion  hazards a r e  reduced. 

Could I have Table 1, please? 

(Slide.) ' 

The weights and t y p i c a l  physical  p roper t i es  of t h e  

range o f  cur ren t ly  made Cerex s t y l e s  a r e  given i n  Table 1. 

6 

7 

8 

9 

Gerex :is being analyzed f o r  end use p roper t i es  s p e c i f i c  to' 

b a t t e r i e s  which use a potassium hydroxide e l ec t ro ly t e .  For 

t h i s  end use a l o w  densi ty  mater ia l  was developed t o  promote 

higher e l e c t r o l y t e  re tent ion.  Spec i f i ca l l y  e l e c t r o l y t e  

1311 ?xp.rienced i n  going t o  a love r  densi ty  f a b r i c  a s  the degree 
. - . -  

11 

14 of bonding was reduced. Spec i f ica l ly  s t r i p  t e n s i l e  s t reng th  11 

/ mately 200 t o  700 percent  with a low dens i ty  fabr ic .  As 
- ,  

12 I expectttd some s a c r i f i c e  i n  t he  mechanical p roper t i es  was 
It .*. 

15 

16 

Even with the  s a c r i f i c e  i n  mechanical p roper t i es  
I \ I 

.for loor dens i ty  f a b r i c  averages six pounds per  inch f o r  both 

machine and t ransverse  d i r e c t i o n s  versus 25 pounds per inch 

17 

18 

19 

we be l ieve  low dens i ty  Cerex t o  be a s  s t rong  a s  any s t a p l e  I 

for standard fabr ic .  yul len b u r s t  s t reng th  s t i  11 exceeds 50 

pounds pe r ' squa re  inch. Elongations have been lowered i n  both 

direct i .ons from 8? t o  25 percent .  

22 I1 nonwover used f o r  b a t t e r y  separa tors .  

23 11 Although some reduction i n  w e t t a b i l i t y  has been I 
24 

2 I Rttport~?rs, inc. 

25 

achieved with a low dens i ty  f a b r i c  further modifications are I 
now being made t o  improve t h i s  property. I 





Can you make spun bonded polypropylene? I I 

1 
i 
I 
I I 
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1 

2 

3 

4 

Do we have another ques t ion?  

FALIK: Andrew Falik, from Monsanto. 

I£ t h e  market j u s t i f i e s  t h e  spunbonded polypropylen 

262 

Thank you. Are . t he re  any ques t ions .  

(Applause. ) 
.. . . 

HENNIGAN: Thank you very much, Gary. 

MAURER: filaurer , ' B e l l  Labora tor ies .  

6 

7 

8 

LYONS : W e  can and w e  probably w i l l .  Fle'  re working 
I 

on it now. ' 

HENNIGAN:' Thank you, M r .  Lyons. 

- 12 

13 

14 

I 

i 
I 
I 

w e  coulti go commercial. Now i t ' s  l i k e  any o t h e r  organic  

polymer,, one of many t h a t  w e  are t r y i n g  to  make i n  spunbonded. 

A t  t h e  p r e s e n t  i t ' s  n o t  amenable t o  a spunbonded process, 

1 5 

16 

nylon, there are many kinds  o f  nylons of  d i f f e r e n t  lnolecular 

polypropylene. 

HENNIGAN : Thank you very  much. 

17 

18 

20 11 weights and presumably of d i f f e r e n t  s t a b i l i t i e s  i n  e l e c t r o l y t e 4 .  

S i d  Gross of Boeing? 

GROSS: Gross o f  Boeing. My understanding is t h a t  

. 21 

22 

23 

What can you say  about t h e  d i f f e r e n c e s  between 

spunboncted nylon and o t h e r  Pe l lon  type  nylons i n  t h i s  regard? 

LYONS : W e l l ,  our  spunbonded nylon is  a 66 nylon 

2 4  
I Reporter!;, Int:. 

25 

which wcruld have perhaps marginal  o r  even s i g n i f i c a n t  greater 

r e s i s t a n c e  t o  degredat ion  i n  a l k a l i n e  s o l u t i o n .  But pellon, 



I ' m  no$ su re , .pe rhaps  i t ' s  a nylon 6 polymer, s o  w e  would expe t 1 
:b-20 
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$ 2  

3 

4 

wi th  *el d i f f e r e n c e  i n  t h e  polymer c h a r a c t e r i s t i c s  a l i t t l e  
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less r q ~ ~ i s t a n c e  t o  a heav i ly  a l k a l i n e  s o l u t i o n .  I i 

I 

t 

As f a r  as o t h e r  nylons,  t h e r e  i s  no o t h e r  nylon sp 

bonded &being made. We f e e l  as f a r  a s  r e s i s t a n c e  goes Cerex I / 
would prpbably have t h e  h ighes t  r e s i s t a n c e  t o  an a l k a l i n e  so ludion  1 
of any v.ylon mnwoven being c u r r e n t l y  made. 

HENNIGAN: A r e  t h e r e  any more ques t ions  on t h i s  

nylon?. 1 1  

bonded niylons c o n s t r a s t e d  t o  t h e  unwoven m a t e r i a l s  be more I j 

I 

Bob Ste inhauer  of Hughes? 

STEINHAUER: Y e s ,  I would l i k e  t o  ask,  w e  have been 

concerned about s e p a r a t o r  degredat ion  and p a r t i c u l a r l y  t h e  
I 

nylons and h o s t i l e  formation o f  carbonate.  Would t h e s e  spun- 

r e s i s t a n t ?  ' I n  o t h e r  words are t h e s e  b inders  t h e .  t h i n g s  t h a t  t 

f 
i 

i 
f 
f 

I 
B 
f 
6 
t 

! 

so, 100 pe rcen t  polyahide , . s t ruc ture .  W e  a l s o  a d v e r t i s e  1 0 0  I j 

are brea~king down r a t h e r  than  t h e  nylon i tself? 

FALIE: Pel lon  a d v e r t i s e s ,  and I b e l i e v e  r i g h t l y  

pe rcen t  polyamide s t r u c t u r e  s u b j e c t  t o  t h e  s o l v e n t ,  
Of I 

i 
i 
> 

e x t r a c t i o n s  wi th  wa te r  and c lorofonn p l u s  t h e  a sh  con ten t  I 
which i s  less than  one pe rcen t ,  which I d o n ' t  thknk Pel lon  

could exceed t h a t  f i g u r e  e i t h e r .  

I f e e l  t h a t  as f a r  a s  degredat ion  i s  concerned, 

i.t!s, . a ques t ion  of nylon 66  ve r sus  nylon 6 and . , , t h i s  would be I 
t h e  only  d i f f e r e n c e  i n  t h e  two mate r i a l s .  



HENNIGAN: Guy Rampel 1 of General E l e c t r i c .  

RAMPELL: Can you t e l l  me what a i r  permeabi l i ty  ' 

range& 'pi" t h e  commercial l y  produced i s  a t  t h e  moment? 

FALIK: ' For our  low d e n s i t y  m a t e r i a l  s t y l e  t h a t  I 
w e  hdpq w i l l  be  used i n  b a t t e r y  s e p a r a t o r s  it ranges from 300 

to 350 pubic f e e t  p e r  minute p e r  square  f o o t  of f a b r i c  a t  a 

.half -Pnch water pressure .  

RAMPELL: Thank you. 

HENNTGAN: Another ques t ion  he re  -- Menard of  
. . 

Gould . 
MENARD: D o  you have any b inder  i n  your f a b r i c ?  

FALIK: There is no b inder  material i n  our  

f a b r i c ,  This  is  t o  say  t h a t  i f  w e  took a s t a p l e  nonwoven 

and subjected it t o  a s o l v e n t  e x t r a c t i o n s  and wa te r  e x t r a c t i o n  f 
and ash  and we took o u r  m a t e r i a l ,  we -- t h e  t o t a l  amount of I 
-- t h e r e  would be  nothing i n  t h e  e x t r a c t i o n s  t h a t  would be 

. r e p r e s e n t a t i v e  of any binder. 

MENARD: You mentioned about P e l l o n  be ing  100 

pe rcen t  nylon. They do have t h e  b inder  which is z inc  oxide  I 
i n  the re .  W e  ran a n a l y s i s  some y e a r s  back and I t h i n k  t h i s  I 

I 
is what caused t h e  degredat ion  -- t h e  b inder  i t s e l f ,  n o t  t h e  I 
nylon f i b e r s .  

I d o n ' t  know if t h e r e  is anybody h e r e  from Pel lon  
I 

who would l i k e  t o  comment on t h i s .  @ 

HENNIGAN: I believe t h a t ' s  z i n c  chloride, i s n ' t  it? 1 



II MENARD: Where does t h e  z i n c  come from? 

HENNIGAN: Do t h e  fe l lows from Pe l lon  l i k e  t o  say 

I/ anything about  t h a t ?  

li But I would l i k e  t o  ask Monsanto a ques t ion  on t h e  

4 

5 

7 11 b inder.  

VAN BEAVER: Van Beaver of Pe l lon  Carporat ion.  The 

b inder  giystem i s  p ropr ie t a ry .  I cannot comment on i.t. 

(Laughter. ) 
, 
FALIK: It 's  p r o p r i e t a r y .  

- I 2  I1 VAN BEAVER: Then you do  have a b inder  i r t  your 

10 

1 1  

4~~ 
FALIK: NO, sir. 

VAN BEAVER: Right. 

(Laughter. ) 

l 5 1 1  VAN-BEAVER: No b inder  whatsoever? 

FALIK: No. 

:7 11 ,HENNIGAN: S i d  Gross from Boeing? 

j3 I1 GROSS: Gross, Boeing. O f  p a r t i c u l a r  importance 

*. 11 Could you -- do you have any remarks on what 

19 

20 

of course  is t h e  a b i l i t y  t o  make s e p a r a t o r  ve ry  uniform and 

very p r e d i c t a b l e  and very c o n s i s t e n t .  

2411 than any o t h e r  cormnercially nonwoven t h a t  i s  a v a i l a b l e  on . t h e  

2;! 

2 3 

IRepc rters, Inc. 
2 1 market now. We c e r t a i n w  a t  t h i s  t i m e  c o u l d n o t .  make. as 

performance you have experienced i n  t h i s  regard? 

FALIK: I feel our  spunbonded would n o t  be worse 



u n i f o q  a material a s  a woven s t r u c t u r e .  I d o n ' t  feel. t h a t  

any noqwoven producer has  a p l u s  as Ear a s  u n i f o r m i t i e s  are 

conceppd.  I , 

'I would l i k e  t o  p o i n t  o u t  w e  have a b i g  program I 
i n  measyring uni formi ty  and it is a func t ion  of  how many sampl 

' . I  

you talc# and the a r e a  over  which they  a r e  taken. From t h i s '  I 
confereece perhaps I would l i k e  t o  get an i d e a  of how you I 
would wznt u s  t o  sample uni formi ty  i n  a b a t t e r y  s e p a r a t o r  

ma te r i a l .  Should w e  t a k e  three-knch squares  and measure them 

f o r  d e n s i t y  and weight and do a thousand of t h e s e  wi th in  a 

thousand yards ac ross  a 50-inch width,  or do w e  use a s ix- inch 

width so i f  w e  come up wi th  some v a r i a t i o n  statistics they  

could be more meaningful? 

HENNXGAN: Could w e  have t h e  s p e l l i n g . . o f  your  I 
p y ,  sir? . 

FALIK: Y e s ,  i t ' s  i n c o r r e c t  on t h e r e .  It's 

F-A-L-I-K. , 

HENNIGAN: Mr. Rampell from GE has some information 

on degredat ion o f  Pe l lon  i n  KOH. Do you want t o  say anything? 

RAMPELL: You a r e  t a l k i n g  nylon. Hans KrQger, D r .  

Krgger r(an some permanganate ox ida t ion  tests and o f  course  

nylon doles degrade and o x i d i z e  under t h o s e  condi t ions .  And 

h e  a l s o  :ran 160 d e g r e e  ~ a h r e n h e i t  s t o i a g e  tests i n  e l e c t r o l y t e ,  

31 pe rcen t  e l e c t r o l y t e ,  and found t h a t  -- w e l l ,  it was almost I 
impossible  to  f i n d  any nylon a t  t h e  end o f  t h e  s t o r a g e  period I 



which was about s i x  months. And i n  c o n t r a s t  t o  t h a t ,  

polypropylenes a r e  about t h e  only ma te r i a l s  t h a t  survived and 

a l s o  were p r a c t i c a l l y  non-oxidizable i n  t h e  potassium perman- 

ganate.  

HENNIGAN: I guess you w e l l  know when t he se  c e l l s  

are run a t  say 40 degrees C i n  less than a year ,  t h e r e  j u s t  

. i s n ' t  E ~ Y  s epa ra to r  left.  I mean i t ' s  completely gone. I t 's  

a- piece  mush t h e r e  with cadmium a l l  mixed i n  with it. 

So at. ;!5, it goes, depends on 'how you used t h e  cell, i n  two 

t o  t h r e e  years ,  zero. W e  had t he se  nylon c e l l s  with t h e  nylon 

i n  it ~mnning f o r  s i x ,  going on seven, years .  

Gary Lyons? 

LYONS: I presume t h a t  when you say t h a t  t h e r e  i s  

no nylon l e f t  you a r e  r e f e r r i n g  t o  nylon o t h e r  than t h e  Cerex 

spunbonded? I don1& be l i eve  t h a t  t h a t  has d i s in t eg ra t ed  undex 

heat i n  any test  * that  you have made. 

HENNIGAN: That w e  made? 

LYONS: That have been made. 

HENN 3GAN : Oh. 

A r e  t h e r e  any f u r t h e r  quest ions? 

D r .  Maurer from B e l l ?  

MAURER: 1 have a few genera l  comments, W e  have 

been doing some accelera ted  aging s t ud i e s .  O u r  use m o d e  for 

cells i n  many ins tances  is long term overcharge. a t  e l eva ted  

temperatures.  And w e  have an acce le ra ted  test  program 
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along those  l i n e s  t h a t  I t h i n k  we w i l l  r e p o r t  on a t  t h e  power 

sources conference,  bu t  i t  involves s e v e r a l  hundred c e l l s  a t  

d i f f e r e  t overcharging r a t e s  and temperatures.  Tt ' 
Our genera l  f e e l i n g  i s  t h a t  nylon 6 and a l s o  

nylon 66 a r e  degraded i n  oxygen KOH environments, and essen- 
, 

t i a l l y  agree ing  wi th  what Guy Rampell has  s a i d  on nylon in. 
* 

permangal-ate' KOH s o l u t i o n .  I t ' s  our  opinion a t  B e l l  Labs 

t h i t  a +prig l i f e  c e l l  must not  con ta in  any nylon a t  a l l .  

. HENNIGAN: Thank you. 

We w i l l  go on t o  our next  -- do you have a ques t ion  

over  t h e r e ?  

HALPERT: Ha lpe r t ,  Goddard. 

' I  am n o t  s u r e  a s  t o  t h e  r e l a t i o n s h i p  o f  t h e  t e s t  

i n  t h e  hog KOH and t h e  ox id iz ing  atmosphere a s  compared 

wi th  t h e  environment t h e  s e p a r a t o r  experiences i n s i d e  t h e  

c e l l .  That i s ,  i f  you t a k e  t h e  s e p a r a t o r  and measure i t s  

th ickness  wi th  a Caty gauge you g e t  14-15 m i l  on t h e  maximum 

l o f t  m a t e r i a l ,  which i s  t h e  type used i n s i d e  t h e  OAO type  

c e l l s .  Then, a f t e r  p l a t e s  and s e p a r a t o r  a r e  pressed  and 

t h e  pack i n s e r t e d  i n t o  t h e  case ,  i f  one determines t h e  room 

l e f t  f o r  t h e  s e p a r a t o r  we f i n d  t h e  th ickness  may be seven 

o r  e i g h t  m i l .  

A f t e r  a long term cyc l ing  we f i n d  t h e  p l a t e s  

themselves have increased  i n  th ickness ,  t h e  p o s i t i v e  i n  

p a r t i c u l a r  have increased  by 5 m i l  apiece.  So we r e a l l y  



considsir i n  t h i s  accelera ted  t e s t  w o r k .  

HENNIGAN:  B i l l '  R y d e r  f r o m  G u l t o n ? ?  

.- . W h e n  you say long l i f e ,  do you m e a n  t w e n t y - f i v e  

l o  11 years 011 cycle ,  your t yp i ca l  standby p o w e r  s y s t e m  l i f e  

l 1  I r e q u i r e m e n t  on b a t t e r i e s ,  o r  a r e  you r e f e r r i n g  t o  space type  

2 4 
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of  service?  

MAURER: I a m  r e f e r r i n g  t o  g rea te r  than f ive  years 

a t  t o o m  t e m p e r a t u r e .  

RYDER: Standby p o w e r ,  constant t r i c k l e  charge, 

long l i f e .  

MAURER: Y e s .  

RYDER:  Thank you. 

HENNIGAN:  D r .  W e i n i n g e r ,  d i d  you w a n t  t o  say a 

f e w  w o r c l s  on separa tors?  

W E I N I N G E R :  Yes, but  I again have s o m e  s l i d e s  t o  

s h o w .  

HENNIGAN:  ' O k a y .  

W E I N I N G E R :  I have a f e w  e l ec t ron  m i c r o g r a m s  t o  



The r idges  and. s t r i a t i o n s  a r e  a r t i f a c t s  from t h e  s l i c i n g  of 

t h e  qaxnple. This one is a polyethylene. The next  s l i d e  shows 

(Slide. ) 

Again very small pore s i ze s .  There is a hole t he re  
t 

be s l i c i n g ,  a t e a r ,  ac tua l ly .  Next s l i d e  please. 

(Slide. ) 

J u s t  because a t  t h a t  t i m e ,  a t  t h e  Battery Separator 

Symposium w e  were very i n t e r e s t e d  i n  whatwas considered t o  be  

t h e  best a l k a l i n e  ba t t e ry  separa tor ,  the RAI gra f t ed  poly- 

ethylene. W e  made one p a r t i c u l a r  e l ec t ron  micrograph on 

RAI with  very high conductivi ty,  and t h i s  par t icul -ar  sample ht 

pores also. These are less rounded more gene-like s t r u c t u r e s  

are pores I i n  RAI separa ted,  bu t  I don ' t  want t o  g ive  you t h e  
i 

irnpresqion t h a t  they usual ly  have pores. I only want t o  

rate this p a r t i c u l a r  one because it was very heavi ly  

radiat-ed i n  t h e i r  pkcess I suppose and pores develop.. I can 

assure you t h a t  a l l  o t h e r  RAI separa tors  w e  t e s t e d  d i d n ' t  

have ac tua l  holes  of t h i s  nature.  But even i f  they had, t h e  

pore s i z e  is here  only on t h e  o rder  of 100 angstroms i t s e l f .  

And that is n o t  necessar i ly  detr imental .  I n  f a c t  when you 

come t:o an ion  exchange membrane you a r r i v e  a t  the question 

of what f r a c t i o n a l  pore s i z e s  of  t h e  molecular l e v e l  of an 

ion exahange membrane r e a l l y  is. 

Now t he se  separa tors  are cheap t o  make, they a r e  



3: 11 c y r s t a l i n e  polymers o f  t h i s  n a t u r e  and t h e s e  polym'ers are 50 1 
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'1 

i l l  pore  s i z e s .  This  has been a c t u a l l y  publ ished i n  t h e  j o u r n a l  

show y ~ u  of t h e  new porwspolyethylene  membrane, porous 

4 

5 

41 

o f  E1ect:rochemical Socie ty  and a l s o  a t  g r e a t e r  l eng th  i n  t h e  

~ r o c e e d i ~ ~ ~ s  of  t h e  Ba t t e ry  Separa tor  Symposium a t  Coiumbus las  
j 

p e r c e i t  porous and have t h e  d i s t i n c t i o n  of having very small  

average pore s i z e  of average o f  60 t o  1 0 0  angstroms. 

The f i r s t  s l i d e  shows you a d i s t r i b u t i o n  of t h e s e  

2 

pould I lnave t h e  f i p s t  s l i d e ,  please? 

po lyp~ppy lene  membrane, a l s o ,  and a l l  t h e  t h i n g s  of h ighly  

sp r ing .  

I would t o  b r i n g  it t o  your a t t e n t i o n  a t  t h i s  t i m e .  

(S l ide .  ) 

The next one, p lease .  

( s l i d e .  ) 

I 

i 
k 

Without going i n t o  any d e t a i l s  on the  methods by 

wf-dch we e s t a b l i s h e d  t h e s e  pore s i z e s ,  t h i s  is  a 50 pe rcen t  por  

II One of t h e  methods o f  determining t h e s e  is shown I 
19 

polyolef:in,  it has a f e w  l a r g e  pores ,  b u t  t h e  ma jo r i ty  you can 

see are s m a l l e r  than  100 angstrom i n  pore  s i z e .  

24 1 of t h i s  polymer. Now t h e s e  l i t t l e  d o t s  o r  water  marks a s  they  Ii 8 

IZeporters, k. 1 
2 ;  appear  a r e  a c t u a l  pores .  The l a r g e s t  one t h e r e  is 200 angstrorrs. i 

21 , 

2;: 

. 23 

i n  t h e  n e x t  s l i d e .  

(Sl ide.  ) 

You see an a c t u a l  e l e c t r o n  micrograph of a s e c t i o n  
1 
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100 pe)rc:ent polyethylene.  There i s  no a d d i t i v e  t o  it. As a 
1 

result! they  have a peculhr  proper ty  of be%g completely 

hydrmpGobic. And they  w i l l  n o t  allow water  t o  come i n  

unless  i.t is placed  t h e r e  i n  t h e  first place.  They can be 

hea t  gariiled very r e a d i l y  and a number of  b a t t e r y  a p p l i c a t i o n s  

and vpyr more t h a t  are n o t  r e l a t e d  t o  b a t t e r y  technology. - 

Whether or n o t  they  would be u s e f u l  i n  a l k a l i n e  

b a t t e r i e s  is  a ques t ion  b u t  I j u s t  mention one o t h e r  perameter J 
I 

and that.  i s  t h e  t o r t u o s i t y  which i s  about three- to- ten;  I 
average t o r t u o s i t y o f  seven, l e t  us  say.  So depending on the 

t h i ckness  you have, you see you decrease  your e f f e c t i v e  

Wfthout ques t ion  it i s  very good f o r  a l e a d  a c i d  

cell. p d  t h e  nex t  s l i d e  w i l l  show you just one example of  what 

is  a convention lead a c i d  b a t t e r y  s e p a r a t o r ,  t h e  brown card- 

board r e s i n  impregnated type behind t h e r e  on which w e  have a 

lead plate, p o s i t i v e  p l a t e ,  I b e l i e v e ,  which i s  j u s t  s l i d  i n t o  

12 

13 

14 

2o 11 a bag matie from t h i s  material. I 

conduct iv i ty  considerably.  I f  you have a p p l i c a t i o n s  with 

reasonably l o w  d r a i n ,  meaning no h igher  than  one o r  t w o  C, 

this m i b j h t  be  a good a l k a l i n e  b a t t e r y  separa to r .  

T h a t ' s  a l l .  Thank you very much. 
< 

HENNIGAN: W e  had a ques t ion  i n  t h e  back the re .  

FALIK: Andy F a l i k ,  Monsanto. 

I f  i t ' s  completely hydrophobic m a t e r i a l  then would I 
teporters, Inc. 

you care t o  comment on its wet-out p r o p e r t i e s ?  
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have to  have i n  the  flooded s t a t e  o r  enclosed3.n a i a i r l y  
f 

humid ~$mosphere. In  the case of t h e  lead acid  cel l ,  t h e  

s u l p h u r i , ~  ac id  system, you have, a s  you look a t  t he  diagram 

S03H20, you have a number of hydrated compounds which 

t h e  sulphuric acid is so heavily hydrated t h a t  it w i l l  not  . 

I 
I 

dry ouk under any condit ions,  but  t h e r e  is no de te rgen t  o r  

anything else added t o  it. 

HENNIGAN: Van Beaver of Pellon? 

VAN BEAVER: Gerry Halpert approximately a week ago 

cautioned m e  t h a t  t h e r e  should be no s a l e s  p i tches  made a t  I 
t h i s  coxrierence bu t  I want - t o  c l a r i f y  two points:  

One, Pel lon has been marketing spunbond nylon for 

. approximately th ree  years  now. 

Two, w e  underdand and a r e  f u l l y  aware t h a t  nylon 

has l imi t a t i ons  i n  long life and high temperature requirements., 

For t h i s  reason w e  a r e  pursuing and pursued polypropylene f o r  

approxilnately nine year. 

Thank you. 

HENNIGAN: W e l l ,  I would l i k e  t o  g e t  on t o  our  next  

speaker, who is  M r .  Dangel, M r .  Phoenix Dangel from Kendall 

Company, Fiber  Products Division, on nonwoven separa tors .  I 
DANGEL: Thank you. . I 

- Good morning. The Kendall Company manufactures 

woven f a b r i c s  by t h e  s t a p l e  f i b e r  system as dis t inguished f ro  
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25 

t h e  c o ~ t f n u o u s . f i l a m e n t s  t h a t  were descr ibed  e a r l i e r .  

What I am going t o  t a l k  about t h i s  morning i s  t h e  ' 

selee#,pn of t e x t i l e  f i b e r s  and f a b r i c a t i n g  techniques f o r  I sepacqgor design. 1 
The r e l a t i v e l y  new a r t  of manufacturing fabrics 

direcply from f i b e r s  has  permit ted a design f l e x i b i l i t y  n o t  I , 
previouslty a v a i l a b l e  with o l d e r  techniques.  The new c l a s s  o f  

materials has  been termed "nonwoven." The ASTM de f ineg  them a 

fol lows : 

"Fabrics ,  nonwoven. A p l a n a r  s t r u c t u r e  produced 

by t h e  bonding or i n t e r l o c k i n g  of t e x t i l e  f i b e r s .  

or  both,  normally accomplished by mechanical 

work, thermal  t r ea tmen t s ,  chemical o r  s o l v e n t  

a c t i o n  o r  combinations the reof .  " I 
I n  t h e  usua l  f a b r i c  manufacture t h a t  has  gone on 

for agqs, f i b e r s  are f i r s t  made i n t o  yarn,  e i t h e r  by spinning 

or  t w i s t i n g  of s h o r t  fiber hairs. o r  by continuous extrusion 

of i n f i n i t e  length  mul t i f i l ament  o r  monofilament s t r a n d s .  The 

yarns  axe t hen  e i t h e r  woven o r  k n i t t e d  i n t o  fabric s t r u c t u r e s .  

These have a th ickness  a t  least a s  great as t h e  diameter  o f  

the yarn and t h e  p o r o s i t y  is u s u a l l y  a func t ion  of  the a c t u a l  

spaces hetween t h e  yarns i n  the s t r u c t u r e s .  

The f i r s t  two s l i d e s  w i l l  i l l u s t r a t e  what I am 

t a l k i n g  about . 
( S l i d e .  ) 
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There is a typical woven s t r u c t u r e  and the next  

s l i d e  (S l ide )  i s  a t y p i c a l  kn i t t ed  s t r uc tu r e .  A l l  r i g h t ,  you 

1 can taka t h e  s l i d e  o f f ,  please.  

I 
I I n  t h e  case  of t h e  nonwoven f a b r i c s ,  th ickness  and 
I 
I 

pore s i z e  are usua l ly  more c lo se ly  r e l a t e d  t o  t h e  diameters  of 

t h e  i nd iv idua l  f i b e r s ,  t h e  number of f i b e r s  superimposed on' 

each ocher -- t h a t  is ,  t h e  th ickness  of t h e  s h e e t  -- and t h e  

processing h i s t o r y  o f  t h e  nonwoven. That is, t h e  moduli of 

r i g i d i t y  and e l a s t i c i t y  in f luence  t h e  f i b e r ' s  behavior i n  

the  f i n a l  conf igura t ion  a s  it i s  transformed i n t o  a nonwoven. 

I n  f a c t ,  it is pos s ib l e  sys temat ica l ly  t o  explo , i t  

t h e  che:mical and phys ica l  na tu res  of t h e  f i b e r s  a s  w e l l  as the  

geometic congigurat ion i n  t h e  de l ive ra te ,  design of a nonwoven 

fabric to  be used as a segarat0.r  and e l e c t r o l y t e  absorber.  

L e t  us  consider  t h e  f a c t o r s  involved i n  t h e  design 
1 

criteria of a s epa ra to r  f o r  a s p e c i f i c  end use. 

The f i r s t  choice must be to  select a a i b e r  of 

proper  chemical and phys ica l  c h a r a c t e r i s t i c s .  The cons ide ra t i  

would i nc lude  those  shown i n  t h e  nex t  slide. 

(Sl ide.  ) 

Non-solubili ty and non-reac t iv i ty  i n  a c i d i c ,  b a s i c  

o r  o rgan ic  e l e c t r o l y t e ;  r e s i s t a n c e  t o  oxidat ion  o r  reduct ion;  

swel l ing  o r  shrinkage i n  e l e c t r o l y t e ;  and thermal s t a b i l i t y .  

Next must be considered t h e  geometric cha r ac t e r i c s  

des i red  i n  t h e  f i n i shed  nonwoven f ab r i c .  These a r e  shown i n  



t h e  next  s l i d e .  

(S l ide . )  Here w e  must cons ider  f a b r i c  th ickness ,  pqre  i 

hypothegical  end use.  L e t  u s  assume t h a t  w e  have chosen t h e  f I i 

s i z e  an3 shape; uniformity o f  pore s i z e  d i s t r i b u t i o n ;  s t r e n g t h  

proper Ziber ,  having considered a l l  t h e  f a c t o r s  i n  Table 1. 
I 

t 
I 

i 

  he n e x t  dec i s ions  must be how t o  a r r a y  the f i b e r s  and t o  hold I I 
them toge the r  t o  un i fy  t h e  sheet . '  

Bas ica l ly ,  t e x t i l e  machinery i n  c u r r e n t  p r a c t i c e  c 

e i t h e r  manipulate t h e  f i b e r s  mechanicallv and l a y  them sub- I ; 
. . 

s t a n t i a . l l y  p a r a l l e l ;  o r  d e p o s i t  them; u s u a l l y  from an a i r  . I  i 1 
I !  

f i b e r s  i n  t h e  machine d i r e c t i o n ,  and t h e  nex t  s l i d e  i n  t h e  I i  

stream i n  a random manner. . 

(slide. ) 
The next  s l i d e  i l l u s t r a t e s  t h e p a r a l l e l  a r r a y  of 

c r o s s  d . i rec t ion .  (Sl ide.  ) y 

These structures are characterized by high s trength  

, 
t 

1 
t 
I 

i n  t h e  d i r e c t i o n  p a r a l l e l  t o  t h e  f i b e r s  and less s t r e n g t h  i n  

t h e  c ross  d i r e c t i o n ;  and by q u i t e  uniform depos i t ion  o f  f i b e r s  

r e s u l t i n g  i n  r e l a t i v e l y  uniform pore s i z e .  The i l l u s t r a t i o n s  

are, or' course,  i d e a l i z e d  and t h e  a c t u a l  f a b r i c s  a r e  n o t  q u i t e  

as unif arm as shown. 

The next  s l i d e  (S l ide )  i l l u s t r a t e s  xandom arrange- 

ment of f i b e r s ,  which may be e i t h e r  s h o r t  l e n g t h s  -- t h a t  i s  1 
s t a p l e  f i b e r  -- or  continuous f i l ament s ,  as descr ibed  e a r l i e r  
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by another  speaker ,  of i n f i n i t e  length.  These s t r u c t u r e s  a r e  

g e h e r a l l y  less uniform i n . t h i c k n e s s  from p o i n t  t o  p o i n t  i n  

t h e  f a b r i c  and i n  pore s i z e ,  s t r e n g t h  is  more nea r ly  i s o t r o p i  

i n  t h e  X and Y d i r e c t i o n s ,  b u t  t h i s  i s  u s u a l l y  n o t  an irnportan 

f a c t o r  i n  s e p a r q t o r  design. 

The nex t  s l i d e  shows how th ickness  may be b u i l t  up 
, - 

by superimposi t ion o f  a d d i t i o n a l  f i b e r s  -- nex t  s l i d e ,  p lease  

(Sl ide .  ) 

And even given a s t r e n g t h  i n  t h e  2 d i r e c t i o n  by - 

mechaniczal entanglement of f i b e r s  down through t h e  l aye r s .  

Next s l i d e ,  p lease .  ( S l i d e , )  

This  shows a p i e c e  of  t e x t i l e  machinery t ~ h i c h  is 

used fo:r making t h e  random widths from s t a p l e  f i b e r s .  S l i d e  

o f f ,  please. 

The nex t  s l i d e  i l l u s t r a t e s  how mult i - laye 

o f  o r i e n t e d  f i b e r s  can be  used t o  b u i l d  up increased  th ickness  

This  se:nres t o  decrease  t h e  pore s i z e  by f i l l i n g  i n  some of 

t h e  s l o t - l i k e  spaces between i n d i v i d u a l  f i b e r s  and i n c r e a s i n g  

t h e  t o r t u o s i t y  of open pathways. (S l ide . )  Pore s i z e  can be 

f u r t h e r  decreased by compressing t h e  f a b r i c  i n  t h e  Z d i r e c t i o c  

which ciilts down t h e  i n t e r f i b e r  space and t h u s  t h e  s i z e  of  t h e  

c a p i l l a r i e s .  I ' l l  say more about  t h i s  a l i t t l e  l a t e r .  

Another technique which may be used t o  reduce t h e  

pore  sitze f u r t h e r  i s  by mixing f i b e r s  o f  two o r  more diameters 

A s  can be seen  i n  t h e  next  s l i d e ,  I d o n ' t  know i f  you can make 
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used t o  f i l l  i n  t h e  voids between t h e  l a r g e  ones. (Sl ide.)  I 
The next  cons idera t ion  i s  how t o  hold t h e  f a b r i c  

togdher once t h e  f i b e r s  have been l a i d  o u t  i n  t h e  d e s i r e d  I 
manner, A number o f  choices  is a v a i l a b l e  here as shown i n  t h e  

next s l i d e .  (S l ide . )  

I ,.e This  shows -- excuse m e ,  I meant t o ,  in t roduce  

. a i s  . - earlier -- t h i s  shows a number of machines which, each 

of. which, has  t h e  c a p a b i l i t y  of  making a f i b e r o u s  web of 

p a r a l l e l ,  f ibere and . lay ing  it, superimposing it on t h e  previou 1 
web on el continuous conveyer, so t h a t  we can b u i l d  up 

this mul.ti-layered s t r u c t u r e  t h a t  I i l l u s t r a t e d ,  and a l s o  

gives the c a p a b i l i t y  o f  mixing t h e  f i b e r s  of  d i f f e r e n t  diameters, 

as I i l l - u s t r a t e d .  

Next s l i d e ,  please.  (S l ide . )  

Now, back t o  b inder  systems. Heat and p r e s s u r e  may 

be used wi th  r e a d i l y  thermoplas t ic  f i b e r s ,  such as dyne l ,  

polypropylene and c e l l u l o s e  a c e t a t e ,  b u t  c a r e  must be taken t o  

avoid gllazing over  t h e  s u r f a c e s  and t h u s  reducing permeabi l i ty .  

Solvent:; may be used wi th  some the rmoplas t i c  f i b e r s  of high 

mel t ing  p o i n t  n o t  s u s c e p t i b l e  t o  t h e  p r e s s u r e  technique. 

Chernica:L or mechanical entanglement may be used wit11 c o t t o n  o r  

viscose rayon fibers which are n o t  s u s c e p t i b l e  t o  heat o r  

s o l v e n t  methods. Adhesive b inders  are commonly used i n  nonwovfn 

manufacture, b u t  are n o t  recommended f o r  b a t t e r y  s e p a r a t o r s  
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1 

11 how compression may be manipulated as a, v a r i a b l e .  I 

; 
because they  may decompose dnder oxid iz ing  cond i t ions  and 

2 

3 

4 

5 

Mathematical expressions have been der ived  for t h e  I 

make undes i rab le  by-products t h a t  i n t e r f e r e  wi th  eleetrochemic 1 

r eac t ions .  

Earlier I made some comments about t h e  e f f e c t s  of 

compression on pore s i z e .  The next  s l i d e  i l l u s t r a t e s  (S l ide )  I 
8 

9 

10 

1411 co t ton  grades  a t  i t s  normal th ickness ,  weight,  and dens i ty .  I I 

es t imat ion  of pore s i z e  by t h e  s tudy of  flow rates through 

f a b r i c s .  S ince  t h i s  i s  much more convenient than  o t h e r  method 

it has  heen adopted he re  t o  i l l u s t r a t e  t h i s  poin t .  

1 1  

12 

13 

The middle l i n e  shows t h e  same m a t e r i a l  a f t e r  it has  been 

calendered l i g h t l y ;  and t h e  t h i r d  l i n e  a f t e r  ca lender ing  wi th  
I 

greater pressure .  

The p o r o s i t y  shown on Figure 7 is c a l c u l a t e d  from 

bulk derksity. The a c t u a l  d e n s i t y  o f  c o t t o n  f i b e r s  i s  very  

. c lose  t o  1.53, s o  t h a t  t h e  p o r o s i t y  o r  f r a c t i o n  o f  voids can 

be calcillated from t h e  known weight and th ickness  of t h e  f a b r i  

and i ts  c a l c u l a t e d  d e n s i t y  i n  r e l a t i o n s h i p  t o  t h e  d e n s i t y  of 

c e l l u l o s e  i n  it. That  is ,  t h e  d e n s i t y  of  t h e  f a b r i c  d iv ided  

This  f i g u r e  shows p l o t s  o f  a i r  permeabi l i ty  a g a i n s t  1. 

pressure! drops  f o r  t h r e e  v a r i a t i o n s  i n  p o r o s i t y  of the same 

material.. The uppermost l i n e  shows one of our  s t andard  

14 11 by t h e  d e n s i t y  of c e l l u l o s e  g ives  t h e  f r a c t i o n  of space 
' I 
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made up of  voids.  

Next s l i d e .  (Slide. ) This  shows a p l o t  o f  a i r  

permeabj.lity a g a i n s t  poros i ty  a t  a h a l f  - inch water  - 6rop 

p ressu re  ac ross  t h e  f a b r i c ,  one of a number of va lues  t h a t  
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could be considered. I f  w e  assume laminar flow and flow 

pressure  drop through t h e  pores ,  w e  know t h a t  t h e  r a t e  o f  f l o w  

i s  propc3rtional t o  t h e  f o u r t h  power of t h e  dimension of  t h e  

pores  measured normal t o  t h e  d i r e c t i o n  of  flow and i n v e r s e l y  
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proport: ional t o  t h e  f i r s t  power of t h e  pore dimension i n  t h e  

d i r e c t i o n  o f  flow. This  b r ings  u s  t o  a cubic  func t ion  which 

I 

would plot as t h e  s t r a i g h t  l i n e  f o r  flow rate, t h a t  is, 

permeabi l i ty  versus  poros i ty .  r 

' m e n  though w e  are n o t  d e a l i n g  wi th  i d e a l  cylin-.  

drical pores  i n  t h e  f a b r i c s ,  b u t  r a t h e r  wi th  s lot-shaped pores  

i n  t h e  case  of carded f a b r i c s  and r a t h e r  oval-shaped pores  i n  

t h e  dase of  random f i b e r  f a b r i c s ,  t h e  mathematics permi t  us  

t o  use  t h e s e  plots as v a l i d  i n d i c a t o r s  o r  how w e  have dePibera 

t e l y  reduced pore s i z e  by a p p l i c a t i o n  of e x t e r n a l  p ressu re  t o  

t h e s e  f a b r i c s  dur ing  t h e i r  prepara t ion .  

S l i d e ,  p lease .  (S l ide . )  When hydrophobic f i b e r s  

are chosen f o r  t h e i r  good r e s i s t a n c e  t o  ox ida t ion  and chemical 

s t a b i l i t y  i n  e l e c t r o l y t e ,  a l i q u i d  c a p a c i t y  hold ing  problem 

is  o f t e n  encountered. The c o n t r i b u t i n g  f a c t o r s  a r e  l i s t e d  

i n  t h e  nex t  slide. (Sl ide.  ) 

Wetting angle  of e l e c t r a t e  on t h e  f i b e r  polymer, 
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fiber diameters ,  pore s i z e  a s  modified by p ressu re ,  and f i b e r  

f i n i s h  a d d i t i v e s .  S l i d e  o f f ,  p lease .  

Unfortunately,  wet t ing  angle  i s  d i f f i c u l t  t o  

measure on Cndividual f i b e r s  due t o  t h e  narrow diameter  of  

t e x t i l e  f i b e r s  i n  genera l .  It i s  u s u a l l y  measured on f a b r i c s  

or on f i l m s  of polymers from which t h e  f i b e r s  are made. An 

e x c e l l e n t  d i scuss ion  of  wet t ing  and c o n t a c t  angle  on va r ious  

s u b s t r a t e s  i s  found i n  Volume 4 3  o f  t h e  t h e  "Advances i n  

Chemistry" s e r i e s  publ ished by t h e  American Chemical Socie ty  

i n  1964. It must be kep t  i n  mind, however, t h a t  we t t ing  angle 

of aqueous ' f lu ids  on f i b e r s  o r  s u b s t r a t e s  are tremendously 

a f f e c t e d  by t h e  f i n i s h  t h e  f i b e r  producer a p p l i e s  1:o t h e  

f i b e r .  I n  most ins t ances  i n  f a c t  t h e  i n i t i a l  conEact angles  

measured on nonwovens a r e  more dependent on f i b e r  f i n i s h  than  

on t h e  b a s i c  n a t u r e  of  t h e  f i b e r  polymer.' 

The a d d i t i v e s  which are p r e s e n t  on hydrophobic f i b €  

and u s u a l l y  even on hydrophi l ic  ones -- I'm t a l k i n g  about 

s t a p l e s ,  remember. These f i n i s h e s  a r e  p u t  on so t hey  can be 

handled on t e x t i l e  equipment and they  may l ikewise  g i v e  

ob jec t ionab le  products  on ox ida t ion  and produce undes i rab le  

e lec t rochemical  e f f e c t s .  Due cognizance-should be taken o f  t l  

presence of t h e s e  agents  and t h e i r  removal undertaken i f  

necessary.  The same comment a p p l i e s  t o  f a b r i c  f i n i s h e s  

which may be appl ied  a f t e r  t h e  f a b r i c  has  been manufactured. 

Typica l  separator s t r u c t u r e s  which have been 



designed and manufactured i n  commercial q u a n t i t i e s  f o r  t h e  

en'd uses shown a r e  t abu la ted  i n  t h e  next  s l i d e .  

(Slide.  ) 
. I 

Cotton, p a r t i c u l a r l y  i n  t h e  mercury-zinc primary I 
cells wh.ere  t h e  binder  i s  absent-. I t 's  a c t u a l l y  a chemical 

entanglement; i t ' s  a l s o  used i n  t h e  cuprous ch lo r ide  systems, 

Dyne1 by' mechanical entanglement, b inder  systems i n  lead-acid. 

Dyne1 by hea t  and pressure  system, i n  z inc -a i r ,  lead-acid,  

and nick:el-cadmium. 

Polypropylene-rayon mixtures he ld  toge ther  by an 

aperturekd f i l m  made of l i n e a r  polypropylene i n  zincc--air 

system. Polypropylene f i b e r  put  toge ther  wi th  hea t  and 

pressure i n  nickel-cadmium; and nylon held  toge ther  by a 
/ 

system which is propr ie ta ry  I understand, and used i.n nickel-  

cadmium and s i lve r -z inc ,  

Most o f  t h e  s t r u c t u r e s  may be used a s  separa to rs  o r  

absorbers without  f u r t h e r  t reatment .  In  t h e  case  of f a b r i c s  

made f r c ~ m  polypropylene f i b e r  , absorpt ion q u a l i t i e s  o r  capa- 

b i l i t i e s  can be improved by ' i r radia t ion  techniques.  

Now, when penet ra t ion  by very f i n e  dend r i t e s  must 

be prevented, o r  con t ro l  o r  gaseous d i f fu s ion  undertaken, 

these  st:ructures may serve a s  sca f fo ld ing  f o r  depos i t  o r  other  

membrane materials or  be put i n  laminated structures where 

t h e  necczssaxy con t ro l  i s  acchieved through an add i t iona l  layer 

such a s  a semiporous membrane. 
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Now. what I have t r i e d  t o  t a l k e  about he re  today has 

been t h e  oppor tun i t i e s  a v a i l a b l e  f o r  t h e  choice of f i b e r ,  

f i b e r  masipulat ion and f a b r i c  u n i f i c a t i o n  systems t o  achieve 
I 
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d e s i r e d  ends. But, t h e r e  a r e  two major d i f f i c u l t i e s  encounter 
I 

I 

i n  t h e  d.esign o f  nonwoven f a b r i c s  f o r  b a t t e r y  separa to r s .  

One i s  t h a t  t e x t i l e  l a b s ,  manufactuers, are r a r e l y  

i f  eve ry  equipped t o  run e lec t rochemical  t e s t i n g  o f  proposed 

s e p a r a t o r  m a t e r i a l s ,  and t h e r e f o r e ,  t h e s e  tests must be run 

i n  the'  1 .abora tor ies  o f  t h e  b a t t e r y  manufacturers. 

The o t h e r  problem i s  -- and t h i s  is  t h e  r e a l l y  big 

one -- is t h e  one of  i d e n t i f y i n g  what i s  required. .  To 

overcome t h e s e  d i f f i c u l t i e s ,  t h e  nonwoven producer and t h e  

b a t t e r y  manufacturer must e s t a b l i s h  better communication a t  

the t e c h n i c a l  l e v e l  s o  t h a t  t h e  f a b r i c  design s k i l l s  may be 

directed i n  a most e f f i c i e n t  manner. 

Mounting a j o i n t  e f f o r t  t o  d e f i n e  requirements and 

them employing nonwoven manufacturing techniques t o  achieve 

them p r e s e n t s  some o b s t a c l e s ,  b u t  c e r t a i n l y  they  are sunnoun- 

table on,es, . 

Thank you, 

(Applause, ) 

If you have any ques t ions ,  I w i l l  t r y  t o  answer 

them. 

HENNIGAN: I t h i n k  we'll f a k e  about a 10  minute -- 
oh, w e  have one ques t ion  here.  



CARR: B i l l  Carr,  Eagle Picher .  

I j u s t  have one ques t ion  regarding  t h e  way you migh 

manufacture a nonwoven mate r i a l .  This  con t ras t ing- two  of your 1 
m a t e r i a l s ,  f o r  example, El451 polypropylene by comparing it I 
t o  something l i k e  EM490. I n  appearance they  a r e  nothing a t  

a l l  a l i k e .  

DANGEL: Yes. 

CARR: One i s  very s l i c k  and t h e  o t h e r  i s  very 

permeab1.e , I guess. 

Can you maybe exp la in  a l i t t l e  b i t  t h e  d i f f e r e n c e s  

as per your  d iscuss ion?  

DANGEL: Y e s .  The f i r s t  number, El451 is 1 0 0  

pe rcen t  polypropylene. The o t h e r  one was ::half-nylon:. and 

and half-polypropylene,  t h e  EM49O. These w e r e  both u n i f i e d  

by t h e  h e a t  and p ressu re  technique. The e f f e c t  of having 

t h e  nylon p r e s e n t  on t h e  s u r f a c e  i n  50 pe rcen t  propor t ion  

prevented ;a g l a z i n g  over of t h i s  s u r f a c e  by t h e  h e a t  and 

p ressure  wi th  which t h i s  f a b r i c  w a s  un i f i ed .  

CARR: Based on what w e  know, it seems t h a t  t h e  

g laz ing  over  of  t h e  s u r f  ace i s  undes i rable .  I 
DANGEL: Y e s .  This  is  something w e  a r e  aware o f  i 

and are working .to ameliorate .  I 
Thank you. I 
HENNIGAN: A r e  t h e r e  any f u r t h e r  ques t ions  f o r  

M r .  Dangel? 



We . w i l l  t a k e  a  ten-minute co f fee  break. 
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HENNIGAN: Our next  speaker t h i s  morning on 

s e p a r a t o r s ,  t o  do mainly wi th  t h e  OAO b a t t e r y ,  i s  Steve 

Gaston from Grumman A i r c r a f t ,  

STEPHEN GASTON: I n  t h i s  p r e s e n t a t i o n  t h e  o r g a n i c  

I 

and inorganic  impur i t i e s  o f  t h e  Pe l lon  m a t e r i a l  used. f o r  

1 :2 

1 *3 
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1.5 
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1 

t h e  OAO c e l l  and t h e  dyne1 and t h e  viskon m a t e r i a l s  used 

during t h e  formation o f  t h e  OAO c e l l  w i l l  be presented.  

Other phys ica l  p r o p e r t i e s ,  such a s  th ickness  

v a r i a t i o n s ,  e l e c t r o l y t e  absorpt ion ,  r e s i s t a n c e ,  t e n s i l e  

s t r e n g t h ,  e t  c e t e r a ,  were a l s o  examined. 

However, a  more thorough eva lua t ion  o f  t h e  

techniques app l i ed  and da ta  obta ined  i s  requ i red  and 

it w i l l  be r epor ted  a t  a  f u t u r e  da te .  

O n  Table 1 -- which I have shown he re  -- 
(S l ide .  ) 

I have t:o make a few cor rec t ions .  On t h e  maximum va lues  t h e r e  

only  hould be t h r e e  s i g n i f i c a n t  f i g u r e s ;  so t h e  l a s t  number 

should have been crossed  out .  The percent  c h l o r i d e  content  



' C1 2;utier:,, In:. 

25 sample - -  double i n  s i z e  -- was requi red  t o  ge t  a readable  

- ---- 

.I - - - - -- ---- 
-.& s - . in t h e  ~ e u n  value  column, it should be 0.28 n o t  - 0 2 8 .  - - - r 3 _  - -- - - E s s e n t i a l l y  what w e  have shown he re  is t h e  separa te  

loss which w e  have used f o r  four  080 b a t t e r i e s .  For t h r e e  

b a t t e r i e s  wo have used Pel lon  Lot No. 16015. The t h e  l a s t  OAO 

b a t t e r y  # w e  used Lot No. 17160. 

I b e l i e v e  t h e r e  i s  another  co r rec t ion .  I b e l i e v e  

t h e  des ignat ion  ML has been removed by Pel lon .  Maybe Pel lon  
- 

s f ~ ~ r r  '1 . l>-::2seto comment on it. The same b a s i c  s t y l e  a s  w e  had 

used previous ly  i s  being appl ied.  

For t h e  o rgan ic  content  determine t h e  procedure 

s p e c i f i e f d  i n  t h e  i n t e r i m  cel l  s p e c i f i c a t i o n  was used. 

E s s e n t i a l l y  it c o n s i s t s  of  t h e  fol lowing s t e p s .  

- F i r s t ,  each of  t h e  t h r e e  samples was c u t  t o  1 0  cm 

square  and weighed on an a n a l y t i c a l  bance. 

Second, t h e  sample w a s  i n s e r t e d  i n t o  a weighted 

c o n t a i n e r  with the  s p e c i f i c  q u a n t i t y  o f  reagent  grade methanol 

and magnc~t ica l ly  s t i r r e d  overnight. 

The sample w a s  removed and weighed af ter  drying.  

sn.tvent: was f i l t e r e d  , evaporated,  and brought to cons tan t  weigh.:. 

A t h i n  f i l m  of each res idue  was placed between 

sodium c h l o r i d e  c r y s t a l s  and i n s e r t e d  i n t o  a Perkin-Elmer 

model 2 1  i n f r a r e d  spec&lophotometer f o r  s p e c t r a l  scanning from 

2 t o  15 microns. 
-- 

4 - 
- I should no te  h e r e  i n  some i n s t a n c e s ,  a l a r g e r  

! 
i i 
I 

I 

i 

1 

I 

I 



spectrulrr . 
The r e s u l t s  show v a r i a t i o n s  i n  t h e  o rgan ic  con ten t s  

between the t h r e e  samples from each l o t .  Shown in.  t h i s  t a b l e  1 
a r e  t h e  minimum and maximum values .  Also d i f f e r e n c e s  between I 
t h e  two l o t s  can be noted. 

The l a s t  column des ignated  a s  maximum value  shows 

the h i g h e s t  va lue  obta ined  between t h e  samples o f  t h e  two l o t s .  

A number of d i f f e r e n t  va lues  f o r  t h e  p e r c e n t  weight l o s s  f o r  

Lot No. 16015 was obtained.  And a l s o  it should be noted t h a t  

i n  a d d i t i o n  t o  t h e  use of d i f f e r e n t  s o l v e n t  m a t e r i a l s ,  t h e  

e thano l  and methylene c h l o r i d e  r e s u l t s  were repor ted  by ESB I 
i n  t h e i r  f i f t h  q u a r t e r l y  r e p o r t  on a l k a l i n e  s e p a r a t o r  s t u d i e s  

for NASA-Goddard Contract  NAS 5-10418, da ted  June - September, 

The pe rcen t  loss by t h e  methanol technique was 

reporteld by U.S. Tes t ing  Company, Hoboken, New Jersey. There 

appears to be a closer c o r r e l a t i o n  between t h e  methanol and I 
t h e  met'hylene c h l o r i d e  e*actions than  t h e  e thano l  and t h e  

rnethylene c h l o r i d e  e x t r a c t i o n s .  The s p e c i f i c a t i o n  t a r g e t  o f  

two p e r c e n t  w a s  s l i g h t l y  exceeded i n  Lot 16015, b u t  was m e t  i n  I 
the la ter  l o t .  It s t i l l  seems reasonable  t h a t  t h e  maximum I 
t a r g e t  of two p e r c e n t  should be kepkin t h e  s p e c i f i c a t i o n .  

The inorgan ic  con ten t  de terminat ion  method was as I 
fo l lows : I 

I Each of t h e s e  th ree , samples  w a s  c u t  t o  1 0  m square  
I 



1 

2 

3 

11 For t h e  nitrate, t h e  Taylor  method with6phenol.di-  I 

and ex t rac ted  using water. It was found t h a t  more than one 

sample was requi red  t o  get a workable amount of  res idue .  

S p e c i f i c a l l y  , two samples were required.  

4 

5 

6 

811 s u l f o n i c  acid.  

A q u a n t i t a t i v e  a n a l y s i s  f o r  n i t r a t e ,  s i l i c o n ,  

carbonate ,  n i c k e l ,  z inc ,  t i t an ium and c h l o r i d e  were conducted 

us ing  t h e  fol lowing methods: 

Tho carbonate-barium c h l o r i d e  method. 

For  t h e  n i c k e l ,  atomic absorpt ion  method. 

9 

10 

And f o r .  t h e  c h l o r i d e ,  t h e  Mohr method. 

The s i l ica ,  t h e  Taylor method using c o l o r  reagent  

one and two. 

13 

14 

15 

The emission spectrograph a n a l y s i s  were conducted I 

I 

For t h e  z inc ,  t h e  atomic absorpt ion  method. 

For t h e  t i t an ium,  t h e  s u l f u r i c  a c i d  peroxide 

c o l o r i m e t r i c  method. 

on ext ra .c t s  t h a t  were ashed and then  analyzed f o r  inorgan ic  

c o n s t i t u e n t s  u s i n g . a  Baird atomic emission spectrograph..  

I The t o t a l  maximum inorgan ic  con ten t  was 0.25 percent, 

which i s  a l s o  t h e  maximum t a r g e t  va lue  s p e c i f i e d  both i n  t h e  

i n t e r i m  c e l l  s p e c i f i c a t i o n  and t h e  Grumman OAO ce l l  

(Sl ide .  ) 

On Table 2 ,  t h e  s e p a r a t o r  a n a l y s i s  for t h e  viscon 

material used i s  shown. I d o n ' t  have a t  t h e  moment t h e  viscon I 



- .  - -9 *=- 
I have a r e c e i p t  number 

5;- -- - - 
9#sr z-1 - 
L-l-m-ntent a s p e c i f i c  viscon l o t  number. 
- I[-- It '  

d o n ' t  have a t  t h e  

and I 

311 t h i n k  I can g e t  it a t  a l a t e r  da ta .  

E s s e n t i a l l y  a combination of viscon and dynel  

i s  used f o r  t h e  chemical c leaning  o r  p l a t e  formation 

11 process .  Tha t ' s  one of t h e  reasons why w e  analyzed -- had , 

t h e  vi:3con and t h e  dynel  analyzed. The t o t a l  organic  and 

- 

- 7 1 ~ .  . 
---rRl-+mrganic , content  f o r  t h e  viscon m a t e r i a l  i s  comparable t o  t h e  

Y I !  r e s u l t s  f o r  t h e  Pel lon  m a t e r i a l  ana lys i s .  I woulcl say i t ' s  
- 

- - ~1ight :Ly lower f o r  t h e  z inc  and f o r  t h e  ch lo r ide .  

The t h i r d  graph ( S l i d e )  shows t h e  a n a l y s i s  f o r  

- l2 '1  t h e  dynel  ma te r i a l .  And again ,  it can be noted t h i s  i s  less _ I _ -  
-- 

- * -s= 
- J 3 "  - v a r i a t i o n  f o r  t h e  Pe l lon  and v iscon m a t e r i a l s  -- no, 

Ill1 I c e  t h a t  a .  i n  t h e  dynel  t h e r e  i s  Icss v a r i a t i o n  i n  

1 5 )  t h e  r e s u l t s  than shown, than  observed f o r  t h e  v iscon and Pel10 
I 

ral Reporters, Inc. . - .- 

25 

m a t e r i a l s .  Theref ore t h e  maximum va lues  a r e  lower. 

, Table N o .  4 (Slide) shows a -- this is redrawn from 

a spectrogram -- f o r  s e p a r a t o r  l o t  number 17160, which i s  t h e  

, l as t  one used,  and it shows absorpt ions  which may be 

c h a r a c t e r i z e d  a s  fo l lows : 

T h e r e s e n c e  of t h e  N-H absorpt ion  is i n d i c a t e d  

i n  t h e  3 to 3.05 micron range and t h e  C-H i n  t h e  3.4 t o  3.5 

range. 

The c=e frequency appears i n  t h e  5.8 t o  5.85 range 1 
* as expected f o r  t h e  C=Q group. 
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OAO PELLON SEPARATOR ANALYSIS 

o APPLICABLE BATTERY 

o PELLOIJ STYLE NO, - iiri NO. 

o ORGANIC CONTENT - X RESIDUAL 

- Z WT. LOSS: 
I.IETHAIIOL 
ETHAliOL (ESB) 
IltTHYLEdE CL (ES3) 

o INORGANIC COIITEHT 
- % ASH 
- X NITRATE 
- X SILICA 
- Z CARilOi(ATE - X IIICKEL - X ZINC 
- Z TITANIUM - X CHLORIDE 

S/N 34. 35 i4AX VALUE - - 
2505 IIL 
iii60 

o SPEClFltATION TARGET - LESS THAN 2,WL 3Y WEIGHT TOTAL ORGANICS 
- LESS THAN 0,25X BY NEIGIIT TOTAL IIIORGANICS 

OAO CELL FORPATION SEPARATOR ANALYSIS - DYNEL 

o APPLICABLE BATTERY S/N 25A. 26A. 30. 31. 32. 33 

o DYdEL P/N 7354 
- R.R. NO. 

o ORGANIC COdTENT - Z RESIDUE 0.271) - 1.520 0.570 - 0.760 
- X WEIGHT LOSS 1,000 - 1.400 0.660 - 0.780 

o INQRGArllC COliTENT 
- X ASH U.0'21 - 0.122 0.0'23 - 0,044 
- %NITRATE 0.00011 - O.UOU93 0.019 - 0.026 
- X SILICA ll 'J S 0,815 

. - 7. CARGOdATE 0.484 - 1.191 ~ 0 . 0 0 4  
- X IIICLEL i(/U ~ 0 , 0 1 0  
- X LiNC ti/U C-0,003 
- ZT1TA;lIUfi N/D <0,004 - X CIILORIDE 0,042 - 0.101 0.:10 - 0.130 

IWX VALUE 

OAO CELL F O R M A T ~ O ~  SEPARATOR ANALYSIS - VISCON 

o APPLICABLE BATTERY , . SIN 25A. 26A. 30, 31, 32, 33 S/N 34. 35 I'dX VALUE - - 
o ViSCOlI P/N 8787 8787 

o ORGANIC CONTENT 

- Z RESIDUE 0.290 - 2,330 0,510 - 0.7C3 2.330 - X WEIGHT LOSS 1.340 - 1.910 0.570 - 0.670 1.910 

o INORGANIC CO!tTENT 

- X ASH - ; iIITRATE 
- 4 SlLlCA 
- X CARBUliATE 
- X NICKEL - XZl l iC 
- X TITANIUM 
- X CHLORIDE 



The band near  6.5 microns i s  i n d i c a t i v e  of N-M 
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presence.  I 

I 

I 

And i n  genera l  it appears t h a t  t h e  s p e c t r a  i s  

s i m i l a r  t o  S a d t l e r ' s  Standard Spect ra  f o r  a complex Fattyamine. 

That ' s  a l l  I have, 

(Applause. ) 

HENNIGAN: Do w e  have any f u r t h e r  ques t ions  on t h e  
i 

s e p a r a t o r s  f o r  t h e  OAO b a t t e r i e s ?  I 
FORD: Ford, NASA Goddard. S teve ,  I b e l i e v e ,  and 

c o r r e c t  m e  i f  I am wrong, t h a t  t h e  p o i n t  of.25 pe rcen t  on t h e  I 
i no rgan ic  has been changed. I t 's  no . longer a t a r g e t  when you 1 

I 
pu t  it a t  one percent  maximum, i s  t h a t  c o r r e c t ?  

GASTON: Yes ,  at one time w e  did change it to one I 
percent .  W e  have one a d d i t i o n a l  s e p a r a t o r  which 1 , h a v e n ' t  I 
mentioned. T h a t  i s  t h e  s e p a r a t o r  f o r  t h e  a u x i l i a r y  e l e c t r o d e  I 
cell. And t h a t  was somewhat h igher .  

However, looking a t  t h e  r e s u l t s  i n  t h e  l a s t  s e p a r a t  

l o t ,  I t h i n k  w e  can change t h e  t a r g e t  s p e c i f i c a t i o n  back t o  

q u a r t e r  pe rcen t  inorgan ic  con ten t  r a t h e r  than keep t h a t  one I 
percent ,  E s s e n t i a l l y  what I say somewhere i n  t h e  p a s t  w e  d id  I 

have a high r e s u l t  and t h e r e f o r e  w e  d i d  change t h e  s p e c i f i c a t i o n .  
1 
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W e  wou1.d l i k e  t o  change it back t o  q u a r t e r  percent .  

HENNIGAN: The next  speaker w i l l  be myself on some 

of t h e  information t h a t  w e  have go t t en  on polypropylene 

separa t~ors  and w e  do have some comparison wi th  nylon. 

Now most of t h e s e  -- w e l l ,  a l l  of t h e s e  m a t e r i a l s  

w e r e  s e l e c t e d  i n  t h e  program a t  ~ l e c t r i c  Storage Bat te ry  . 

' Company, Norberg Research Center', and  t h e  s e l e c t e d  m a t e r i a l s  

were de l ive red  t o  Eagle P iche r ,  who b u i l t  t h e s e  m a t e r i a l s  i n t o  

s i x  &,ere c e l l s ,  t h e  r e g u l a r  steel ,  ceramic s e a l e d  cells. 

These cells do have Schlage locks on them s o  w e  can p u t  

guages o r  make gas  a n a l y s i s  l a t e r  on i f  w e  want t o .  

There i s  another  t h i n g  w e  a r e  t r y i n g  t o  do here.  I 

d o n ' t  know i f  w e  have been t o o  success fu l .  W e  do have some 

numbers. But aga in ,  what do t h e s e  numbers mean? We make 

t h e s e  iaicking tests and we t t ing  tests and absorpt ion  t e s t s  anc 

so f o r t h  and can w e  p ick  o u t  a good s e p a r a t o r  from t h e s e  

 number,^? And I'm n o t  saying  we can. I ' m  j u s t  going t o  show 

you t h e  data and you w i l l  have t o  dec ide  f o r  yourse l f .  

There ' s  a l o t  more d a t a  on t h e s e  th ings .  I t h i n k  

i f  w e  t r i e d  t o  p u t  it a l l  up he re  w e  would inundate  you wi th  

it. I t r i e d  t o  p ick  o u t  t h e  d a t a  t h a t  normally people use  

i n  looking a t  a s e p a r a t o r  for a cell.  

I wonder i f  I could have t h e  f i r s t  s l i d e .  (S l ide .  

This  s e p a r a t o r  h e r e  i s  a Kendall rna te r i a l ' and  i t ' s  

polypropylene. 



I f e w  minutes. T means t r e a t e d .  

I Our graph he re  shows t h e  ampere hours t o  one v o l t  a 

i 
I 
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a ' s i x  amp discharge .  Now this i s  the C rate f o r  the cell. I 

293 

Now. a l l  of t h e s e  s l i d e s  w i l l  have t h e  c o n t r o l  

s e p a r a t o r  i n  t h e  bottom or  near t h e  bottom slct. And on t h e  

l e f t  h e r e  we have t h e  s e p a r a t o r  designated as E1451. AR 

throughout t h i s  t a l k  w i l l  mean a s  rece ived ,  as t o  m a t e r i a l s  

Now t h i s  m a t e r i a l  h e r e  had somewhat o f  a h igher  r e s i s t a n c e  

than normally w e  see b u t  w e  wanted t o  b u i l d  some cells o u t  

t o  see :how much r e s i s t a n c e , d i d  a f f e c t  t h i s .  And t h e  a s  

I 

received m a t e r i a l  d i d  have a r e s i s t a n c e  of 3 4  ohm cm. I t  

del ivered .  W means washed out.  And I w i l l  d i s c u s s  t h a t  i n  a 

a l s o  haid a very low a i r  permeabil i ty .  Wetting t i m e  was n o t  

t o o  bad. Wicking would look a t t r a c t i v e  t o  most people. And I 
the absorpt ion  w a s  considered t o  be low here.  

However, a t  t h e  C rate, w e  only g o t  3.2 ampere hour 

out and t h e  charge v o l t a g e s  were about 150 and p r e s s u r e  b u i l d  

up i n  t h e  ce l l  was 30 pounds p s i  guage. W e  t r i e d  washing t h i s  

m a t e r i a l  out .  I t h i n k  t h i s  was washed i n  methanol, then d r i e d .  

The r e s i s t a n c e  went up by a f a c t o r  of three .  Wetting time -- 
it j u s t  wouldn't  w e t .  And Wicking w a s  approximately zero. 

And w e  still g o t  about t h e  same number of ampere hours. 

The t r e a t e d  m a t e r i a l  was washed o u t ,  as I mentioned 1 
1 

before, b u t  it was t r e a t e d  wi th  concentrated s u l f u r i c  ac id  
1 

t o  see Lf it could improve t h e  we t t ing  p r o p e r t i e s  of t h e  surfa 
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O f  course,  i t . w a s  washed o u t  a f t e r  t h e  a c i d  t rea tment  wi th in  

about 1 0  times or more i n  deionized water. 

W e  d i d n ' t  do much t o  improve t h e  wicking here.  

We d i d  decrease  t h e  r e s i s t a n c e  again ,  and we t t ing  t i m e  w a s  

improvecl. A i r  permeabi l i ty  i n  a l l  three cases  s tayed about 

t h e  same. There was some improvement he re  i n  t h e  ampere hours 

i n  t h e  C! r a t e .  

Our c o n t r o l  m a t e r i a l  is  t h e  2505 Pel lon  m a t e r i a l ,  

h o t  c a l m d e r e d  as received. T h i s  has what is considered t o  bc 

somewhat. of a low wicking. It has a very goad KOH obsorpt ion.  

The r e s i s t a n c e  i s  low. The we t t ing  t i m e  is n o t  considered toc 

bad. And a i r  permeabi l i ty  here  w a s  61 ,  which i s  q u i t e  high. 

NOW t h e  cells, w e  g o t  6 .1  ampere hours and I forgot  

t o  po in t  o u t  t h e  vo l t ages  up above t h e r e ,  b u t  t h e r e  were s t i l l  

r a t h e r  high i n  t h e  Kendall ma te r i a l s .  The Pel lon  m a t e r i a l  o f  

course was I'd say  normal and t h e  p ressu re  was seven. 

I might mention t h a t  a l l  these  charges are to C ove 

1 0  for  about 1 6  hours,  

Can w e  have t h e  nex t  s l i d e '  please. (Sl ide .  ) 

These s e p a r a t o r s  he re ,  t h e  first one FT2140 i s  a 

Pel lon  polypropylene. W e  again have the 2505x4 which is 

t h e  Pel lon  mater ia l .  And a m a t e r i a l  t h a t  was given t o  u s  by 

Hercules,  I d o n ' t  know r e a l l y  of a number of t h i s  ma te r i a l .  

It's made by a fellow, D r .  Burroughs a t  t h e  Research Tr iang le  

i n  North Carol ina.  You have t o  t r a c e  t h a t  one down. 
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But-  t h e  Pel lon  m a t e r i a l  here, wicking was just -- 
wouldn't wick .  And KOH absorpt ion was, w e l l ,  we'd call t h a t  

f a i r .  .hC r e s i s t a n c e  low. Wetting t i m e  seemed t o  be q u i t e  

long. ,And a i r  perm w a s  I guess reasonable.  

This  one gave us 6 ampere hours a t  t h e  C rate. The 

vo l t age  w a s  1.45 and t h e  p ressu re  went up t o  about 12 a t  t h e  

end of charge. 

The Pel lon  m a t e r i a l  he re ,  t h e  K 4 ,  w a s  washed o u t  

i n  dilu1:e hydrochlor ic  a c i d  and t h e  p r o p e r t i e s ,  w e l l .  it d i d n ' t  

change t o o  much, bu t  I guess t h e  a i r  permawent up a l i t t l e  b i t  

 his dropped t h e  ampere hours t o  5.5 and t h e  vo l t age  was s l i g h d  

lowered, Pressure  about t h e  same. 

The c o n t r o l  m a t e r i a l  i s  given he re  again.  This 

w i l l  be shown on t h e  next  s l i d e  f o r  comparison. 

Now t h e  Hercules material a t  t h e  C rate gave us  

4 .8  ampere hours.  F a i r l y  low vo l t age ,  t h e  C over  10 and t h e  

pressure went up t o  26. Now t h e  e x a c t  m a t e r i a l  t h a t  was used . 

here  we d o n ' t  have the d a t a  y e t  from t h e  ESB b u t  from some of 

t h e  information I g o t  from Eagle P iche r  it looks l i k e  t h e  

KOH absorp t ion  i s  about 10. And t h i s  m a t e r i a l  w i c k s  very fast, 

And i f  you p u t  it i n  KOH it j u s t  -- i t ' s  a very f a s t  wicking 

mate r i a l .  I d o n ' t  have any i d e a  of t h e  AC r e s i s t a n c e .  

Wetting t i m e  is very f a s t .  I would say on t h e  o r d e r  of less 

than a minute. And w e  d o n ' t  have any information y e t  on t h e  

a i r  perm.. 
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Next s l i d e ,  now; p lease .  ( s l i d e . )  

This  s e p a r a t o r  WX1242 i s  made by t h e  GAF Corpora- 

t i o n ,  General Ani l ine  Film. This  i s  a polypropylene, also. 

There a r e  t h e  numbers f o r  t h e  wicking, A i r  permeabi l i ty  i s  

q u i t e  high on t h e s e  ma te r i a l s .  Wetting t ime i s  reasonable.  

AC r e s i s t a n c e  is low. We g o t  s i x  ampere hours a t  t h e  C r a t e  o 

t h e  as rece ived  mate r i a l .  The under charge vo l t age  was 1.45 a 

p ressu re  w a s  about 18. 

This  m a t e r i a l  was a l s o  washed o u t  i n  methanol and 

then washed i n  water, dt5konized water ,  so '-here w e  c:hange one 

of t h e  p r o p e r t i e s  considerably -- t h e  we t t ing  t i m e .  And we up 

t h e  a i r  perm a l i t t l e  b i t .  But it j u s t  c o r r e l a t e s  b e a u t i f u l l y  

here ,  1:he ampere hours is  h igher  now and t h e  presst i re  s t ayed  

about Ishe same i n  t h e  under charge v o l t a g e  s t ayed  about t h e  

same. 

. And t h e  l a t t e r  i s  t h e  Pe l lon  c o n t r o l  as rece ived  

which f s shown on t h e  s l i d e  before.  

All t h i s  information s o  f a r  is  a t  t h e  C rate. 

There i s  a l i t t l e  stress on t h e  cell.  W e  normally d o n ' t  use  

them at t h e s e  rates. W e  do have some comparative d a t a  f o r  C 

over 2. * 

Can I have t h e  n e x t  s l i d e ,  p lease .  

(S l ider  ) 

That  shou ldn ' t  be C-plus, it should be C and C 



SEPARATORS FT2140, 2505K4 + HERCULES 
SEPARATOR El451 

WlCKlNC KOH ABSORPTION AC WETTING TlME AIR PERM 
c m  11 5 hr g /cc  dry vol RESISTANCE ~ t n u t e s  cc / se t  

o h m - c m  

2 8 1 7  45 51 

WlCKlNG KOH ABSORPTION AC WETTING TIME AIR PERM 
c n l  on 5 hr g cc d r y  vol RESISTANCE m lnu les  c c  /5ec 

ohn i  c m  I EOC- 

E l451 k2 6 6 1 4  34 14 1 8  

CONTROL 1 0  
2505K4 

C O N T R O L  EOC 1 4 3  6.1 1 .O 3.1 
2505K4 

AR j 

EOC=END OF  CHARGE 
VOLTAGE 
P=PSIG 

AMPERE HOURS TO 1 0  V 
AT 6 0 AMPERE 
DISCHARGE 

EOC=ENO OF CHARGE 
VOLTAGE 
P=PSIG 

AMPERE HOURS TO I 0  V 
AT 6 0 AMPERE 
ClSCUARGE 

SEPARATOR WEX 1242 COMPARISON OF CAPACITIES AT C+C/2 RATES 
WlCKlNG KOH ABSORPTION AC  WETTING TIME AIR PERM 

C=6 AH 
c!rl !n 5 hr g /cc  dry vo l  RESISTANCE m?nutes c c  l s e c  

ohm-cm SEPARATOR CAPACITY AT C RATE CAPACITY AT C / 2  
TO 1.0 VOLT RATE TO 1.0 VOLT 

2.4 , , 3.2 14 96 E1451AR 
E1451W 

1.4 2.9 21440 125 E 1 4 5 1 T  
W EX 1242AR 
WEX1242W 
FT2 1 4 0  
2505K4W 

' HERCULES 

AMI'TRI HOURS 10 l 0 V 
AT ', O ,A'.Al1lHt 
I)I',I tlnlcnl 

h 



over  2 rates. . -Again C equals  s i x  ampere hours. 

The s e p a r a t o r  numbers are l i s t e d  i n  t h e  f i r s t  

column. Capacity a t  C r a t e  which was on t h e  graphs be fo re  is 

l i s t e d  i n  t h e  second column. I n  t h e  t h i r d  colum you g e t  C ove 

2 capaci ty .  

The f i r s t  t h r e e  ma te r i a l s  I previous ly  mentioned 

11 are t h e  Kendall m a t e r i a l s  a s  received,  washed ou t  and t r e a t e d .  

The reason I gave a range on t h e  f i r s t  two t h e r e  

was t h e r e  was q u i t e  a range i n  c a p a c i t i e s ,  I guess I f o r g o t  

t o  ment:ion'before t h i s  i s  always a sample of  s i x  cells w e  a r e  

t a l k i n g  about. And t h e  rest of them were a t e n t h  o r  two I 
t e n t h s ;  o f  an ampere hour. The 1242 m a t e r i a l  again is t h e  

G e n e ~ a l  Analine Film. The FT2140 is Pel lon.  The 2505K4 i s  

Pel lon,  And Hercules m a t e r i a l  as mentioned before.  

Now it looks he re  a couple of t h e s e  P e l l s n  m a t e r i a l  zt 
look very comparable t o  t h e  opera t ion  wi th  t h e  nylon separator i 
O f  course,  w e  a r e  only t a l k i n g  about a couple of  cyc les  here.  I 
How t h i s  m a t e r i a l  i s  going t o  hold up i n  a cyc l ing  program i s  I 
t h e  b i g  ques t ion .  I 

What w e  p lan  t o  do wi th  t h e s e  cells i s  cyc le  them I 
22 

23 

a t  Crane and about every t h r e e  months w e  w i l l  p u l l  one and 

br ing  i t ;  back t o  Goddard h e r e  and compare t h e  p r o p e r t i e s  o f  t h -  
I 
I I 

24 
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material. w i th  t h e  v i r g i n  samples. I n  t h e  meantime w e  might I g e t  some b e t t e r  tests f o r  t h e  we t t ing  p r o p e r t i e s  and absorpt ion 



1 1) and' s o  f o r t h .  , 

(Applause. ) '  ' 

11 A r e  t h e r e  any ques t ions ,  p lease .  Cohn? 

s / /  COHN: Cohn, NASA. 

11 p r o p e r t i e s  which a s  f a r  as I could see d i d n ' t  r e a l l y  c o r r e l a t e  

6 

7 

9 with anything t h a t  we are a f t e r .  I wonder whether you could I1 

I 
I not iced  t h a t  on your i n i t i a l -  f o u r  o r  f i v e  s l i d e s ,  

something l i k e  t h a t  you had q u i t e  a few d i f f e r e n t  phys ica l .  

1011 make a dec i s ion  now by h inds igh t  whether some of t h e s e  

11 

'12 

'13 

HENNIGAN: Well, we hope t o  go back t o ,  by hindsigh 

p r o p e r t i e s  perhaps need n o t  be determined because they  d o n ' t  

have an:y i n f l u e n c e  and whether perhaps t h e r e  a r e  o t h e r  

p r o p e r t i e s  t h a t  you may have found o u t  about meanwhile t h a t  

'14 

'i5 

711 to f i n d  out how t h e s e  p r o p e r t i e s  a r e  changing with time. 

could be more u s e f u l  t h a t  should be measured, which have been 

measured, s o  f a r .  

l8I1 
Now there were some o t h e r  p r o p e r t i e s  -- q u i t e  a 

19 11 f e w  o t h e r  p r o p e r t i e s  w e  measures t h a t  1 j u s t  couldn* t see a ry, 

io /I t h e r e  wlasnl t  much c o r r e l a t i o n  he re  except  a s  I say  on r e s i s t a n  

i 3 1 i  But as fa r  as -- t h e s e  a r e  t h e  type of tests people 

1 

2'2 

t h e r e  w a s  one t h a t  gave you an i n d i c a t i o n  t h a t  30 ohm cm is 

too higln. 

24 
Rel,orte~s, Inc. 
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are nonnal ly using. I ' m  t r y i n g  t o  show you they a r e n ' t  very 

good t o  pick o u t  t h e  s e p a r a t o r  t h a t  w e  need. 1 am j u s t  
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emphasizing t h e  p o i n t  here  t h a t  has been mentioned t h r e e  o r  

four  times a l ready : We d o n ' t  have information t o  g ive  

t h e  f i b e r  manufacturer t o  r e a l l y  t e l l  us  where w e  got a good 

s e p a r a t o r  f o r  a b a t t e r y .  I t 's  very s u r p r i s i n g  some of t h e s e  

m a t e r i a l s  won't wick a t  a l l  y e t  they work w e l l  i n  cells and 

normally you would throw some of t h e s e  m a t e r i a l s  o u t  long ago. 

. W i l  S c o t t ,  of TRW? 

SCOTT: I gathered t h a t  wicking tests..were done i n  

a i r  a t  atmospheric p ressu re ,  is t h a t  c o r r e c t ?  

HENNIGAN: Tha t ' s  r i g h t ,  

SCOTT: Has any comparison been done wi th  t h e  

wicking rates i n  a vacuum? 

HENNIGAN: W e l l ,  t hey 've  done it i n  t h e  presence 

of n i t rogen.  I d i d n ' t  see any e f f e c t s  the re .  Not i n  vacuum, 

I haven ' t  done anything i n  vacuum. 

SCOTT: . One o t h e r  ques t ion .  

I n o t i c e  you used calendered Pe l lon ,  2505, as a 

con t ro l .  And t h e  maximum l o f t  m a t e r i a l  has  been used mostly 

i n  o t h e r  cells. Why was t h e  K, calendered m a t e r i a l  used i n  

t h i s  case? 

H E N N I G W :  One of t h e  reasons i s  w e  are having an 

awful l o t  of t r o u b l e  g e t t i n g  any c o n t r o l  on t h e  th ickness  ~f 

maximum l o f t ,  I t ' s  d i f f i c u l t  t o  handle t h e  cells. W e  d i d  

use  t h e  K4 t o  a l s o  look a t  a new Pellon m a t e r i a l  here .  

Eventual ly  w e  expect  t o  go back and g e t  some more cells and 



1 11 inc lude  maximum l o f t  i n  t h e  next  set. 

5 KOH o r  , p y  s o r t  o f  acce le ra ted  test ,  r e l a t i v e  test ,  of the Il 

2 

3 

4 

BILLERBECK: Bi l le rbeck ,  COMSAT. 

Tom, I wanted t o  ask i f  t h e r e  was any accelerated 

t e s t i n g  of t h e  s e p a r a t o r  i n  t h i s  program l i k e  b o i l i n g  h o t  

9 d o n ' t  $now what you c a l l .  acce le ra ted  -- see, w e  a r e  a l s o  /I 
8 

lo I1 i n t e r e s t e d  i n  some o f  t h e s e  m a t e r i a l s  f o r ' s i l v e r  cells and 

7 .  HENNIGAN: There was some t e s t s ,  t e n s i l e  s t r e n g t h  

test on t h a t  high temperatore,  and t h e r e  w a s  a l s o  sbme, I 

'13 some of t h e  materials l o s t  weight;  some of  them gained weight. I/ 

' I 1  

'1 2 

1 4  1 Some of them picked up s i l v e r  a c t u a l l y  i n  t h i s  test.  And i t ' s  

there wins also some tests done with s i l v e r  oxide. 

I g o t  some information on t h a t .  I t 's  a l i t t l e  b i t  - *  

1'5 kind of normal f o r  t h e  nylons t o  p ick  up s i l v e r .  I1 
BILLERBECK: Yes. Well, we've been wondering i f  

17 there i s ;  any good acce le ra ted  test t h a t  one can use f o r  I1 
1811 

looking a t  s e p a r a t o r  degredation. I j u s t  wondered if you had 

any comn~ents on t h a t  stemming o u t  of  t h i s  program. 

22 /I  material.^, w e l l ,  it depended on whether you as-received it 

20 

. 2 1  

23 I/ o r  washed it. I n  t h e  f i r s t  case it l o s t  and i n  t h e  second 

HENNIGAN: W e l l ,  on t h e  s i l v e r  oxide test ,  f o r  

instance!, the Kendall m a t e r i a l s  gained some weight. The GAF 

,+ 11 cage it gained. And then i n  t h e  rest of t h e  m a t e r i a l s ,  i t ' s  
I Reilofters, irl; I 

25 about a f i v e  t o  1 0  pe rcen t  l o s s .  But I d o n ' t  know i f  t h e r e  i s  

I' 



any c o r r e l a t i o n  wi th  c e l l  te ' s t ing  I n  t h i s  informatioln either. 

Bob Corbet t?  

I CORBETT: I wonder a s  f a r  as t h e  capac i ty  d a t a  a t  th, 

C rate, :I guess  - t h e s e  c e l l  c a p a c i t i e s  were a l l  measured a t  t h e  I 
same poimt, as they went through t h e  same previous  h i s t o r y  ax~d 

a l l  t ha t ' ?  

HENNIGAN: That ' s  r i g h t .  

CORBETT: And what was t h e  e l e c t r o l y t e  q u a n t i t y  

comparison between cells? Was it t h e  same amount o r  was it 

optimizeti f o r  t h a t  sepa ra to r?  

HENNIGAN: No, i t ,was  optimized f o r  each separa to r .  

Now w e  did -- one of t h e  reasons w e  p u t  Swageloks on them, I 
we -- some of  t h e s e  cells t h a t  are low, one of t h e  t h i n g s  I 

t h i n k  1'1.1 d o  i s  try t o  s t a r t  adding e l e c t r o l y t e  t o  t h e s e  cells, 

maybe w e  d i d n ' t  add enough. 

CORBETT: So t h e s e  were s t a w e d  cells, so-ca l led?  I 
HENNIGAN: Y e s .  

CORBETT : Okay. 

HENNIGAN: Regular s e a l e d  Ni-cad cells. You would I 
call  them, space  type. M r .  Dangel? 

MR. DANGEL: Is t h e r e  any c o r r e l a t i o n  between 

th ickness  o f  t h e  s e p a r a t o r  and t h e  capac i ty  of  t h e  cell? 

HENNIGAN: The Kendall m a t e r i a l s  were about h a l f  t h e  

th ickness  of a l l  the rest. And I t h i n k  t h e  Kendalls were f i v e  1 
times ten to the minus t h r e e  cm, and t h e  rest were about t e n  o r  1 



DANGEL: Is t h i s  an i n d i c a t o r  of anything t h a t  we 

should he  doing t h a t  could be use fu l?  I f  w e  improved t h e  

t h i c k n e a , ~  would t h a t  g ive  you b e t t e r  capaci ty?  

HEMUGAN: W e l l ,  t h a t  cell  t h e r e  had t h e  lowest  

amount of e l e c t r o l y t e  i n  it because it has t h e  l e a s t  amount 

of sepa ra to r .  I ' d  say  i f  w e  had a t h i c k e r  s e p a r a t o r  and we. 

t r e a t e d  t h i s  wi th  t h e  s u l f u r i c  ac id ,  we might be success fu l  

there .  As you know, if t h e  s e a l  were t o o  g r e a t ,  t h a t  se l l  d i d  

come up i n  capac i ty  t o  a f a i r l y  decent  number s i x  and a h a l f .  1 
And it looked l i k e  it needed something done t o  it. Pad t h e  . I 

sulfur ic:  a c i d  t rea tment  seemed t o  help.  

CORN: Cohn, NASA, again. St imulated by B i l l e r b e a  

ques t ion ,  I ' m  just wondering whether perhaps D r .  WiemingerfG 

t r i angu l -a r  sweep might be app l i ed  i n  t h i s  case  a s  a method of 

g e t t i n g  cadmium i n t o  o r  s i l v e r  for t h a t  matter i n t o  o r  nea r  

t h e  s e p a r a t o r  and f ind ing  o u t  how t h e  s e p a r a t o r  s t ands  up. 

.Perhaps  D r .  Wieninger would c a r e  t o  comment on t h e  p o s s i b i l i t y  

of using t h i s  as an acce le ra te$  t e s t  .method o f  sepa1:ators. 
- 

WEININGER: Weininger, GE. 

I r e a l l y  have t o  th ink  about t h a t  a l i t t l e  b i t .  

But t h e  p o i n t  of  t h e  method i s  t h a t  you are always under 

p o t e n t i a l  s t a t i c  con t ro l .  And Sus t  th ink ing  off t h e  t o p  of  my 

head I would say t h a t  it, t h e  migra t ion  would be reduced i f  

you do not allow t h e  peak o f  t h e  t r i a n g u l a r  sweep t o  go t o  
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are going t o  run i n t o  very heavy oxygen evo lu t ion  a t  t h e  

p o s i t i v e  e l e c t r o d e s ,  and s u r e l y  you could i n  a very s h o r t  tima 

a l s o  oxid ize  your cadmium and g e t  it  i n t o  t h e  separa to r .  

Is t h a t  t h e  ques t ion?  

COHN: Y e s .  

WEININGER: Offhand, I don ' t  see any reason why . 

.you cou jdn ' t  do t h a t  very r a p i d l y ,  yes. 

HENNIGAN: John Leuthard? 

LEUTHARD: Leuthard, Martin Mar ie t ta .  

Tom would I be r i g h t  i n  assuming t h a t  i f  on some 

p a r t i c u l a r  c e l l  t h e  material parameters a r e  e s t a b l i s h e d  f o r  

a p a r t i c u l a r  cel l  and t h a t  c e l l  subsequent ly o p e r a t e s  s a t i s -  

f a c t o r i l y ,  t h a t  t h e s e  parameters could be used t o  i n s p e c t  

subsequent l o t s  o f  m a t e r i a l  t h a t  is  bought and would a l l  these 

parameters be appl icable?  

HENNIGAN: Like i f  we picked one l i k e  t h e  Pel lon  

m a t e r i  a13 

LEUTHARD: . Right. I f  you took say 2140 and w e  

established t h e s e  parameters t o  be whatever you had up t h e r e  

o r  whatever t h e  m a t e r i a l  w e  bought a t  t h a t  t i m e ,  and those  

cells were b u i l t  from t h a t  m a t e r i a l  opera ted  s a t i s f a c t o r i l y ,  

then could t h a t  same set of parameters be used f o r  subsequent 

lot buying of t h e  p a r t i c u l a r  type  of s e p a r a t o r ?  

HENNIGAN: W e l l ,  w e  only  have one l o t  here.  I 

d o n ' t  know how they  can , vary  l o t  t o  l o t .  Now i n  Pe l lon  
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m a t e r i a l s ,  t h e - n y l o n . - t h a t  we normally use,  I t h i n k  w e  g e t  q u i t  

a . b i t  of v a r i a t i o n  i n  t h a t  l o t  to  l o t .  T h e r e ' s  no -- we t r y  

t o  hold say  t h a t  organic  content  down t o  less than. two 

percent  b u t  as you see i n  t h e  OAO b a t t e r y  some of it was 

up a l i t t l e  h igher  than  two percent .  I f  you are i n  production 

do you hold because i t ' s  2.4 o r  go get another  l o t ?  That is 

t h e  ques t ion .  And i t ' s  -- I d ~ n ' t  know how good t h e s e  paramet 

are l o t  t o  l o t ,  no. 

LEUTHARD: Do you know whether some parameters are 

more s i lgn i f i can t  than o t h e r s  wi th  r e s p e c t  t o  t h a t  k ind  of 

inspect . ion criteria? 

HENNIGAN: The only  one t h e r e  t h a t  looked l i k e  

t h e r e  w(as a high r e s i s t a n c e  c o r r e l a t i n g  wi th  t h e  low c a p a c i t y  

-- as :Ear as a good f e e l  f o r  t h i s  t h i n g ,  t h e  Hercules 

material looked l i k e  ik woula be a te r r i f ic  s e p a r a t o r ,  It 

absorbed q u i t e  a b i t  of  e l e c t r o l y t e .  I d i d n ' t  have any number 

on that, Wicked very well and so forth. A t  the C rate it 

d i d n ' t  o p e r a t e  w e l l ,  when w e  p u t  it down t o  C over  2 it 

worked f i n e .  So maybe some of  t h e s e ,  depending on what you 

want t o  use  t h e  cell f o r  -- 
LEUTHARD: Well, we're i n t e r e s t e d  r i g h t  now f o r  

h e a t  s t e r i l i z a b l e  s e p a r a t o r  m a t e r i a l  f o r  t h e  Viking cells, 

n i c k e l  cad,  and w e  a r e  looking a t  polypropylene bec'ause 

t h e  nylons just won' t  s t a n d  t h e  high temperatures. 

O f  course,  a s soc ia ted  wi th  t h a t  are a l l  the  problem 
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wicking and so- w e  a r e  i n t e r e s t ed  -- anybody t h a t  has any 
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inf  ormal:ian, we would c e r t a i n l y  be g r a t e fu l .  

HENNXGAN: D r .  W i l l ,  of General E l e c t r i c : ?  

WILL: The d i f fe rence  i n  end capac i t i e s  seem t o  

amount t o  a s  much as a f a c t o r  of two. Nov: t h a t  is r e a l l y  

q u i t e  a t e r i f f i c  discrepancy i n  t he se  test r e s u l t s .  Now assume 

of courrse t h a t  t h e  condit ions t h a t  you had i n  hand :like t he  

th ickness  of t h e  p l a t e s ,  t h e  f r e e  volume i n  sea led  cells was 

exac t ly  t h e  same a l l  of these  c e l l s ,  and t h e  ques t ion  i s  

unescapable s i nce  t h e r e  was no t rend ,  no sys temat ic  t rend t o  

be observed i n  any o f  t h e  parameters s tud ied ,  t h e  ques t ion  

is unescapable a s  t o  which proper ty  indeed then causes t h i s  

s u r p r i s i n g  discrepancy of a f a c t o r  of two. 

Now, is  t h e r e  some s tandard iza t ion  missing? Is 

t h e r e  need for looking a t  p r ec i s e ly  t h e  same thickness  of t h e  

separa tor?  Do w e  know enough about t h e  poros i ty ,  t h e  d i f f e r e n  

p o r o s i t i e s  of these various separa to rs?  

I t  seems t o  m e  t h a t  t h e  amount of  e l e c t r o l y t e  

i 

contairikd i n  t h e  b a t t e r y  might be t h e  major parameter 

involved here  t h a t  might account f o r  t h e  l a r g e  d iscrepancies  o f  

a factor of two. 

HENNIGAN: W e l l ,  t h a t ' s  one of t h e  reasons w e  p u t  

:! 5 

t h e  ljwageloks O n  t h e r e  so we can add.more elec t . ro ly te .  

O f  course i t ' s  very d i f f i c u l t  t o  take any o u t  once you sp in  

them bcit you can measure t h a t  amount, but we would l i k e  t o  add 
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more t o  those  - c a l l s  t h a t  were very low. 

E a r l  Carr? 

CARR: I ' d  l i k e  j u s t  t o  say one t h i n g . '  With 

respec* t o  the capaci ty  of t h e  c e l l s  a t  t h e  two d i f f e r e n t  r a t e  

d e f i i - ~ i t e l y  do have a t r e n d  and t h a t  t h e  i n t e r n a l  o r  t h e  

AC r e s i s t a n c e  measurement of t h e  s e p a r a t o r  is  d e f i n i t e l y  

correi+t :ed,with l o s s  of performance. 

I might a l s o  j u s t  add t h a t  even though t h e  El451 

m a t e r i a l s  were t h e  t h i n n e s t ,  they  have t h e  h i g h e s t  r e s i s t a n c e .  

O f  course ,  w e  a r e  t a l k i n g  t o  M r .  Dangel about t h a t .  The 

s u r f  ace a glazed s u r f a c e  and it seems g i v e  some 

d i f f i c u l t y  as pa r  as permeabil i ty .  I t h i n k  t h e  two a r e  

r e l a t e d  ,, 

Those cells were shimmed us ing  s t a i n l e s s  steel 

shims on each end of t h e  c e l l  case  t o  maintain t h e  same 

approximate impression on t h e  s t a c k  o r  i n  t h e  ce l l  core.  

Based on the free volume c a l c u l a t i o n s  and thg  ~ d j u s t n e n t s  o f  
'I .. 

e l e c t r o l - y t e  we f e e l  t h a t  they  are q u i t e  equal ,  a t ,  l e a s t  as clc 

as we can come. 

LACKNER: Lackner, DRE, Capada: 

There i s  a f a c t o r  t h a t ' s  p o s s i b l y  missing here.  

I t h i n k  t h e y  are mentioning e l e c t r o l y t e s .  I n  your  washing 

your  s u l f u r i c  acid t r e a t m e n t ,  it seems t o  m e  t h a t  have 

a h igher  resistance and you had a lower wicking r a t e ,  

Now, 1s it p o s s i b l e  t h a t  t h e  we t t ing  agent  which 



la1 fieporlnrs, Inc. 

25 

has been mentioned has been washed o u t  because all of these I 
materials a r e  hydrophobic anyway, without  t h e  wet t ing  agent ,  

w e  are n o t  g e t t i n g  as.much q z e c t r o l y t e  i n  t h e  s e p a r a t o r  as . 

w e  should. And s o  w e  a r e  c r e a t i n g  a h igher  r e s i s t a n c e  and 

our  lower c a p a c i t i e s .  

HENNIGAN : W e l l ,  t h e  as-received had AC r e s i s t a n c e ,  

you a r e  t a l k i n g  about t h e  Kendall. When it w a s  washed o u t  

t h e  r e s . i s t ance  went up by a f a c t o r  of th ree .  When it was trea 
1 

with  s u l f u r i c  acid it went back t o  t h e  o r i g i n a l  va lue  of  about 

32. And then  t h e  -- 
LACKNER: But -- I 
HENNIGAN: The wicking r a t e s  w e r e  phenomenal. This  

i s  a bonded mate r i a l .  I 
LACKNER: Has any work been done on we t t ing  agents? 

HENNIGAN: Mainly t a k i n g  them ou t .  

(Laughter. ) 

DANGELL: Hercules,  which provided t h e  f i b e r  used 

i n  t h e  1451 as a recommended we t t ing  agent ,  I b e l i e v e  i t ' s  

QS3 by Rohm andHaas.~hey sugges t  t h a t  whatever s u r f a c e  a c t i v e  

agent  ithey p u t  on t h e  f i b e r s  f o r  t e x t i l e  handl ing ease b e .  
I ' removetl and be replaced  wi th  t h i s  QS3. I d o n ' t  know i f  any- ~ I I 1 body -- Burroughs, who you d e a l t  wi th ,  I presume, i s  t h e  

1 leading proponent o f  t h i s .  I presume he would d i s c u s s  t h i s  I 
wi th  anybody who i s  i n t e r e s t e d .  I 

HENNXGAN: W e l l ,  what i s  t h e  amount of agent t h a t  I 
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oxidize  t h e  su r face  s l i g h t l y ,  make it more wet table .  Now it 

d i d n ' t  .improve t h e  wicking p rope r t i e s  a t  a l l .  I n  f a c t  it 

r e a l l y  &i.dnlt do it b u t  j u s t  gave us b e t t e r  capaci ty .  

HENNIGAN: That is using t h e  Pe l lon  m a t e r i a l ,  t h e  

you could e x t r a c t  from Hercules mate r i a l?  I th ink  it was on 

t h e  orde~r of one-tenth of a percent.  

DANGELL: Yes, one-tenth o f  a percent .  

HENNIGAN : Right. 

DANGELL: They recommend t h e  removal wi th  Stoddard 

t 
solvent , ,  methyl alcohol .  I don ' t  know why s u l f u r i c  a c id  . 

was used. Maybe they have a good reason. 

HENNIGAN: W e l l ,  t h e  fel lows a t  ESB thought  t he se  

i 
i 

' !  
i 
! 

K 4  took t h e  most. 

1 
I 

B i l l  Harsch? 

FLEISCHER: I would l i k e  t o  know t o  c l e a r  my own I 

HARSCH: B i l l  Harsch, Eagle Picher .  

Tom, I ' m  just curious, when you are charac te r i z ing  

t he se  s epa ra to r s  a t  ESB, were any of t h e  s e p a r a t o r s  t e s t e d  t o  

t h e  same type of tes t  b u t  under compression? 

mind, how d i d  you c a l c u l a t e  to know how much e l e c t r o l y t e  t o  

add t o  each of t he se  cells and were they r e a l l y  ve ry  d i f f e r e n t  

from one t o  t h e  next? 

HENNIGAN: I t h ink  they  va r ied  from 3-1/2 t o  4 CCs 

t 
- .  k 

t 
E 



HENNIGAN:' You mean l i k e  absorpt ion  and s o  f o r t h ?  

HARSCH: Y e s .  I 
HENNIGAN: They d i d  t r y  t h e  Pel lon  m a t e r i a l  only,  . 1 

I 
t h e  pe&:Lon m a t e r i a l s  only  under compression and it w a s  a 

r a t h e r  d i f f i c u l t  test  t o  run. I mean t h e  p l a t e s  w i l l  p u l l  

the  e l e c t r o l y t e  o u t  j u s t  l i k e  a b l o t t e r  and t h e r e  wasn ' t  t o o  

much unfiformity. They t r i e d  samples o f  about  t h r e e  o r  four .  

  here ,wasn' t t o o  much un i f  o m i t y  the re .  

HARSCH: The reason I mention t h a t  i s  j u s t  i n  

handling t h e  m a t e r i a l s  I myself haven ' t  done any t e s t i n g  l i k e  

t h i s  b u t  i n  handling t h e  m a t e r i a l s ,  t h e  d i f f e r e n t  polypropylen I 
seem t o  have d i f f e r e n t  compressive s txengths .  Some of them ! 
are ratlner s t u f f  and r i g i d  andthe o t h e r s  are very  downy. - 

And I ' m  wondering whether t h e  a c t u a l  numbers w e  are looking 

at don ' t  change d r a s t i c a l l y  under compression as they  would 

be when they  i n  a cell? 

HENNIGAN: Well, I don't know if we can Xook at I 
t h e s e  p r o p e r t i e s  -- a s  3 s a i d  be fo re ,  w e  a r e  going t o  s t a r t  

p u l l i n g  t h e s e  cells o u t  t o  test ,  sending them to  t h e  aterials 

ranch :here, and i n  t h e  meantime we  would l i k e  t o  come up wi th  

-- w e  h,ave t h e  v i r g i n  m a t e r i a l s  t h a t  went i n t o  t h e s e  c e l l s .  
I 

And w e  would l i k e  t o  come up wi th  a, try some more d i f f e r e n t  

types  o f  tests t h a t  might g i v e  u s  some c o r r e l a t i o n  wi th  

t h e  d a t a  w e  have now and t h e  cell test. Now maybe t h i s  

1 compression one would be a good one t o  go. 
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RAMPEL: I th ink t h a t  t h e  l o s s  i n  capacit:y may be 

r e l a t q p  t o  t h e  progress of t h e  discharge and t h e  drying ou t  

of thgi separa to r  and, i n  o t h e r  words, t h e  p a r t i c u l a r  separa to r  

may have a tendency t o  hold less e l e c t r o l y t e  t o  support t h e  

f u l l  d ischarge ,  and you could check t h a t  by taking cell 

resisthhce measurements, p a r t i c u l a r l y  a s  you cross  over a n .  

exbausbr:-- go on t o  t h r ee  a f t e r  hours and then f a l l  down. 

You may f i n d  t h a t  your separa to r  i s  completely d r i ed  out. 

HENNIGANP Tha t ' s  one th ing  w e  can do. We do it 

normally i n  t h e  acceptance test .  You mean do t h i s  during 

t h e  d ischarge ,  t ake  o u t  ha l f  t he  capaci ty  and measure i t ?  

A r e  t h e r e  any f u r t h e r  ques t ions?  

THIERFELDER: General Electric. 

I w a s  wondering about t he se  capac i t i e s .  What i s  

t h e  d e f i n i t i o n  of capaci ty ,  t o  a c e r t a i n  end voltage? 

HENNIGAN: Yes, t o  one v o l t .  The f i r s t  d a t a  was t c  

one vo1.t a t  C rate. And the l a s t  one was tb one v o l t  a t  t h e  

C and C over  2 rate. 

THIERFELDER: I f  t h e  end v o l t  can be picked a t  a 

lower rtumber, maybe. t h e  capaci ty  o f  t h e  polypropylene cells wo Id 

have a c t u a l l y  come up. The given capaci ty  t o  a h igher  end 1 
v o l t .  

.HENNXGAN: Well, they were c u t  o f f  a t  orre vo l t .  

When we do t h e  acceptance test  a t  Crane w e  can run them down 

to zero. 
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THIERFELDER: I was wondering if t h e  c a p a c i t i e s  

were cqppared down t o  zero  you might g e t  c l o s e r  c a p a c i t i e s .  

HENNIGAN: W e  j u s t  g o t  t h e  cells going t o  accepbmcc 

md'test,, so t h e s e  are some th ings  t h a t  we can do, 

FALIK: As a person p r imar i ly  i n t e r e s t e d  i n  t h e  

t e x t i l e  phys ics  of  it, I t h i n k  you h i t  t h e  n a i l  on t h e  head .  

as f a r  3s t h e  funct ion  of  we t t ing  o u t  p r o p e r t i e s  go, whether 

t h e  subs tance  is under compression o r  no t .  You may g e t  

trernenhous innerac t ions  where something would be poor, n o t  

compressed, and y e t  y e t  maintain t h i s  same degree  of  wicking 

where a ' v e r y  compressible s t r u c t u r e  may have a lower we t t ing  o 

t i m e .  I t  should be looked a t ,  I t h i n k ,  and I guess  t h e  
- 

e a s i e s t  way of doing it would be  ca lender ing  t h e s e  m a t e r i a l s  

t o  t h e  s a m e  th i ckness  they  had when they  were under compressio 

b u t  of caurse  then  you g e t  a contamination o f  t h e  s u r f a c e  

glazing, and t h a t  may confound your a n a l y s i s .  

CARR: I have j u s t  a couple o f  t h i n g s  t o  say s i n c e  

everybody else seems t o  be f i n i s h e d ,  

I n  t h e s e  conferences sometimes i t ' s  a l i t t l e  h a r d ,  

t o  recognize new informat ion  and I t h i n k  r e a l l y  and t r u l y  

t h e r e  is  some new information,  and I j u s t  want t o  p o i n t  it 
I 

ou t  that: w e  took t h e  we t t ing  agents  o u t  of t h e  cells o r  ESB 

took the! w e t t i n g  agents  o u t  of t h e  s e p a r a t o r s  and w e  b u i l t  

cells and i f  anything they  ran  s l i g h t l y  better, o r  i n  some 

cases they r a n  b e t t e r ,  which tends  t o  make you b e l i e v e  t h a t  
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you mfqht not: 'need t h e  wet t ing  agent i n  t h e  ceL1. 

Now I am not saying  t h a t  we do or we d o n ' t  but 

it way i n t e r e s t i n g ,  W e  were advised to  let  the cells s t a n d  I 
after etctivation f o r  maybe a week before  we would s t a r t :  I 
doing Lny tests on t h e  cells, b u t  we were kind of an impat ient  1 

watchin4 very c a r e f u l l y  t o  make s u r e  t h a t  t h e  vo l t ages  stayed 
I 

l o t  anbway and w e  s t a r t e d  t h e  f i r s t  charge on t h e  cells i n  

approxaqately 48  hours a f t e r  a c t i v a t i o n .  O f  course w e  were 

down atid t h a t  t h e  cells ac ted  normally, and they d id .  

There was no change i n  charging c h a r a c t e r i s t i c s  

as w e  could d e t e c t  from t h e  f irst  charge t o  t h e  fifth o r  

s i x t h  charge,  i n d i c a t i n g  t h a t  t h e r e  was any change of t h e  

we t t ing  c h a r a c t e r i s t i c s  of t h e  s e p a r a t o r  which caused t h e  

I 
2 

change i n  performance, 

So I r e a l l y  t h i n k  t h i s  i s  new information,  and I 

j u s t  wanted to p o i n t  it out .  
, i l  

. AENNIGAN: If  t h e r e ' s  no f u r t h e r  ques t ions  h e r e  

w e  would l i k e  t o  move on t o  t h e  a r e a  o f  seals. 

AS you know, y e a r s  ago of course  w e  had o u r  
. . 

prob1em:s the re .  I won't t e l l  you they  a r e  a l l  solved. It seem L 
t o  be n o t  t o o  g r e a t ,  i f  t h e  seal is b u i l t  r i g h t ,  i t ' s  n o t  t o o  

g r e a t  a problem any more. But t h a t ' s  a p r e t t y  tough s tatement .  

But  we have t h r e e  people on seals. W e  would l i k e  t o  f i n i s h  up 

the seal!s session t h i s  morning and delay t h e  -- going t o  lunch 

u n t i l  ahout 12:45. 



And-our first speaker i s  Bob Sta inhauer  from 

Hughes A i r c r a f t  on a long l i f e  ceramic s e a l .  

STEINHAUER: I would l i k e  t o  run through t h e  s a l i e n t  

p o i n t s  t h a t  w e  should cons ider  i n  metal  cer tmic  seal design 

11 f o r  n i c k e l  cadmium space c e l l s .  

Metal ceramic s t r u c t u r e s  have been used f o r  

va r ious  app l i ca t ions .  E a r l i e s t ,  I guessin t h e  vacuum e l e c t r o n  

t u b e  i n d u s t r y ,  i n  nuclear  f i e l d s  f o r  l i q u i d  metal  cool ing ,  

on StanJ?ord l i n e a r  a c c e l e r a t o r  which is another  vacuum appl ica-  

t i o n ,  i 1 . r  ion- engines where you have plasma environments, space 

n i c k e l  cadmium cells and more r e c e n t l y  i n  gas lasers. 

The s e a l s  must be  designed f o r  t h e  a p p l i c a t i o n  3s 

o u r  cel:Ls may have t o  be. I would l i k e  t o  d i s c u s s  t h e  paramet 

that must be considered i n  s e l e c t i n g  a metal  ceramic te rmina l  

seal design f o r  n i c k e l  cadmium cells f o r  long l i fe .  By. long I 
l i f e  I would d e f i n e  t h a t  as i n  excess  o f  f o u r ,  f i v e  years .  I 

I would l i k e  to show the i n t e r a c t i o n s  of t h e s e  
. . 

18 

19 

2 1 could be used f o r  10-year app l i ca t ions .  I 

parameters and t h e i r  a f f e c t  upon t h e  end product ,  and a l s o  

make t h e  s ta tement  t h a t  I t h i n k  metal  ceramic t e r m h a 1  s e a l s  

;!O 

:!I 

have been used and t h a t  they  a r e  a good choice f o r  t h i s  appl i -  

ca t ion .  And t o  recommend t h r e e  d i f f e r e n t  types  of  s e a l s  t h a t  

4 orbit program for t h e  A i r  Force a t  Wright-Patterson and w e  w i l j  
' 231 

be t e s t i n g  t h r e e  d i f f e r e n t  types of seals. 

The con ten t  here  has  been r e f i n e d  on o u r  l o w  earth 
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(sli.de.) ig 
The primary areas t h a t  must be considered are t h e  

ceramic body, t h e  braze  a l l o y s  used, t h e  c o n t r o l l e d  o r  low 

expansion a l l o y s  and what meta l iz ing  o r  a c t i v e  metal 'izing o r  

a c t i v e  a l l o y s  a r e  used f o r  bonding t o  t h e  alumina-ceramic 

and the11 t h e  geometry. 

I n  t h e  ceramic body, we should go t o  h igher  alumina: 

W e  shoultd go t o  small g r a i n  s i z e  t o  enhance both t e n s i l e  and 

f l e x u r a l  s t r e n g t h s ,  minimum s i l i c a t e  content ,  because it's 

a t t acked  by t h e  KOH, and if you e l imina te  t h e  s i l i c a  you may 

want t o  cons ider ,  you could .cons ider  lower aluminas -- by l o w  

mean c e r t a i n l y  above 95 percent  b u t  wi th  flex agents  o t h e r  

than sil.ica. 

I would l i k e  t o  put  a comparison t a b l e  up here.  

These hagpen t o  be Coors bodies.  The only reason I s e l e b t e d  

Coors at. t h i s  p o i n t  i s  t h a t  t h e i r  brochure con ta ins  more 

data for comparison purposes than t h e  competitors i n  c e r t a i n  

cases, p a r t i c u l a r l y  wi th  regard  t o  c r y s t a l  s i z e .  
. . 

(Sl ide .  )@ 

The c r y s t a l  s i z e  is extremely important  i f  you look 

a s  you go toward t h e  h igher  aluminas it tends  t o  drop o f f  b u t  
, - 

a s  you go t o  smal l e r  g r a i n  size it goes up. Now i f  w e  take 

t h i s  d a t a  and use  a technique t o  get a straight  line,plot, 

namely a log  log plot, f o r  f l e x u r a l  s t r e n g t h ,  two p o i n t s  have 

been s p e c i f i c a l l y  ignored down here  i n  t h i s  area because 
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they were somo.of t h e  e a r l i e r  developed bodies.  These a r e  

s i m i l a r ,  whether i t s  WESGO o r  American Lava body, the85 

and 90 percent  bodies were developed s p e c i f i c a l l y  f o r  

meta l iz ing  purposes. They meta l i ze  w e l l  b u t  they '  are n o t  good 

f o r  t h i s  app l i ca t ion .  The h igher  aluminas you w i l l  n o t i c e  

do have a d e f i n i t e  r e l a t i o n s h i p  t o  average c r y s t a l  s i z e  t o  . 

f lexura l .  s t r e n g t h  and t h i s  proper ty  is most' important  t o  us  

for  o u r  app l i ca t ion .  
. . 

: 
I want t o  p o i n t  o u t  t h e  99 pe rcen t  body of low 

, . 
average c r y s t a l  s i z e  being f a i r l y  high value.  i - -  What w e  a r e  

typical1.y s using are bodies  t h a t  range from 96 pe rcen t  l e v e l  

i n  here  through t h e  995 l e v e l  which i n  t h e  case  of  Coors I 
. . 

guess shows up a s  a lower s t r e n g t h  body. 

If you p l o t  o t h e r  manufacturers '  d a t a  on t o p  o f  t h i  

you .w i l lL  f i n d  similar r e l a t i o n s h i p s .  
TLR 

(slide. 1 " 
The t e n s i l e  s t r e n g t h s  a r e  s i m i l a r .  . 

(Sl ide.  ) @ 
Now, t r y i n g  t o  compare (Sl ide .  ) d i f fe ren t :  ceramics 

t h a t  map have been used i n  n i c k e l  cadmium s e a l s  and what t h e  

f l e x i n g  agents  a r e ,  I would l i k e  t o  p o i n t  o u t  t h a t  t h i s  body 

0- t h i s  i s  an a n a l y s i s  provided by American Lava a t  letter 

reques t  and t h i s  one a l so .  

This  high s i l i c a  content  i s  of some concern for 

long t e ~ m  s e a l s .  I would p r e f e r  t o  see it down b u t  maybe i t ' s  

n o t  a s  Inarmful i n  t h e  ceramic body a s  it may be i n  
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metal iz ing  mix-a8 ? w i l l  comment on l a t e r .  They do have 

a 29.5 body as do o t h ~ r  geople. These g e n e r a l l y  a r e  large 

g r a i n  size bodies .  
I 1 i 

These two bodies  t h a t  have been developed by 

Gengral Electric i n  t h e i r  Schenectady Labs have been used on a 

seal t h a t  I would l i k e  t o  t a l k  pboit: later. The one point ' I 
t h a t  I would make i s  t h e  l a r g e  g r a i n  size, and t h e  Pmplicatione i 
from t h e  previous  c h a r t ,  1 i 

One f u r t h e r  point8 speciffc n o t i c e  t o  t h i s  Coors I 
AD99 body which showed up h i g h e s t  in f lexural  and t e n s i l e  I 
s t r e n g t h .  I t  is t h e  h i g h e s t  f l e x u r a l  s t r e n g t h  which is I 
highly  d e s i r a b l e  f o r  what w e  are lookinp f o r .  It  has ex t remel t~  1 i I 
1m s i1 : i ca te  con ten t s ,  i n  t h e  50 t o  &00 PPM range. It i s  

f luxed wi th  magnesia I u t r e a ,  This  is a patented  body by 

Coows, Therefore,  they  freely provided t h i s  a n a l y t i c a l  da ta .  

Those two f l u x i n g  agents  and the  l o w  silica c o n t e n t  and the 

l o w  c r y s t a l  aize are of extreme 4 n t o r e a t  to us  

I n  terms o f  braze a l l o y s ,  the s i l v e r  a l l o y s  should 

be avoided because of p o s s i b l e  migra t ion  problems even when 
1 

they are used i n  an a l l o y  wi th  another  metal. Copper a l l o y s  

1 
, are compatible. W e  are us ing  them with  cell electric chemis t rv .  7 

I 
Nickel alloys may n o t  be d e s i r a b l e  because of  a  binary alloyincr 

i 
with t i t an ium,  b u t  I a m  going t o  take except ion  t o  t h a t  c t a t c - i  

I 
ment la~ter. 
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I 1  

The-gold  a l l o y s  a r e  gold copper palladi&n or 

perhaps gold 'copper n i c k e l ,  are acceptable .  

I .  

I asked o u r  e l ec t rochemis t ,  Jack Gil let te,  t o  

look i n t o  how copper,  whether it would be acceptable  or n o t ,  

and s i n c e  i t ' s  between t h i s  p o i n t  and t h i s  point. ,  he  states.  

t h a t  he can s e e  no problem wi th  us ing  copper. I understand 

t h a t  copper was used as a s u b s t r a t e  i n  t h e  Edison cel l  I 

b e l i e v e  for  t h e  i r o n  e lec t rode .  

VOICE: No.  

STEINHAUER: No3 Sorry. 

These are s e v e r a l  braze  a l l a y s  t h a t  have been used 

and could be considered,  You w i l l  n o t i c e  t h e  l iquidous  p o i n t s  

go h igher  and h igher  i n  temperature.  The h igher  t h e  tempera- 

t u r e  you go, i n  g e n e r a l  t h e  t h i n g  t h a t  you are bonding t o  the 

ceramic wi th  t h e  a c t i v e  element can degrade t h i s  ceramic 

a t  s h o r t e r  times of  course a t  high temperatures  and t h i s  

I has  t o  be considered. 
I 

The seal t h a t  I r e f e r r e d  t o  previous ly  a t  General 
I I 

I 
Electric, t h e  bus iness  and t h e  people i n  Ga inesv i l l e  

have been working t o  devel  a seal f o r  nf c k e l  cadrrtium cells. 

T h i s  i s  a pa ten ted  process  t h a t  makes use  of t h e  TIN13 
* :  1 

eutechnic.  This  a l l o y  is aompatible wi th  t h o  a l k a l i n  

cadmium, n i c k e l  cel l  environment. 

I@* concerned wi th  t h e  s i l v e r  i n  t h e s e  a l l o y s .  We 
I 



have t o  be c a r e f u l  wi th  t h i s  type of an a l l o y  because of i t s  

b r i t t l e n e s s ,  which I w i l l  comment on a l i t t l e  b i t  l a t e r .  

( s l i d e .  c.9 
Using low expansion a l l o y s  t o  c o n t a c t  t h e  ceramic,  

you t r : y  t o  match t h e  l i n e a r  thermal  c o e f f i c i e n t  o f  expansion 

t o  t h e  alumina t h a t  you are using. These a r e  three p o s s i b l e  

a l l o y s  t h a t  could be  used. Alloy 4 2 ,  t h e  F-1SASTM a l l o y ,  

which :is an i r o n  n i c k e l  coba l t .  And t h e  a l l o y  52.  You d o n ' t  

n e c e s s a r i l y  have t o  use t h e s e  a l l o y s  i f  you p u t  t h e s e  

ceramics i n  compression, b u t  i t ' s  s t i l l  b e t t e r  t o  use some- 

t h i n g  t h a t  i s  n e a r  t o  t h e  expansion c o e f f i c i e n t  and preferi.1: ly 1 
t h in .  By t h a t  I mean n o t  t o  exceed 20 m i l l s .  Ten t o  15 

m i l l s  t h i ckness  i s  p r e f e r a b l e .  

  gain t h e r e  are numerous ceramic metal s t r u c t u r e s  

made wi th  t h i c k e r  elements. 

(S l ide . )  @ 
- I These are t h e  c h e m i s t r i e s  and as you can see whethe? 

I f  w e  look a t  t h e  expansion c o e f f i c i e n t ,  t h e  I 

you pic:k -- t h e  only t h i n g  o f  s i g n i f i c a n c e  i s  t h e  d i f f e r e n c e  

t h a t  t h i s  F15 a l l o y  is s l i g h t l y  low i n  expansion c o e f f i c i e n t .  

- 

The yie!ld and t e n s i l e  p r o p e r t i e s  are roughly t h e  same. 

(Sl ide .  ) (9 I 
I 

:! 3 

;!4 

rnateriah of i n t e r e s t  a r e  t h e  alumina, t h e  a l l o y  52, 42 ,  

1 F15 al lboy,  and then  f o r  comparative purposes,  n i c k e l ,  coppe:. 
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It f a  p o s s i b l e  to make metal aeramfc seals between 

t h i c k  piecew of  copper and alumina. But again it narrows 

your process  t o l e r a n c e  down t o  the p o i n t  where you.11ave t o  be 

very c a r e f u l 1  and c o n t r o l  your process  much more c a r e f u l l y  

than i f  you allow yourse l f  a l i t t l e  more l a t i t u d e .  

(S l ide . )  0 
There a r e  d i f f e r e n t  methods t h a t  can be used t o  

bond t o  t h e  ceramic. I b e l i e v e  t h a t  t h e  t i t an ium andl 

You are s t a r t i n g  o u t  wi th  t h e  ceramic, your a c t i v e  metal  I 

sirconium systems are pre fe rab le .  The t i t an ium p a s s i v a t e s  

immediately and you cannot,  i n  i t s  oxide form, on the s u r f a c e ,  

you cannot cause it t o  corrode. 

ties i n  t o  e i t h e r  tho  ogygen of  t h e  ceramic or i n  t h e  case  of  

a meta1,izing process you make t h a t  c l a s s  E phase by 

p lac ing  elements i n  t h e  mix. Then you have metal  -- a g l a s s y  

t o  me ta l  t r a n s i t i q n  and f i n a l l y  t o  your braze  a l l o y , .  

I n  genera l  t h e r e ' s  t h r e e  p a r t s  t o  a metal  ceramic 

bond. I t ' s  a c r a t e d  s e a l  s i m i l a r  t o  a q u a r t z  g l a s s  s e a l .  

This  should have a two a f t e r  it but  t h i s  g l a s s y  

phase i n  t h e  polymanganese a s  w e l l  as t h e  molly i t s e l f ,  t h i s  
I 

is s o l u b l e  i n  KOH. The g l a s s y  phase i n  p a r t i c u l a r  you can neve 

cover t h a t  g l a s s y  phase. It always s t i c k s  o u t  from undernezth 

the ceramic where t h e  COH can g e t  t o  it and j u s t  go across  t h e  I I 

1 

seal. The mol ly  is l ikewise  so lub le .  As i s  tungstt2n. ~ h e s e  I 
have been repor ted  i n s o l u b l e  b u t  t h e  two people cleim these 
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surface6 wi th  a l k a l i n e  solutione and long tern tests have 
' 

shown @hat  they ere indeed so lub le .  I do n o t  recommend rnolly 

o r  tun  s t en .  S 
Olromium is  a  n i c e  system. I t  does n o t  degrade t h e  

ceramiq b u t  it is  r e a d i l y  so luable  i n  KOH. 

The a c t i v e  a l l o y s  a're -- have been used t o  braze 

t h ings  , ) ike  t i t an ium t o  t i tanium. They can be used on 

~ e r a m i q ~ b u t  they  a r e  a l i t t l e  b i t  d i f f i c u l t  t o  handle. I 

d o n ' t  ptecommend-their use a t  t h i s  po in t ,  

($ ( S l i d e . )  .. 

That may be  a l i t t l e  hard to  see b u t  t h e  types  o f  

s e a l s  t h a t  w e  have been using are t h e  stress r e l i e f  type.  

Mainly they  have a low expansion alloy t h a t  can t a k e  up d i f -  

ferenc:es i n  expansion between t h e  s t a i n l e s s  cam and t h e  

ceramic . 
One of the failure modes has been a misalignment. 

I can show t h a t .  (S l ide . )  I t  d o e s n ' t  ma t t e r  whether you use  

t h e  geometry a t  t h e  t o p  he re  of t h i s  one. The ceramic can 

misalfgn t o  t h e  p o i n t  where it h i t s  t h e  p o s t  a t  t h e  stress 
. . 

r e l i e f  collar. ' T h i s  p o i n t  he re  -- excuse me. 

A t  t h e  cuff  and a t  t h e  cup. Theproblem -- l e t  m e  

t h i n k  about t h a t .  No .  It can h i t  t h e  p o s t  a t  t h i s  point 

and aft: t h i s  p o i n t  causing t h e  braze a l l o y  a t  t h e  cu f f  t o  go 

t o  zero  and t h e r e  is n o t  a corros ion  type  of' leakage b u t  a  

t o r t u o u s  path t h a t  even tua l ly  t h e  KOH comes,through. 



------------------ 
i HUGHES i 

ELECTROCHEMICAL COMPATIBILITY OF COPPER BRAZE ALLOYS L--___--------_--.a 
."....A rnC.."So...." 

H2° ' "2 6.828 0.000 

Cd (OH12--Cd 6.805 0.023 

Cu2 0 -Cu 6.361 0.467 

CuO-Cu 6.258 0.570 

Cu (OH$ - Cu, 6.224 0.604 

------------.----, 

MTALCERAMIC TtRMlNAL SEALS i HUGHES 
L_______._._.____.A 
.YOII..I.S..-COI.Y. 

LOW EXPANS ION ALLOYS 

CHEMISTRY 

Ni 

Fe 

Co 

M n  

$1 

c 
Ti 

PHYSICAL 

ALLOY 42 

42.0 

BAL. 

ALLOY 52 

50.5 

BAL. 

0.50 

0.25 
0.01 MAX 

F-15 ALLOY 

29.0 

BAL 

17.0 

0.30 

0.20 

0.02 

THEKMAL EXP., 
OC-I, 25-8WoC 12.1 x l o d  12.5 x lod 10.3 x 10' 

TENS l LE 
STRENGTH, Kpsi 80.0 80.0 75.0 

YIELD 
STRCNGTH, Kpti 34.0 40.0 50.0 

CONTROLLED EXPANS ION ALLOYS 

r----_-_-________7 

i HUGHES '/ 
L_---_---_--.....A 
IW"I..I.e .... c0.I ..., 

METAL HARDWARE COMACTINC CERAMIC BODY SHOULD EXHl BIT 
LOW LINEAR THERMAL EXPANSION 

ALLOY 42 4.3 NICKEL 58% 1 RON 

F-15 ALLOY 29% NICKEL 54% l RON 17% COBALT 

ALLOY 52 52% N l CKEL 48% IRON 

EXPANSIONCURMS FOR MATERIALS USED IN 
hETAL-CERAMIC TERMINAL SEALS 

------------------ 
i HUGHES i 
&------.---------.a -" ... C.." -... 

42 Ni 58 Fe 

29 Ni 17 Co 

O3 

TEMPERATURE. OC 
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We have obasxved in both types of ~ e a l s ,  t h i s ,  

2 1 /  and it'. usua l ly  leas than  ti half a percent of the  sample t h a t  

4 

5 

we have. A simple alignment would get around t h a t .  problem. . 

These seals of t h i s  geometry may w e l l  be a b l e  t o  

be made i n t o  t h e  long l i f e  s e a l s .  The problem is  t h a t  it j 
6 

7 

8 

9 

10 

r a t h e r  than  a braze  o r  a d i f f e r e n t  b raze  a l l o y .  

It does use the ceramic back up rings.    his is  

a b u t t  seal geometry or what I c a l l  e l e c t r o n  gun s t r u c t u r e  

as cont.rasted t o  a strees r e l i e f  geometry. 

These back up r i n g s  a t  f i r s t  seem superf luous .  

They are indeed important.  

' r e q u i r e s  a d u c t i l e  a l l o y .  I t ' s  very s e n s i t i v e  if you a t tempt  

O t  p u t  a b r i t t l e  a l l o y  i n  t h e r e  and you have t o  watch o u t  

fo r  th ings  t h a t  w i l l  r e a c t  wi th  t i tan ium.  

Again, t h e  h igher  alwwinas , th in t -e lements  , 

matching c o e f f i c i e n t s  o f  expansion i n  t h i s  case  t h e  d u c t i l  

1 1  

12 

13 

14 

a l loy .  The seal shown here  i s  t h e  one developed by General i 
Electric. The system of  using n i c k e l  t i t an ium,  t h e s e  a r e .  

high expansion b u t  it is used i n  a c o n t r o l l e d  manner. The 

materials are compatible. Perhaps t h i s  should be a weld 

:! 1 

22 

;!3 

This  i s  another  type  o f  s e a l  t h a t  has  been used on 

r e c e n t  programs. I would l i k e  t o  conf ine  my remarks t o  t h e  

stress r e l i e f  and t h e  b u t t  seal type  of  geometry today. 

21 4 
I Reporters, trlc. 

5 

W e  a r e  looking a t  a n ~ t h e r  ve r s ion  (S l ide )  of b u t t  

seal geometry on o u r  program. X t  w i l l  have a stress r e l i e f  



member i n  it and the  ceramia backup rings. These backup 

r i n g s  p,dd one and a h a l f  t o  two times t h e  t e n s i l e  s t r e n g t h  

to  t h e  ceramic s t r u c t u r e  simply by adding r i g i d i t y .  t o  t h i s  

member o r  t h i s  member. 

(Slide.)  The only reason t h i s  i s  turned down is I 
t o  lower t h e  he igh t  which w e  f i n d  convenient i n  c e l l s  

t h a t  we f l y  a t  Hughes. This  w i l l  be made with an a c t i v e  

metal mix type of process .  W e  w i l l  be us ing  t h e  99-9 alumina 

f r o m  Coors i n  t h i s  s t r u c t u r e ,  W e  w i l l  be eva lua t ing  t h i s  

s e a l  which may n o t  be e x a c t l y  t h e  f i n a l  design.  (S l ide . )  

This  one and t h i s  one, wi th  perhaps d i f f e r e n t  I 
braze  a . l loys i n  here.  There i s  no -- t h i s  i s  no t  t o  degrade 

t h i s  s e a l .  I feel t h a t  t h e s e  are of equal  q u a l i t y  when t h e  

process  i s  con t ro l l ed .  I 
With regard  t o  t h e  ceramic used on t h e  GE seal,  

my only  comment would be t h a t  i f  t h e  small g r a i n  size material I 
w e r e  used, it could g r e a t e l y  enhance t h e  t e n s i l e  s t r e n g t h  I 
of  t h e  s t r u c t u r e ,  p a r t i c u l a r l y  i n  l i g h t  of t h e  expansion 

c o e f f i c i e n t  of t h e  n i c k e l  used. 

May w e  have t h e  l i g h t s ,  please.. . I 
I 

I n  summary, I would l i k e  t o  say t h a t  the a c t i v e  

metal o r  systems us ing  t i t a n i u m  are p r e f e r a b l e  f o r  our  

app l i ca t ion .  However they  are one s h o t  processes, which is I 
n o t  ob jec t ionab le  here. Nankely, t h e  whole metal  ceramic i s  I 
made i n  one pass  through a vacuum furnace  i? c o n t r a s t  t o  a 



aral Reporters, Inc. 

25 

molym4angi%nrcse praQaola whieh atan be uqad eesrenkialLy and why 

it's preferred in the tuba indus t ry ,  They can b u i l d  up very 

complex s t r u c t u r e s  by ueing braze  a l l o y s  t h a t  a re .30  to 3-5 

degre-s C lower so t h a t  they can b u i l d  up t h e  whole sequence 

of 10 # i f f e r e n t  brazes.  

The molymanganese with  its g l a s s y  phase is n o t  - 

.des i r ,ab le .  There i s  something else t o  note. Namely t h a t  i n  

t h e  stress r e l i e f  t y p e  of  seal you a r e  making your bonds 

to thle c i r c u m f e r e n t i a l  su r faces ,  T h i s  g e n e r a l l y  means you 

have t o  p a i n t  t h e  mix on by hand. I t ' s  a handbrush opera t ion  

and a machine revolves  t h e  ceramic, whereas i n  t h e  b u t t  seal 

s t r u c t u r e ,  because of t h e  f l a t : s u r f a c e s ,  you can, it can 

lend  itself t o  a s i l k  screening  process t h a t  can perhaps 

be c o n t r o l l e d  to a b e t t e r  e x t e n t  as f a r  as th ickness .  

Fur the r ,  t h e  b u t t  seals can make use of braze  forms 

o f  g e n e r a l l y  two m i l l s  t h i ckness  that w i l l  c o n t r o l  the  braze  

alloy t h i ckness  and also t h e  butt  seal i s  not s e n s i t i v e  t o  t h j  

al ignment problem t h a t  I r e f e r r e d  t o  be fo re  on t h e s e  two 

seals. 

The o t h e r  problem is t h a t  i n  a stress r e l i e f  type 

seal you a r e  g e n e r a l l y  r e q u i r i n g  your b raze  alloy t o  f l o a t  

down or t o  flow up whereas t h e  braze a l l o y  i n  a s t r u c t u r e  

(S1id.e) l i k e  this baing a braze  form of say 2 rnil.1~ t h i c k  i s  

right t h e r e .  A l l  it has t o  do  is m e l t  or flow, 

I tried t o  pu t  i n t o  pe r spec t ive  t h e  d i f f e r e n t  
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HEWIGAN: Do you have m y  ques t ions  f o r  Bob I 
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things Chat we-must consider and how they i n t e r a c t .  1 am . 

2 

3 

6 11 S te inhsuer .  
I I 

7 1 ~  - 
.DX. W i l l ?  

sure I have only j u s t  touched an the giurfaca. 

Thank.you. 

/I WILL: W i l l ,  G.E. I would like t o  comment on the I 

. 

completely c o r r e c t  i n  t h a t  when copper i s  used i n  a negative I 
9 

1 1  11 p l a t e  t l a i s  use  is a l l  r i g h t  and t h i s  i s  because t h e r e  i s  I ' 

u s e  of aopper a l l o y  brazes  i n  b a t t e r i e s .  While you are 

13 ( nega t ive  p l a t e .  

12 

, . 

cathodic  p r o t e c t i o n  involved f o r  t h e  copper used :in t h e  

no longer apply the thermodynamic data which you have presente 4 

14 

15 

/I i n  one of your  t a b l e s .  Under those  cond i t ions ,  when you have 

However, one can cons ider  t h e  brazed mate r i a l  as a 

p i e c e  olE e l e c t r o d e ,  an open c i r c u i t ,  and you can t h e r e f o r e  

18 1) t h e  presence of  o y g e n ,  which is something dur ing  overcharging 1 

1 
acts as an exceedingly e f f i c i e n t  getter f o r  oxygen racombinatio; 1 

19 

You f o r n ~  first cuprous oxide,  which i s  h igh ly  i n s o l ~ i a b l e  . I 

of t h e  cell, and i n  t h e  simultaneous presence of KOH, copper 

However then  it is  unavoidable t h a t  you form c u p r i c  hydroxide I 
which d i s s o l v e s  exceedingly e f f i c i e n t l y  as cupra te  i r o n s .  I 

2.4 /I STEINHAUER: The s e a l s  t h a t  are used do use t h e  
Rep~rtera~,  In(. 

2.5 copper b u t  they  do have p r o t e e t i o n ,  I should add. The 
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The suppliers either use mateafals khatt aovor tho oopper 

-- t h i s  is onewy o f  g e t t i n g  around that. 

COH1J: C o h ,  NASA. 

Do you have any d a t a  on f a t i g u e  l i f e  a s  a funct ion  

of p r e s s u r e  cycl ing  both t h e  n u d e r  of cyc les  and t h e  e x t e n t  

of excursion i n  pressure .  I 
STEINHAUER: No, b u t  I t h i n k  f o r  t h e  p ressu res  t h a t  

we are t a l k i n g  about ,  t h i s  would n o t  be t o o  much of  a f a c t o r .  1 
The a c t i v e  metal  s e a l s  genera l ly  have t e n s i l e  s t r e n g t h s  i n  

range of six t o  e i g h t  thousand PSI and t h e  molymanganese s e a l s  

are w e l l  up i n  t h e  15,000 range. ! 
COHN: It may s u r p r i s e  you t o  l e a r n  t h a t  f o r  t h e  

implant b a t t e r i e s  f o r  t h e  h e a r t  pace r s ,  t h e  mode of f a i l u r e  i s  

n o t  t h a t  t h e  b a t t e r y  g ives  b u t  t h a t  t h e  wires break so 

you may f i n d  t h a t  you w i l l  get some s u r p r i s e s  when you make 

some a c t u a l  tests about what happens when t h e  s e a l  i s  

p r e s s u r e  cycled.  I 
STEINHAUER: Could 2 comment t o  t h a t .  On 'qua1 

l e v e l  v i b r a t i o n s ,  which i s  where I would be p a r t i c u l a r l y  

concerned, w e  have never seen  a f a i l u r e  a t  a s e a l ,  s p a c e c r a f t  I 
I 

shaking. o r  a b a t t e r y  shake test. I 
BOWER: Do you have a method of acce le ra ted  testin 

on t h e s e  seals? W e  a r e  t a lk ing '  five t o  t e n  yea r s .  

f 
I 

STEINHAUER: No, our  plan i s  r e a l l y  t o  iimerse them I 
i n  KOH s o l u t i o n s ,  apply p o t e n t i a l s  just below: t h e  gassing 
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\ 
p o t e n t i a l s  and cycle them with positive and r eve r sa  p o l a r i t i e  

meta l l l r tg ica l ly  cross-sect ioned and, and a l s o  analyze t h e  

so lu t inns .  W e  may run microameter cor ros ion  checks on 

i 
t h e  wb$erials t h a t  are used. Unfortunately t h i s  is  a smal l  

port iar ,  of our  program percentagewise and we c a n ' t  yo i n t o  

it i n  $he depth  w e  would l i k e  to .  

HENNIGAN: John Leuthard? 

LEUTHARD. Leuthard. Martin Marietta. 1 
Am I r i g h t ,  X want t o  understand something. I n  

t h i s  ceramic,  when w e  are t a l k i n g  about 99.9 pe rcen t  minimum 

alumina, is t h e  o t h e r  one-tenth of a pe rcen t  the c o n t r o l l e d  I 
number of elements and have a reason f o r  being i n  t h i s  

t o t a l  nlixture, o r  what is  t h e  99.9, what does it mean? 

STEINHAUER: It means you are guaranteed t h a t  

minimun~. You g e n e r a l l y  have t o  have o t h e r  f lux ing  elements 

in the body when it is fired at high temperature to cause 

I 

t hose  p a r t i c a l s  t o  adhere. You are br inging  up a very 

important  p o i n t . .  W e  must know what t h e  o t h e r  k m t h  o f  a 

percent is. And t h a t  i s  why I was dwell ing on t h a t  one t a b l e  

which f l u x i n g  agents  are pre fe rab le .  I 
LEUTHARD: That's what made m e  t h i n k  of  it. 

When I saw d i f f e r e n t  elements i n  d i f f e r e n t  columns, t h e r e  must 

be a reason f o r  t h o s e  elements-- 

STEINHAUER: Yes. In g e n e r a l ,  my recommendation i s ,  

to minimize s i l ica  but you could put i n  things that arc no t  



t o  use is lower than  a 999 body if t h e  o t h e r  minor percentage 

elements are compatible wi th  o u r  system. 

LEUTHARD: Then i s  t h e  s l e c t i o n  o f  t h e  p u r i t y  and 

t h e  a d d i t i o n a l  elements t h a t  are wi th in  t h i s  t o t a l  compound 

a funct, ion of t h e  manufacturer f o r  t h a t  p a r t i c u l a r  ceramic?. 

.STEINHAUER: Yes. The ceramic must be carefully I 
se lec ted .  The t h i r d  th ink  o f  course  is t h e  c r y s t a l  s i z e s .  I 
That  is t h e  f l e x u r a l  s t r eng th .  

HENNIGAN: Steve Gaston. I 
GASTON: I d i d n ' t  n o t i c e  i n  your ske tches  any 

f 
! . 

p a r t i n g  materials i n  t h e  void areas which a r e  q u i t e  o f t e n  used I 
I n  your program do you plan t o  use  any p a r t i n g  m a t e r i a l s  t o  

f i1lt : these void  areas?  

STEINHAUER: I b e l i e v e  t h a t  t h e  m a t e r i a l s  useage 

should have integrity i n  itself and t h e r e f o r e  w e  would 

p r e f e r  t o  l eave  those  p a r t i n g  or a u x i l i a r y  a i d s  to prec lude  

a t t a c k  of seal o u t  and t o  e v a l u a t e  t h e  m a t e r i a l s  t h a t  we have 

i n  t h e  seal. I f  w e  p u t  i n  t h e  p a r t i n g  m a t e r i a l s  it may cloud 

t h e  re:;ul ts . 
GASTON: I have one more comment, on t h e  99.9 

pe rcen~ t  Coors m a t e r i a l ,  t h e r e  i s  a s u b s t a n t i a l  c o s t  i n c r e a s e  

going i n t o  t h a t  m a t e r i a l ,  I heard? I 
STEINHAUER: Y e s .  I n  R&D q u a n t i t i e s  which I just I 

< 

checked into t h a t  c o s t  i n c r e a s e  can be something l i k e  1 6  time 
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1 However, i n  q u a n t i t i e s  t h a t  w e  would buy f o r  a s p a c e c r a f t  
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! ceramic s t r u c t u r e  t h a t  may only meaasan i n c r e a s e  of somewhere 1- j 

progrqrn! t h a t  may only  be a f a c t o r  o f ,  I don ' t  know, two t o  
1: , 
L 

four .  .' p r o j e c t i n g  t h a t  i n t o  t h e  c o s t  i n c r e a s e  on t h e  meta l  - 

/ 
1 

s e e  t h a  ceramic i s  n o t  t h e  t o t a l  cos t .  The s t r u c t u r e  may 

t 
L, 
i 

HENNIGAN : W i l  S c o t t ?  

SCOTT: S c o t t  from TRW. 

Sometime ago i n  d i scuss ing  t h i s  problem wi th  I 

b e l i e v e  it was American Lava, they  made t h e  p o i n t  t h a t  they  I I 

t a l k i n g  about l e v e l s  o f  s i l ica  w e l l  i n  excess o f  a few t e n t h s  

I 
f e l t  t h a t  it was n o t ,  I won't say p o s s i b l e ,  b u t  n o t  p r a c t i c a l  I 

of a pe rcen t ,  Would you c o m e n t  on t h a t ?  

STEINHAUER: Y e s .  D i f f e r e n t  meta l iz ing  processes  t 

t o  make a b raze  t o  alumina bond wi thout  having a  reasonable 

l e v e l  o f  s i l i ca  content  i n  t h e  ceramic mate r i a l  because they  

could n o t  g e t  adequate s t r e n g t h  t o  t h e  bond. And they  were 

are used, around t h e  country,  if you want t o  go a f t e r  I 

! 

p r o p r i e t a r y  t h i n g s ,  those  are t h e  most p r o p r i e t a r y  t h a t  I have I 
seen i n  t h e  tube  f i e l d .  You e i t h e r  have t o  have a cjassy 

phase t h a t  I mentioned i n  t h e  ceramic o r  i n  t h e  meta l iz ing  

t h a t  you apply t o  it. Now t h e  n i c e  p a r t  about t h e  g l a s s y  phase 

and t h e  a c t i v e  metal mix o r  t h e  GE process  i s  t h a t  i.t uses  

t h e  oxide of t h e  ceramic i t s e l f .  Namely t h e  altrrnina. Also, 

A m e r i c a r k  Lava i s  i n  t h e  ceramic matalizing s t r u c t u r e s  f i e l d  I 



too ~ n i  what  ycu  9 i n Z  is nc;ssiLle ozc sin2lier is not 

I i 

necesherily trcs it znolLsr. It j u s t  depends on the process. , 
i 

1 f an s ~ y i a g  .k:ic-t it cnn S c  do>c w i t h  t h i s  high 

level of iAl*~aEza 2nd 3s a2 cxn:,plc of t hzk  1 poin t  to the 

czn be done with tk~se :xocczsed. I 
S C C ~ T  : You shcw~sd 1 believe gfi increase 5.n; a 

Do you eanciczr t h a t  fac.Lor og ""0 C V I  in the-2 Y Z R ~ ~  

of strc2gth very dcsirzble or nececsrzy? i I 
e STExN:%aauZx: yes, fyor, tl2e s-&zyAfi2airLt k3Lc i 

I - I 
poicL t h a t  I wzs mekin5 zbcs.it t4a bzt-Zlencss 0 5 t h ~  brzzc 

: 
I 

alloy. VTnere you have to w o t q  is r i q h t  in that plzce nhero 
f 
1 

you are :forzdng the glassy phase, ;2d pnr*, icul i r ly  i i ~  t h a  czc i.2 
I 

t i tariia.  It will penetzzto i n t o  the ~ g p x , x i c  c~i~i.119 a ~zi?~i l . - j i  

I coasidsr t h i s  2 very c5cjni2lcent p o h t e  

small gra in  size versus the vista1 or TE hzs alucolcx  of 

large grain s i z e  you can see thc dier'ercnce -- same pxrf'cy 

material but dlfzerent grain  size, 

brazing alloys. Is it as importan5 if you use the v.ozc 

duc-kil si Lver copper alloys, 
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STEINHAUER: NO, it i s  not ,  tha t ' s  correct. 

SCOTT: One last question. You I think rightly 

s o  gengxally mentioned the problem o f  s i l v e r .  But have you . 

actua1:Cy observed cases o f  s i l v e r  migration causing a 

probleq i n  any of  the recent vintage of terminals produced 

'in the  Jas t  f e w  years i n  nickel  cadmium c e l l s ?  
' 

STEINHAUER: Personal observations, no. And 

perhap:? the organics, the f i l l i n g  materials are prr:cluding 

that p,ioblern. 
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BREDBENNER : (Ceramaseal , I ~ c  ) 1 j u s t  want, t o  make I I i 

1.9 5 
-7 0 

'I 

1 : 

:3 

5 two comme!nts on t h e  n i cke l  t i tanium b u t t  seal approach t h a t  I1 
II ,5 Bob was dliscussing. 

The e u t e c t i c  a l l o y s  would d e f i n i t e l y  i n h i b i t  this bu t  it won't 

stop it. 

A t  t h e  temperatures t h a t  t h i s  s e a l  must be made, 

! 

I 
I 
! 

811 t i tanium becomes a tremendous g e t t e r  and it w i l l  absorb I 
I 

HENNXGAN: A comment from the fe l low from Ceramaseal 

everything i n  s i g h t ,  including - ,  pr imar i ly  oxygen, one:lof t he  

1 O 11 mate r i a l s ,  which ' r equ i res  r e a l  c l o se  processing and tremendous 
b 

1 1  11 vacuum, probably i n  the:crange of 1 0  t o  t h e  minus 8 t o r  o r  

12  better, which i s  a real problem i n  achieving i n  most cases .  I 
II 13 It requires r e a l  s p e c i a l  equipment. 

Secondly, t h i s  ma te r i a l  t h a t  it does g e t t e r ,  when 

the  braze m e l t s  t heSnicke l - t i t an ium e u t e c t i c  is formed and any 

materials that  have been gettered produce a slag which 

17 f l o a t s  to the junct ion of the s e a l ;  I1 and on s o l i d i f y i n g  you have 

speaker. If t h e r e  a r e  f u r t h e r  ques t ions  -- w e l l ,  one more from' 
. I 

1 

18 

19 

. 2 1  11 M r .  Turner. I 

a p r e t t y  junky seal. 

HENNIGAN: W e  would l i k e  t o  move on to the next  

TURNER: . (Ceramaseal , Inc .) Bob, when you t a l k  I 
11 Reporters, IIIC. 11 mch  as the l ava  body with 3 percent of s i l i c a  or more, would 

2 3  about t h e - h i g h - s i l i c a  bodies and f a i l u r e  because of t h e  s i l i ca  

i n .  t h e  body, d s o - y o u - e x p e c t . t h a t  ff:lyou use  the high s i l i c a  body 
I 
1 
I 



1 you eyac!t  the:-fairure through* t h e  body o r  through the s e a l  
! 

ad jaceb t  t o  the a r e a  where the s e a l ' i s  connected t o  the body? 

STEINHAUER:' Probably ad jacen t  t o  t h e  a r e a  but, 

again; ' am-'pointtng ' o u t  . d e s i r a b l e  ' t h ings ,  I have never seen  

,a  f a i l u p e  .of  this- type, The 'high ~ i l i c a r ~ i n  t h e  body may be 

p e r f e c t #  acceptable  f o r  t e n  yea r s ,  b u t  w e  are t a l k i n g  about 

t h e  dif1:erence between t h e  terminal  s e a l s  t h a t  w e  have used 
. . 

and t e s t e d ,  for ins tance  on t h e  NED? c rane  programs two, . 

four ,  five and s i x  y e a r s  ve r sus  missions we  have t o  look into 

now i n  the seven t o  t e n  year cakegory. I 
I n  o t h e r  words, we j u s t  donf t know whether t h e s e  f 

h e r e ,  M r ,  Ed McHenry of  B e l l  Telephone, who is going to  t a l k  

seals w i l l  go that long and we ought t o  be th inking  about 

upgrading them. 

HENNIGAN: W e  would t o  move on t o  t h e  next speaker 

on the Modifications to the Ziegler Seal. 

1 
i 
! 
t 

.MC HENRY: (Bell Telephone Lab) This  w i l l  j u s t  be 

a review' of the t a l k  I gave a t  A t l a n t i c  C i t y ,  

The first th ing  I would l i k e  t o  t a l k  about  i s  the 

thermal c y c l e  test t h a t  w e  use  to e v a l u a t e  our  s e a l s .  It is 

so r t  of a q u a l i t a t i v e  test and w e  f e l t  t h a t  wi th  a p l a s t i c  

compression s e a l ,  we d o n ' t  have t o o  much i n  t h e  way of 

chemical problems except  pe-rhaps nylon w i l l  even tua l ly  a t  

higher 1:emperatures d i s s o l v e .  But g e n e r a l l y  X think the 

plastic seals f a i l  due t o  f a t i g u e .  The oxygen p ressu re  change 



thermal compression and con t rac t ion  of t he  gasket  mate r ia l ,  I 
so we chose this thermal cyc le  test  t o  e s sen t i a l l y .  g ive  u s  1 
a f a t i g u e  test  which probably is t h e  major cause of f a i l u r e .  1 

Here I show t h e  thermal cyc le  test  t h a t  w e  used.' 

We used\ temperature extremes of minus 40 and p lu s  1 6 0  I?. 

because! these a r e  the extremes t h a t  w e  expect  no t  t o  exceed 

i n  B e l l  System use. 

It was a two-hour cycle ;  it is  about 40  minutes a t  
I i 

the low temperature; it took 20 minutes t o  go up t o  the higher  1 
temperature and then 40 more minutes a t ' t h e  high temperature 

I 

and 20 minutea down t o  t he  lower temperature. 

This cyc le  was continued 24 hours a day, seven 

days a week, so  w e  g e t  1 2  cyc l e s  a day. W e  would test  them a t  

the encl of each day for the first week so would have every 12 1 I 

cycles .  The test method was simply t o  w e t  some wide-range I 
pH paper and place  it on the s e a l  and leave  it there 

Or about l 
f i v e  minutes and any KOH that had leaked o u t  would be i n d i c a t e  9 
by a change i n  pH, and a pH of  about n i n e  was considered t o  I 

I 
show t h a t  w e  had leaked enough KOII t o  cal l  t h e  cell  a leaker .  

(Slide.)  @ 

Here we show s e a l  performance a t  cons tant  overcharge 

ve rsus  thermal cycle.  The A, B ,  C and D were D ceUs of 

va r ioas  manufacturers; they were t e s t e d -  a t  cons tan t  overcharge 



I Sme were run a t  32, some at 20 F. and some a t  room temperatur . 4 

334 

a t  va r ious  tanpera tures ,  d i f f e r e n t  cells f n the same group. 

1 This i s  j u s t  a conglomerate of a l l  of them. 
-. I 

I 
I 

There was one p a r t i c u l a r  manufacturer where none 

, of t h e i r  s e a l s  failed and some were better than  o the r s .  

much better on thermal cyc le  w a n  B, C ,  and D i n  t h e  same 

We r a n  cells of t h e  same group, n o t  the same cells 

t h a t  we had run  a t  the t op  t he r e ,  bu t  cells taken from the 

sarne Tot were run on thermal cyc le  and w e  f i n d  t h a t  the A is 

order. 

i 

This  is a q u a l i t a t i v e  test, you d o n ' t  exac t l y  . 1 I 
p r e d i c t  the number of days anything is going to  l a s t  bu t  you 

can s ay   that'^ is b e t t e r  than B and t h a t  B i s  better than C. I :  
And we ;see t h a t  it took 20 days to do the same t h ing  w e  

learned i n  240 days. I 
SO it seems to be a pretty good qualitative t e s t  

t o  t e l l  whether you have a good s e a l  o r  bad s e a l .  General ly 

speaking, in our  observat ions  of a l l  t he  seals we have used, I 
t h i s  dot38 fol low -- t h e  A . ; i s  always good no matter what we do 

wi th  it and they  do s t a y  i n  t h a t  same q u a l i t a t i v e  order. 
I 

(Sl ide.)  0 
Here w e  show the Ziegler  Seal.-:developed f o r  I 

s u b m a r i ~ ~ e  cab l e  a long t i m e  ago. It c o n s i s t s  of a n i cke l  

barrel that is brazed i n f o  the lid of the  cell .  W e  have a 

kel!. -1% :7 bushing which screws i n t o  the . n i cke l  barrel. and the 
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lead wire is . i n s e r t e d  - i n s i d e  the bushing. This  th ing  is 

compressed; it i s  reduced i n  diameter by about  6 pe rcen t  from I 
1 25O/thousanclths down t o  234. This  compresses t h e  bushing and 
I I 

t h e  th reads  prevent  t h e  bushing from ext ruding  o u t  t h e  ends 

and mainta ins  a very high h y d r o s t a t i c  p ressu re  i n  t h e  middle. 

These th ings  w i l l  t ake  something l i k e  30,000 pounds 

per square  inch  h y d r o s t a t i c  pressure f o r  submarine cab le  work, I 
s o  they withstand more pressure  than t h e  ciun w i l l .  I 

and were of the molymanganese type -- t h e  ceramic s e a l  was, 1 

W e  had used them on some experimental  T e l s t a r  

b a t t e r i e s .  ' W e  had about  50 of t h e s e  and 50 glass s e a l s  and 

t h e  b inder  the re .  I d o n ' t  know much about  it b u t  t h a t  is  what]  . 

1 

it s a i d ,  it was. 

400 ceramic-to-metal seals, b u t  t h e s e  we  made e i g h t  yea r s  ago ? 

I j 

Perhaps the newer ceramic-to-metal seals have 

avoided some of t h e  problems that these old ones had. B u t  w e  

found that a l l  the glass s e a l s  leaked w i t h i n  about  f o u r  years .  
v 

This  wa.s a t  cons tan t  overcharge,  about  C over  100, I b e l i e v e  

it w a s ,  and room temperature.  A l l  the cells had run  through 

a pre l iminary  v i b r a t i o n  test ,  s imula t ing  rocke t s  and a couple I 
I 

of c h a r a c t e r i z a t i o n  c y c l e s ,  b u t ,  g e n e r a l l y ,  e s s e n t i a l l y  a l l  we, 

had was about  four  years af c o n s t a n t  overchakge a t  C over 100 I 
and then  another  f o u r  years of just open c i r c u i t  s t and .  

A t  t h e  end ~f the four  years we found t h a t  a l l  of 1 
the g1a.s~-to-metal  seals ware lealring,.  h a l f  the ceramic-to- [ 



says  you l o se  about lcc atmosphere per  1 ,000  years  of oxygen I 

2 

3 

4 

everything but t h e  Ziegler  seal leaking and none of these had 

leaked a t  a l l ,  o r  at l e a s t  t o  where you could d e t e c t  with the 

p H  paper. A ca l cu l a t i on  of t h e  gas pe rmeab i l i t i e s  and a l l  

and yoa have t o  use  t h i s  rounded whitworth thread so  t h a t  f 

when yclu compress you d o n ' t  have sharp  r o o t s  i n  t h e  bottom of 

d$f%u-~+ing through t h i s ,  provided it doesn ' t  have a l eak  path;  

b u t  i f  it j u s t  has t o  d i f f u s e  through the p l a s t i c . t h e r e  r e a l l y  

isn' t .aiuch of a problem there .  

The problem w i t h  t h i s  s e a l  is . M a t  you do have t o  

machine t h e  threads  very ca r e fu l l y ;  they must match exac t ly  

M e  threads  because they w i l l  l eave  a h e l i c a l  leakage path 1 

? 
; 

I 
1 
I 
! 

B 

and, the! s e a l  would f a i l .  

, I. So it does have t o  be c a r e f u l l y  machined with the I 
special. thread, b u t  i f  done correctly it works very  well. 

' . 
(Sl ide .  ) &,,! 

Here w e  have gone t o  in jeck ion  molding t:o form 

ou r '  bushing. The yellow por t ion  i s  t h e  i n j e c t i o n  molded 

ma te r i a l ;  t he  red  i s  t h e  n icke l  b a r r e l  wfiich i s  brazed i n t o  I 

I 
t h e  reci l i d ;  and t h e  green i s  t h e  lead  w i r e .  This  can be done I 
yery  simply and e a s i l y  and it avoids t he  use  of a 6arefuU.y- I 
machined thread. You can cut t h e  thread with anything. We 

used an o ld ,  dull., 8/32 tqp'cto j u s t  c u t  some s o r t  of thread i n  

were and then your i n j ec t i on  mold. 
I 
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nylons. The nylon 6/6 was best i n  t he  sense t h a t  it t a k e s  

more h e a t  when you weld t h e  cover on; you tend t o  heat t h e  

th ing  up, b u t  i d e a l l y  you w e l d  t h e  cover on before you crimp 
I j 

! 

! 
i t  then you don ' t  have t o  worry about any kind of problems I 

j 
there. 

(Sl ide . )  @ 
This shows the &£f erence i n  threads .  The top thread 

was machined by one of the  l o c a l  machine shops. It Ls very 

uniform imd both of these  s e a l s  have been cycled and t h e  bottom 
9 

thread shows injection-molded s e a l ,  and you cannot r e a l l y  do 

much worrse a jab of threading it; b u t  t h i s  is  p e r f e c t l y  adequat 

You have no t roub le  wi th  t h i s  kind of thread.  We 

had no leakage of any kind. 

Here I show the BTL which c o n s i s t s  of  a l l  t h e  I i 
I Ziegler  s e a l s  ; these  a r e  injection-molded or t h e  kel-F machine. 1 

The other  l i n e s  a r e . t h e  A, B,  C and D of the previous ba r  graph 

but they were of a l a t e r  manufacture da te .  It is a D cel l  of 

the same manufacturer bu t  apparent ly,  w e l l ,  a t  l e a s t  t he  one 

seal went 1600 or  2,000 :,cycles without  f a i l u r e .  A couple I 
of them d i d ,  b u t  i n  genera l  these  a r e  j u s t . r e g u l a r  D cells and 

1 

they fail very e a r l y  i n  t h i s  kind of test. 

You can see the Ziegler seal is much, much b e t t e r .  
I 

! In 

a t  2,000 .cycles  a t  shows no failure whatever, so I 

I 
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f e e l  t h a t  you j u s t  a r en f  t: going t o  yet %hat mush f?ati<jue i n  
. 

normal1 l i f e t i m e ,  I$ they do f a i l  it w i l l ,  probably pg from 

long-term chemical, attsak on the nylsn, 

We @idnot do any kel-F e e a l s  because we cota18n8t 

i n j e c t i o n  mold them, Apparently you cpn injection mold the  

kel-F b u t  we c a n ' t ,  no t  on the machine we have i n  t h e  lab.  
' 

This represen t s  nylon i n j e c t i o n  molding and t h e  Ziegler  s e a l s .  

Then we t r i e d  t o  use  the same p r i n c i p l e s  as used 

i n  t h e  Ziegler  s e a l s  bu t  w e  t r i e d  t o  make . i t  a l i t t l e  b i t  

cheaper. 

@ (Sl ide.  

. On t h i s  s l i d e  we developed a new type s f  s e a l .  

Here we  j u s t  have a metal tubing. You can make it as long as 

the cell. You p u t  a p l a s t i c  tubing i n s i d e  t h a t  and the lead  

w i r e  and crimp it every e igh th  of  an inch. I t  doesn't have t o  

be an eighth of an inch but I did it every eighth of an inch. 

Then t h i s  t h ing  is welded on top  of t h e  cel l .  I 

d i d n ' t  show a s a f e t y  ven t  o r  anything of t h a t  kind. You would . . 
have t o  pu t  something of t h a t  kind i n  t h e  f i l l  tube,  - . 

This is a very  s e a l  t o  p u t  toge ther ;  it 'can 

be made i n  any length.  It has  the advantage t h a t  if*:you ' 

change t h e  des ign of t h e  cel l  a l i t t l e  b i t  you don ' t  have t o  

change t h e  design of t h e  s e a l ;  you j u s t  braze it i n t o  a little 

b i t  bigger  top or smaller  top. O r  you can c u t  it a l i t t l e  bit 

s h o r t e r ,  b u t  t h e r e  i s  no g r e a t  change i n  des ign required.  
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Here w e  show some of the l i t t l e  celia thikt I have 1 
i 

NOW I have made eel .1~ of var ious  kinds using this , 
I 

seal. ? have eome that are 5/8" long with only two crimps. 

I would have a graph of the data exoopt t h a t  it i a  exactly 

the  same as t h e  ZiegZer s e a l  da ta .  They don ' t  leak , i f  you 

use a .nylon tubing the re .  I used nylon 6 / 6 .  

They j u s t  cycle  on an a n  far a thousand cyc les  

to  t w o  thousand cyc les .  I j u s t  d o n ' t  have any failures. 

There i , ~  one way you can make them fa i l l ,  you can overheqt  

them. I f  you run  them up over 200 Fv t h e  p l a s t i c  w i l l  begin 

to r e l a x  and it won't hold i ts  compression; bu t  the thing is, I 

you have t o  avoid hea t ing  them t h a t  high. 

You can a l s o  i n j e c t i o n  mold t h i s  kind of sea ld  

So when you i n j e c t i o n  mold you e s s e n t i a l l y  avoid a l l  the . 

assembly problems; you cannot s c r a t c h  t he  p l a s t i c  tubing o r  

anything of  that kind. It is very easy t o  pu t  together .  You 

d o n ' t  need much i n  t h e  way of high caliber people. It is very 

quick,, . It should be q u i t e  cheap. 

I suspec t  you could make t h e m  f o r  probably 15 or  

20 cents;. You j u s t  need a .tube and you braze a ho le  bunch of 
1 

. 21  

2 ;! 

then i n  one sho t .  You j u s t p u t  it i n  a crimper and crimp. 

So it i a i  n o t  an expensive s o r t  of th ing.  

"~0r"s . lnc  

2 5 
made.  his D cell  he re  has t h i s  typo o f  s e a l  i n  it; it  extend i I 
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little b i t  rounder .than the others, but  you can makta t h e m  of' I 
various sf zes . 

The bigger cel l  i s  t h i s  20 ampere-hour c e l l  with 

two Ziegler  s e a l s  i n j ec t ion  molded on the top  of it. 

Then we have two 3/8" long s e a l s ,  they a r e  1/8". 

i n  diameter and 3/8" long. On the end the re  is a l i t t l e  small 

cell w e  have which is  a 100  milliampere-hour cel l  with two I 
50 mill. diameter seals, the outs ide  diameter of the s e a l ,  and 

they are -3/16" long, I bel ieve ,  and they have a 15 m i l l  w i r e  

runnincf through mem. i 
Tha$ is  a polypropalene tubing. A l l  the  rest were 

nylon hu t  t h a t  p a r t i c u l a r  one w e  used polypropalene because 

what w e  d id  was c o a t  the w i r e .  I f  you get very, very small, 

the to:Lerances t h a t  you requ i re ,  the 1. m i l  to lerance  that you 

use to put your tubes together is a good portion of the total 

diametcsr so t h a t  you don't want any s l o p  i f  you can avoid it. 

If you c o a t  t h e  w i r e  you d o n ' t  have any to lerance  between the 

wire and t h e  p l a s t i c  tubing on the  ins ide .  

These have a l l  gone over 1 ,000  cyc les ,  thermal I 

cycles ,  except f o r  the polypropalene which has gone 200 and 
I 
I 

some c,yclos and I don ' t  know whether it is  going t o  fail or I 

lal Reporlers, Inc. 
25 

23 

24 

(Applause. ) 

what it is  going t o  do. 

That is e s s e n t i a l l y  a l l  I have. 





cannot :heat it , . anyway. 

HENNIGAN: M r .  Bredbenner from Ceramaseal? 1 
BREDBENNER: My quest ion is ,  what diameter can you 

go t o  i n  t h i s ?  I would imagine this type of s e a l  is l imi ted 

i n  maintaining hydrosta t ic  stress on t h a t  kil-~ as the 

diameter increases? 

MC HENRY: I am no t  sure; w e  haven' t  gone up. I 

thinkatherere w a s  a government con t r ac t  where somebody d id .  I 
They soaled up -- I think it was Texas Instrument -- scaled I 
up some of the Ziegler  seals and they were perfect3.y f i n e  I 
except  you couldn ' t  s t e r i l i z e  them. But otherwise they I 

I 
stood up very w e l l .  I Mink with about 1/8" diameter wire 

or something of that kind. 

VOICE : l/4 df meter. 1 
MC HENRY: 1/4" diameter? So I think you can 

scale t h e m  up, bu t  I would imagine though what you would do 
' . 

is -- the thickness of the wall of the  p l a s t i c  would probably 

remain about t he  same. I n  o the r  words, r i g h t  now you have 

a SO m i l l  w i r e  and about a 50 m i l l  wal l  of p l a s t i c .  I 

think even i f  you had I/(" cam i n  t he  w i r e  you wouldn't I 
want t.o make t h a t  p l a s t i c  much th icker .  I 

I 
I don ' t  r e a l l y  know. I d o n ' t  see any reason why I 

it wouldn't and it doesn ' t  seem to i n  what sca l ing  has been 

done. But I couldn ' t  answer t h a t .  1 
The one t h i n k  you would have to avoid is, if you I 
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s h o r t  your b a t t e r y  a n d . g e t  a ,very heavy c u r r e n t  t o  U I i s  wire I i 
you have to  have a he f ty  enough wire t h a t  it won't heat to 

1 

the p o i n t  where you m e l t  your s e a l ,  b u t  i n  a s p a c e c r a f t  i f  you 

s h o r t  o u t  the b a t t e r y  I presume t h e r e  is nothing you can d o  

have something planned t h i s  a f te rnoon and w e  w i l l  try t o  g e t  hfh 

i n  b e t o r e  lunch. 

Bob Steinhauer? W i l l  you be h e r e  t h i s  af ternoon? 

I 

t 

i 
t 

about: it anyway. 

HENNIGAN: There i s  t i m e  for one more ques t ion .  . 

We would l i k e  to  move on because D r .  Park might 

STEINHAUER: ..(Hughes) Not on t h e  seals, b u t  o u t  of i 

i 
i 

I 

cur ios l . ty  , on the B cel l ,  how did you make that negat ive  tab I 
weld; it d o e s n ' t  seem l i k e  -you have too  much room there? 

MC HENRY: Bow did we make t h e  nega t ive  t a b  weld? I 
L e t  m e  see. 

What w e  did w a s  j u s t  t a k e  t h e  g u t s  o u t  of a r e g u l a r  

D cell and p u t  them i n s i d e  of t h e  cel l ,  and t h e r e  i s  a l i t t l e  

t ab .hang ing  o u t  and you weld it t o  the l i d .  It was on t h e  
6 

seal when we  p u t  it toge the r .  

STEINHAUER: This  w a s  a s p i r a l ?  

MC HENRY: Yes. 
i 

STEINHA~ER: It seemed l i k e  you had t o  ge t  i n  between 

t h e  t o p  of t h e  spi ra l  and the bottom of  the cover. 

MC HENRY: W e l l ,  what you do -- t h a t  is  n o t  a very 

good sc:hematic -- you bend the tab t h i s  way s o  it f o l d s  up l i k 4  
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an  accordion when you p u t  it together .  X guess they p r e t t y  . . 

w e l l  do that '  now when they  p u t  t h e  l i d s  on cans ,  anyway, 

when they  weld them up? 

HENMIGAN: I would l i k e  t o  have D r ,  Park of  

Goddard Mate r i a l s  Group g i v e  some of the r e s u l t s  of an  analys i :  

of  a c t u a l  cells  t h a t  we  have used f o r  spacegroup programs. . 

D r ,  Park. 

PARK: (Goddard) I would l i k e  to  mention - tha t  

perhaps you r e a l l y  d o n ' t  care t o  hear  about  what I am going 

to  t a l k  about.  W e  would have to  c a l l  t h e s e  f a i l u r e s .  

There r e a l l y  a r e n ' t  too many, which you may p r e f e r ,  

b u t  the:y are a c t u a l  f a i l u r e s  and t h i s  i s  s o r t  s f  an example of 

what we do because w e  a r e  i n  the Materials Engineering Branch'; 

W e  are a v a i l a b l e  fo r '  c o n s u l t a t i o n  and a l s o  for  : ' . % -  

f a i l u r e  a n a l y s i s .  

One of  t h e  examples t h a t  we  rece ived  w a s  a n ickel -  

cadmium s i x  ampere-hour ce l l ,  numbered 1 4 9  and 151. Taking 

i t  open,, w e  g o t  what is shown i n  t h e  f i r s t  s l i d e .  

(S l ide .  ) 

This  w a s  most i n t e r e s t i n g  because of t h i s  a r e a  . 

. . 

r i g h t  over i n  h e r e  where you see w e  have apparen t ly  loose  

material. coming o f f  . W e  had been t o l d  t h i s  was a n l c k e l p l a t e .  

This p a r t i c u l a r  seal came o u t  of  t h e  b a t t e r y  cell1 N o .  151; 

i t  was alctual ly  the p o s i t i v e  e l e c t r o d e ,  and 151 had rece ived  

-- l o t ' ~ i  see, it was t e s t e d  a t  25 degrees  C ,  to a 4: percen t  



depth of discharge.  

Looking a t  C e l l  N o .  1 4 9 ,  we  didn't see t k f e  a t  a l l  I 

I 

sx13 1.5 . 

1 

2 

3~ 

5 

6 

7 

8 

9 

10 

1 1  

and y e t  C e l l  No. 1 4 9  w a s  t e s t ed  a t  40 degrees C. t o  u 25 

percent  depth of discharge.  

I might add w e  haven't  opened many of  these  cells 

b u t  t h i s ,  I presume, would be a p o t e n t i a l l y  bad s i t t r a t ion  t o  

13 

14 

15 

16 

17 

18 

19 

2 3  

2 1 

22 

2 3 

2 4 
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2:i 

I 

12 

have i n  any  of your cells. 

' 

One o the r  example i s  shown i n  t h e  next  s l i d e ,  

(Sl ide.  ) 
i 

This i s  from General E h e c t r i c g s  100 ampere-hour 

cell. This  looks extremely bad bu t  i t ' s  the  advantage of an I 
I 

s lec t rorr ic  scanning microscope t h a t  you can see such depth 6f 

focus arid this a c t u a l l y  might be ak about 250 magnifications- 

and y e t  a s p o t  was v i s i b l e  without  any magnif icat ion along 

t h e  braxed area. 

Well, seeing a spot ljke this, you would like t o  I 
see how deep it i s ,  bu t  we a l s o  can look a t ' i t  another  way, I 
as shown, i n  t h e  next  s l i d e .  

(Sl ide  . ) 
I 

This is X-ray penet ra t ion .  Aa you may be aware, i 

t h e r e  a r e  a number of concen t r i c  circles of ceramic, of  metal ,  

of hales, a c t u a l l y ,  and thus the X-rays pass through, where 

they can and i n  an a rea  l i k e  t h i s  they pass through very 

e a s i l y ;  we  we concluded t h a t  t h i s  was t h e  area of the hole. I 
The b e s t  way t o  look a t  t h a t  is  to s e c t i o n  it and t 1 



I/ As indica ted  i n  t h e  previous s l i d e ,  it d i d n ' t  look 

fire 115 

3 too bad and y e t  you cannot t e l l  much from the  su r face ,  so ,  i n  II I 

1 

the nex t  s l i d e ,  I 

346 

' t r y '  to  Z q ~ i n d  dowzi so t h a t  we could see how deep that  hole  goes. 

7 11 i s  n o t  q u i t e  a t  the edge of t he  mate r i a l  and aal.this::gbasc.:ct:; I 

5 

6 

I1 8 up farwler and a s  w e  come down here  you can see how long it is; 

(Slide.)  

you can see how long it did extend. This a c t u a l l y ,  up here;  

'1 1 11 doesn ' t ,  and I th ink  it ends about here  i n  t h f  s area .  While I 

9 

10 

8 

and t h e  ques t ion  is,  does it continue any . f a r t he r .  For t h e  

b e n e f i t  of t he  G .E. people,  I would have t o  say  it probably 

; '3 the  left. o r  to t he  r i g h t ,  bu t  it does appear a s  though a I/ 
'12 t h i s  , is  a sur face  we cannot nece s sa r i l y  t e l l  whether it goes t o  

' . .  

14 

15 

16 

s h o r t  d i s t ance  on w e  reach the end of t h i s  hole .  

. - .  However, it is a good propor t ion  of t h e  t o t a l  l eng th  

of t h e  brazed area which is obviously not as they desired. 

17 

18 

2 1  11 W e  could d e t e c t e a  leak when we had a d i f f e r e n t i a l  I 

I n  the next  case, t h i s  was from a Gulton ba t t e ry ,  

serial No. 227; it was c a l l e d  an i n t e r m i t t e n t  l eaker .  We had 

19 

20 

a l eak  r a t e  of 6.03 t i m e s  10 t o  t h e  minus 8 s tandard  cc's pe r  

second, which doesn ' t  sound bad a t  a l l .  
I 

22 

23 

pressure of about 20 pounds of helium and t hus  w e  could look 

f o r  bubbles.  

24 
I Re~~orters, Inc. 

25 

(Slide .) - .  

I n  t h i s  slide you fnay have t r oub l e  f i nd ing  where We 
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hole  is, but r i g h t  i n  there .  This i e  a r e l a t i v e l y  small  ares . . 

b u t  here again  it was v i s i b l e  without  magnification. This 

magnif icat ion i s  on t h e  o rder  of 15X. Now here  a g a i n  we d i d  

decide  t o  s e c t i o n  it and look deeper i n t o  this, and, i n  the 

next  s l i d e  

(Slide. ) 

it .doesn ' t  look bad, p a r t i c u l a r l y  up here.  This  i s  trhere t h e  

ho le  had been and this is the brazed a r ea ,  I might  acld, here.  

There is  qbviously a ho le  down here ,  maybe a gas 

pocket and another  one down here;  bu t  t h e r e  is apparent ly  .no 

continuoils path from t h i s  po in t  down i n t o  t h e  cell. However, 

i n  the next  s l i d e  -- 
(Sl ide .  ) 

-- you can see t h a t  t h e r e  is indeed a continuous leak. path.  

Th i s  is  r a t h e r  tor tuous.  For example, you have real  good 

gates all. the way through to  the outside and very possibly righ 

i n  he re  is where t h e  a c t u a l  leak  d id  occur. 

These r e a l l y  are the  only  bad examples I had of 

poss ib le  f a i l u r e s  and I would l i k e  t o  po in t  o u t  that,  a s  I d i d  

i n  desc r ib ing  them, these  a r e a s  were v i s i b l e  t o  the naked eye; 

;hey woultl be even more v i s i b l e  a t  say  20X or 40X, which i s n ' t  

,exy high. You d o n ' t  need to  go t o  a scanning e l e c t r o n  . - :  

ricroscope t o  f i n d  them. 

I might a l s o  add t h a t  the X-ray did  i n d i c a t e  that 

.here was a very suspic ious  a r e a  and it is  obviously e a s i e r  t o  





211 them i p ~ t o  a cell ,  you w i l l .  be way ahead without  having t o  go I 

have .a  , leak.  
1 

3 

5 11 Thank you. 

through, a l i f e - cyc l e  t e r ~ t i n g  t o  f ind  o u t  t h a t ,  yes t  you d i d  

comment. B o t h  of those s e a l s  and t h e  s e r i a l  numbers of t h e  

6 

7 - 

cells represen t  what I be l i eve  t o  :be a des ign t h a t  has been I 

(Applause. ) 
. -= 

xENNIGAN: W e  have a ques t ion  from Fred Betz. 

11 discontinued f o r  about t h r ee  years. We d i d  recognize t h e  ., I1 I. 

- - S-g- 
- - - LcS- -- --- - 

, i l  > = 

11 
- TBETZ: (Gulton) I t  is  r e a l l y  on t h e  o rder  of  a 

- 
:T1) (I*fi~h.a in tho  s e a l  design;  it has been cor rec ted  t o  

- 
- Er - ii - - - 

= -*> - -- - 
7 --i_ 

it 

13 the design t h a t  Bob Steinhauer  showed. There i s  one o the r ,  I/ 
~4 th ing  I wanted t o  mention bu t  I fo rgo t  what it was. /I 
l5Il 

These are q u i t e  e a r l y  cells a s  f a r  a s  t h e  design. 

'"I PARK: Y e s ,  t h a t  is  very  poss ib le .  It .is encouragin 

that once you can recognize t h i s  type of f a i l u r e ,  why the r e  i s  . * 

a way o:E g e t t i n g  around it. And it is  encouraging t h a t  these  I 
I / /  .have been changed o r  improved. . -x I 

BETZ: I th ink the o t h e r  f a c t o r  was we dl:, use :: I 
I 

visua l  ~nicrosaopic  examination of our  brazed j o i n t s  on a l l  of I 
; 1 our  sea:Ls now. 

I 23  I.*+ 3 PARK: Yes, I feel t h a t  t h a t  is a very good q u a l i t y  
* . -- 
I S L I 

;!4 lj:%ssu&c:a procedure t o  follow. I 
, Reporte~s, Isc. , . 

215 1 A s  pointed o u t  i n  one slide, it d i d n ' t  look l i k e  one I 



111 hole wall very l a r g e ,  y e t  it did continue on i n t o  the  cell I 
2 

3 

4 

itself. . 

HENNIGAN: A r e  t he r e  any f u r t h e r  quest ions? 

Bob Steinhauer? . 

5 

6 

7 

the  p i c t u r e  i t se l f ;  it was  more of an a r t i f a c t .  

STEINHAUER: (Hughes) Perhaps Fred Betz answered i ! 

the quqst ion ,  b u t  on your first s l i d e ,  was t h a t  one of t he  
i 

s e a l s  t h a t  Fred was r e f e r r i n g  to? You d id  no t  comment upon t h  

gray a r e a  moving up from t h e  bottom along t h a t  ceramic a s  

being a poss ib le  f a i l u r e .  

PARK: No, I thought t h a t  was more the l i g h t i n g  of 

1 . .  , 
I i 

BETZ: That was pure s i l v e r ,  I be l ieve ,  w i t h  a 

i 

i 
! 
! 

bright 13iLver p lay ,  both of which have been discontinued.  

. . . . HENNIGAN: There i s  t i m e  f o r  one more quest ion.  

S id  Gross? 

GROSS: (Boeing) We have t r i e d  t o  determine i f  we 

can i n s p e c t  ceramic s e a l s  with X-rays t o  d e t e c t  f laws as a 

screening method. It is  very d i f f i c u l t  t o  t ake  X-rays because 

of t he  ge!ometry. However, i f  you r e a l l y  bend over backward 

and t ake  a number of X-rays a t  odd angles ,  you can do it. 
I ,  

. The t h ing  t h a t  w e  found is  t h a t  you have no t  much 

d i f f i c u l t y  i n  f ind ing  defects i n  most of the seals that we 

exmined  this way. 

FORD: One po in t  f o r  c l a r i f i c a t i o n .  The photograph 

oq the 100 ampere-hour seal t h a t  you are examining w a s  never 



li HENNIGAN: W e  w i l l . b r e a k  f o r  lunch. 

350 E,rS 20 

1 put on a cell .-  It was provided before it was used. 

3 

4 

5 

One more quest ion.  We have to make t h e a c a f e t e r i a  

b y l : O ~ o l c l o c k .  
r 

Go ahead, B i l l .  

6 

7 

PARK: I might add t h a t  w e  d i d n ' t  have any r e a l  I .  

BILLERBECK (ComSat) .I j u s t  wanted t o  ask i f  you' 

a l s o  found t h a t  t h i s  was a d i f f i c u l t  procedure? Did your 

8 

9 

10 

experience c o r r e l a t e  with Sid  Gross' experience? I t  takes  

X-ray photographs from var ious  angles  t o  be a b l e  t o  see these. 

f a i l u r e s .  

14 picked o u t  t h e ' b e s t  one and these were stxaight-on rskots I/ 

'12 

;13 

l5Ii 
and o f f e r ed  no r e a l  problem a t  a l l .  

problem.in taking these.  W e  d id  go through a -- l e t  us say - -. P.. 2. 
I .  

f i v e  di:Eferent k i l o v o l t  s e t t i n g s  and l e t  it go a t  t h a t .  We 

It may have been an advantage that we had cut cel l  

open anci had been easy  to get a t ,  bu t  this should normally '  

be carrfied o u t  before  they a r e  p u t  i n t o  a cell. 

HENNIGAN: Any of the speakers  f o r  this af ternoon,  I 
I wonder i f  they would come down and t a l k - t o  B i l l  BFllerbeck I 

I 
i n  the corner over here. B i l l ,  s tand up f o r  a minute s o  

everybocly can coordinate  with him i n  the af ternoon z~ession.  

Whereupon, a t  1 2  :55 p .me ,  the meeting was adjourned 

24  
I  reporter:^, Inl:. lf.3 . .- 2 5 

to recoxlvena a t  2: 00 p.m.  t h i s  same day.) 



Session 4 - NEW DEVELOPMENTS - W. BXLLERBECX, CHAIH5A.N 

AFTERNOON s~%BIGN - 

HALPERT: Can we take our seats, please, and start 

the afternoon session. 

We plan to go into our fourth session and at the 

end of this fourth session, after completing the work on new 

devices, we will try and then summarize some of the work that 

we'have alccomplished here today and maybe list some of the items 

that weBctught to be doing in the future in order to bring 

about a nrore reliable system. 

So,at this time, I would like to introduce our 

chairman for the fourth session, Bill Billerbeck, who is 

Manager of the Electric: Power Branch at COMSAT Labs and the 

gentleman who is chairing the Specificabions Committee for the 

high relipability nickel-cadium cells. 

I, present to you Bill ~iilerbeck. 

BILLERBECK: Thank you, Gerry. Good afternoon, 

gentlemen,. This session is entitled "New Developments. " I 

guess tha.t means that we are up with the present state of the 

art of nickel-cadmium cells. 

We have been through all that in the last couple of 

iays, so we are going to try to have a series of relatively 

short presentations on new technology, new test techniques, 

new developments in nickel-wadmium cell technology and advanced 

jnergy storage techniques. 

1 thought that Chuck McXcnzie's keynote ~peech that 



1 

2 

3 

I we had a t  the awrt of t h i s  meeting was particularly .ypprrpprieCci 

i n  poinfing o u t  t h a t  the r e q u i r s m s n t ~  for aerospace batteries 

have begin changing considerably i n  t h e  l a s t  couple of years. 

W e  sti.1~ have some of t h e  experimental ,  s h o r t - l i f e  type of  

s p a c e c r q f t  wi th  u s  b u t  we a l s o  have some o t h e r  needs. 

6 

8 

One of t h e s e  is t h i s  need f o r  much longer  l i fe ,  t h e  

o r d e r  off' f i v e  o r  t e n  years .  I n  many c a s e s  it is  p r i n c i p a l l y  

i n  the 9Forage mode wi th  perhaps a f e w  deep c y c l e s  a yea r ,  l i k e  

100 cyc les .  

10 

1 ,  

These requirements stem from t h e  a p p l i c a  t ion-type 

s p a c e c r a f t  i n  synchronous o r b i t s ,  used f o r  communication, I 
12 

13 

14 

15 

16 

ll 19 papers on t e s t i n g  devices  t h a t  w i l l  h e l p  usr-in th i , s  area t o  I 

I 
navigat ion,  meteorology and ea rch  resources .  W e  a l s o  have th-e 

long i n t e r p l a n e t a r y  missions,  those requirements now, 

So I want t o  p o i n t  o u t  t h a t  t h e s e  are becoming a 

larger p o r t i o n  of the aerospace b a t t e r y  bus iness  a t  this point 

i n  t i m e  innd so much more work is needed to understand and 

17 

18 

improve Ithe performance of t h e  ni-cad cel l  under these c o n d i t i o  

I th ink  t h i s  a f te rnoon we have s e v e r a l  i n t e r e s t i n g  

21 11 Looking f u r t h e r  ahead, I think another  need t h a t  i s  I 

20 understand celZ performance . 

241/ improvement i n  t h e  nniccd cell  performance, and I think we can 1 

22 becoming more important  i s  t h e  need f o r  improvements i n  energy 

23 I 
dens igy ,  and I t h i n k  that one can say t h a t  t h e r e  is a need f o r  



II 1 1  Those a r e  t h e  papers  and without  f u r t h e r  I n t r o d u c t i o 4 ,  

couples with bighag energy denoiky ea*pab$b$ty, We wo have 

several ]papers t h i s  afternoon an s i l v e r - z i n c  and possibly a 

paper on zinc-ai r . 
Then, j u s t  recapping for a aecond, the t w o  papers 

on test techniques are B i l l  Webster of NAS&, Goddard; J i m  

S t e m m l e  of NASA, Goddard; and we have D r .  Reed from B a t t e l l e  

o n ' a  plaque s t r u c t u r e  f o r  nickel-cad; and then  w e  have B i l l  

Nagle from NASA-Lewis Lab on s i lve r -z inc ;  D r .  Mikkelson from 

General Dynamics on s i l v e r - z i n c  and Tom Hennigan on automatical- .  

l y  ac t iv4ated  ' s i lver -z inc  . 

I would l i k e  t o  ask B i l l  Webster to give h i s  p resen ta t ion .  

I 
i 

WEBSTER: (NASA, ' ~ o d d a r d )  Thank you very  muck. 

One of the disadvantages of being- t h e  h o s t  i s  
.' 

sometimes your boss  vo lun tee r s  you f o r  t a l k s  be fo re  the work i s  

completed, so this is rea l ly  an interim report on some work 

t h a t  i s  c u r r e n t l y  underway and Tom thought that it might be n i c  , f 
since we just had our  f i r s t  r e s u l t s  come i n ,  t o  make you aware -. I 
of what we are doing and poss ib ly  i f  it is  of i n t e r e s t  to you 

then we can g ive  you some h i n t s  t o  accelerate t h i s  a p p l i c a t i o n  I 
I 

for your own use. I 
What we  are doirig i s  looking a t  s t r a i n  gages as a 

technfquie f o r  monitoring p ressu re  i n  a cell.  Q u i t e  a b i t  of 

/ /  work has  bean done and most of t h e  absolute measurements have 2!4 1 I 
1 1  Reporters, Isc. 

'!' 
! been made with  pressure t r ansducers ,  bu t  s p a c e c r a f t  managers 

i 
I 



I Reporter:;, In!:. 
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here a t  Goddard and poss ib ly  i n  p r i v a t e  i ndus t ry  d o n ' t  buy t h e  I 
concept of f l y i n g  a:.$350 pressure  t ransducer  on top  sf  a c a l l .  

-- - ---__ __ _- -- 
Also, this pressure  t ransducer  i s  usua l ly  a t tached -by a 

mechanicrrl means through a f i l l  tube which i s  s t r u c t u r a l l y  a 

very poor mode of attachment.  I 
These pressure  t ransducers  a r e  bulky and they  are I 

e x p e n s i v ~ ~  . 
The o t h e r  type of pressure  measurement t h a t  most 

people are familiar with i s  t h e  adhydrode o r  s i g n a l  e l ec t rode .  

This is  n~ounted i n t e r n a l  to a cel l  and is used t o  sense  

I / oxygen pressure .  I t  is no t  an  absd lu te  measurement of oxygen I i 
pressure  b u t  j u s t  an i n d i c a t i o n  and a t  low pressures  i s  an  I i 

i 
e x c e l l e n t  i n d i c a t o r .  I ! 

not  n e c e ~ ~ s a r i l y  flooded bu t  w e t ,  I am doing some resea rch  r i g h  t 

The o t h e r  disadvantage of t h i s  type of e l e c t rode  

is that i n  a flooded cell it does no t  work o r  i n  a wet cel l ,  

now wi th  ca lo r imet ry  and my f i r s t  100 ampeke-hour cell  tha t  I 

have beerr p laying around with has such a s i g n a l  e l e c t rode  -in it, 

I 

I n  order to  g e t  good - t r ans f e r  between t he se  l a r g e  

p l a t e s ,  more e l e c t r o l y t e  than  usua l  is used. The t h i r d  
I 

e l ec t rode  i n  t h i s  p a r t i c u l a r  case is  n o t  working, oxygen is 

being germrated and the r a t e  of d i f f u s i o n  f o r  t h i s  e l e c t rode  

i s  extrentely slow, ' so t h a t  you are many hours behind what is  

a c t u a l l y  occurr ing  i n  t h e  call.. 

We s t a r t e d  playing around with t h i s  i dea  of s t t a i n  [ 



where i t  has cost Chs government only our time and only when I 
we can spa re  it, which is becoming less and less. I 

What w e  are doing i s  using a wheatstone br idge  I 
5 c i r c u i t  i n  which t h e  opposing l e g s  of t h e  wheatstone br idge II I 

a r e  t h e  a t r a i n  gages which measure t h e  s t r a i n  on t h e  bottom of 1 
I 

7 t h e  cell .  The o t h e r  two l e g s  of t h e  Qheats tone br idge  a r e  I/ I 
Il 8 s t r a i n  'gaiges mounted on a metal  t a b  which i s  welded t o  t h e  

9 bottom of t h e  cell .  These two a r e  t o  s e r v e  as a temperature ll 1 

14 cel l  wi1:L measure t h e  a c t u a l  s t r a i n  t h a t  t h e  bottom experiences I/ I 

10 

11 

12 

13 

compensat:ing loop of t h i s  c i r c u i t .  

(S l ide )  

This  i s  a crude drawing of t h e  bottom of a 20 ampere 

hour cell .  These two s t r a i n  gages l oca ted  i n  t h e  c e n t e r  of t h e  

17 of s t a i n l e s s  steel, wi th  two strain gages over here  f o r  t h e  II I 

15 

16 

1 8 temperature compensating loop. I/ I 

when p ressure  i s  generated.  

Right here is a well with a similar metal, same type 

Our f i r s t  t r i c k  t h a t  w e  discovered was t h a t  i f  you I ;!*I1 t a k e  two opposing legs of t h e  wheatstone br idge  and you use t h i i  
I 

;!I I/ f o r  your s t r a i n  gages you can double t h e  ou tpu t  s i g n a l .  I 

I/ 22 The next  t h i n g  t h a t  c rossed  our  mind was t h a t  most 

; 20 ampere-hour c e l l s  f o r  i n s t a n c e  are comprised of 3 0  k i l l  

r l  Reporters, Inc. 
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/I 2 engineer  why. Wb c o u l d n ' t  cma up with any goad reason why,. 
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11 W e  found o u t  through eome pre l iminary  aa lcuba t ions  

1 

I 
by this gentleman t h a t  we could e a s i l y  go t o  h a l f  this thicknec:,  1 

t h i ck  rpteiinleos- rsteel. Andl X asked myself and a mecl~amicali. 

and have a s a f e t y  factor of  a t  least t h r e e f o l d  for pressures  I 
I 

8 and have the t h i ckness  of the metal on the bottom be h a l f  t h a t  I/ I 

6 

7 

9 of the rest  of t h e  cel l ,  t y p i c a l l y  15 m i l l .  So we l e t  a Ii I 

over  10D pounds. 

So our  n e x t  i d e a  was t o  take t h e  bottom of t h e  ce l l  
I 

10 

. 1 1  

t o  NBS Mechanical Systems Group t o  apply s t r a i n  gages t o  the I 

c o n t r a c t  t o  Gulton I n d u s t r i e s  i n  1968 t o  b u i l d  us, oh, about 

ha l f  a dozen cells; and a t  t h a t  t i m e  they  only  had m a t e r i a l  1 
12 

13 

14 

bottom ,of t h i s  cel l  and t o  do t h e  wir ing  for us  and apply the  
- r 

a v a i l a b l e  which was 1 9  m i l l s  t h i c k ,  so w e  ended up with onc- 

third as t h i c k .  

- ,  W e l l ,  then  w e  lee a c o n t r a c t  i n  t h e  n a t u r e  of $5,000 

17 best techniques known s o  w e  wouldn't  have to worry about  I/ 
t r a i n i n g  chemis ts  and engineers  t o  do something which i s  a l r e a d  

cel l  v e r s u s  a cel l  where t h e  bottorn was one-third t h i n n e r  w a s  I 

19 

20 

t h a t  w e  were aga in  able to i n c r e a s e  t h e  o u t p u t  of t h e  s t r a i n  I 

known. 

n . . .  The r e s u l t s  that they found comparing a s tandard  
1 

23  gage c i r c u i t  by a f a c t o r  of 3; so by us ing  two strain gages as li I I 

p p ~ o s i n g '  l e g s  vk can dpubh it by us ing  o n e - w i r d  th.inner we 
i Reporter:$, Inc:. 



can trf ple  the' kignal  . 
The reason why I am so concerned about  inc:roasing 

. I 
the s t r e n g t h  of  the s i g n a l ,  i s  that t h i s  s i g n a l  i s  extremely 

low. 1% i s  i n  t h e  o rde r  o r i g i n a l l y  of 1 t o  10 m i l l i v o l t s . .  

So, t h e  next t h ing  w e  inqui red  i n t o  was haw d o  we I 
g e t  t h i q  back t o  e a r c h l  Does the e l e c t r o n i c s  already e x i s t ?  

O f  course ,  t h e  answer is yes. People have been using  s t r a i n  

gages fpr a long t i m e .  

W e  found o u t  t h a t  t h e r e  i s  a smal l  space-c~ual i f ied  

box approximately t w o  inches  square by one inch Wick which . 
% .  I 

acts as an e x c i t e r  a m p l i f i e r  and it can e x c i t e  a s t r a i n  gage I 
1 

c i r c u i t  and amplify t h e  s i g n a l  by a f a c t o r  of a thousand. So 

now w e  are t a l k i n g  about  sending back s i g n a l s  on t h e  o rde r  of a 

v o l t .  

Recently w e  received t h e s e  cells back from the 

National  Bureau of Standards and w e  have p u t  them on test he re  

i n  our  l abora to ry .  W e  have done 'a very minimal number of tests I 
t o  t h i s  poin t .  I t  c o n s i s t s  of s e v e r a l  condi t ioning  charges 

a t  C over  10 f o r  1 6  hours and then one which we ca l l  t y p i c a l  

OAO experiment. 

Now t h e  r e s u l t 8  of our  1 6  hour charge were f i g u r e s  

like the following: The adhydrode s i g n a l  over  16  hours  f o r  

a dead-shorted cel l  a t  the end of one minute was reading I - 

47 r n i l l i  v o l t s ;  a t  the  end of f i v e  minutes,  37; a t  the end of 1 

200 minutes,  29. So. t h e  adhydrode wasn't t r a c k i n g  t h e  p r e s s u r e ,  
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:L --&hen- a t  the end of 960 minutes,  which i a represen- 

t a t i v e  PP the 16 hours o r  equated t o  16 hours ,  was 455 m i l l i v o l  

I spoke t o  M r .  Ford &out t h i s  and he sald t h i s  i s  
I 

common dhen you are working wi th  a dead-shorted cel l  and 

s t a r t i n g  it up f o r  t h e  f irst  t i m e ,  and he a s s o c i a t e s  it with 

a certatp a c t i v a t i o n  of t h e  e l e c t r o d e s  involved. 
i: . 

x-- = -!@e pressure  t ransducers  dur ing  t h e  same t i m e  was 
- - - =p -.- 

very li$ear i n  rgsponses as would be expected and it went from 

51 m i l l i v o l t s  to  82 m i l l i v o l t s ,  never decreas ing  o r  f l u c t u a t i n g  
. , .  

The s t r a i n  gage ou tpu t  r a n  from 7 m i l 1 i v o l . t ~  t o  1 2  

~ l l i v o l l : ~ ,  s o  you can see we are' t a l k i n g  about  extremely small  

- - hey were extremely l i n e a r ,  never varying with time --- -- 

as a r e s u l t  of  f l u c t u a t i o n s  i n  temperhturo . 
These experiments were conducted a t  20 degrees C. 

Then w e  i n i t i a t e d  what we ca l l  an OAO test  regime. 

I n  this ] r e g i m e  w e  charged at 1 2  amps to a v o l t a g e  clamp of 1 4 7 ;  

then allowed the current to taper. We discharged a t  6 amps for  

30 minutes. This  type  of  regime gave u s  155 pe rcen t  overcharge 
- . P  - 

Now, we  are n o t  recommending t h i s  for a l l  OAO b u t  

we are t r y i n g  t o  measure the p r e s s u r e ,  s o  t h a t  i s  what w e  were 

about, by, having such a high overcharge.  

W e  have a l s o  done o t h e r  experiments where w e  have 

w ~ e d  - thi.8 v o l t a g e  l i m i t  t o  149; then  we are t a l k i n g  about  200 - 
I * = $ - 

The on ly  data I had t i m e r  to reduce for t h i s  meeting 



1 1 

I 

was this experiment wi th  the vo l t age  l i m i t  of 147 and an 

overcharge of 155 percent. 

(Sl ide .  ) 

Here we have a slide of that d a t a  f o r  t h e  100th 

cycle .  This  was conducted a t  room temp -- w e l l ,  n o t  e x a c t l y  I : 
I : 

room temperature -- i n  a temperature chamber a t  20 degrees  C.  I :  
This  is  a t y p i c a l  computer p r i n t o u t  of t h e  data and I 

j .  , 

f a c t o r s  hav e been app l i ed  t o  the data. But you can s s e . t h a t  i 

i n  t h e  100th cycle w e  had a 90 minute o r b i t ,  30 minutes of  

d i scharge  and 60 Charge. 

W e  started out first wi th  our  d i scharge  and then  we I 
go i n t o  o u r  charge. Our b a s e l i n e  should be t h e  p r e s s u r e  1 ! 
t ransducer ;  t h a t  i s  an abso lu te  measurement. W e  are coming I 
down o f f  o f  t h e  l a s t  end of overcharge a t  29 pouhdn of pressure 1 i 
and dropping down by 10 minutes into t h e  charge t o  approximatel 

19 pounds o f  p ressu re  and than  swinging on up. 
. , 

The next curve E ca l l  your a t t e n t i o n  t o  i a  the 

adhydrode. The adhydrode a l s o  fo l lows t he  pressure .  This  

l i t t l e  w h i f f l e  i n  t h e  curve  a t  30 minutes is where you change 

from charge  t o  d ischarge .  Because we can only  p l o t  v e r s u s  one I 
I 

a x i s  a ntunber had to be m u l t i p l i e d  by t h e  m i l l i v o l t  o u t p u t  of I 
t h e  adhycirode and t h i s  makes t h i s  curve appear a" little b i t  

smoother than i t  really occurs .  Kt i s  a sharper break than 

if you are j u s t  monitoring straight mfllivoae ou tpu t ,  but you 

can gee i t  a190 follows. 
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Then we coma t o  the s t r a i n  gags and we have a . . 

perfeat p r o f i l e  of t h e  pressure i n  the cell.  What are t h e s e  

numbers and what wer they mul t ip l i ed  by? I n  this particular 

c y c l e ,  the pressure  t ransducer  went from'75 m i l l i v o l t s  to 115 

m$llivol.&s and it was mul t ip l i ed  by a factor of 240. 

I S  , The adhydrode had a swing from 310 m i l l i v o l t s  t o  

516 m i l l i v o l t s  and it was mul t ip l i ed  by a factor of 61. 

. . The s t r a i n  gage had a swing from 8 t o  1 8  m i l l i v a l t n  

and was mul t ip l i ed  by 23,758. The vobtages t h a t  t he  cel l  was 

exper iencing  a t  t h i s  t i m e  was a low of  126 %Q a high of 1 4 7 ,  

So, what we are t a l k i n g  about  in translating some of 

this i n t o  abso lu te  va lues ,  i s  t h e  s t r a i n  gage delta was 10 

m i l l i v o l t s ,  t h e  p ressu re  t ransducer  was 40 m i l l i v o l t s  and t h e  

adhydrode was 200 m i l l i v o l t s .  

- .  What we are proposing for t h e  f u t u r e  is ta construci  

a cell i n  which t h e  bottom has a small area which has been 

milled down t o  a thickness of approximately 10 m i l l s ,  Thig 

would be a small q i r c l e  i n t o  which wars placed the strain gages 

What t h i s  would do would a c t u a l l u  make t h e  e n t i r e  cel l  case aci 

as  a p ressu re  t ransducer  and would f u r t h e r  enhance t h i s  output 

and woitld g ive  us a reproducib le  su r face .  
. . ' I  

t . .  We have n o t  had t i m e  t o  analyze  t h i s  data b u t  t h e r e  

are two obvious problems t h a t  I can see r i g h t  now. One would 

be, of ap;p l i sa t f  on, which technf cian pu t  Qn.l.s;tripin.-.gag~s. on :whit 

lay? So it w u l d  be very  expensive to calibrate eacln.single 



11 had d i f f e r e n t  welders and d i f f e r e n t  stresses pu t  art kfia b ~ t t i m  

11 of each ce l l  when it was constructed;  bu t  we feel try r:t3kimg I 
I! t h i s  s o s t  of pressure  t ransducer  o u t  of t h e  case &lad having ii i 

welding app l ica t ion  of one day t o  that  of another  ai;?yp and 

9 I t h i s  pretty much i s  the s t a t e  of our  work a t  t h i s  ti!.*! i n  this , 

6 

7 
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small area of a th inner  cons t ruct ion  than the rest 0 . E  *he . 

bottom, t h a t  we can e l iminate  any h y s t e r i s i s  due fran ana 

BILLERBECK: Do we have any quest ions? 6 :I 

STEINHAUER: (Hughes) B i l l ,  is  t h e r e  a n y  pszkiculzir 

reason wlny t h e  bottom of t h e  cell was selected partk;:ufrtrl.y i f  

.d out ' the s i l e n t  cell  was open and you could pu t  your t h i n n c  

area rnidwayy along the side away from the weld areas'? I 
WEBSTER: Thank you, Bob, f o r  c a l l i n g  thd:: ca my 

a t t e n t i o n .  Y e s ,  t h e r e  was. 

W e  turned t h i s  cell  over o r i g i n a l l y  t o  a ijs:dap here I 
a t  Godda:da which pu t  a p a r t i c u l a r  l i g h t - s e n s i t i v e  makerial on 1 

f 
t h e  cel l  and then applied high p ressure  t o  the cell  and t hen  

analyzed the cell f o r  t h e  a r e a  of g r e a t e s t  stress aizil t ! . ~s . t ;  

uniform stress. That was a t  t h e  bottom, s o  t h a t  is why i t  was 

se l ec t ed  ,, 

BILLERBECK: O t h e r  q u a s t f o n ~ ?  



A l l  r i gh t .  Thank you very much, B i l l .  

The next  paper t h a t  we have is by Jim Stemnle from 

NASA, Goddard, and it i s  on sea lab le  experimental cell  case 

for nicke l  cadmium cells, and perhaps o the r  uses,  too. 

STEMMLE : (Goddard) Thank you. 

I envision this as a r a t h e r  s h o r t  t a l k .  I n  f a c t  I 

go t  i n t o  an argument with Gerry Halpart. I n i t i a l l y  I thought 

I would. t a l k  15 minutes but  then when X looked a t  what I had 

t o  t a l k  about I sa id  f ive  and he s a i d  no, you had b e t t e r  take 

I 

ten. So I guess we w i l l  j u s t  have t o  see. I i 
Suppose your job desc r ip t ion  says you a r e  a k I L 

research e lec t rochemist  and one day you hear somebody say 

something l i k e  i f  you pu t  carbonate i n  t h e  e l e c t r o l y t e ,  it 
%. - 

advances t he  onse t  of gasing.of  the nicke l  e lec t rode  o r  some 

such thirrg a s  t ha t .  Wouldn't it be nice  i f  you could go in?- to  

the shell! in your laboratory and pick off the shelf r?omething 

l i k e  t h io?  

(Slide.  ) 

T h i s  i s  a resea lab le  convenience experime~ltal  cell.  

Me  thought it would be nice, so we designed one. The f ea tu re s  I 

t h a t  thi13 thing has ate, one, it is  f l e x i b l e .  If  you no t ice  

i n  t he  top, and it w i l l  show up more c l e a r l y  on later s l i d e s ,  

there arcs s i x  ceramic terminals ,  two of them for carrying a l o t  

of cu r r en t  and four  far carrying signals of various sorts for 

monitoring what ie going on i n  the call .  



have t o  make an e n t i r e l y  new eel1 which you s e a l  ofif 
i 

and weld 
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3he advantages of thFa thing ara that, orae, it has 

t h i s  f l e x i b i l i t y ,  it is sea lab le ,  it can measure prsaaureo, 

it can measure gasing c h a r a c t e r i s t i c s ;  and, two, t h e r e  is a 

c o s t  reiduction. Each t i m e  you want to  make a cell  'you d o n ' t  

(Sl ide  . ) 
I H e ~ e  is  a p i c t u r e  of t h e  header, There i s  a pipe 

coming lout and t h e  threads  a r e  1/8" pipe. You can-see  c l e a r l y  

t h e  two l a r g e  current-carrying e l ec t rodes  and the four  smal ler  

s i g n a l  lelectrodes . I 
(S l ide  .) 

The t h i r d  s l i d e  i s  t h e  reverse  of t h i s ,  showing t h e  

f o o t  t h a t  we designed f o r  a t t a ch ing  t o  current -carry ing 

e l e c t r a 3 e s  and t h e  e l e c t r i c a l  connection t o  the a u x i l i a r y  I 

The O-ring which we  bought was made of e tbylene  
I 

prdpylen; which is r e s i s t a n t  t o  KOH, according t o  the P a r k e r  

. \ 

Hanniford Company. 

(Slide. ) i 1 
I 

e l ec t rodes ,  coming o u t  of t h e i r  por t s .  7 - 

(Slide.) . , 

The fou r th  s l i d e  shows the O-ring s e a l ,  The " 

q u a r t e r  t h e r e  is not r e a l l y  a measure of how much i t  c o s t ;  it 

'is t o  g ive  you an i dea  of how b ig  it is. 

Sn t h e  next  s l i d e  we see an exploded view of the 

I 
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convenience manifold. W e  have a gage, a p r e s s u r e  t ransducer , - -  I 
le t  m e  see if I can p o i n t  t o  these t h i n g s  -- we have a gas 

sampling manifold there of Goddardls own des ign ,  a a v a l v o  quick 

disconn,pct f i t t i n g ,  and a p ipe  t e e .  The t o p  and bottom are 

just hebd together  by machine SCECJWS. 

The cos@.of t h e  ce l l  case, exclusfve  of t h e  manifold 

is about  $565. The material could be e i t h e r  n i c k e l  or s t a i n l e s i ;  
I .  

steel. When we had these made there was a n i c k e l  s t r i k e  s o  we 1 
i 

had it made o u t  of  s t a i n l e s s  steel ,  o u t  of 304-L. 

W e  a l s o  had a t  t h e  same times some shims made s o  

that you d o n ' t  have t o  use  a n  e n t i r e  p l a t e  s t a c k ;  this t h i n g  I 
w i l l  hold a 20 ampere-hour p l a t e  s t a c k ,  b u t  you could do : '- 

experiments on fewer electrodes than  t h a t  and use  shims t o  

occupy t h e  void volume. 

I 
Wp have run  i n t o  some problems, probably n o t  where 

you would expect  t o  run  i n t o  them. W e  have developed some 

leaks in the bottom edges of the can. 

We had two or t h r e e  l e a k s  r i g h t  on t h e  corner .  When 

I took it t o  a man to  see where i t  was l e a k i n g ,  ha t o l d  m e  it 

t 
was going to  be l eak ing  araund t h e  ceramic seals b u t  it wasn't. I 

I 
The design is good. We have on hand about  ten cells 

that  have been holding 50 pounds of  a i r  f o r  a month o r  so ,  

just n o t  dropping, so tho des ign  i s  good. 

We a l s o  designed a small device for  connecting 

s ' ignal  e l e c t r o d e s  t o  the feed-thsoughs,. Maybe 5: w i l l  j u s t  try 
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drawing one. It is simple enough that way. There i a  a hole . . 

/ going through here.  Them i s  a set  screw going through here. 

1 Simple enough. W e  i n t end  t o  weld the l e a d s  onto  *is metal 

and Men f i t  t h i s  over  the feed-thcough and t i g h t e n  it down 

with  set  screws. 
! 

That i s  all I have t o  say ,  and I wonder i f  it was 
I 

f i v e  o r  t e n  minutes? 

(Applause. ) 

BILLERBECK: Do we have some ques t ions  on M r .  

Stemle ' s paper? 

A l l  r i g h t ,  i f  n o t ,  we w i l l  go on to  D r .  Alan Reed 
I 

I 
from Battelle, and he is going t o  t e l l  us  about  a new 

honeyco~nb plaque s t r u c t u r e  f o r  nickel-cadmium e l e c t r o d e s .  

I guess I had better g i v e  J i m  back h i s  baby here .  

REED: f have j u s t  one t h a t  might be a Viewgraph -- 
n o t  a Viewgraph b u t  the overhead p r o j e c t o r .  

We a t  Battelle have developed a new type  of  porous I 
n i c k e l  plaque that w e  made i n t o  cadmium e l e c t r o d e s .  I might I 
add t h a t  this has been developed on c o n t r a c t  he re  w. i th  NASA, 

Goddard . 
These plaques have a honeycomb s t r u c t u r e  and they  nr 

made by alternately stackf ng t h i n ,  electroformod, cc~rrugatad 

n i c k e l  f o i l a  and flat n i c k e l  f o i l s .  The f o i l s  are bonded i n  a 1 
hydrogen furnace  and then they  a r e  sliced i n t o  plaqi~es of t h e  I 



desi red .l:hickness . . ; f ex example, 30 m i l l s .  

I f  I could have t h a t  overhead, it w i l l  show you a 

cross-apc:tion. 

(Sl ide  . ) 
This has been f i l l e d  with epoxy and sectioned. I 

You wil$ see t h a t  a l l  a e  pores a r e  uniform i n  s i z e  and shap,e, 1 
t r ianguhxr;  they a r e  p a r a l l e l  t o  one another and each is I 
connected d i r e c t l y  t o  t h e  surface of t he  plaque providinggthe I sfraight-through pore. 

I : ... .. I. think t h a t  i s  probably enough f o r  the slide.. 

Lights ,  please. . i t 
. W e  made these  plaques with f i v e  d i f f e r e n t  s i z e s  of I t 

pores and the  widest  dimension of the pore i n  these  various I 1 plaques t h a t  we have made ranged from 3.2 up t o  1 0  m i l l s ,  - - .  I t 
which is about a f ac to r  of 5 t o  20 g rea t e r  than the  median- 

pore diameter of ak&ntered powder plaque. Therefore M e  

i n t e r n a l  sur face  a rea  of these  plaques is  much smaller than tha 

of al.e&n.tered powder plaque, ranging from about .04 square 

meters per  gram up t o  about .1 square meters per  gram compared 

to  one-quarter t o  one-half a square- meter per  gram f o r .  
I 

convent ional .e in tered powder plaques. 

! We have developed some new technology i n  making 

these t h i n  foils because we had to electroform pinhale free 

nickel  fai ls  as thinas about 2 1 1 0 t h ~  of a m i l l .  T h , i s  work 

involvea c a r e f u l  preparat ion o f  machined mandrels with evenly 

I 

i 
I 
i 

I 



spaced grooves . . on to  which w e  elecrroformed the t h i n  n i c k e l  
. . 

f o i l s  and then s t r i p p e d  them o f f .  

We descr ibed  t h i s  work i n  a r e p o r t  t h & t , w i l l  be 

soon cop~ing o u t  under c o n t r a c t  NAS5-21105. 

When these plaques are made i n t o  cadmiurn e l e c t r o d e s  

they haye charge and d ischarge  curves which are very similar 

to. that of the c o n v e n t i o n a l ~ 3 n t e r e d  powder plaques,  i n  t h a t  

one o b t a ~ i n s  a r e l a t i v e l y  f l a t  charge and d ischarge  p l a t e a u  when' 1 

cadmium* I t  wouldn't show up on t h i s  Viewgraph b u t  it looks I 

measuredl ve r sus  t h e  r e fe rence  electrode. 

W e  be l i eve  t h a t  t h i s  shows t h a t  the high i n t e r n a l  

su r face  area plaque is not  n e c e s s a r i l y  f o r  proper electrode I 

almost  l i k e  sand packed i n t o  the end of t h e s e  open pores .  

performance; r a t h e r ,  the cadmium i n  the e l e c t r o d e  forms i t s  own 

high s u r f a c e  area, t h e  l i t t l e  c r y s t a l s  s f  cadmium. 

I have a photograph of one of t h e s e  impregnated with 

W e  have a l s o  found that t h i s  charge-discharge 

I 
I 
I 
I 

pexforma~nce is r e l a t i v e l y  i n s e n s i t i v e  to  the s i z e  of the pores 

that w e  have made. 

The whole purpose of  t h i s  work was t o  b u i l d  l o n g l i f e l  

electrodes by providing a porous s t r u c t u r e  which i n t . u i t i v e l y  
I 
1 

one th ings  i s  more or less t h e  i d e a l  s t r u c t u r e  f o r  porous 
{ 

electrodles.  That is,  a l l  of the pores are of unifoxm size and 

they all. are p a r a l l e l  connect ing d i r e c t l y  t o  t h e  s u r f a c e  of t h e  



One of.the pore sires.of these honeycomb electrodes I 
did show a b e t t e r  performance a s  far a s  u t i l i z a t i o n  goes than I 
did  thg  others .  These plaques had a capaci ty  of about 200 

m i l l i a q , ~  hours per square inch a t  t h e  one hour r a t e  compared 

t o  28Ormilliamp hours per square inch f o r  a s in te re i l  powder- 

were impregnated with the standard vacuum cadmium n i t r a t e  

process they were found:: -to requ i re  between two and three t i m e s  
T i  

piaque operated a t  the same r a t e .  ' 

I bel ieve ,  though, t h a t  by modifying o r  impregnation 

process we could increase  the  capaci ty  of these  honeycomb 

electrcldes t o  a po in t  where it i s  equivalent  to  a ebntered 

a s  many impkegnation cyc les  &as were required f o r  sintered I 

I 

powder plaques to reach the same loading of active material I 

based on weight gain. 

After  w e  impregnated these  t o  t h a t  po in t ,  they'were 

powder plaque. I 
I w i l l  say why I think t h a t  now. When these plaques 

analyzed chemically f o r  cadmium and cadmium hydroxide a n d , t h i s  I 
ana1ysl.s showed t h a t  a major por t ion  of the impregnated I 
ac t ive  mater ia l  was meta l l i c  cadmium, r a t h e r  than c!admium . 

hydtoxj.de , a s  is. found with d t n t e r e d  powder plaques. 

Thus t he  electrodhemical u t i l i z a t i o n  ranged only 

from about 40 t o  60 percent  of the  t h e o r e t i c a l  capitcity compare3 
I 

to g r e a t e r  than 70 percent  with t h e  s*ntered powdez:, plaques. 
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It seems t h a t  the normal n i t ra te  impregnatLon 
, 

procedure must tequire-.s6met~bdiEication for  these open 

h o n e y c o ~ p l a p u a  s t ruc tu r e s .  Perhaps e i t h e r  the t i m e  of 

po la r iqp t ion  o r  the cu r r en t  o r  both should be decreased t o  

reduce ':the amount of a c t i v e  ma te r i a l  which is reduced t o  

m e t a l l i p  cadmium, s i nce  it appears t h a t  t h e  l a r g e  amount oi 

' reducedlmstal i n  these  ne plaques may have r e s u l t e d  i n  the lowe T 
u t i l i z ag ion .  

We s tayed with this impregnation procedure though 

because we had decided .earl ier  i n  the program that  we did no t  I I want t o  change our  impregnation procedure and thus  have another1 I 
va r i ab l e  i n  t h e  process.  

I n  summary, t h i s  work shows t h a t  plaques' can be 

made wi th  the uniform non-interact ing pore s t r u c t u r e  and that I I 
such plaques do func t ion  s i m i l a r l y  t o  normal d n t e r  powder 

cadmium' electrodes. 

. - 
More work needs t o  be done to  optimf ze t h e  

impregnat:ion procedure and perhaps some e lec t rochemical  

processeli:;described yesterday mdght be t r i e d  wi th  those. 

But because w e  have found good i n i t i a l  performance and because I 
I I 
1 these Plaques have the s t r u c t u r e  one i n t u i t i v e l y  be l i eves  . i 1 an i d e a l  plaque shovld have, we be l i eve  t h e r e  is j u s t i f i c a t i o n  

I f o r  continuing t h i s  work and one of t h e  next  things that should I 
I be done is to bu i ld  n ickel -pos i t ive  e l ec t rodes  from these 
I I 1 plaques ikleo; and then t e s t  them i n  sea led  cell  opera t ing  



Thank you* 

(Applause ) 

BILLERBECK: Have-: we some quest ions  on t h i s  paper? 1 

poss ib ly  can. 

Is t h e r e  reason t o  be l i eve  why one should. t r y  t o  

load t h e !  plaques a s  hgihly a s  poss ib le  when we  only use about 

20 percetnt o r  s o  of t h e  loading? i 
I / 

COHN: (NASA) I have a couple of quest ions.  

One of them, you, apparent ly l i k e  everyone else, has s t r i v e n  

to load as much a c t i v e  m a t e r i a l . i n t o  t h e  plaques a s  you 

REED: Actual ly t h i s  wasn ' t  the o r i g i n a l  goal .  W e  I I 

l 

I 

I 

I 

i 
I 

I 

sinteredl powder plaques as con t ro l s  and a s  I s a i d  when we  " 

analyzed these  w e  found about  90 percent  of t h i s  weight ga in  1 
have s t r i v e n  t o  ob t a in  a 40  percent  of  the pore volume f i l l e d  

wi th  cadlraium hydroxide based on t h e  weight ga in  and we  used 

i n  t h e  sintered powder plaques w a s  cadmium hydroxide. 

Now then w e  were going on t h i s  assumptiorl t h a t  i t  

was a l s o  cadmium hydroxide i n  t he  honeycomb plaques so we wante 

I 
I 
I 
I 

the weight ga in  t o  be equivalent  t o  what would be 4 0  pe rcen t  I 
I 

f i l l i n g  of cadmium hydroxide, So w e  e r r e d  and g o t  more loading I 
of a c t i v e  mate r ia l  a s  cadmium than we o r i g i n a l l y ' h a d  hoped for. 

. . So .I think you have a very good p o i n t  about no t  

overloading these. Our goal  was 40  percent a s  cadmium hydroxid,. 

corn: The o t h e r  ques t ion  which is aometrhat r e l a t e d  i 
I 
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to  t h i s  f a ,  h8v.a you mads some provis ion  for the expansion 

3 

REED: I a m  no t  s u r e  whether t h e  inheren t  s t r u c t u r e  I 

and c0nt:raction t h a t  takes p lace  when these e l e c t r o d e s  a r e  

charged and discharged,  so t h a t  you d o n ' t  apply any undue 

4 

of these! would , take  up t h a t  motion o r  not .  This  is another. 
1 

stress t:o them as they a r e  used? 

ll reason f'oi n o t  loading too  heav i ly  so t h a t  they would n o t  I 

powder plaque and c u r l  it around a s m a l l  r a d i u s ,  even i f  it is  
I 

:I 1 I 

8 

9 

'I 0 

a good s i n t e r e d  plaque it s k i l l  c racks .  There is no ques t ion  I 

break. 

The plaques are cons iderably  s t r o n g e r  phys ica l ly  

than a s i n t e ~ e d  powder plaque. You know i f  you t ake  a s f n t e r e d  

1311 
about that ."These can be c u r l e d  around a radium as smal l  as 

1411 
1/8" making a loop o u t  of them, e i t h e r  i n  the d i r e c t i o n  

perpendicular  to t h e  bonds o r  p a r a l l e l  t o  t h e  bonds without  . . 

1 ' ! .  . * .  what was the d e n s i t y  of your p l a t e s ?  I d i d n ' t  
18 

16 

17 

19 
c a t c h  t h a t .  

breaking. 

DUNLOP: (COMSAT) I have a couple of ques t ions ,  . too .  
r .  

I REED: I guess  I d i d n '  t mention t h a t ,  b u t  you mean t 
i 

22 

REED: I cannot  give you t h a t  figure b u t  'mey were 

4 

I I t h e  poros i ty?  

I 1 ;, . -  . No, the d e n s i t y  -- w e l l ,  I want t o  know i f  

23 

24 

I I you had a term in.terms of grams per cubic  inch  or something 

like, #at .  
I 
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80 percent  p l u s o r  minus about 3 porous. The f o i l s  Were 

electr~formed t o  the thickness required to  maintain this 

poros i ty  , 

DUNLOP: 'When youimpregnated your plaque, what was 
I 

the  ~ e r c s n t  by we igh t  of the mate r i a l  t h a t  you impregnated 

with t o  the plaque s t ruc tu r e?  

REED: It would have been about 50 percent  of the 

weight'. 

DUNLOP:. D bout 50 percent .  Was t h i s  -- how much of 

t he  matearial  -could y ~ u  u t i l i z e ?  

REED: It depended on t h e  var ious  runs ,  W e  u t i l i z e d  

from 30 t o  about 60 percent  of t h i s . m a t e r i a 1  based on the 

theoreticzal capac i ty  of cadmium a a a l y s i s  , . 

DUNLOP: Did you determine t h a t  t h e  problem was one:. 

>fscharg:ing? O r  w a s  it a problem of  discharging? 

REED: I don ' t  know. I th ink it might have been 

both. When we s t a r t e d  o u t  they could be charged and discharged 

ilmost 100 ~ e r c e n t  e f f i c i e n t l y  there, so I th ink whether you 

*ant t o  stay the  problem was charging o r  d ischarging,  I am no t  

sure. But the amount of ma te r i a l  t h a t  was charged before  

reaching the hydrogen-free capac i ty  could be discharged. 

, 'DUNLOP : ' Thank you. 

. WI.LL: (G;E,) YOU have succeeded to provide 

iubs t ra te  which has p a r a l l e l  macropores ; however, Pet; s no t  

~ v e r l o o k t h a t . w i t h i n  this aytem of macropores you a r e  st i l l  lef 



i 
i 

w i t h  the m.kropore ayrrtetm which ie as  tor tuous  i n  i ts  patha I 
I 
1 

as in . .a ther  ba t to ry  plates, and X think an i d e a l  s t r u c t u r e  woul5 I 

consist: i n  one i n  which one would have p a r a l l e l  midropores. 

I have a ques t ion  i n  add i t ion  t o  t h i s  comment. 

1 would expect  l im i t a t i ons  t o  t h i s  kind of structure' 

when you have considerable diameters of your macropores, l i k e  

up t o  1.0 m i l t s ;  I would expect  those %imi ta t ions  t o  show up in I 
I 

high. rate charges and discharges ,  and I wonder t o  which e x t e n t  1 
I 

you have checked t h i s  p a r t ?  1 
I 

-REED: We have charged these  a s  high as 4 C r a t e  I 
l 

and discharged them a l s o  a t  t h i s  rate. Regarding your cornment 1 
L 

about the s i z e  of t he  pores; t h i s  i s  true. They a r e  considerabiy 

l a r g e r  than what you have i n  t he  microporous s t r u c t u r e ;  however1 
i 

it a l s o  forms s h a l l  we say a cage f o r  the a c t i v e  ma.terials so 

t h a t  Bhe a c t i v e  mate r ia l  which you p u t  i n  one pore must remain 

t h e r e  o r  move d i r e c t l y  ou t  i n t o  t he  separa to r  r a t h e r  than 

s i n t e r i n g  i ts  way down -- a i n t e r i n g  may no t  be the r i g h t  word - 
s h i f t i n g  down and packing i n  more t i g h t l y  i n t o  o the r  pores,  

I .  

which j.8 one hypothesis of reason f o r  l o s s  of cadmium capaci ty .  

. . BEAUC~IAW. : (IJTL.$ I wasn' t c l e a r ,  what direc:tion d i d  I I 

your . . pores run i n  the p la t e?  I 
i I .  REED: The pores run perpendicular  t o  t h e  s epa ra to r ,  

is  t h a t  what you mean? 

BLLLEMECK : Any e t h e r  quee t i o n s  . 
Thank you very much. 



WILL (G.E.) I t  is  s u r p r i s i n g  that your p l a t e s ,  

i n  f a c t ,  have such a high l i f e  c a p a b i l i t y .  I would suspec t  I 
t h a t  t h i s  i s  due t o  the f a c t  t h a t  you are u t i l i z h t g o n  is so 

small .and t h a t  .you have cons iderable  excess of cadmiwn, i n  I 
t h e r e  : w h ~ i c h  ,.accounts f o r  t h a t  high .rate c a p a b i l i t y  and i f  you 

we're. t o ' g o .  t o  h igher  degrees of u t i l i z a t i o n  t h a t  i n  f a c t  you 

would. r an .  i n t o  a recommendation. 

REED t That  could be b u t  the i n t e r e s t i n g  th ing  about  

these  is: that t h e  capac i ty  a t  t h e  high rate d i d  n o t  drop  o f f  

s i g n i f i c a n t l y  from the capac i ty  a t  C and even down as far  as I 
C over 4; r a t e .  

The coulombie capac i ty  w a s  n o t  g r e a t l y  inf luenced I 
by. the rate. I 

MAURER: (BTL) I was going t o  say  something along 

the line! of F r i t z  here and suggest t ha t  part of this may be I 
t h a t  y o u ~ r e a l l y  have i s  something a k i n  t o  a pocket p l a t e  1 
e lectrod,e .wifAip the pore and what you have is a con.ducting 

network of  cadmium l a c i n g  the cadmium hydroxide and t h e  low 

u$i l iza t . ion  is simply the a c t i v e  m a t e r i a l  . t h a t  i s  w i t h i n  these 
I 

micropsr.es of  t h e  cadmium s r r u c t u r e .  

Ed McHenry of BTL presented some work sometime ago 

on an  e1,ectrode that was composed simply of  cadmium oxide 

powder a.nd n i c k e l  E 1 a k e . o ~  caiamiusu oxide pwdez: and copper oxidb 
1 
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cadmium o r  copper,  depending on t h e  n a t e r i a l s  and t h i s  gives 

good, high rate performance. and I suspec t  that tha t  may be ... 

p a r t  of what you h a w  here.  I 
One of the t h ings  that will r e a l l y  ' t e l l  t h e  story I 

is when you t r y  to do this on p o s i t i v e  e l e c t r o d e  where you 1 , 

don8 t get this type of a c t i o n  with n i c k e l  hydroxide. 1 : 

! 

Xf you can make a nickel hydroxide e l e c t r o d e  with 
i 

these pl-ates that has  high performance c h a r a c t e r i s t i c s ,  then 1 
I I 

you .a re  i n ,  and if n o t ,  then t h i s  ~ t h e r  mechanism may be the 
I i 

1 important  one. 

I f  you t r y  the elec t rochemical  p rocess ,  and I . I 
encourage you t o  do  so, you may g e t  poor r e s u l t s  i f  t h i s  

. . I 
micropo,rous argument holds  because i n  this case i n  the 

elec t rochemical  impregnation technique you w i l l  only coat the 

walls of t h e s e  pores and not tho center area; se:*you may have 

h i g h  u t i l i z a t i o n -  but low t o t a l  capac i ty .  

REED: Regarding this e lec t rochemical  u t i l i z a t i o n ,  

If  I could ask D r .  Maurer a ques t ion ;  he mentioned doing his 

elec t rachemical  u t i l i z a t i o n  o r  h i s  col lg4gue mentioned it; 
I 

doing it i n  two s t e p s  o r  r e p e a t i n g  it t o  g e t  more m a t e r i a l  i n .  

What would you think of doing this t o  thesa types  

I of plaques t~ get a greater capacity? Do you see an advantage I 

I 
in thar;? I. 

! 

14AURER: Well, I w i l l .  pass this hack t o  Beauchamp i 

I 



1 11 b u t  T would suspect  that you would g e t  gradual ly  inc1:easing I 
2 11 mounts  of ma t e r i a l ,  a l l  r i g h t .  I would be suspic ious  t h a t  the I 
311 u t i l i z a t i o n  might drop i n  t h i s  case  if :the.poraa b~cme  very I 

REED: 30 m i l l s .  

BILLEREJECX: Any o the r  ques t ions?  

4 

5 

Thank you very much. i 

f u l l  . 
FLEISCHER: What i s  t he  th ickness  of t h e  poxes? 

Now we w i l l  change our o rde r  of speakers here ,  i f  I 
we can, p lease ,  and nex t  have D r .  Mikkelson of General I / 
Dynamics. I understand he has another  engagement later on this I !  
af ternoon so w e  would l i k e  to  get him up he re  new. I 

t 
i 

H e  is  going t o  t a l k  about s i l ve r - z inc  s t o r age  f I 
cells. 1 l 

MIKKELSON: (General Dynamics) I would Like t o  

thank mc. Billerbeck for the honorary degree t he r e .  It is  I 

they need someone a t  ETR they  w i l l  send f o r  you and they w i l l  

f i n d  you, s o  I have t o  make a l i t t l e  de tour  ton igh t .  I 

I am a b a t t e r y  u se r  r a t h e r  than  a b a t t e r y  des igner  
I 

I I 

j u s t  M r .  Mikkelson, and I would l i k e  t o  thank you f o r  r ev i s i ng  

your sclledule, too. I t  seems t h a t  i f  you a r e  near  ETR and 

22 - II o r  a b a t t e r y  tester, per  se, s o  my remarks a r e  user  o r i en ted  I 

I 

23 /I 1 and s i l ve r - z inc  o r i en t ed  because on t h e  Atbas and Centaur 

24 
11 programs which T have worked on f o r  about the l a s t  t e n  yea rs  

la' R ' s n c  
25 

I 
' that happens t o  be the type of b a t t e r y  t h a t  we have used becaus 
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it l end~r  i t s e l f  t o  our program more r ead i l y  than a nickel-  
. - I 

cadmium o r  a silver-cadmium. I 
Br ie f ly ,  I w i l l .  descr ibe  how we use these  t o  g ive  

you a !Little background i n t o  some of the  problems t h a t  we 

do encqunter from the u s e r ' s  side. I 
These s i lve r -z inc  c e l l s  o r  b a t t e r i e s  -- we buy a I 

complets! b a t t e r y  when w e  procure 'one, w e  don1 t assemble one -- 
come i n  t he  dry  s t a t e  and w e  a c t i v a t e  them, usua l ly  one t o  two 

days deliore a launch. Then w e  load t e a t  them i n  the  labora tory  i 

Recently I r a n  i n t o  a problem where during t he  

.running o f '  t h i s  h igher  rate load test  my b a t t e r y  vol-tages w e r e  

The load test  is usua l ly  very ~ h o r t ' ~ b e c a u . s e  ampere- 

hour-wise they a r e  t a i l o r e d  t o  the missile's needs s o  you 

I P 

lower than they should have been. I n  i n v e s t i g a t i n g y  I found 

cannot - take too  much capaci ty  o u t  of the , -bat teky i n .  the.. labora  

tory .  Usually w e  run  a load test t h a t  is  cornperable t o  what 

we f e e l  t he  veh ic le  load i s  o r  what we  knowthe veh i c l e  load 

is and Ithen w e  check a t  t h e  maximum spec i f i ed  r a t e  t o  see if 

the b a t t e r y  is s t i l l  meeting i ts  spec i f i c a t i ons .  

t h a t  these b a t t e r s  had a l l  been on t h e  she l f  i n  t h e  a rea  c l o s e  I 
to  two years  and what was happening, apparent ly some l o s s  i n  I 

f F 

si lver-peroxide had occurred and poss ib ly ,  according t o  some 

of t h e  b a t t e r y  vendors t h a t  I had t a lked  t o ,  some f i lm  had 

b u i l t  up on t l ~ e  p l a t e s ,  

The l o s s  of s i lver-peroxide we were able t o  c o n f i m  I 



by recharging and discharging the b a t t e r i e s  again. I could 
. . 

never confirm t h e  o ther  theory t h a t  was pu t  fo r t h .  

I n  order  t o  so lve  t h i s  s o r t  of a problem, I thought 

about and have approached ba t t e ry  vendors w i t h  the idea  of 

taking a b a t t e r y  say a f t e r  it is a year  o ld  and a r b i t r a r i l y  

ac t i va t i ng  it and discharging it and then recharging it, using 

it f o r  f l i g h t .  

It  has been our  po l i cy  never to use recharged 

b a t t e r i e s  on f l i g h t s  f o r  s eve ra l  years.  They have come back a n  1 i 
one vendor s a i d  yes ,  t h i s  was agreeable,  t h a t  it could be I 
discharged-recharged and be used f o r  f l i g h t ;  and i n  f a c t  we I 

i 
had discussed t h e  extens ion of l i f e  t o  t h e  b a t t e r y  as w e  1 

presentply use it has a 15 day l i f e  under ambient condi t ions  

and. a 30 day l i f e  i f  you s t o r e  .it a t  a lower temperature. H e  1 
is agreeable t o  going t o  4 5  days. 

One of t h e  o t h e r  b a t t e r y  vendors I contacted d i d n ' t  

feel t h a t  he could to..*along with t h i s  because he f&lt due:.to 

h i s  s epa ra to r .  des ign he d i d n ' t  know enough about what might 

happen t o  it and as .a-consequence he d i d n ' t  have a g r e a t  d e a l  

of -  confidence- i n  t h i s  type of a program, t h a t  two sepa ra to r s  

are d i f f e r e n t  i n  design.  Thg vendor then indicatecl. t h a t  he I 
could go along with it, as a U-type f o l d  where you d o n ' t  have 

any exposed edges, and the other vendor happened to have an 

S-type fold where you have exposed edges. 

I My purpose i n  recounting a l i t t l e  even t  like this is 1 



t h a t  i f  we had been r e a l  smart. i n  the-  beginning, we probably I 
rrs 30 
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would n o t  have -to be going o u t  and making s p e c i f i c a t i o n  changes I 

/ 

now; i f  *we had known enough about the  b a t t e r y  i n  t h e  beginning I 
we could have generated a spec i f i c a t i on  t h a t  encompassed these  

types of things and here I am i n  f u l l  agreement with the 

gentleman who made the keynote address ,  t h a t  w e  shou:ld s t r i v e  

not  only  i n  t h e  area of s i lve r -z inc  bu t  a l s o  nickel-cads t o  

come up with a s tandardized type of s p e c i f i c a t i o n  s h e e t  o r  

standa;d approach t o  b a t t e r i e s  s o  t h a t  we shou ldn ' t  ]lave t o  go 

through t h i s  s o r t  of an exerc i se  i n  the midst  of a program; 

w e  shoulid be ab le  t o  know a s  much about t h e  b a t t e r y  when w e  I 
s t a r t , w i t h  it, r a t h e r  than having t o  find o u t  by expczrience. 

To recount another  occurrence t h a t  happened t o  me 

seve ra l  <years ago along t h i s  same l i n e ,  w e  had designed a 

b a t t e r y  lor c rea ted  a s p e c i f i c a t i o n  f o r  a 2-1/2 ampere-hour 

b a t t e r y  t o  be used as a power supply f o r  r a i n  s a f e t y  and 

telemetry type systems. A couple of years  l a t e r  a requirement 

came along where we wanted t o  blow some squibs ,  a very high 

load b u t  of very s h o r t  dura t ion .  There were some people who 

wanted tlo take  our  main missile b a t t e r y ,  which was about a 

30 ampere-hour b a t t e r y  and i t s  s p e c i f i c a t i o n  l e n t  i t s e l f  

somewhat t o  those loads ,  and I wanted to taka  t he  2-1/2 ampere-1 

hour.  b a t t e r y  and make ' it a pyrotechnic ba t t e ry .  

For tunate ly  I had a l a b  at; the t i m e  and had soma 

t e a t  specimens around and waa a b l e  to  prove I could tlo it, but 



- 2 

3 

4 

I t n w a s  e s s e n t i a l l y  taking advantage of an inheren t  c h a r a c t e r i s t  

of t h e  ba t t e ry .  And on t h e  same ba t t e ry  I have come f u l l  cycle 

again how; I .:want :to: nae;i t.'.f o r  I another app l ica t ion  where the 

5 

6 

7 

1 1 11 the vendor what w e  need, and of course he cannot genera te  a l l  I 
I 

r a t e  i t ;  h igher  than what t h e  spec i f i c a t i on  says  b u t  it is an  

inherezrt c h a r a c t e r i s t i c  of t h e  ba t t e ry .  

That s o r t  of c lo se s  up my remarks on b a t t e r i e s .  

8 

9 

10 

I woulci l i k e  t o  r e i t e r a t e  though, again,  it would he n ice  t o  

have a spec shee t  on b a t t e r i e s  t h a t  looked l i k e  a t r a n s i s t o r  

spec sheet .  I t  makes it much e a s i e r  f o r '  us  t o  dedczribe t o  

Thank you. 

(Applause. 

12 

' - 13 

BILLERBECK: D o  we have any ques t ions .  

I 

of this. in£  ormation, some of this we have t o  feed hack t o  him - I 

So the re .  is. a need f o r  communication back' and forth. 

D r .  F le ischer?  

FLEISCHER: Did you keep t r ack  of the vo l tage  du r in  I 
11 stand a f t e r  ac t iva t ion?  I 

MIKKELSON: Y e s ,  w e  do. 

FLEISCHER: What was t h e  shape of t h a t  curve? 

MIKKELSON: With re fe rence  to -- 
FLEISCHER: Did it s t a y  a t  a s teady value? Was it 

24 11 1.83 Was it lower? 

MIKKELSON: Oh, are you speaking of the s to rage  



2 '  II TLEISCHER: Yes. 

1 

MIKKELSON: Okay, yes ,  when you i n i t i a l l y  a c t i v a t e  I 
e f f e c t  problem t h a t  I had now? 

I 4 1 )  the s ip re r -z inc  type t h a t  we have, t h e  open c i r c u i t  p o t e n t i a l  I 
5 

6 

7 

8 

is 1.86 per  cel l ,  so  you coma ou t  wi th  an open c i r c t r f t  

vol taga of about 35 v o l t s ;  so open c i rcu i t -wise  when you look 

a t  the ba t t e ry  i n i t i a l l y ,  it looked a l l  r i g h t .  It wasn't  u n t i l  

w e  loaged t h e  b a t t e r y  t h a t  t h e  vo l t age  was lower than what we 

10 

1 1  

FLEISCHER: And these are primary b a t t e r i e s ?  

MIKKELSON : Y e s ,  t hese  a r e  primary. 

l had expecred* 
1 Subsequently w e  recharged the b a t t e r y  and pre-loade 

it and then discharged it and found t h a t  a c t u a l l y  our  s teady 4 I I 
. l2  

13 

16 FLEISCHER: Cel lu lose  separa tors?  I 

state vol tage  was about ha l f  a v o l t  higher  than -- i n ,  fact ,  1 

it was like a new bat tery.  

. 17 

' 1 8  

MIKRELSON: I be l i eve  t h a t ;  they are cellulose 

a s c o n *  o r  .Visking *: type separa to rs -  t h a t  are u t i l i z e d ,  t h a t  i s  

. . 
19 

20 
- .  - 

2 1 

correct . 
i 

FLEISCHER: On aging of many of  these  b a t t e r i e s ,  

even if you have ~g 2 o , the s i lver-oxide  a t  t h e  monovalent I 
I 

22 
. . 

23 

l e v e l  you a r e  l iable t o  form s i l v e r  carbonate and t h i s  i s  . 

especially t r u e  of cells even i n  the dry  s t a t e  which have , .  ACJO 

24 
,la1 fkporters, Inc. 

25 

/ and once you form s i lver-carbonate  and you a c t i v a t e  you have 

a reactjon . - going on i n  which s f  lvet-carbonate on the, su r f  ace 



t h e  senrse of the word, s o  t h a t  i s  probably what has occurred 

382  

is reac1:ing elowly and being converted back t o  si lver-oxide 

and t he  carbonate going i n t o  so lu t ion ;  so  t h a t  i f  this happens 

t h i s  may expla in  why your vol tage is no t  up t o  pa r  during t h e  

period. 

Silver-carbonate is very e s i l y  de tec ted;  i f  you open 

up the  p l a t e s  of cells and lookat  the  p l a t e s ,  you w i l l  see 

yellow c r u s t .  This i s  a deadsure s i g n  t h a t  you have g o t  s i lve r J -  

carbonate. It sounds from what you s a i d  t h a t  you have a 

si lver-carbonate formation probably. 

MIKKELSON: I think t h a t  i s  probably t r u e  because 

s to rage~a i se  t he r e  was no-a t tempt  t o  con t ro l  t he  stoxoage 

here.  

On a recharge cyc le ,  what happens t o  t h e  s i l v e r -  

carbonate? Is it s t i l l  p resen t  i n  t h e  ba t t e ry?  

FLEISCHER: If it is a rechargeable battery, then 

i 

? 

: 
t 

I 

the s i1ver . ca rbona te  a c t u a l l y  doesn ' t  take  p a r t  i n  recharging. 

temperature of the  b a t t e r y  and it i s  no t  a seaZad b a t t e r y  i n  1 
I 

It stay,s  i n  solutionYou a r e  j u s t  los ing  some of the hydroxide 

i r o n  p r e sen t  a s  carbonate.  If  you g e t  enough of it then your 

eff icie:ncy of charging w i l l  go down. 

MIKKELSON: W e  not iced t h a t  our  vo l t age  was higher 

1 on the  subsequent discharge.  Would t h a t  be what you would 
I 

expect ,  then? When w e  subsequently discharged we noticed that 

t he  vol tage  was higher.  Iti f a c t ,  l i k e  a new batter:y.  



FLEISCHER: Well, that i s  because you hatre converted 

the s i l v e r  t o  the higher  oxida t ion  state and you hatre mora of 

it p r e s e n t  i n  t h e  higher  oxida t ion  s t a t e .  Si lver-carbonate  is 

i n  the monovalent s t a t e .  I t  only forms a f t e r  you form Ag20.  

MIKRELSON: .I  see, okay. Thank you. 

BILLERBECK: Any o t h e r  ques t ions?  

A l l  r i g h t .  Thank you very much. 

I n c i d e n t a l l y ,  I have heard t h e  remark s e v e r a l  t imes I 
recent1;y t h a t  it c e r t a i n l y  would be n i c e  i f  we had a I 
specificzation f o r  b a t t e r i e s  that was l i k e .  a transis tor  spec. 

I c e r t a i n l y  agree.  But I think w e  recognize t h a t  we have a l o t ,  
i 

more parameters t o  d e a l  wi th  than  one t y p i c a l l y  has  i n  a I 

I 
t r a n s i s - t o r  and: 1 think t h e i r  e f f e c t s  are much more s u b t l e ,  as . I 

14 

15 

a number of u s  are aware i n  t r y i n g  t o  come up wi th  some s o r t  

of s p e c i f i c a t i o n  f o r  the nicbel-cad cell.  

I 

' 

And I am s u r e  some of t h e  e f f o r t s  he re  a t  Goddard 

i n  atternpting to do the same thing with silver-zipc are 

running i n t o  some of the same problems c e r t a i n l y .  

So, I am a f r a i d  it i s  n o t  a s  easy  as w e  would l i k e  

it to  be nor as t h e  systems people would l i k e  it t o  be i n  the 

spacec r i~ f  t . I 
:C 22 

;!3 

24 
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Our nex t  speaker  i s  W i l l i a m  Nag&@ from L ~ t w i s  Labs, 

NASA-Lewis, and he is going t o  t a l k  about  h e a t  s t e r i . l i z a b l e  

s i l v e r - z i n c  cells. 

MAQLE: Sometime back i n  h i s t o r y  w e  decided -- I 
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think IErnst decided -- w e  should have a f u e l  cel l  ntembrane 

bra ture  on t h a t  w a s  inorganic  s o  t h a t  we could r a i s e  t h e  tempc. 

the d u a l  membrane fuel cell .  W e  had this program w i n g  with 

Astropower Laboratory,  H e  said t h a t  the dual-membrane f u e l  

cell wasn ' t  going t o  be a success ,  s o  w e  should pu.t it i n t o .  

s i l v e r - z i n c  c e l l s .  

This  began t o  look b e t t e r  when w e  dealt  wi th  the 

5 ampere-hour s i lve r -z ince  ce l l  b u t  we were bu i ld ing  r i g i d  

cookie!s a s  s e p a r a t o r s ,  I f  you dropped t h e s e  t h i n g s  any h igher  

than your c h i n ,  and Ivan Blake new e x a c t l y  how t o  drop them 

from c:hin high and make them s t a y  a l i v e  -- anybody, else would 

break them t o  smithereens.  But t h e s e  hard cookies  for the 

5 ampere-hour inorganic  s e p a r a t o r  were very hard t:o pu t  i n t o  

batteries, too.  

During the l a s t  approximately two y e a r s  we have 

a sem,i-flexible inorganic  s e p a r a t o r  f o r  s i lver-zimce b a t t e r i e s  

Becau,se of a contracting officer requirement that says w e  w i l l  

no t  have q u a r t e r l y  r e p o r t s  any more, none of you have heard of 

t h e s e  s i l v e r - z i n c  batteries wi th  inorgan ic  s e p a r a t o r s .  Those 

t h a t  get t h e  monthly r e p o r t s  have heard.  

A l l  t h a t  we have been g e t t i n g  are monthly r e p o r t s  

which has  the very l i m i t e d  d i s t r i b u t i o n .  

The t h i n g  that I want t o  do today, since Astropower 

is gsfng o u t  of bus iness  as f a r  as b a t t e r i e s  are concerned, 

and 3: believe t h i s  to be a fairly success fu l  development, i s  t 
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l a s t  two years 'on  the 40 ampere-hour inorgan ic  s e p a r a t o r  I 
si1verr :z inc cell. I 

(S l ide ,  
- I 

I t  looks l i k e  it is  a l i t t l e  wide. I n  t h e  f i r s t  

l i n e  ca;ross t h e r e  is a des ign  t h a t  we  p u t  toge the r  vrhen t h e  

first rjsquirement f o r  a Viking program came ou t .  We f r o z e  the I 
design {so far  as the inorganic  s e p a r a t o r  constxuctfon was 

concerned, and s a i d  t h i s  should be the one t h a t  w e  can s t e r i l i z  1 
f o r  200 hours a t  135 degrees C. and g e t  some reasonable  s t and  

and cyc.le l i f e  o u t  of it. 

A s  you can see, t h i s  is a smal l  cel l ,  three p l a t e s ,  1 
I 

on ly  7 ampere-hours . We l e t  it stand charged f o r  8 months. 

The vo l t age  remained 1.86. Since t h a t  t i m e  w e  have been c y c l f n  f 
on a 24 hour c y c l e ,  two hours '  d i scharge  t o  20 percen t  depth ,  

approxhnately,  and the t o t a l  w e t  l i fe  of  t h e  cel l  i n  24 months I 
so fa r ,  I t  is s t i l l  cyc l ing ,  

.These cells, again, have gonethrough 135 degrees  C. 

I 
f o r  200 hours a t  t h e  beginning of l i fe .  

The p re l iminary 'des ign  t h a t  we  had f o r  t h e  cel l  was 

32 ampere-hour. W e  have t w o  cells that w e  l e t  stanci seven I 
1 months and the VK-1 regime e e l a t a s  t o  t h e  371kiirg'rf73 launch I 
1 which i s  a t  20 percen t  d e p t h  0 v e r . a  21-hour d ischarge ,  22-hour 
I . . 

charge.  W e  d i d n ' t  h i t  the. day q u i t e  r i g h t  b u t  s i n c e  i ts  

1. birthday. i s .  f a i r l y  c l ~ s e  we used that. 
I 



I 

After their charged;etand on this pre l i n ina ry  design I 
2 I/ again  you sea269 cyclos on the 20 parcant depth i n  24 hour I 
3 I regime, and t h e  t o t a l  wet l i f e  of these cells, again,  a f t e r  M e  1 
4 1) s t e r i l i z a t i o n  period,  i s  s o  far 18 months. 

I: 11 . C e l l s  t h a t  were flout-charged seven months and +hen 1 
6 cycled, on t h e  Viking ' 7 3  regime, again a r e  a r e  269 cycles .  1 

These d a t a  are 30 days o ld  so that is  probably 299 a t  the - I 

1) const~:uct ion.  Some cells which we had run through our  c u r r e n t  . 10 I 

8 

9 

/I densit:y temperature cylcing regime t o  f i n d  o u t  wha.t kind of 
11  

pre sen t  time and 1 9  months. 

Here is our only f a i l u r e  so  far on t h i s  ce l l  

I! .currents we could draw on this separa to r  ,' we had two cells -- 
12 

, , one cal l  f a i l e d  a t  463 cyc les  and one cel l  at 1,093 cycles .  I 
, These fai1ures~;were from s i l v e r  penetra,t ion through 

14 
the edge of t he  separa to r  where we had them glued together  

15 1 (1 an emroloped. The p resen t  dosign, are actually what we cal l  
16 I 11 the 40-7, 4 5  ampere-hours actual, nominal 4 0  ampere-hour. 
17 1 

So far  these  15 cells are a n  50, 75 and 90 degree wet stand 
18 11 and the ones a t  90 degrees a r e  just beginning to come o f f  t h e  
19 I 

peroqide l e v e l .  
2 0 L 

, II Severa l  cells have dlropped down t o  the  1.60 v o l t a g ~  
. 21 

. . Thenwe w i l l  s t a r t  cycl ing  on t h e  VR-2 regime which 
24 . 

22 

23 

bu t  we think they w i l l  be a l l  r i g h t  when the end of t h e  s torage!  

periocl comes -- I be l i eve  it i s  going t o  be 21 months. 
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1 

2 

percent: and t h i s  i s  the one that .was scheduled for M e  Viking 

75 launch. 

3 

4 

5 

W e  see the  cells on charge s t and ,  t h e  cells a t  90 

degreea have started t o  f a l l  o f f  the higher vol tage  l eve l .  

Of  course ,  the ones on ,  t h e  f l o a t  charge, 5 cells each a t  50,  

6 

7 

8 

we have a range on these 1 6  cells a l l  grouped under I 

75 and 90 degrees a r e  1 4  months o l d  and s t i l l  a l i v e .  I I 
1 Over here a t  t h i s  s i d e ,  these are cells which have 

gone through, again ,  probably the cu r r en t  dens i t y  temperature 

9 

10 

I heading, 330 cyc les ,  on, again,  tho 20 percent  clepth and 

cycl ing  to see what kind of cu r r en t s  we could s tand on the 

cells. 

an avennge of 13 months on those cel1s;and using a t 3  two cyc les  I 
c 

a day, 20 .and .10 .percent  .depth, w e  have e i g h t  months ' l i f e ,  

l5Il 
300 . to -  948 cycles;  Then this VX-3, s i nce  we were c a l l i n g  a l l  

16 tests VKs of some s o r t ,  i s  a three cyc le  a day 40 percent  depth li t 

22 / This work was done a t  Astropower by A 1  Hj-my who, 

17 

18 

19 

:! 0 

. :! 1 

:!3 (1 of course ,  -- Astropower is going o u t  of business.  We w i l l  get1 

Those are t w o  month old w i t h  only 70 cycl-es on 

t h e m .  

~ g a f n ,  l e t  m e  say  t h a t  a l l  of these cells have been 

through something t h a t  s i lver-xinu.  cells cannot s t and ,  135 

degrees f o r  200 hours. I 

:!4 
1 1  Reportets, IIIC. 
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I a report o u t  on ' t h i s  and g ive  i t  the widest  d i s t r i b u t i o n  
I 
I 

posaiblet. If you are not on ou r  d i s t n i b l a t i ~ n  T i s t ,  and would 

I 
! 



l i k e  a copy of the r e p o r t ,  l e t  m e  know and I w i l l  p u t  you on I I 

. - 

t h e  d is l r r ibut ion  l i s t  f o r  it. 

The th ing  t h a t  w e  hope t o  do a t  L e w i s  w i t h  t h i s  I I 
inorganfic sepa ra to r  i s  to b r ing  it i n  house. W e  bel.ieve t?aat I 
it w i  11 improve the l i f e  and the c y c l e  c h a r a c t e r i s t i . c s  of t h e  

silver-:zinc cel l ' iand w e  th ink  it w i l l  improve it much more 

if we d o n ' t  g ive  i t  t h a t  135 degrees  a t  200 hours.  

Are there quest ions? 

( ~ p p z a u s e  . I  

BILLERBECK: ' Ernst.  Cohn from NASA? 

COAN: (NASA) I would l i k e  t o  make a commrtnt on this.1 

I squeeczed Nagle before  and asked him j u s t  exactly what real I :  
I I 

power d e n s i t y  he is g e t t i n g  o u t  of  these .  

H e  tells m e  a t  the 20 pe rcen t  l e v e l  it axnounts t o  

like a p r e t t y  promising development i f  t h e  life can s t a n d  up. i 

I 

I 

about  9 w a t t  hours pe r  pound. So, a t  the 40 pe rcen t  l e v e l  it: 

would be somewhere around 18 w a t t  hours  pe r  pound which looks 

As he said, you d o n ' t  n e c e s s a r i l y  have to h e a t  i t  I i 

I 

I 

I guess t h e  o t h e r  q u e s t i o n  t h a t  comes t o  mind is 

whether t h e r e  is going to be any c o n t i n u a t i o n  of that work i n  

for 200 hours  a t  135 degrees  hea t .  

BILLERBECK: I c e r t a i n l y  agree, ~rnst; . that  is a 
1 
1 

i 
very  i n t e r e s t i n g  performance. I I 

the fu tu re .  .Would you l i k e  t o  comment on t h a t  or would you 

P r e f e r  n o t  t o  a t  thie time? 
I 

I 
I 

i I 
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. . . . .  . I n c i d e n t a l l y ,  w e  are going t o  have one more paper 
' 

a n d . t h e n - t a k e  a coffee break this af ternoon,  

I 389 
I 
I COHN : (NASA) H e  j u s t  sa id  he hopG3.. €6 do i t  in 
I 

. . 
'house .* 

BXLLERBECR. I see. 

i 

The nex t  speaker i s  M r .  Hennigan, and he :Ls going t o  

~ a l k  about au tomat ica l ly  a c t i v a t e d  s i l v e r - z i n c  c a l l s .  

HENNIGAN:(NASA) T h i s  also includes,some of the  work 

i 

i 

that was done on t h e  conver ters .  

J u s t  a block diagram of it. One of the t h i n g s  I - 

think evperybody would l i k e  t o  have -- a ' k i n d  of i d e a l  way t o  

r u n  a b a t t e r y  is t o  run  one ce l l  i n  t h e  b a t t e r y  wi thout  all I 
these series cells t h a t  we have. 

. . *  . . A couple of y e a r s  ago we had a p r o j e c t  t h a t  w e  were 

were supposed t o  g e t  a t  Goddard b u t  unfo r tuna te ly  i t :  went away, 

but t o  have a battery t h a t  would l a s t  from about  three to  five 

years and then the on ly  use of it would be when we iipproach 

t o . p l a n  it and o r b i t  it f o r  about  six months. 

The o r b i t i n g  t i m e  would be something on the order 

o f  1 2  hloulrs t o  24 hours;  nobody was r e a l l y  s u r e  about  the 

o r b i t i n g  t i m e .  

W e  had developed a conver te r  i n  house he re  t o  work 

from about  1 v o l t  t o  2 v o l t s ,  t o  p u t  o u t  a t  50 t o  100 w a t t s  

a t  about  75 percent eff i c i ancy .  QE course ,  we could use .the 

ni-cad or  s i l v e r - z i n c  with this. O f  course, a three t o  f i v e  



4~~ 
We developed a cel l , i .one s i n g l e  cell thd.t w e  c o u l d '  

1 

II fill when.we needed it. It has  an explos ive  device! i n  i t  too I 

year 1:Lfe s t o r a g e  i s n ' t  u sua l ly  a t t a i n a b l e  wi th  si l .ver-zinc 

( S l i d e .  1 
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f i r e  a t  a k n i f e  and then  we r e l e a s e  a s p r i n g  t o  push a 

c o l l a p s i b l e  diaphragmto p u t  the e l e c t r o l y t e  i n  t h e  cell.  

Now, a s  you know, when you work wi th  s i l v e r - z i n c  

cells. this way and f i l l  them you always g e t  gasing.  There a r e  

two apgroaches w e  use: e i t h e r  t h e  cell should be dry:charged 

or we  wfould. form it a t  a ve ry  low rate. 

There w a s  no requirement to f i l l  t h e  ce l l  fast .  W e  ! 
d i d n ' t  care i f  it took a m a t t e r  of  minutes;  it w a s  not: a Past 

requirement.  We would have p l e n t y  of t i m e  t o  form it if this 

was t h e  way we  wanted t o  go,. 

The l i t t l e  gadgets  on t h e  s i d e  are d i f f u s i o n  

membranes which w f l l  d i f f u s e  the hydrogen and oxygen to a 

lesser (degree; hydrogen is the main gas we  are concerned wi th  

here .  In  t h i s  p a r t i c u l a r  one w e  were going to  p u t  it back i n  

the t a n k  t h a t  w e  took the e l e c t r o l y t e  o u t  o f .  

I n  some c a s e s  t h e  experimenters  do n o t  want any I 
out-gasing o r  gas! around the s a t e l l i t e ;  b u t  it was never r e a l l y  

decided whether w e  should do this b u t  you aodld j u s t  l e t  i t  

d i f f u s e  to  the vacuum i n  space.  
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This is what they had i n  m i n d  a t  tho  time!. Of 

course,  we have a main power source,RTG o r  solar: array:-wi.t;h::the 

3 

4 

convent:ional converter  r egu la to r  and we would be supplying some 

load during the f l i g h t ,  
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A s  we  approach t he  p l ane t  or o r b i t  t h e  pla.net they 

want the  add i t i ona l  loads s o  t h i s  is when the cel l  w i l l  be 

turned on a s  a primary o r  a secondary; of course ,  we  a r e  going 

t o  shoot  f o r  the secondary. The vol tage  can a c t u a l l y  go a s  low 

as 1 v o l t  bu t  #@.e f f i c i ency  w i l l  go down t o  about 70 percent  

i f  w e  go t h a t  way. And t h e  regu la t ion  on the outputt .er 

converter  i s  28 v o l t s  p lus  o r  minus 1 percent .  

, 
The tank p l u s  t he  300 ampere-hour cell gave us about I 

I 

30 w a t t  hours pe r  pound if it was a l l  foamed i n  together  b u t  w e  
4 

could do. about 35 watt hours pe r  pound if w e  jua t pactkaged the 

tank and the cell separa te ly  i n  here.  

W e  r e a l l y  d i d n ' t  think we had t o  foam this whole 

t h ing  . ,  i n  together .  

One of t h e  th ings  is ,  I am a l i t t l e  bit concerned 

about  v ib r a t i ng  a cell of t h i s  type when it is dry .  About a 

year  ago I had a c e l l  v ib r a t i ng  with test  e lec t rodes .  

~ccordingr t o  t he  d e l t a  launch v i b r a t i o n  schedule,  which i s n ' t  I 

212 

213 

2'4 

too  bad a1 v ib ra t i on ,  t o  t e l l  you the t r u t h  -- nothing l i k e  the 

m i l i t a r y  Goes -- and . su rp r i s i ng ly  enough, the* T e f  lona t e d  

I 
e lec t rodeb held up f a i r l y  w e l l .  If we do any more development 



am p r e t t y  sure.  
. . 

W e  j u s t  b u i l t  a couple of prototypes and s ince  the 

p r o j e c t  is kind of -- we c a n ' t  f i nd  it o r  it has gone away 

some p lace  -- we d o n ' t  intend t o  do anymore development of 

t h i s  th ing  b u t  I th ink the main th ing is I would want t o  l e t  

you people know the re  is such a converter-regulator  ava i l ab l e  

f o r . s i n g l e  cel l  opera t ion  a t  f a i r l y  good e f f i c ienches .  

Thank y ~ u .  

(Applause. ) 

BILLERBECK: Do w e  have some ques t ion  now on Tom's 

paper? 

SULKES: (U.S. Army Elect ronics  Command) Do you 

have any i dea  of the c o s t  of t h a t  r egu la to r  o r  what it could 

be made for?  

HENNIGAN: These have been b u i l t  i n  house and it is  

kind of  lhard t o  g e t  your cos t .  They d i d  f l y  one on IiJirnbus. 

That one was working a t  3 volts. I w i l l  make a quiclc guess. 

I would :say something l i k e  $10,000 t o  make one o r  two. 

BILLERBECK : Other quest ions? 

GROSS: (Boeing) J u s t  a minor po in t .  I wondered 

about t h i s  concept of separa t ing  hydrogen by d i f f u s i o n  and I 

ca lcu la ted  it one t i m e  and I doubt now whether it opera tes  

according t o  the square r o o t  of the  elec-=ode weight ow the 

e l ec t rode  i t se l f ,  b u t  i n  eithers case it t u r n s  o u t  t h i r t  you stil 

d i f f u s e  out too  much oxygen. You have t~ worry a b ~ u t  oxygen 
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d i f fu s ion  also a s  w e l l  as hydrogen. 

HENMIGAN: Well, we have done s i l ve r - z inc . - ce l l s  

without: overcharging a t  a l l  and involved no o#ygen,during 

the chaa:ge cycle.  

GROSS: Okay, you had low enough oxygen; you d i d n ' t  

have t q  worry about it. 

HENNIGAN: What w e  would use is t h i s  technique where 

we senge the cu r r en t  and when it tapexs down we  drop t h e  charge 

t o  j u s t  above the open c i r c u i t ,  about 187; and we  have run - 

cells oh for a t  l e a s t  a year with very  l i t t l e  pressure buildup; 

maybe 2 atmospheres a t  t he  most over t h e  whole t i m e .  And most- 

of t h a t  i s  hydrogen, s o  w e  would l o se  a l i t t l e  Sit of.oxygen 

but I d o n ' t  think t h a t  would bother  us  over say s i x  months! 

Now, w e  have used t h i s  d i f f u s i o n  method i n  a sealed 

s a t e l l i t e  where w e  had k- s i l v e r  zinc cells, f a i r l y  l a r g e  

size up to 200 ampere-hours s i z e ,  and we had to be careful-. 

that. we. d i d n ' t  g e t  water vapor i n t o  the s a t e l l i t e  t h a t  would 

a f f e c t  t h e  e l e c t r o n i c  instruments.  So over each one we had a 

l i t t l e  d i f f u s i o n  membrane and d i d  d i f f u s e  o u t  oxyge!n. There 

w a s  anather  t i m e  that w e  d i d  use charging these  ce l .1~  again 

a t  very' low r a t e .  

X think over six months we might have cycled -- 
what wets it. Charlie, about  t e n  times? About t e n  times o r  .so. 

BXLLERBECR: Other questions on t h i s  paper? 



era 4 5  

1 A l l  r ight . ,  I th ink  now ~ r n s b  Cohn would like to m a k '  I= 
a comment here  a t  t h i s  p o i n t  on another  mat ter .  I 

3 11 COHN: NASA) This  i s  a b i t  on the impromptu s i d e ,  1 

5 I would mention it t o  you quickly  t h a t  w e  are t r y i n g  t o  I1 
4 

6 develop something newly t h a t  was s t a r t e d  hbout i-~!l::don!ti,know I II I 

- 
b u t  since it s a i d  new developments for t h i s  a f te rnoon I thought 

whether it was 15 o r  25 yea r s  ago by D r .  White and l z i s  crew I 
a t  NRL -- t h a t  i s  a non-gasing ni-cad cel l .  X t  should be I 

1 
p o s s i b l e ,  according t o  him, t o  b u i l d  non-gasing ni-cads i n  

. . I 
10 which you are negat ive l imi ted,  where you. r e p l a c e  tile n i c k e l  , II I 
1 1  11 screen  with 'something t h a t  you a h igher  hydrogen over- I 

14 t h e  charge when t h e  negat ive  i s  f u l l y  charged, have enough I1 

1 2 .  

13 

excess  p o s i t i v e  s o  t h a t  you d o n ' t  develop any oxygen and I 

vo l t age  s o  t h a t  you can then use a vo l t age  s e t t i n g  :if you have 
I 

a proper type of m a t e r i a l ,  use a v o l t a g e  c o n t r o l  t o  c u t  off 
i 

l8lI The advantages would be manifold t h a t  I can see. I 

16 

17 

19 I haven' t heard of any g r e a t  dis'advantage y e t .  I d o n ' t  know I1 

thereby i n  p r i n c i p l e  you should be able t o  b u i l d  a non-gasing 

ni-cad. 

20 why noblody has  r e a l l y  pursued t h e  matter, b u t  we ar!3 now going II I 
. 2 1 11 - to  t r y  i n  a very  modest way t o  go about  t h i s .  1 

I1 2 2 I t a lked  to  a number of people,  inc lud ing  some of 1 
Il 23 t h e  people he re ,  about it, b u t  I thought  I 'would use  the forum 

24 11 t o  mention it aga in  and t o  mention a l s o  that Mr. Uchiyama of I 
rai Reportt!rs, Inc. 

25 JPL, W ~ I Q  is  s i t t i n g  back t h e r e ,  i s  going to!-handle .the prsgra 
I I 



 hank you. 

BIllERBECK: Thank you, 

Now, Gerry, d i d  you have any comments bhfore w e  take 

7 11 o r  Viewgraphs -from people who have no t  turned them i n  t o  m e  I 

5 

6 

8 11 s o ,  we,,qan have them pho-lographed f o~i:&d 3 proceedings, I 

our' co f f ee  break here? 

HALPERT: (NASA) Y e s ,  I would l i k e  t o  have s l i d e s  

9 BILLERBECK: Fino. I think t h a t  is very important I 
10 and i t , , c e r t a i n l y  w i l l  con t r i bu t e  t o  the q u a l i t y  of the papers I 11 from- thf s meeting if we can g e t  a l l  those s l i d e s .  I think 1 1  . 

II - 12 there were some very.good ones. 

. Thank you. , , 
. 

(Recess .) 

TO. conclude the sess ions  f o r  

l b  ll today., this last por t i on  will be an open discussion. 

17 
I would l i k e  t o  ask  i f  t h e r e  are any sub j ec t s  or I 1 ques t ions  t h a t  people have t h a t  they would l i k e  r(l ask the 

18 I (1 group as a whole and have people respond to. 
19 I 

Are t h e r e  any a reas  you f e e l  should be covered 

2 1 
add i t i ona l l y  or t h a t  have no t  been covered t h a t  they would 1il.e i 11 t o  mention and g e t  some response t o?  

, 22 I 
B i l l  Nagle? 

NAGLE:(NASA) I would l i k e  a discussioni on the 

ederal Reoorte.~,  Inc. CaUpasb fif f adinn in the cadmium &lsark=rade. I have. 
25 

heard some 



t h e  d i scuss ion  on fading? D r .  F le ischer?  
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some dirscussfon of th ings  that don8 t fade, but X still  d o n ' t  

know why we are g e t t i n g  it. 

HALPERT: Is there anybody who would l ike;  t o  open 

i t 1  Rtrport?fs, Inc. 
25 

! 

f 

11 FLEISCHER: I th ink  a s  a starter B i l l  Magle ought I 
t o  g e t  lup and give u s  a t a l k  and show t h e  cases where this 

fading  ; h a s  been au then t i ca ted  and the cond i t ions  uncier which 

the cells have opera ted ,  charge cond i t ions ,  d i scharge  condi t ionb , 
I 

open c i : ccu i t  times, and then we w i l l  have a point a;: which we I 
could s ta r t  t a l k i n g  about  what i s  is we want t o  know about 

I haven1 t seen any examples of fad ing .  I want t o  kjaow where to' 

bit the problem i f  t h e r e  is a problem. 

fading.  I 
1 ;  

NAGLE: (NASA, L e w i s  Research Center! A s  f a r  a s  I I 

HALPERT: We have experienced some, t o  my knowledge; 

I am not i n  on any of the satell ite projects but I am sure some1 

axn concerned, it is s t i l l  j u s t  a rumor that  happened r e c e n t l y .  

of our  p r o j e c t  people here have seen it. 1 :  

j 

I wonder whether w e  could ge t  a comment from -- 
Steve ,  would you l i k e  t o  say  something? 

GASTON: (Grumman) I don8 t have t h e  d a t a  wi th  m e  I j 
showing t h e  fading and I wasn ' t  prepared f o r  t h a t ,  bu t  I am I 
q u i t s  s u r e  we can g e t  the information.  I t  is a v a i l a b l e .  

I d o n ' t  th ink  it is  a rumor; it is  a r e a l i t y  and it 

does e x i s t .  The negat ive  e l e c t r o d e  does change i n  i t s  I 



. And, of course ,  the second i tem on t h e  low 

c h a r a c t e r i s t i c s  e i t h e r  as a func t ion  of age or a func t ion  of 

cyc l ing  and doesn ' t  accept  t h e  charge anymore as i t  d i d  before .  

I th ink  a s tudy was made under Goddard's sponsorship 

looking a t  the c r y s t a l l i n e  s t r u c t u r e  of t h e  cadmium-hydroxide 

I c rys ta l l - ine ,  t h a t  c r y s t a l s  c e r t a i n l y  d i d  change from a very 

r e g u l a r  c r y s t a l  t o  a very i r r e g u l a r ,  very t h i n  c r y s t a l .  I 

am q u i t s  convinced t h e  negat ive  e l e c t r o d e  does change i ts  

crystal1. ine s t r u c t u r e  and I a m  aEso convinced t h a t  because of 

t h i s  cha~nge the capac i ty  of t h e  negat ive  e l e c t r o d e  does change. 

XALPERT: Steve, do you care to say  what the 

charac te ! r i s t i c s  a r e ,  what do you see that i n d i c a t e s  t h a t  t h e  

I 
1 

I 
I 

I 

I 

I 

nega t ive  is fading? What a r e  t h e  p a r t i c u l a r  e l e c t r i c a l  I I 
1 

c h a r a c t e r i s t i c s  you see? 

GASTON: One th ing  y o u ' d e f i n i t e l y  see i s  when you 

do charge the cell  under an  o r b i t a l  regime, you w i l l  no te  t h a t  

t h e  charge acceptance t o  a s p e c i f i c  vo l t age  you p o t e n t i a l l y  

charge -- acceptance is going to be l o w e r ,  but i f  you charge 

t o  a f i x e d  i n p u t  t h a t  you w i l l  see a h igher  vol tage .  We have 

seen i n s t a n c e s  where, based on t h e  a u x i l i a r y  e l e c t r o d e  s i g n a l ,  

t h a t  we  do have a vo l t age  rise b u t  no c ~ r r e s p o n d i n g  rise i n  

t h e  a u x i l i a r y  e l e c t r o d e  s i g n a l ,  showing that t h e  cell  is I 

negat ive  l i m i t i n g .  I should say i n d i c a t i n g  that the cel l  i s  

negat ive  l i m i t i n g  . 



temperatiure overcharge which I showed yosrterday, I see an 

i n d i c a t i o n  bf &hang@ i n  the charge c h a r a c t e r i s t i c  -- the over- I 
charge oharac t e r i s  t ics. I 

HALPERT: J u s t  to  c l a r i f y  t h i s ,  you say you see a 
. I 

higher  vo l t age  a t  the end of charge,  i s  t h a t  what yau a r e  

saying? 

GASTON : On the overcharge c h a r a c t e r i s  t i c s ,  yes .  

HALPERT: This  is  a s e p a r a t e  test ,  overch.arge 
J 

c h a r a c t e r i s  tic? 

GASTON : Separate  from t h e  normal c h a r a c t e r i s  t i c  ; i n /  

the norntal charge c h a r a c t e r i s t i c s  you w i l l  see a r i s e  i n  cel l  I 
vo l t age  wi th  no corresponding rise i n  the -- signal vo l t age ,  1 

and that: i s  p r e t t y  much i n d i c a t i v e  or apparent  t h a t  it i s  

negativcr l i m i t i n g ,  
% 

WILL: (G.E.) I Would l i k e  to  cont inue  my p i t c h  

of yestetxday. Apparently D r ,  Nagle might n o t  have been h e r e  

yesterday.  I 
There was a l s o ,  of course ,  one of t h e  l ead ing  t a l k s  

yes terday  by D r .  Beauchamp from B e l l  Telephone t h a t  showed very  
I 

n i c e l y  the performance which he c a l l e d  of  a commercial p l a t e  

that uncloubtedly showed the e f f e c t s  of  loss of capactity on I 
cyc l ing  and he compared that very  n i c e l y  with t h e  p1.ates which 

they have produced r e c e n t l y  us ing  the s l ec t rochemice~ l  impregna- I 
t f o n  process. I 

So X think w e  a r e ,  number. one, d e a l i n g  w i t h  a t r u e  
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e f f e c t  and, number two, I would l i k e  t o  d iscuas  maybe some of 

the aspec t s  of fading. 

3 

4 

5 

Number one, t he r e  i s  undoubtedly a very l a rge  I 

W e  have r ecen t l y ,  under NASA con t rac t+sponsorsh ip  

from NA8A Research Center i n  Cleveland, performed a study 

which I mentioned yesterday very b r i e f l y  i n  which we! have 

6 

7 

9 increastt s f  p a r t i c l e  size which we f i n d  t o  e x i s t  e spec i a l l y  I/ 

ident if i ied two major reasons f o r  t h e  l o s s  of capac i ty  on 

continuous cycl ing.  

a t  t he  :Larger temperatures. Xn f a c t ,  under t h e  microscope I 
'I 1 

'1 2 

'I II inc reases  t h e  r e so lu t i on  of t h i s  s tudy by taking the p l a t e s  t o  

we  obse~:ve t he  first p a r t i c l e  growth t o  occur i n  the! very f i r s t  I 
diacharcje . I 

I 

'1 3 

'14 

'I 5 

A t  room temperature, i n  t h e  microscope, under - 

magnif icat ion of SOOX, we  d i d  no t  observe such part,i.cle growth 

i n  t h e  first roughly t e n  t o  20 cycles .  However, i f  one 

9 I discharge.  

'1 7 

'18 

20 11 Now once these big  p a r t i c l e s  have been formed, they I 

the scarmi ng eleagron microscope, one does observe particle 

growth which a l s o  s t a r t s  a s  e a r l y  as i n  the very f i r s t  

4 t h a t  w i t h  the slow i o n i c  processes taking p lace  i n  these l a r g e  I 

;! 1 

;!2 

are very d i f f i c u l t  t o  cycle ;  they a r e  j u s t  t oo  l a rge .  They I 
are cadnlium-hydroxide c r y s t a l s .  W e  have i d e n t i f i e d  them as 

such; they a r e  very l a r g e  i n  s i z e .  And it is  so r t  of obvious 

;I Re3orters, LIC. 
;!5 

i 
1 
1 c r y s t a l s  of cadm'fun-hydroxide, that it i s  very d i f f i o c u l t  t o  
I 
I 
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reduce them a l l  t h e  way through- to cadmium. 

W e  have observed these  b i g  p a r t i c l e s  to  :just s i t  

there i n  the e l e c t r o d e ,  maintain t h e i r  s i z e ;  i f  anything,  they  
-8 .  

grow on cycl ing  more and more; they d o n ' t  p a r t i c i p a t e  i n  t h e  

cycl ing;  they  d o n ' t ,  t he re fo re ,  c o n t r i b u t e  . t o  t h e  capaci ty .  

We have a l s o  i d e n t i f i e d  a second reason f o r  the 

' fading and what I am h i n t i n g ,  t h e r e f o r e ,  is  t h a t  t h e r e  is no 

simple answer to t h i s  complex ques t ion .  

W e  are n o t  dea l ing  with one simple phenomenon; w e  

are rather d e a l i n g  with many . d i f f e r e n t  phenomena sul?erimposed. 

I t  w i l l  depend on the p a r t i c u l a r  c y c l i n g  regime one uses ,  I 
I .  

t h ings  very  p e r t i n e n t  which D r .  F l e i s c h e r  brought up a moment I 
ago. It depends on how long one keeps t h e  e l e c t r o d e  on open 

- I 
c i t c u i t , w h a t  t h e  cyc l ing  regime is ,  whether one overcharges o r  I 
overdisczharges, A l l  of t h e s e  f a c t o r s  p lay  a srignif:tcant r o l e  

ab?:to what fading  mechansin might e x i s t .  

Now t o ' t h e  second p o i n t  I wanted t o  make. The 

second reason f o r  the f a i l u r e  w e  i d e n t i f i e d  i s  t h e  formation of 

pass ive  f i l m s ,  These f i l m s  show a brown c o l o r ,  One should n o t  

canfuse t h a t  wi th  cadmium-oxide , however, because we have found 1 
these b~cown f i l m s  t o  resist reduct ion .  While, on are o t h e r  1 
hand it is very  w e l l  known t h a t  cadmiun-oxide, the brown 

cadmium-oxide, can xeadfly be reduced t o  cadmium. 

I t  is most l i k e l y  t h a t  these brown f i l m s  c o n s i s t  of 

cadmium-hydroxide which c o n t a i n s  a high concen t ra t ion  of defect4 
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which a c t  as co lor  c en t e r s  and produce t h e  brown co:lsr. ~t 
. - 

is these  de fec t - r i ch  hydroxides which a r e  passive, because 

most 1i:kely their i o n i c  conduct iv i ty  is low. 
. . .  

A s  I a l e 0  s a i d  i n  my p i t c h  yes terday,  some of 'these 

th ings  I have s a i d  now w i l l  be published i n  a NASA r e p o r t  

forthcolning i n  t he  next  few months. 

HALPERT: J i m  Dunlop, COMSAT. 

DUNLOP: (COMSAT) X a l s o  th ink  w e  a r e  covering t h i s  

s u b j e c t  p r e t t y  thoroughly b u t  I would l i k e  t o  add tha t  

yesterday morning I presented a paper descr ib ing  r e s u l t s  on 

the IntelSat-4 Program where we made an  a t tempt  t o  innalyze 

cells a t  d i f f e r e n t  s t ages  i n  a test program, from the t i m e  thaL I 
we received t h e  ce l l  from the cell  manufacturer up to one year 

l a t e r  i n  t h e  test program. 

L e t  m e  g ive  you t h e  r e s u l t s  t h a t  we  have, b r i e f l y ,  

and the11 I want t o  make some comments w i t h  r e s p e c t  Iro what was 

j u s t  safd. 

Before, a s  w e  received t h e  tests, t h a t  io before 

we  d i d  any cyc l ing ,  we were ab l e  t o  ob t a in  about 80  percent  

u t i l i z a t i o n  of t h e  cadmium e lec t rode .  Af te r  w e  r a n  30 cyc les  

of burn i n ,  we took t h r ee  cells, we g o t  72 percent  u t i l i z a t i o n  1 
on,.:oae ernd 73.5 on another  and 74 percent  on t h 3  th ird one. 

That was the u t i l i z a t i o n  a f t e r  30 cyc l e s  w i t h  an 

80 pe rcen t  depth of d ischarge ,  charging back at a C over 1 0  

rate, discharging a t  a C over 2 r a t e ,  charging it f o r  16  hours, 



discharging it  f a r  1.2 hours. 
. - 

We then p u t  this cell i n t o  a r e a l  f i n e  t e s t  progrm 

srs 533 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

1 1  

12 

13 

14 

15 

16 

17 

18 

19 

:! 0 

:, 1 

:>2 

:! 3 

:! 4 
! I  Reporters, i ic .  

. 251 

where w e  t a n  it through an e c l i p s e  opera t ion  with a var ied  

I 

I 
I 

I 

. -. 
depth of discharge each day, a va r ied  p r o f i l e  each day, and 

then w e : n t  i n t o  a s to rage  mode. Af te r  one .year of  t e s t i n g ,  w e  

took cells o u t  and one cel l  had 70 percent  u t i l i z a t i o n ,  

the o the r  had 70.5. 

So t he r e  was a gradual  decrease i n  the u t i l i z a t i o n  

of the negative e l ec t rode  as a func t ion  of t i m e .  

The second po in t  here i s ,  t he  u t i l i z a t i o n  of t h i s  

materia:L was i n t e r e s t i n g  i n  what p a r t  of  it we were u t i l i z i n g ,  

where w e  l im i t ed  it on charge o r  where we l im i t ed  it on 

discharge.  I n i t i a l l y ,  when we first received these cells,  - 

when , w e  completely discharged t h e  cell e l e c t r i c a l l y ,  electro-1: 

chemicallly, w e  completely discharged i t  a t  a u se fu l  r a t e  and 

then go through a chemical ana ly s i s  because we  f i n d  t h e r e  i s  

s t i l l  m e t a l l i c  cadmium remaining i n  that plate which cannot be 

discharged.  

W e  a l s o  f i nd  . t h a t  when:-we , t r y  and charge t h i s  same 

p l a t e  i n  a flooded cond i t ion  and then go back and compare it t o  

t h e  chemical t h e o r e t i c a l  capac i ty ,  t h a t  we cannot: f u l l y  charge 

t h i s  cel l ;  ' t h i s  is somewhat i n  agreement with what was j u s t  

s a i d ,  th,at there is some cadmium hydroxide he re  which cannot 

be charged. And i t  t u n e  o u t  t h a t  with cyc l ing  it seems t h a t  

t h e  amauknt of cadmium hydroxide t h a t  cannot be charged is  what 



is increasing or causing the loss in utilization, that the 

amount of metallic cadmium remaining in the plate is actually 

diminishing with time. 

HALPERT: Dr. Weininger? 

WEININGER: (G.E. ) I don It think anybody defined 
. , i 

fading with a simple sentence. I want to ask whether I am 

.right ,in saying that fading is the irreversible 101;s of 

negative capacity. Am I right or am I wrong? 

If I assume to be right, then I will coiltinue 

because if you -- 
VOICE: Not really. 

WEININGER: Okay. If I am wrong I want you to tell 
i 

me, please. 

HALPERT: Does anyone want to answer that? 

DUNLOP: (COMSAT) The point I just made is that at 

the beginning of the cycling there was metallic cadmium in that 

plate that w e  could not discharge initially that w . i t h  cycling 

we were able to discharge. 

HALPERT: Dr. Fleischer. 
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FLEISCHER: I r a n  d ischarge  tests on negat ive  plater 

i n  a fully flooded cond i t ion  under many cond i t ions  of  charge 

and d ischarge .  For example, on the regime of l o w  r a t e  chargins 

say  20 hour charging ,  with 100 pe rcen t  overcharge,  and the 

r a t e  a t  which you l o s e  capac i ty  is a f u n c t i o n  of discharge 

rate and u s u a l l y  on s i n t e r e d  p l a t e s  there was an intemnediate  

rate a t  which it was the maximum. 

And this depends on the t h i ckness  of t h e  plate- On 

80 m i l l  ~ l l a t e s  it happened a t  the maximum l o s s  of c a p a c i t y  was 

a t  the one-hour rate which was higher than a t  a 5-hour rate 
- '. 

or at a 10-minute rate. 

If  you carry those.  p l a t e s  down t o  the p o i n t  where yc 

only  have 20 pe rcen t  of t h e i r  o r i g i n a l  c a p a c i t y ,  you could 

b r ing  the capacity back by giving them a higher rate charge, is 

stead of charging them a t  overn igh t ,  say  15  hours ,  wi th  100  

or 200 pe rcen t  excess  over c a p a c i t y ,  you charge them J.n t h r e e  

hours a t  the same i n p u t ,  now you would find that the capacity 

s t a r t e d  t o  come back up. So I cannot  agree that it  i s  

irreversible i n  the sense  that you cannot  get it back somehow; 

b u t  i n  a b a t t e r y  you would have g r e a t  d i f f i c u l t y  i n  carrying 

out this reconditioning to get to the same condition. 

WEININGER: That.reakly aneawers most of my p o i n t ,  



namely, t h a t  I was p a r t i c u l a r l y  i n t e r e s t ed  i n  t h e  i :ereversibbe 

aspect .  X t  i t  i s  r eve r s ib l e  o r  i f  it changes a s  F r i t z  s a i d  

by a ch,ange i n  c r y s t a l  s i z e  o r  ao Dick Beauchamp yesterday I 
discusa'ed as e poss ib le  mechanism of c los ing pore s i z e .  This I 
is just a r e d i s t r i b u t i o n  of cadmium. 

What I was r e a l l y  trying t o  a l l ude  t o  was t h a t  w e  

have i n  the l i t e r a t u r e  back f i v e  or t en  years  l o t s  of examples 

where people have found j u s t  exac t ly  that r e d i s t r i b u t i o n  and i 
if you have any p a r t i c u l a r  changes due t o  C r a t e ,  we l l ,  that: 1 
is  a d i f f e r e n t  s t o r y  and I w i l l  agree t h a t  the mechanism of 

t h a t  ha .snQt  been f u l l y  explored, 

But just the  decay of capac i ty ,  that can very  i 
I 

simply be explained by the r e d i s t r i b u t i o n  of the t h e  ma te r i a l ,  I 

Thank you. 

WILL: (G.E.) Since I have t h i s  i n  my hand anyway - t 
(Laughter. ) 

WILL: -- X completely agree w i t h  D r ,  Fleischer that 

one ought t o  d i s t i ngu i sh  between i r r e v e r s i b l e  and r e v e r s i b l e  

loss in, capaci ty .  I n  fact ,  it appears t h a t  most of' t h e  c a p a c i t .  P 
under pxoper cond i t ions  can be pu t  back i n t o  the p l a t e ,  I 

Now, the r e d i s t r i b u t i o n  t h a t  D r .  Weininger mentione?( 

has been observed q u i t e  e a r l y ,  T h i s - i s  q u i t e  t r ue .  However, 

the  mechanisms leading t o  these changes have u n t i l  r ecen t ly  

been completely unknown. 

W e  a l l  know t h a t  cadmium is  as lub le ;  we know t h a t  



1 11 solubi l i . ty  increases  sharply ,  with inc reas ing  KOH concentrat ion I 
2 11 and with increas ing temperature, and we have r ecen t l y  i n  t h i s  I 

1 known; ,of course,  t h a t  -- it then becomes deposi ted i n t o  the 

sepa ra t a r  and can g ive  a  l o t  of t rouble .  

With regard t o  t he  mechanisrk; t he  only th ing I 

wanted t:o add on now is the s ign i f i cance  of changes of pH i n  

3 

4 

t he  b a t t e r y  p l a t e  i t se l f ;  and it is  those  p a r t i c u l a r  pH 

NASA s tudy shown beyond any doubt t h a t  cadmium does grow i n t o  

so lu t i on ,  then can obviously leave t he  p l a t e  and it has been 
- 

I 

grad ien t s  with which we have d e a l t  a  l o t  a t  G.E. i n  the p a s t  

few years .  . 
I 

There i s  something very pecu l i a r  about  it. i n  t h a t  I 

I 
13 on discharge ,  of course,  w e  are consuming hydroxyll i ons  if n;-.khe I/ 

p l a t e  and *e..:also. know t h a t  a t  lower pH cadmiate i s  less 

so lub le ,  s o  we a r e  bound t o  p r e c i p i t a t e ,  we a r e  bound t o  over- 

s a t u r a t e  and p r e c i p i t a t e ;  and t h e  l a r g e  c r y s t a l s  which I I 
1711 mentioned to be formed i n  t h e  very first discharge  a r e  i n  fact  I 

formed a s  a consequence of t h e  formation of low pH i n  t h e  

p l a t e  and consequent.! p r e c i p i  t a t i o n  due t o  supersa tur  a t i o n ,  and 

- p r e c i p i t a t i o n  of cadmium-hydroxide c r y s t a l s .  

21 11 On prolonged charging one does . j u s t  t h e  a,pposite; I 
one r a i s e s  the p H ,  t h e  cd (013) - c r y s t a l s  can red i s so lve  a s  

2 

23 /I cadmiate i ons  and w e  have shown i n  s eve ra l  experimen.ts t h a t  I 
24 I/ we a r e  then dea l ing  with an e l ec t rodepos i t i on ,  simply Cd (OH) S- 

I Reyorters;, In:. 
25 is  being discharged t o  g e t  m e t a l l i c  cadmium and t h a t  i s  
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2 

3 

HALPERT: D r .  F le i scher?  I 

407 

the meclzanism which makes add i t i ona l  capac i ty  on prcslanged 
1 

. . 
charging a v a i l a b l e  again.  

Summing it up, t h i s  l a s t  po in t ,  on prolonged 

4 

5 

6 

7 

PII . -  
'FIEISCHER: (Consul&nt) I would l i k e  t o  add some 1 

charging one is producing higher  pH, t h a t  f avors  the d i s s o l u t i o ! ~  

of cadmiiwn hydroxide c r y s t a l s  -- that is a slow prooess -- and 

i f  one cioes it long enough then one can e lec . t rodeposi t  

cathodic:ally '. the cadmium ions  back t o  cadmium. 

10 

1 1  

12 

13 

14 

. . $ 1 ~ 1 1  forming t h e m a t e r i a l  the cadmium has  agglomerated i n t o  a kind I 

more - .  p o i n t s  t o  our  d i scuss ion  about this sub j ec t .  

W e  w i l l  go over  to  pocket-type p l a t e s  f o r  a minute, 

and here! t h e  a c t i v e  ma te r i a l  i s  a mixture of cadmium-oxide and I 
iron-oxide , . e , r  , iron-oxides i n  va r ious  f oms. One of  the f a v o r i t e  

ones to use  is a composition of  magnetite having some water 

16 

17 

-  PI/ of sponge which has  g r a c t i c a l l y  no d ischarge  capac i t y  :- you I 

, . ,  ... I f  you look a t  the pocket-type plate without  any 

ixoq-oxide addit ion you w i l l  f ind w i t h i n  one or t w o  cycles of 

,. \ .  
I,< < %  

j u s t  d o n ' t  seem t o  hava a way of g e t t i n g  a d ischarge  going o u t  
' $  

. I  

: 

I 
I 

2111 of it -- b u t  the minute you add iron-oxide you have changed I 

23 

the whole mecfiank&lp;-6f wxgtg;t(i .is \r*iig .:dn ;;- c.!d0 dbd:,,h&g =bax.ly 

explidihdd what happens by adding iron-oxide t o  cadmium. 
I I 

2 4 
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It is  also t r u e  t h a t  no matter what battery sys  tcia 

You look a t ,  you hava ta have what we c a l l  an kxapnaer. 



3 1 )  stage of d i s t r i b u t i o n  o r  you have used t h e  wrong one o r  you hav f 

1 

2 

Prabably h a l f o f  the .p rob lens  with l ead  ac id  b a t b r i  

a r e  due t o  the f a c t  t h a t  your expander has l o s t  its i n i t i a l  

6 /I well, Dr. Lander a t  Wright-Patterson has introduced Emulphb-:- I 

4 

5 

done something with the expander t h a t  i s n ' t  r i g h t .  But you US& 

it i n  ~ ~ r a a t i c a l l y  every case.  The only one I don ' t  know of -- 

1 1  11 background of experience saying,  w e l l ,  you had better get  an I 

7 

8 

9 .  

40 

gene as an  expander f o r  the zinc  electrode bu t  their problems 

have to. do with the so lub le  na ture  of the zinc. 

But here-everybody is bui ld ing,  as f a r  a s  I know, 

cadmiurn-electrodes without  expanders and w e  have t h i s  whole 

12 

13 

- 14 

exceedingly w e l l  f o r  cadmium are c e l l u l o s e  derivitives which I 

expander sf some kind i n  here  o r  t he  cadmium w i l l  agglomerate. I 
. I n  t h i s  p a r t i c u l a r  case I wanted t o  b r i ng  o u t  that 

the  problem is  not  i n  t h e  cadmium-hydroxide b u t  a c t u a l l y  i n  

15 

16 

the st la te  of agglomeration of the m e t a l l i c  cadmium. 

So I w i l l  j u s t  add t h a t  the expanders t iha t  work 

I 
manufactured by Tennessee Eastman. Kodak by ox id iz ing  c e l l u l o s e  I 

- 18 

19 

20 

w i t h  N204 produces a compound which w i l l  b r ing  back almost any I 

a r e  most un l ike ly  candidates  i n  most cases because eventual ly  

they are oxidized t o  carbonate.  

I might a l s o  say  t h a t  oxidized c e l l u l o s e  is 

The ather expander is ihdf uSrs,i-?.r;he. addit . i  on of a 

23 

24 

cadmium p l a t e .  I f  you add it t o  the e l e c t r o l y t e  and cyc le  i t: I 
you w i l l  b r ing  back t he  capac i ty  i n  a very few cyc:les. 
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= anlount of indium t o  cadmium, indium being only  s l i g h t l y  
- - =A! - . - - - - ~i Zciuble i n  cadmium metal,  w i l l  act a s  an expander and probably - T 1 

work t h i ~ t  has been done on indium add i t ion  t o  cadmium e lec t rode  4 
I 

3 

4 

6 is very  small .  I1 

a very  p r a c t i c a l  one because i t  inc reases  t h e  low temperature 

pefformernce of the cadmium e lec t rode .  However, the amount of 

W e  d o n ' t  know what it' w i l l  do i n  a r e s t r i c t e d  I 
- - -- 
a - - -6' a lec t ro l .y te  cell;  we  don ' t  know what it w i l l  do  i n  va r ious  

- - = i l - - - - 
- - - - 9 temparat.ures; w e  a c tua l l y  know very l i t t l e  of t h e  mechansim of /I 
- = , 1 g ,' i ts  behabvior. 

CARR: (Eagle Picher)  Not everybody doesn ' t  use  

I i n  t h e  negat ive,  D r .  F le ischer .  I n  n i cke l  cadmium. , 
- . - - . -  I would l i k e  t o  go back t o  some of the d i scuss ion ,  

14 o r  t o  go1 on with a l i t t l e  b i t  of t h e  d iscuss ion.  A s  I under- 1 
' "1 stood wh.a t  was s a i d ,  w e  can form l a r g e  i n a c t i v e  c r y s t a l s  of 

a1611 cadmium-hydroxide and w e  a t  Eagle-Picher' found this a l s o  i n  t h e  I 
17 

'18 

'1 9 

work on the f a i l e d  cells that  had been subjected to many, many 

cycles .  
. 

The cyc le  d a t a  which I presented those  cells had 

;! 0 ' 

:! 1 

q u a n t i t i e s  of carbonate p resen t  i n  t h e  e l e c t r o l y t e  i n  khese I 

l a r g e  i n a c t i v e  c r $ s t a l s  which w e  i d e n t i f i e d  a s  cadmium-hydroxid 

w i t h  a t r a c e  of cadmium-carbonate. 1 

1 - _  :! 2 

j' cells, or there was ,* t h a t  there was n o t  more cadmium carbonate.  :!4 ,I I 

'I cannot q u i t e  anderstand,  s i n c e  there are subs t an t i  

a t  Reporte~s, Inc. 1 X don't know if t h a t  comes i n t o  play w i t h  the brown l a y e r t h a t  
i-- 



you w e r e .  t a l k i n g  about o r  not .  

I would l i k e  t o  ask a coupla of ques t ions ,  F i r o t  

of a l l ,  cad you detect any r e d i s t r i b u t d a n  of negat ive  m a t e r i a l ;  

can you t e l l  i f  it is moving fram the i n s i d e  of  t h e  p l a t e  to  

the  ou ta ide  a r e a s ,  which i s  what w e  would suspect .  And then  

f u r t h e r  on this, f i n f e r  t h a t  i f  you have t h i s  and \re go t o  a 

long- te~m low-rate charge,  w e  can g e t  it back. I wauld l i k e  t o  

know i f  anyone has done any f a i l u r e  work on t h e  pherlornena which 

we have d iscussed  yesterday modly on long-term t r i c k l e  charging 

makes c a p a c i t y  less a v a i l a b l e  and seems t o  be i r r e v e r s i b l e .  

~ I N I N G E R :  (G .E .) I can answer only  a very  smal l  

p a r t  of your ques t ion  b u t  I am awful ly happy you asked that onz 

I w i l l  t r y  t o  be very modest about  t h i s  t h i n g  b u t  
I 

these pink bookle ts  t h e r e  that Gerry Halper t  has assrembled 

shows one p a r t i c u l a r  r e fe rence  about  f i v e  o r  six years-ago 

when E r i c  ~ i f e h a n  dnd I took one of  t h e  very  f i r s t  Ctrane 

series . of tes ts ,  i n  Dayton, and have taken these p l a t e s ,  the 

same material, and, done e l e c t r o n  scanning, X-ray scanning, of 

t h e  p1at:es and showed how through a number of c y c l e s ,  the 

temperatiure and depth  of dieeharge *the. cadmium .was moving from 

a . - 2 1  11 the i n s i ,de  t o  t h e  outsidiio I 

24 (1 cadmium i s  concerned, i t  moves from i n s i d e  t o  o u t s i d e .  

22 

23 

I Reljorter!;, Inc. I 
25 .I . Thank you. 

. There were a l s o  o t h e r  methods involved,  X-ray 

t ransmiasion and t h e  metallographic as w e l l ,  so as fair as the 



II GROSS : (Bseing) I wanted to ask F r i t z  W i l l  a I 
2 11 g u e s t i o ~ ~  about 'the effects of pH changes on t h e  movement, I 

migra t ion  of cadmium due t o  s o l u b i l i t y .  F i r s t ,  f: wanted  t o  

p o i n t  o u t  what is a l ready w a l l  known, t h a t  t h e  s o l ; r b i l i t y  of 

the cadnnium s p e c i e s  i n  a d d i t i o n  . to. ,being dependent upon p H  and 

bll temperature i s  a l s o  very h ighly  dependent on concentxa t icn  of I 
carbonates ;  s o  it is q u i t e  obvious when you look a t  the 

solubi l j . ty  c h a r t  of  t h i s  that you want t o  minimize earbanate  

i n  o r d e r  , t o  minimize s o l u b i l i t y  . 
- I 

One ques t ion  that comes t o  my mind is the e f f e c t s  1 
of tempekrature cycl.ing on the dissolution-preckpita4:ion 

I sequence. You would expec t  a larger temperatures  on discharge  I 

t han  on charge ,  and' I am cur ious  what he has found that thit 

11 might do to  the p r e c i p i t a t i o n  mechanism. 

The o t h e r  ques t ion  I wanted t o  ask w a s  on t h e  use of I 
cellu1os;e. I understand t h a t  most manufacturers  do use  I 
c e l l u l o s ~ e  in their negat ives .  I don't know if it ksr j u s t i f i e d  I 

l 8 l I  
o r  n o t  k ~ u t  ,my ques t ion  i s  to  the manuf a c t u p e r s  : Do they use  I 
c e l l u l s s , e  i n  t h e i r  products? 1 would like to  hear from them. I 

C W :  (Eagle Picher)  No. 

HALPERT: Any comments. 

RAMPELL: (G.E.) No.  

VOICE : Gulton I n d u s t r i e s ,  No, 

HALPERT : GuL ton Xndus trf es s a y s  no. 

I Re;fiorWs, IIIC. l 
I 

1 might make the conunent hero that  t h a t  ctne point 

I I 



1 

t h a t  hwre a nickel-plated steel grid i n  t h e  centex'snd that: 

n icke lgp l a t e  n o t ~ a l ~ a y s ~ p r o t e c t a  t h e  steel as w e l l  as one might 

expect  *r.nd t he r e  is iron-oxide ava i l ab l e  and I wonder if t h a t  

412 

that Dr., Fla i~chex :  mentioned hmoxfda arrd of the cells that 

2 

3 

would be the type of iron-oxida that we are t a l k i n g  about,  
- -  1 

we have seen same of this fading i n ,  I mentioned s p e c i f i c a l l y  

I am more f ami l i a r  w i t h  the OAO c u l l e  which are made w i t h  p la te  

this is! my quest ion? 

WILL: (G.E.) This  is  i n  answer t o  t h e  first 

quest ion  from the gentleman back there -- t h e  brown c o l o r  i n  I 
1 1  

12 

our experiments cannot be assocLated with the formation of I 
carbonate.  W e  c a r e f u l l y  excluded carbonate by suing n i t rogen ! 

I 

13 

14 

15 

16 

1 7  

I f lush ing  through a polyethylene bag surrounding our  micro- 

scope s t age ;  furthermore, w e  are dea l ing  with s i n g l e  c r y s t a l s  o 

cadmium-hydroxide and I d o n ' t  quite see laow carbonate would 

f i t  i n t o  those  s i n g l e  c r y s t a l s .  

The brown co lo r  was not assoc ia ted  c e r t a i n l y  with 

1 5  

1 '? 

II about a #temperature change which comes about  through the procas I 
22 B 

theae b i g  c r y s t a l s ,  

Temperature cyc l i ng  on charge and discharge, as f a r  

a 

2 0 

2 '1 

2:) 11 .of charge and discharge.  

a s  I understood your ques t ion ,  you are n o t  proposing to con t ro l  

t h e  temperature from the ou t s ide  b u t  r a t h e r  you ace t a l k i n g  I 

Well, we have no t  looked. i n t o  t h a t  e f f e c t .  I would 
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condi t ions  t h a t  w e  a r e  using i n  our experiments,  t h a t  t h e s e  
. - 

temperuture changes would be very small  and I would n o t  th ink  

t h a t  we are d e a l i n g  wi th  e f f e c t s  due t o  t h e s e  s m a l l  temperature 

changes;, - ,  

GROSS: (Boeing) Not in your experiment b u t  what 

w e  migh& expect  i n  experiments wi th  r e a l  cells which do show 

t h e  l a r p  temperature v a r i a t i o n s .  
li 

WILL: (G.E.) One word on t h e  expanders ,  A s  e a r l y  

a s  1910,, Grube has  done a c a r e f u l  s tudy of t h e  e f f e c t  of Fe203 

a s  w e l l  as Fe304 on t h e  capac i ty  and cyc l ing  of cadmium p l a t e s  

and found both  of  them t o  be b e n e f i c i a l  i n  prevent ing  t h e  l o s s  
. 

of capac i ty  on cycl ing .  He.found t h a t t h e  FeZ03 p a r t i c i p a t e s  

i n  t h e  c y c l i n g  whi le  t h e  Fe30q is  i n e r t  as f a r  a s  t h e  cyc l ing  

is concerned and sits t h e r e  and prevents  t h e  f a d i n g ,  probably 

by actirrg as n u c l e i  f o r  t h e ' s o l u b l e  cadmiate spec ies .  

So f a r  f o r  t h e  specu la t ion  of  Grube on the'mechanism 

involved in the facts he found. 

L a t e r  on Ot to  Wagner, of course ,  a t  F o r t  Monmouth 

only a few y e a r s  ago, d i d  a very c a r e f u l  s tudy of  t h e  e f f e c t s  

of Pe203 on t h e  f ad ing  of cadmium p l a t e s .  

SULKES : (Army E l e c t r o n i c s  Command) W i t 1 1  r egard  t o  

the s tudy  of  t h e  iron-oxide,  it c e r t a i n l y  was very  b e n e f i c i a l  

t o  t h e  ctadmium p l a t e ;  however, t h e  nickel-cadmium c e l l s  

lowered t h e  oxygen vo l t age  on t h e  n i c k e l  and, i n  e f f e c t ,  i n  

that: t ype  of cell .  it was.ns>t b e n e f i c i a l ,  whereas it was i n  a 
cadmium 
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1 

2 

3 

a i r  type,  so  t h a t  material alone is not  good. There are ~ t h @ r  

rnaterid:ts which may not have that effect and w i l l  have the 

expandq~: propert ies .  

1. I would l i k e  t o  make one comment t o  D r .  h 7 i l l .  In 

5 your stt idies ,  t h i s  was probably very what w e  c a l l  c lean 

6 

7 

8 

HALPERT: Maurer, B e l l  Labs. 1 
MAURER: ( B e l l )  A comment on the  tempera.ture 

e f f e c t .  Ukaka Okinaka presented a paper a few years ago on 

cadmium elect rodes;  these were b a t t e r y  e lec t rodes  now i n  which 

condit iq~ns on your cadmf um whereas i n  your normal c e l l  we do 

have 19:'s c a l l  it gunk coming of f  the separator  which does 

have an expa'pder property and i n  your pasted cadmi~ur~ p l a t e s  I 
9 

10 

11  

he discharged and charged the  e lec t rodes  a t  d i f f e r e n t  tempera- 

and s i i -cad,  le t ' s  c a l l  it the  gunk t h a t  comes from the  I 
cellophaine does have expanded proper t i es  and your fading is 

not as rapid.  

t u r e s  and a t  ' a i f f e r e n t  rates and.looked a t  them w i t h  t he  op t ica  1; 
microscope.' And he showed p i c tu re s  of t he  cadmium-hydroxide 

c r y s t a l s  and e f f e c t s  a r e  what one might p r e d i c t  i f  one would 
= _ 

t r y  t o  grow ~rysUXs; : ,>~lov r a t e s  and high temperatures on d i s -  

t o  form small c r y s t a l s  would be bene f i c i a l .  I n  s a t e l l i t e  work 1 
where yorx are t a lk ing  about temperatures of 3 2  degrees F. and 

. 

;!2 

23 

charge, tend t o  form l a rge  cadmium-hydroxide c r y s t a l s ~ a n d  high I 
rates and low temperatures tend t o  form small ones. So any 

I 

1 type of temperature cycl ing and r a t e s  i n  this l i n e  would tend 1 I 
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small c r y s t a l s .  This  i s  only  p a r t  o f  the p i c t u r e ,  hawever. I 
I 

You s t i l l  have t h e  long-term t r i c k l e  charge, f o r  example, 

where you axe t a l k i n g  about charging up some of t h e s e  c r y s t a l s  

and g e t t i n g  the d i s s o l u t i o n  nechpnism t o  move m a t e r i a l - a b o u t ,  I 
you stit1 have t o  provide the o t h e r  ha l f  of the eleotrochemical  

r e a c t i o p  because i n  t h a t  s tate of charge the e l e c t r o d e  cannot  
I 

change while you are on overcharge and t h a t  o t h e r  h a l f  t u r n s  

1 Out t o  be t h e  oxygen a t t a c k  on the m e t a l l i c  cadmium t h a t  f I 
I 

I spoke' about  yes terday  . 
I I 

GROSS8 (Boeing) I would l i k e  t o  r e p e a t  again, 

however, t h a t  s i n c e  i n  r e a l  cells  the s o l u b i l i t y  i s  s o  temper: .. I 

I r 
ture dependent and since t h e  temperature does c y c l e  i n  r e a l  

I 

cells, t h a t  t h i s  does s t i l l  remain an  open, unanswered q u e s t i o n ,  

! 
I 

i n  my niind a t  l e a s t .  i 

STEINHAUER: (Hughes) We t a l k  about .expanders  and 

we talk; about this fading  problem, but what happens when we do 

everyth ing  'we  can and we st i l l  g e t  it? 

(Laughter . ) 
STEINHAUER: Is t h e  only  mechanism g e t t i n g  the 

higher  hydrades of t h e  cadmium back i n t o  s o l u t i o n ?  Second, 

- i n  commenting on Cohn's paper earlier s f  the nega t ive  l i m i t e d  

c a l l ,  t?e may want it to  fade, it may become negat ive  l i m i t e d ,  

b u t  there must be a L i m i t .  What about a ce l l  t h a t  i s  p o s i t i v e  i 
l i m i t e d  on charge and nega t ive  l i m i t e d  on discharge? We would 



be int tsres  ted  . 
HALPERT: Any comment tha re?  

MBURER: I had a comment on Cohnt s comment i n i t i a l l y  

( A ) ,  ycau can make the hydrogen overvol tage i n  t h e  cadmium I 
e l e c t n @ e  higher  by t r e a t i n g  it w i t h  mercury. This  was r e p a r t e a  

a n  by (Bott l ieb a few yea r s  ago. That raises the hydrogen over- 

voltagg3 and g i v e  you t h e  s f  f e c t  t h a t  you a r e  i n t e r e s t e d  i n .  

We have thought about t h i s  type of  approach f o r  the 

F e l l  .S!{stem a p p l i c a t i o n s ;  $owever, i n  t h e  B e l l  System we have I 
t q  be raoney conscious t o  provide t h i s  type of opera t ion  without  

r a i s i n g  your te lephone , . b i l l .  I 
. The problem is  i n  charging a cell  of t h i s  type i n  
.? 

l 

a b a t t e r y ,  it is  very  easy t o  charge it s i n g l y ,  l i r n i t  t h e  

voltagts t o  1.6 o r  1.5 or wherever you happen to  want it. 

you puit t h i s  same t h i n g  i n  t h e  b a t t e r y ,  when you p u t  a cons tan  

v o l t a g e  l i m i t  on it, t h e r e  is bound to  be a cell  wi th  lower 

capacilty t h a t  g e t s  charged up first and when it reaches  full 

charge the' v o l t a g e  goes up and i f  it is a b a t t e r y  w i t h  a l o t  o 

cells An it, i t s  reaching  f u l l  charge i s  n o t  d e t e c t e d  i n  t h e  

charging c i r c u i t ,  it vo l t age  w i l l  yo r i g h t  on up to t h e  hydrog 

evo1ut:Lon p o t e n t i a l ,  whatever t h a t  happens t o  be, s o  you w i l l  1 

2'3 I/ ares perf actly matched. 

2 2  

The way a rou~d . , ' t h i s  problem i s  to  simply charge the I 

g e t  gas ing  i n  Qne cell 's  b a t t e r y  on charge u n l e s s  t h e  cells 

?ral fteportors, Inc. 
cells ;Ln p a r a l l e l  and provide a n  e l e c t r o n i c  swi$ch.ing 
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1 1  

12 

13 

14 

16 

17 

18 

c i r c u i t r y ~ r s u i t a b l a  fo r  changing them from charge mode t o  d ia-  

charge mode i n  s e r i e s .  And f o r  aerospace app l i ca t i ons  1 would 

th ink this would be p r a c t i c a l ,  e spec i a l l y  with i n t eg ra t ed  

c i r c u i t s .  

I n  B e l l  System se rv i ce  it is  r a t h e r  impriactical, 

1 think.  

BUNLOP: (COMSAT) Was t he  ques t ion  answcsred on 

what Prhi~  e f f e c t  of carbon, the buildup of carbonate i s  on 

t h e  p o s i t i v e  p l a t e  f o r  i n  genera l  what it i s  i n  t h e  c e l l ?  

I d i d n ' t  r e a l l y  understand t h e  answer i f  it was 

given. If  somebody speculated on that. What happens i n  the 

buildup of carbonate? What does it do t o  cell performance? i 

WILL: (G.E.) I would only l i k e  to comment on the  

effects of carbonates  on the cadmiurn plate which hat3 been w e l l  

documented. The carbonate add i t ions  t o  t he  COH gros s ly  inc rease  

t h e  s o l u b i l i t y  of cadmiate ions in s o l u t i o n  and thexeby g ros s ly  

exaggerate  the phenomenon of fading as demonstrated by Wagner 

a t  F o r t  Monmouth. 

19 

20 

:2 1 

22 

:2 3 

DUNLOP:. I guess my ques t ion  r e a l l y  w a s ,  w i th  respec 

t o  t h e  aomment t h a t  carbonate,  where he s a i d  t h a t  hrt would have 

t he  e l e c t r o l y t e ,  t h a t  he would have expected to  see a l a r g e r  

t 
expected w i t h  t h e  amount of carbonate bui ldup t h a t  he had i n  I 

amount of cardmium carbonate i n  the cardmfum e l ec t rods .  

:! 4 
r l  Repwtefs, Inc. 

:! 5 

I thinlg the o t h e r  ques t ion  I reably  would! ask would 

be directed t o  D r .  Reed, and t h a t  i s ,  what was t h e  ef feet i n  
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h i s  test program? 

GROSS: I: would mention t h a t  Kroger has r e c e n t l y  

published a paper i n d i c a t i n g  some effects of carbonate  on the 

positive! ; however, it was somewhat q u a l i t a t i v e  and . the  

conclusi.ons were n o t  q u i t e  clear t o  m e ,  complicated by the 

f a c t  t h ~ t  they weren ' t  c l e a r  enough f o r  m e  t o  remember them. 

I w i l l  t u r n  it over  t o  Reed, 

REED : ( B a t t e l l e )  To answer Dun& op ' s queo t i o n  about 

t h e  effects of carbonate  on the p o s i t i v e ,  w e  have done some 

s h o r t  number of experiments i n  which w e  cyc led  some smal l :  

p o s i t i v e  e l e c t r o d e s  i n  KOH i n  which va r ious  amounts of 

carbonatle were added, keeping t h e  potassium i o n  concen t ra t ion  

cons tant  s o  as t o  s imula te  t h e  i n c r e a s e  i n  carbonate  

formation i n  s e a l e d  ce l l  e l e c t r o l y t e .  

W e  found t h a t  t h e  charge p o t e n t i a l  of t h e  p o s i t i v e  

increases ,  goes up toward t h e  p o t e n t i a l s  a t  which you would 

ixpect*oxygen t o  be involved much more r a p i d l y  i n  e l e c t r o l y t e s  

.n.which there .is a high degree of carbonat ion ,  say s e v e r a l  

lundred grams p e r  l i ter ;  and when you have pure 30 pe rcen t  

:OH. And l ikewise  t h e  d'ischarge v o l t a g e  i s  lower. 

I say we did j u s t  a small amount of work a n  t h i s .  

lore r e c e n t l y  t h e r e  has  been a ~ a p e r  publ ished by General 

llectric personnel  -- I do n o t  recall a l l  of  t h e  authors ;  one 

from Gainesville. Thip  was prcisented a t  

: F3righton Conference several months ago and there are pre- 
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p r i n t s  of it ava i lab le ;  some people hero, I bel ieve ,  have 

them. I have seen t h i s  paper and they d i d  a s i m i l a r  experiment I 
except they used sealed cells with reference e lec t rodes  i n  

\ 

them. They found t h a t  when the e l e c t r o l y t e  had a l a rge  degree 

of carbonate the cel l  voltage on charge d i d  increase  rap id ly  

sirnilax: t o  what w e  found;in following the  e lec t rode ,  s ing l e  . 

. 1 
e lec t rode  p o t e n t i a l  versus t he  reference e lec t rode  i n  t h e i r  

I 

cells, they found t h a t  most of t h i s  increase  i n  cel.1 p o t e n t i a l  

was , a t  the pos i t i ve  e lec t rode and l ikewise the decrease i n  

cell  p o t e n t i a l  on discharge a l s o  occurred a t  the  pes t ive  

e lec t rode.  

H e  pointed ou t ,  however, t h a t  s i nce  t h e i r  cells had i 
a larger excess of negative eqpacity,  they could no t  make any 

def init: ive statements about the  e f f e c t  of carbonate! a t  the 

negative i n  the  short-term cycl ing t h a t  they d id .  
I 

GROSS: (Boeing) That was the paper I vtas referring 

to. The s p e c i f i c  po in t  t h a t  was ambiguous was t h e  fac t  t h a t  

carbonarte l e v e l s  inves t iga ted  i n  which these  concl\isions were 

drawn were extremely high,  and would no t  necessari:ty be v a l i d  

i n  the lower carbonate concentrat ions we might expact  i n  w e l l  

made cetlls . 
FtEED: ( ~ a t t e l l e )  I a m  not  so  sure  thal; i n  t h e  past 

a t  leasit we have n o t  fund these  high carbonate concentrat ions I 
i n  ce1l.s. A number of cells that we have had on t e n t  a t  Wright/- 

Pattersron when analyzed we found that as much as 50 equivalent  



percent o f .  the, KOH had been converted t o  carbonate ,, 

. .  . ..,..... . .  :MAURER: (Bell)  : I agree with Reed., s ince  i n  the I 
sealed cell  there  i s  very l imi ted quant i ty  of e lec txo ly te ;  

you doq ' t  need very much carbonate t o  achieve a vexy high 

pexcentgge i n  the e l ec t ro ly t e .  

Physical ly,  i n  We c h a r a c t e r i s t i c s  of t h e  cel l ,  i f  

you ju:3h look a t  a cel l ,  no reference e lec t rodes  or: anything, 
1 

the  f i r g t  evidence of carbonate many times shows up as so- 

ca1le.d carbonate s t e p  i n  the discharge plateau.  The discharge I 
proceeds i n  a normal fashion,  you g e t  a semi-need and then 

another lower voltage plateau.  Many t i m e s  this is as low a s  

8/lOtho of a v o l t .  I 
I 

There i s  some queskion i n  my mind t h a t  oarhonate 

i t s e l f  causes the  higher charge voltage and lower discharge 

vol tage  t h a t  i s  observed. P a r t  of t h i s  a t  l e a s t  can be 

explained by the lower pH of the e l e c t r o l y t e .  You have 

conver1:ed a subs t an t i a l  fraction s f  the OH ions effectively 

i n t o  C03 ions  so the pH drops and you g e t  i n  e f  feat a cel l  

w i t h  orre.norma1 KOH ins tead  of 7 normal KOH. 

. . Another e f f e c t  was described by, I bel ieve ,  Turner 

and Okj.naka a while back, a few years  back. Carbotiate i n  t h e  
I 
I 

e l e c t r o l y t e  tends t o  cause corros ion of the nicke l  subs t r a t e  

oft:ini the pos i t i ve  e lec t rode.and so  operat ion with l a rge  amounts 

of ove1:charge would tend t o  corrode the  pos i t i ve  e lec t rode.  

The E i r a t  effect you see is an increas ing capacity 



and eventual  drop i n  aapaci ty  because t he  p l a t e  f a l l s  apar t .  

HALPERT: You are ta lk ing  about t he  carbonate 

coming i n  with the e l e c t r d l y t e ,  not  as p a r t  of a separa te  

degradat ion . 
MAURER: I n . T u r n e r l s  work he d e l i b e r a t e l y  added 

carbonate,  bu t  t he  same th in6  can happen i n  a sea led  cel l  where 

t h e  carbonate comes from the separa to r  degradation. 

Another e f f e c t  is  the  f reez ing  po in t  of carbonate- 

KOH mixtures is ,  of course,  h igher ,  and s o  f o r  low temperature 

performance presence of carbonate causes problems. 

FLOYD: A po in t  t o  be c l a r i f i e d .  I think maybe D r .  

Reed cans c l a rk f  y t h i s .  
I 

When you say t h a t  the charge vo l tage  as it  increases ,  

it has been my experience t h a t  when you t a l k  about charge 

vo l tage  you  have two very d i s t i n c t i v e  regions  t o  be concerned I 
w i t h .  One is  the  charge vol tage  p r i o r  t o  going i n t o  overcharge. 

The- other is the overcharge voltage itself at whatever I 
cons tan t  c u r r e n t  you may be charging which i s  usua l l y  a t  a I 
f a i r l y  low r a t e .  

Which one or a r e  you t a lk ing  about both  of these  I 
vol tages  fncreasing? I 

The second po in t ,  addressed to. D r .  Maurer, d id  I 

understand you t o  say t h a t  the double p la teau  e f f e c t  t h a t  w e  I 
. see. on cells,  p r a c t i c a l l y  all. aerospace cells w i t h  extended 

cyc l ing ,  i s  due to carbonate? 
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WEED: ( B a t t e l l e )  The por t ion  of the charge 

vo l t age  curve which I am r e f e r r i n g  t o  s t a r t s .  o u t  i~nmediately 

and rises r a t h e r  than remaining f a i r l y  f l a t  wi th  a slow i h c r e a s  

i n  po t -qn t i a l  u n t i l  most of t h e  pos t iva  i s  charged and, 

l ikewige ,  t h e  curves a t  General Electric show almost an 

immedi*e i n c r e s e  i n  charge p o t e n t i a l .  

MAURER: ( B e l l  Labs) P a r t  of t h i s  e f f e c t  i s  due, 

a l s o ,  f o r g o t  t o  mention, t o  t h e " f a c t  t h a t  carbonate  and KOH 

mixtures  have a h igher  impedence than a set  of 'normal KQH, 

s o  you see a h igher  charge vo l t age  simply because the I R  drop 

. i n  t h e  celis is higher  and consequently on d i scharge  a 

suppression.  

Whether a l l  of  the second p la teaus  on aerospace 

cells are a carbonate  e f f f e b t  o r  n o t ,  I wouldn't c a r e  t o  

mention s i n c e  I haven ' t  looked a t  them personal ly .  I t  is  v e e  

l i k e l y  t h a t  t h a t  could be p a r t  of t h e  problem. - 

There are. oth8r::ef fects that can cause vo l t age  

(changes) . 
REED: (Battelle) Regarding t h e  i n c r e a s e  e l e c t r o l y t e  

:es i s tance  i n  KOH-carbonate mixtures ,  t h e  i n c r e a s e  i n  cel l  and 

ringle e l e c t r o d e  p o t e n t i a l  i s  much g r e a t e r  than  one could accour 

for simply on the b a s i s  of I R  l o s s ;  fur thermore,  i f  it were 

iimply t h a t  it should n o t  show up when you do  measure it agains t  

h e  r e f e r e n c e  e l e c t r o d e  and t h e  i n c r e a s e  i n  s i n g l e  e l e c t r o d e  

m t e n t i a l  versus We r e fe rence  e l e c t r o d e  is almost i d e n t i c a l  t o  
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t h a t  of t h e  increaseof c a l l  vol tage  when t he  e l e c t r o l y t e  has 

a high carbonate concentrat ion.  

HALPERT: I t  has been-idecided a long time ago t h a t  I 
carbonate i s  no t  very good f o r  tho ce l l ,  a t  l e a s t  i t  causes I ' 
 problem,^ and depending upon how much carbonate i n  there you 

want tal inc rease  your pra-charge, i f  I may say t h a t  word a t  

t h i s  time, t o  t h a t  much g r e a t e r  ex t en t ,  

HALPERT: Yes. 

DUNLOP: Pre-charge w i l l  increase?  

HALPERT: Yes, I s a i d  pre-charge. 

DUNLOP: I . d o n 8 t  th ink  you mean that. I haven' t  
j 
I 

heard anything y e t  s o  f a r  t h a t  ind ica ted  that t h e  problem would 

be sa lved by increas ing the pre-charge. 

HALPERT: I was r e f e r r i n g  t o  no t  only t h e  l o s s  of 

c a p a c i t . ~  on e i t h e r  e l ec t rode ,  p a r t i  c u l a r l y  the negative,  b u t  

also I d i d n ' t  get a chance t o  continue saying that w e  had hbd I 
a fading of the negative a l s o  i n  which we  would have t o  

inc reaae  ou r  pre-qhargeo 

DUNLOP: The only reason I jump on t h a t  is  t h a t  

t he  comment "pre-chargen has been used a number of times I 
through, t h i s  d i scuss ion  and why do you pre-charge? I t  seems 

t o  m e  that almost a l l  the comments t h a t  have been made about I 
fad ing  have d e a l t  with some £ o m  of e i t h e r  l a r g e  ca,dmiwa- I 
hydroxi,de c r y s t a l s  being fornlad which could n o t  be charged ox 



Our experience has been that i f  anything, we a r e  I 

424 

4 11 able t o  u t i l i z e  more of  the  pre-charge with t i m e .  -The p a r t  1 

1 

I 

t h a t  we a r e  los ing  an our cells with t i m e  is  no t  pre-charge. 

some scme problem w i t h  carbonate ~ a u s i  ng a loss of the use af 

We a r e  :actually able to  discharge more of that pre-charge ak 

useful  r a t e  a f t e r  one and a ha l f  o r  two years  than we were 
' 

after Che f i r s t  30 cyc les ,  where we were no t  ab l e  t o  u t i l i k s  

t he  matpr ia l  is i n  the discharge s t a t e ;  we a r e  n o t  ab l e  t o  

charge $to 

I think t h i s  i s  a r a t h e r  i n t e r e s t i n g  point, although 

I haven'l t  r e a l l y  s a i d  very mQch about it, and I thirk I am a 
. I 

i 
l i t t l e  b i t  confused here as t o  why. My only underst~anding now 

as t o  why we use a l a r g e  amount of pre-charge is either t o  

reduce the pressure  of the gas we bu i ld  up o r  else to  allow u s  

16 

17 

than high. 
2 1 

t o  aidrcharga a t  high r a t e  or a t  low temperature b u t  it doesn ' t  

seem to  he lp  our  cells very much in terms of either, carbonate 

IS 

16 

20 

HALPERT: I guess I should not.-.have brought t h e  

buildup or  i n  terms of t he  fading effect. 

GASTON: (Grumman) I agree with J i m  Dunlop, it is 

o u r  f e e l i n g  too t h a t  the pre-charge should be kep t  low r a t h e r  

' i 'e~o~tets, Inc. determine a t  %his p a r t i c u l a r  po in t  was what we can dcr about t h e  
25 I/ I 

23 

24 

pre-charge in a t  t h i s  p a r t i c u l a r  t i m e .  I was r e a l l y  t r y i n g  t o  

-get back to the negative fading, and what 'I really wanted to 
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i 
1 n e g a t i v e  fad ing .  

2 W e  have heard some t a l k  abaut expanders .  Hzve 

3 expanders  been used on khe t ype  of c e l l s  that a r e  used in the 

I! 4 semi-dry or semi-wet type of c e l l s ;  and has it h e l ~ e d ?  

or i s  ' t h e r e  a f a d i n g  of the n e g a t i v s  when w e  do have rest i 

I' 

5 

6 

j 

8 

May I have some 

Secondly, w e  know that cont inuous  c y c l i n g  has 

caused u s  t o  see a l o s s  of  c a p a c i t y  on the  n e g a t i v e ,  it seeFs I 
' t o  me, o n l y  when we are con t inuous ly  c y c i i n g .  

I 
i 
I 
I 

What hap2ens if w e  do rest? Is t h e r e  :a l o s s  of t h l s i  

I l  10 between c y c l e s ?  Is it something w e  are always going  t o  be  

comments w i t h  r e g a r d  t o  that? 

. I 
i 

11  
I 

stuck w i t h  or can w e  do something abou t  it? i 

I ! 
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I/ 
MAURER: ( B e l l  Labs) I have s e v e r a l  comaents. that  I 

have been p i l i n g  up here .  1 
I 

I1 One, I agree w i t h  Reed t h a t  t h e  r e s i s t a n c e  t o  the 

e l e c t r o l y t e  w i l l  n o t  account for  all of t h e  v o l t a g e  i n c r e a s e  

on chaige  b u t , t h e  vo l t age  i n c r e a s e  i n  charge c o n s i s t s  of i 
i 

severa l  p a r t s ,  one of which is r e s i s t a n c e  to the e l e c t r o l y t e ,  t 

I 
I 

8 
one of which is an inc rease  i n  vo l t age  of the p o s i t i v e  

i t s e l f  .:. Another p a r t  i s  t h e  simple e f f e c t  of t h e  lower p H  

of the e l e c t r o l y t e  cqused by the carbonat ion.  These three go i 
t oge the r  t o -  g i v e  you t h i s  p e c u l i a r  e f f e c t .  

On Dunlop's cox&ent, what I tried t o  show yes terday  I 

13 11 was tha , t  the process  of overcharging t ends  t o  o x i d i z e  any 

I( cadmium metals. p r e s e n t ,  whether it be t h e  i n a c t i v e ,  electro-I:  
14 I 

chemical ly  i n a c t i v e  m a t e r i a l  or t h e  pre-charge, or ,  of course  I 
15 '1 I/ the working cadmium and produce cadmium-hydroxide p a r t  of 
16 1 

which may be a c t i v e  and p a r t  of which may be i n a c t i v e  f o r  
17 

v a r i o u ~ i  reasons  that  we have d iscussed  here.  I 
p r i t b - t e n d s  t o  favor  large c r y s t a l s .  I agree  that 

19 I (1 that iu one process .  The o t h e r  process  is simple $.solation 
2 0 I 

80 I th ink  that pre-charge is  s t i l l  necessary i n  

. 2 1  

2 2 

23 

24 

of the m a t e r i a l  from any conductor.  t h a t  i s  e f f e c t i v e l y  c l o s e  I 
I 

enough.. I f  you charged at perhaps extremely low rates f o r  

extremt3ly long t i m e s ,  you may be able t o  r each  somfa of t h i s  

matericnl . 



1 electrodes of th in  dasign:.to keep the balance of th te  working 

2 

3 

4 

5 

The carbonate e f f e c t  i t s e l f  comes i n  i n  a number of 

e lec t rode  i n  the usefu l  range and t h a t  it need be plcesant for 

that  reason only. 

Oxygen recombFnation i s  improved with pre-charge 

b u t  yoq can improve it by o t h e r  techniques a s  w e l l  which we 

6 

7 

hope t o  have the  paper from the  l a b s  descr ib ing i n  t he  no t  too 

d i s t a n t '  fu tu re .  

9 

10 

1 1  

14 the cgdxiium-hydroxide i s  more so lub le  than let 's say the I/ i 

ways. ' One a r e  these  vol tage e f f e c t s  we have been tinlking 

about i : n  t h e  p la teau.  I d o n ' t  th ink the carbonate per  se is 

respons.ible f o r  t he  fading. I t  is  the c a t a l y s t  that  inc reases  
I 

12 

13 

15 1 cadmium spec ie  is more so lub le  and hence can move around faster 1 I, 

I 
the r a t e  of fading; it provides a mechanism f o r  d i s s o l u t i o n  anal 

repreci)?i tal t ion of the a c t i v e  ma te r i a l ,  s o  that with carbonate 

II 19 texm l i k e  s i x  months t r i c k l e  charging even a t  low r a t e s  we have 

16 
i 

17 

'1 8 

;!oI heardtkkat  t h i s  permanently reduces capaci ty .  Has t h i s  been.  I 

I t  i t s e l f  is not  responsble f o r  the fading.  

CARR: (Eagle Picher) .  I would l i k e  t o  ask a 

ques t ion  again. That is, i n  t h e  d i scuss ions  regarding long- 

: , . :!I I/ a t t r i b u t e d  t o  p o s i t i v e  o r  negat ive? ! 
HALPERT: Does anybody want t o  answer tha-t? 



r e s u l t s  shew t h a t  you can recover ,  if you are t r ickLe charging 

f o r  lolly per iods  of t i m e ,  i f  you qo through complete discharge 

a t  a hagh rate,  f a i r l y  rate, on t h e  fsZlowlng c y c l e s  you 

w i l l  have recovered most of -- you d o n ' t  l o s e  ampere-hours, 

you see,@ t o  l o s e  vol tage .  This  i s  what is i n d i c a t i v e  of our  

t e s t  r e g u l t s  and t h i s  i s  recoverable  by recondi t ioning .  

CARR: (Eagle Picher)  I f  Don Mains 1:; here ,  he 

repor ted  a l s o  t h a t  they showed l o s s .  I was wondering i f  he I 
i 

had mirie da ta?  

FORD : NASA-Goddard) I agree  wi th  ~ i m  t h a t  it i s  

no t  a capac i ty  -- ampere-hour capac i ty  l o s s ,  b u t  you a r e  I 
I 
I 

dea l ing  with a w a t t  l o s s  p a r  u n i t  t i m e  o r  watt-hour l o s s  and I 
t h i s  i s  because you observe a lower v o l t a g e  chdrac tczr i s t ic  

i n i t i a l l y  on d ischarge  and you a l s o  g e t  a second plAteau about  

105 to  108 v o l t s  and we  have seen as much a s  60 pe rcen t  of  the 1 

actual (capaci ty  on a Gulton 12  ampere-hour cel l .  

W e  a c t u a l l y  obta ined  15 ampere-hours of capac i ty  

o u t  of t h i s  cell  after  over  18 months of t r i c k l e  charge;  b u t  

over  60 percent  o f  t h a t  c a p a c i t y  w a s  obta ined  below 1.1 v o l t .  I 
One o t h e r  comment: Steve Gaston yes te rday  showed I 

some tzcend\!iri overcharge .vo l t age  c h a r a c t e r i s t i c s .  W e  are I 
I 

looking a t  t h i s  i n  a l i t t l e  more d e t a i l  and as most of you I 
- are fam. l l ia r ,  when you. overcharge a cell a t  low tem;?erature 

a t  l o w  :rates you get normal charge vo l t age  a pel* vo l t age  

and you get a p l a t e a u  vo l t age .  One of the  t h i n g s  we are 



observiing now is  the f i r s t  obvious change i n  t h e  overcharge 
. - 

charae1:eristics is t h e  peak. You w i l l ,  t y p i c a l l y ,  on a new 

cel l ,  ; r e f e r r i n g  t o  a 20 ampere-hour type cel l ,  see a peak 

e a r l y  4.n l i f e  of about 150 t o  151 with a p l a t e a u  v c l t a g e  

a f t e r  4;our o r  f i v e  hours of overcharge of about 149 t o  148.5. 

But you see, and w e  have seen this w i t h i n  s i x  

months, t h a t  t h e  peak vo l t age  w i l l  t o  about  154 or 155 

i n d i c a t i n g  t h e  peak vo l t age  has changed a s  much as 60 t o  70  

m i l l i v c ~ l t s ;  whereas, t h e  p la teau  vo l t age  which, aga in ,  o u t  i n  

t h e  overcharge region  has on ly  changed about  10 i n i l l i v o l t s .  

When you observe t h i s  over  a per iod  sf t i m e ,  if you 

cont inue  t o  look f o r  t h i s  through p e r i o d i c  overcharges of  4 

to. 6 hours ,  what w e  normally run ,  you see t h a t  t h e  p l a t e a u  

vo l t age  then  starts r i s i n g  and even tua l ly  you g e t  t o  a p o i n t  

where you peak t h e  vo l t age  and you d o n ' t  see a p la teau .  And 

a t  this p o i n t  is when w e  have observed t h a t  you begin t o  get 

some hydcogen genera t ion .  

' I have seen  t h e  c o n t r a r y  t o  t h i s  on  one test where 

we h a d - c e l l  v o l t a g e s  as high as 162 wi th  a C over  40 overcharge 

a t  ze ro  and we s t ayed  t h e r e  f o r  8 hours and never g o t  any 

HALPERT: Ed, do you want t o  answer tha ' t?  

GASTON: (Grman)  I just want to extend my:? 

yes te rday ' s  gaper on the e f f e c t  of aging. The only  change i n  

t h e  whole 750 days which w e  have seen  i n  ckaractexri : j t iss  are 



HALPERT: On the same subject? Gross? I 
4 

GROSS: (Boeing) E a r l  Carr asked a ques t ion  on the 

e f f e c t s  of t r i c k l e  charging on  t h e  p o s i t i v e .  There is a well- 

the overcharge gharacteristics . The charge and df schargo 

p r o f i l e s  are the same. I c e r t a i n l y  d u n a t  see the dorrble 

p l a t e a u  e f f e c t  which shows the presence of carbonate .  

I just wanted t o  mention that. 

documented test information i n  t h e  L i t e r a t u r e  showing t h a t  you 

can gat d e f i n i t e  p o s i t i v e  e l e c t r o d e  degredat ion  with t r i c k l e  

charge.  

It i s  a l s o  w e l l  known that t r i c k l a  charge, 

espec ia l ly  i f  the rates are high,  can c o n t r i b u t e  to flaking 
I 

off and b l i s t e r i n g  of those p o s i t i v e  e l e c t r o d e s .  I n .  a d d i t i o n  

t h e r e  is  a mechanism of a h igher  valence which can  be obtained 

which f ~ l  a v a i l a b l e  as a capac i ty  b u t  only  a t  very lctw d i scharge  

rates. 

CARR: Eagle Picher)  Again, going i n t o  t h i s  

s i t u a t i o n  where, -- I am concerned about  t h i s  i r r e v e r s i b l e  

or n o t  i r r e v e r s i b l e  -- 
HALPERT: Temporary r e v e r s i b l e  -- 
CARR: Maybe. I am s e r i o u s .  This  i s  interesting I 

I 
because based on what w e  have d iscussed  h e r e ,  it seems to  m e  I 
that we can get the capacity back; for example, if \re are 

i 

concerned w i t h  large crystals of i n a c t i v e  cadmium-hydroxide, 

we go to a long-term, low-rate t r i c k l e  charge.  Now i f  we have I 
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harvp Y rate and high - A c h a r s - -  

311 rates, I 
I cannot rrraiiber reading where anybody 'h'as done 

this. ipaybe t r u l y  we can recondition these  b a t t e r i e s .  1 
I 

R DUNLAP: J u ~ t  one quick comment. There i s  this3 

7 carbonalg bui ldup probably enkaxiced by t r i c k l e  charge. This I1 I 
811 is a l l  :L want t o  say. 1 

(Laughter. 

HILLPERT: Okay. I have g o t  to .  g ive  Ed h i s  chance. 

' I  /I MC HENRY: ( B e l l  Labs) On the  s u b j e c t  0% the I 

1 3 1 1  
up or can  d i scharge ,  I found t h a t  i f  you make a powdered 

12 capac i ty  fading and t h e  ma te r i a l  t h a t  you cannot chinrge back I 
I 

14 

15 

cadmium e l ec t rode ,  it has n o t  c apac i t y  a t  a l l .  You have 

f i n e l y  d iv ided cadmium powder but you cannot  discha:rge it. 

16 

l 9  II Now, it seems t o  m e  that you are s t uck  wi th  some 

I f  you make cadmium-oxide e l e c t r o d e s ,  you can  I 
17 

1 8  

cadmium you can6 ' t  dischage. I also have taken these th ings  I 

charge i t  up w i t h  100 percent efficiency, b u t  when you t r y  

t o  d isdharge  it you only get, about  80 percent  back. 

21 11 and d issolved them i n  d i l u t e  su$fur ic  a c i a  which very rapidly / 

23  11 and beaides X weight the plaque af terward t o  f i n d  o u t  i f  I 

22 

24 11 lost any nickel. I 

d i s s o l v e s  cadmiumbut it d o e s n ' t  bother  nickel, n o t  p a r t i c u l a r 1  , i 
I 

X get a g r e a t  d e a l  of hydrogen, Yau put. this in a I 
I 
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l i t t l e  ,gas bureti and you ca tch  a l l  t h e  hydrogen t h a t  comes 
. . 

o f f  and the amount of hydrogen t h a t  you g e t  j u s t  about matches 

the  capac i ty  you d idn '  t ge t .  

On top  of t h a t  Dean has j u s t  t o l d  u s  how yau can  

cook the dying e lec t rode  i n  oxygen and then you can charge it 

back up and you g e t  a l l  kinds of -- you.knsw, it noti7 charges 

a g r e a t  d e a l  more t o  hydrogen evo lu t ion  than it did  before ;  

s o  appaz:ently you have oxidized some of the cadmium. You 

chnnot ox id ize  cadmium-hydroxide. 

If, 'you have oxidized cadmium, it was becabuse it was 
. , 

cadmium and n o t  cadmium-hydroxide. It must have bee~n t h e r e  as 

metal. You h e a t  it i n  oxygen, w e t  oxygen, and you rrow oxid ize  

it, and you can  use it again.  Of course ,  it fades  very 

quickly  af terward bu t  it seems. to  m e  t h a t  you can get cadmium 

which cannot  be oxidized.  I th ink  you can a l s o  g e t  cadmium- 

hydroxidk t h a t  w i l l  n o t  reduce, b u t  I th ink  t h e  m e t a l l i c  

cadmium t h a t  apparent ly  is i s o l a t e d  or something from the metal 

s t r u c t u r e  i s  a problem. 

I t  is  n o t  a ca se  of on ly  cadmium-hydroxide which i s  

inact ive . .  

HALPERT: Does anybody else want to  commetnt about  

a p a r t i c u l a r  sub j ec t .  

I think a t  this p a r t i c u l a r  point -- okay, Dean 

Mmurer . 
W U W R :  ( B e l l  Labs) On the matter of long-term 



harge being de t r imen ta l ,  I th ink  t h a t  this has g o t t e n  

2 t o  be t:&en s l i g h t l y  o u t  of context .  

srs 0 2  

3 What was s a i d ,  as I remember it, was t h a t  two I 

1 

4 groups of cells, one which was l e f t  on open:c&rcuit:  and one I 

t r ick le!  c: 

1 which w~s  t r ickle-charged f o r  a. yea r ,  when t a s t e d ,  acceptance 
5 I 
6 

11 tested a t  t h e  end of this t i m e ,  t h e  ones on long-term over- I 
7 charge showed l~wer capac i ty  than those t h a t  were l e f t  on open I 

I/ 10 
long-term iovercharge had been working and s o  you are see ing  a 

8 

9 

1 wear-out; whereas, M e  ones on open c i r c u i t  were s j n p l y  1 1  

circuil:'. 

NOW p a r t  of this could be simply t h a t  tkie ones on 

12 
I/ s tanding  i d l e .  So p a r t  of  t h i s  can simply be a t t r f -buted  t o  I 

I 
13 

11 t h e  wo:rking of  t h e  cell ;  t h a t  i s  u s e f u l  performance bf the-cell I 

A t  the end of t h i s  per iod  of t i m e  one gi-oup of cells 

14 

15 

is e s s e n t i a l l y  unaged; they h a w  been s i t t i n g  on the she l f ;  
17 1 

versus  a real d i f f e r e n c e  i n  c h a r a c t e r i s t i c ,  if you fo l low what 

I mean. 

and the o t h e r  group has  seen a y e a r ' s  work. 
18 

I/ What is t h e  way out?  
2 1 

19 

20 

II MAURER: ( B e l l )  I agree  the wear-out has  taken 
22 

CARR: . (Eagle p icher)  But they  a l l  have t h e  sane 

amount of m a t e r i a l  ih . t h e m  t h a t  they  had i n  t h e  beginning. 

CARR: Yes. What is it? 



k e p t  t h a t  way for a year. 

The t r ick le-charge  c u r r e n t  was somewhere around 10 

milliampfares. It a c t u a l l y  generated gas which was equ iva len t  

-- the gas  was measured and t h e  o v e r a l l  gas a t  t h e  end of one 

FLEISCHER: (Consultant)  A long t i m e  ago I t r i c k l e  
. . 

charged a 40 ampere-hours s i n t e r e d  plate b a t t e r y  which had 

s t r i n g  s e p a r a t o r s  s o  t h a t  it had no c e l l u l o s e  i n  it. I t  was 

f u l l y  flooded. The t r ick le-charge  vol tage  was 1.40 and it was 

I 

I 

k 

a t  40 ampere-hours. But I want t o  ca l l  your a t t e n t i o n  t o  the I 

year  was about  20 percent  of the t h e o r e t i c a l l y  expected amount 

of hydrogen and oxygen. 

A t  the end of the year ,  the cel l  w a s  discharged and 

fact  t h a t  i n  t h e  flooded state t h e  t r i c k l e  charge v o l t a g e  i s  

1.40 and t h i s  is a l s o  a high va lue  f o r  the pocket-ty:pe electxo 

1 

which has  e l e c t r o l y t e  that has a d e n s i t y  of 1.20 t o  1.23; s o  

20 li w e  have a very high t r ick le-charge  v o l t a g e  on t h e s e  cel ls ,  - .  I 

it gave a capac i ty  of 4 4  ampere-hours i n s t e a d  of t h e  40 I / 

2 1 I/ way above where they ought to be f o r  s i n t e r e d - p l a t e  b a t t e r i e s .  I 

ampere-hours which it gave on numerous cyc les  p r i o r  t o  the t i m e  

it went ton t r i c k l e  charge. 

It never went back t o  44;af ter that it cycled again  

2 4 1  
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t 

HALPERT: Can I ask f o r  the record  what it should 

be for aintered-plate batterf es? 

FLEISCKER: With a flooded cel l  I said i t  was 1 .40 .  I 
KALPERT: Okay. 



LACKNER: (Canadian Defense Research Labs) ('DU a 

Canada) W e  have gone over the long-rate  t r i c k l e  charge and t h e  

3 1  fading.  We have had some experience with t h a t  and we have said I 411 t h a t  it $&not .  i r r e v e r s i b l e ,  t h a t  you can 'get back t o  capac i ty .  I 
Dean Maurer s a i d  t h a t  t h e  c e l l s  t h a t  have! been on 

t r i c k l e  charge f o r  a long period of t i m e  were working. These 

cells were n o t  working. You were overchanging them b u t  i f  -you 

r e a l l y  want t o  e x e r c i s e  them, a t  periodi= in t , e rva l s  you should 

d i scharge  the cells down t o  a t .  least  one v o l t  or less and the  

periodic: i n t e r v a l  should be about t h r e e  months. 
I 

And then you w i l l  r e a l l y  be -- when you work a cel l  

you d i scharge  it and charge it.. The ni-cad system is noted I 
f o r  be ing  able t o  work many c y c l e s  of long life, s b i t  should 

not have a wear-out. 

HALPERT: - .  D r .  . Will3 

MAURER: Can I answer that? I 
HALPERT: ~ l l  r i g h t .  

MAURER: ( B e l l )  A b a t t e r y  i n  a r e s e r v e  ]node, l i k e  

a n i g h t  watchman, sits around and waits f o r  something to happen* 

and i n  t h a t  c o n t e x t  the b a t t e r y  i n  r e s e r v e  operat io;n on t r i c k l e  

charge can  be working. 

t I 
I 

(Laughter. ) 

WILL t (G .E .k We seem t o  be agreeing more and more 

t h a t - t r i c k l e  charge may be detrimental to the n i c k e l  p l a t e ,  t o  

t h e  p o s i t i v e  plate., and that  it niay not  be d e t r i m e n t a l  a t  all; 



i t  may be i n  f a c t  b e n e f i c i a l  t o  the negat ive  p l a t e .  

I would l i k e  t o  amplify on t h a t  l a t t e r  p o i n t  once 

more i n  saying t h a t  what one i s  doing with t r i c k l e  charging 

t h e  negative! p l a t e .  is. t o  ca thod ica l ly  p r o t e c t  t h e  negat ive  

p l a t e -  and thereby n o t  allow d i s s o l u t i o n  and t h e  dis8ollution i s  

obvious1:y the major mechanism causing t h e  fading  of ?:he negat iv  . I  
p l a t e .  

I' would, therefore , ,  l i k e  then  t o  pose the ques t ion  

t o  the ' e : ~ p e r t s  on the p o s i t i v e  p l a t e ,  and would chal lenge  them 

i n  comincg up with some p o s s i b l e  mecl.rnniams of fa i lu r r t  modes of 

p o s i t i v e  due t o  t h e  t r i c k l e  charge.  

HUPERT: D r ,  Himy down here  has  a comment. I hope I 
I 

you. are going t o  answer it. 

HIMY: (McDonnell) I want t o  go back t o  t h e  problem 

of carbonate  b u i l t  up i n  t h e  cell .  I f  part of the p~:oblem 

i n  fading  o r  otherwise i n  nickel-cadmium cells is due t o  con- 

c e n t r a t i o n  of carbonate  build-up,. due probably t o  the decay of 

organic  membrane, whether they  are ce l lu lose -z inc  o r  nylon, 

it j u s t  seems n a t u r a l  t o  go back t o  inorgan ic  membranes. 

It  i s  n o t  t h e  cel l ' s  f a u l t  he re ,  I tested some 

cells o f  silver-cadmium wi th  inorgan ic  materials and I cannot  

say  I not~iced  any fading  because the cell  was designed w i t h  

excess  negat ive  r a t i o ,  negat ive  t o  p a s i t i y e  r a t i o ,  a s  usual .  

The c e l l s  have so far reached 6,000 c y c l e s  a t  40 

percent depth of discharge  and are s t i l l  going stPOngr so 
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2 

3 

6 
11 IntelSat--4:-program and one of my col leagues ,  A 1  Hellor,  is on I : 

1 

it probably s t i l l  above the l e v e l  of the I to 1 r a t i o .  

STEINHAURIER: (Hughes) I would l i k e  t o  comment 

4 

5 

II t h a t  program. I n  synchonoua earch  o r b i t  ' w e  have 3.35 days '  1 a 

I couldn'l t  say, r e a l l y ,  i f  thore i s  any fading; t h a t  means it 

i n  reinforcement of some of Jim Dunlop.'s statement$.  

W e  have been running p a r a l l e l  t e s t i n g  on t.he 

I1 s to rage  per iod  between e c l i p s e  seasons and w e  have been through 

11 one ec l i ]?se  season and one s to rage  mode i n t o  the second e c l i p s e  

10 

1 1  

o u t ,  namlely, t h a t  you g e t  a vo l t age  d r o p - i n  t h e  vol t ,age curve 
. I 

season and we may be a l i t t l e  farther along than  that, I am 

n o t  su re .  

12 

13 

14 

15 

17 II versus  r u n  t i m e  or ampere-hours. I 

The p o i n t  i s  t h a t  that satel l i te  has  s e v e r a l  -- i 
t h r e e  modes of charge where w e  could t r i c k l e  charge :If w e  

wanted. The r e s u l t s  on t r i c k l e  charge i n d i c a t e  some of t h e  

t h i n g s  t h a t  Floyd has  pointed o u t  and that Jim has  pointed 

18 
- - 

19 

20 

I 

.Wp haven ' t  seen it p l a t e a u  o u t  y e t ;  j u s t  a s o f t  

knee, but t h i s  is recoverable  by a big d i scharge  down t o  about  

somewhere i n  the range of 120, 115 v o l t s  p e r  cell; and we have 

2 1 

22 

23 

seen  this on o t h e r  programs, s o  it i s  appakent ly recoverable .  I 
I 

HALPERT: Is anyone going to comment about  the 

p o s i t i v e  e l e c t r o d e ,  D r .  W i l l ' s  ques t ion?  It would 'be kind of 

i n t e r e s t i n g  here .  

I Reflorbrs, In:. BEAUCHAMP: (BTL) I presented  j u s t  a l i t t l e  data 
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yesterday on t r i c k l e  charge of s i x  months a t  50 degrees P. and 

were wras no second p la teau .  I. g o t  f u l l  capac i ty  o u t  of t h e  

cells. A t  h igher  temperatures w e  started t o  see an i n i t i a l  

p la teau .  

I d o n ' t  know t h e  answer t o  E a r l ' s  quf3&ti0nr whether 

it is the negat ive  o r  t h e  p o s i t i v e ,  s i n c e  w e  d idn '  t. have 

refererice e l e c t r o d e s  i n  t h e  cells. It was my thought though 

that it was probably due t o  the negat ive  p l a t e  on this long 

t r i c k l e  charge,  p o s s i b l e  growing l a r g e r  cadmium c r y s t a l s .  

The p o s i t i v e  p l a t e ,  I th ink .  i f  you do  X-ray 

d i f rac i t ion  work, i s  very amorphous, very smal l  c r y s t a l s ;  s o  I 

have no direct measurement b u t  I j u s t  th ink  it negat ive.  

DUNLOP: (COMSAT) Whose cells wkre they? 

BEAUCHAMP: The data was marked on those  graphs 

yes terday;  I f o r g e t  e x a c t l y  whose were d i f f e r e n t  temperatures .  

I t h i l i k  I had three manufacturers and I would have t o  go back 

and really go through the data to say whose cells did what. 

' .We have t e s t e d  Eagle P iche r ,  Gulton and G.E. cells. 

HALPERT: Okay, any o t h e r  comments? Dean? 

MAURER: ( B e l l )  I would l i k e  t o .  comment' on t h e  

peak you see i n  the  charging curve. 

This  peak i s  a func t ion  of  M e  cell  des ign;  cells 

can be designed and, i n  fact,  some commercial manu.facturers 

produce cells t h a t  have no peak on t h e  charge curve,  t h e  

t rans i tAon from charge t o  overcharge showa no peak. This, in 



I/ ago t h p t  depended on increase i n  vol tage  to t u rn  the rapid  

1 fact,-mas part of the  c o n t r o v ~ r s y  over the  varioue rrpid 

charging systems t h a t  were ballyhooed s i x  months o r  a year 

4 

5 

charge o f f .  

Some manufacturers .:!c&Lls do no t  have this peak. 

6 

7 

The pei3k r e s u l t s  from the  effect of oxygen being generated 

a t  the pos i t i ve  e lec t rode near the end of charge. .The f i r s t  

8 

9 

11 -depolar izes  it. The voltage -4 the topple voltage of the  12 I 
I 

Wing t h i s  oxygen does is increase  presaure i n  t h e  cell. 

X t  comes out through the separator ,  f i l l s  the void spaces, 

10 

1 1  

li 13 cadmiwn e lec t rode  is a function of t h ~  oxygen pressuxe and as 

and inczrsases i n  pressure. 

-F ina l ly  it g e t s  t o  t he  negative electrode where it 

141 t he  oxygen pressure goes up the cadmium vol tage  gotss.'down so I 
15 

l6 

, . 
20 )I an. equalibrium condit ion where the recombination *ate on the 

t h a t  tihe f i r s t  th ing  you see a s  you reach near the end of 

/ charge is the  voltage i n  the cell  goes up because both 

17 

18 

19 

2 1 
11 negative e leot rode equals  t he  charging rate. And a t  t h a t  

e lec t r~odes  are reaching higher rctates of charge. And then as 

the pressure increases  i n  the  void spaces of t h e  cull, the 

vol tagea .e ta r t s  . tot-&drop-:back down again and eventual ly reaches 

22 point  pressure,:risei:stops -and ' the. vol tage  s tab i l i z ,es .  

J u s t  as an  example, a cell with a larger void 

1) volume would probably have a bigget peak than a cell w i t h  a 
24 I 

emallerr void volume. Also, a ca l l  that has a negative that f s I 
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1 

11 e f f i c i e n t  a t  recombination. 

4 4 0  

i nhe ren t ly  Easter a t  recombination, w i l l ,  have a howe~r charging 

2 

I want t o  emphasize t h a t  t h e  recombination rate is I 

. - 
peak o r  maybe no peak a t  a l l ,  than  an e l e c t r o d e  whfclt i s  leas 

5 always $he same because we  are i n  an equalibrium condi t ion ,  I/ 
a c losed  system. The recombination rate always equa l s  the I 

7 charge *ate a f t e r  you have once g o t t e n  i n t o  the overcharge il 
Your comment was t h a t  a cell  which i n i t i a l l y  had 

one type of vo l t age  peak a f t e r  aging,  now .had a new type I 
1 1  11 could be explaned by some of  these cadmium s p e c i e  migra t ions  I , 

of t h e  negat ive  e l e c t r o d e  became clogged a t  t h e  s u r f a c e  because 

12 

14 /I of cadmium,, ca&nfum-hydroxide , o r  c~dniiuxn-carbonate I I 

I j 
t h a t  w e  have been d i scuss ing  he re ,  I f ,  f o r  example, the pores  

I i 

accmtalat.ion there -- and many of u s  have seen t h a t  i n  c e l l s  

I1 16 that have been dismantled -- t h e r e  is a l o t  of m a t e r i a l  on t h e  

/I s u r f a c e  of these p l a t e s  -- then  the recombination ra te  on those I 
e l e c t r o d e s  'is ve ry  l i k e l y  -- s o r r y ,  t h e  recombination e f f i c f e n c  

19 is likely t o  be poorer  because t h e  pores  are now' blocked, I/ 
2o 11 Then you would expec t  t h a t  you would see a h igher  I 
21 / /  peak i n  a cell  of t h a t  s o r t  than  you wollld wi thout  the pores  I 

11 c h a r a c t e r i s t i c s  t h a t  has  been observed i n  M e  cel l  under the 1 

22 

23 

being clogged. 

FORD: It might make you f e e l  b e t t e r ,  one of t h e  



1 

4 4 1  

tho l a t e r  l i f e ,  and w e  a r e  t a l k i n g  about 3,000 c y c l e s  now, a t  

2 

have 'Q@t many numbers, b u t  t h e  numbers w e  do have !where w e  hav 

a temperature of about 55 degrees F. The s t eady  s t a t e  over- 

charge pressure  i s  b u i l t  up about  20 t o  30 percent .  But one 

4 

6 11 g o t t e n  Znto a very unusual high vo l t age  c h a r q c t e r i s t i c ,  and run I 

. . -  . 
th ing  t h a t  puzzles  m e  about this, and s t a t i s t i c a l l y  w e ' d o n v t  

t h e  w e t ,  p l a t e  t e s t  on t h e  cells', w e  have always found o r  

found a c o r r e l a t i o n  with the f a c t  -- w e l l ,  two th ings  -- one 

is that t h e  p o s i t i v e  p l a t e  capac i ty  has  increased  and it i s  

increased  because it is  above what w e  know the p o s i t i v e  p l a t e  

c a p a c i t y  of tki s p l a t e  l o t  was e a r l y  i n  l i f e ;  two, the negat ive  

plalts capac i ty  i s  always very  c l o s e  t o  t h e  p o s i t i v e  p l a t e  

16 I/ 1.1 t o  1 ; and we  f i n d  r a t i o s  of  1.0 t o  1 ; and we  have even had I 

, 
14 

15 

, capacf ty. 

I n  some cases, and I th ink  Gerry completed some 

work on the p l a t e s  from t h e s e  cells, we f i n d  r a t i o s  of about  

11 I realize there are probably o t h e r  f a c t o r s  l i k e  car:bonate and I 
l7 

. . 
s o  f o r t h  t h a t  are g iv ing  us  t h i s  problem. 

ratios -- negative ratios i f  you want to  ca l l  it that -- but 
I 

20 

2 1 

you have roughly about  40 ampere-hours of capac i ty  .in these I 

On the o t h e r  hand, it always show up i n  tests t h a t  

w e  know how t o  run ,  a t  least,  t h e  w e t  e l e c t r o d e  capaCity test ,  I 
I 

- 22 

23 

as low, negat ive  capac i ty ;  and I am t a l k i n g  about  a l o s s  of 

cells  tha t  start o f f  with a ra t io  of 1,40, 1.5 t o  1, which means 
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And I am not saying it cannot be recoverled; I think 
. . 

maybe Gerry might comment om that because he has be'en running I 
some individual plate tests on these type cells. 

HALPERT: On those particular plates fro:m those 

cells, we took two cells from the group that have been cycled 

for six: months, as Floyd said, and two that have not been, and 

took representative plates from bath groups. 

Just as he said, the electrochemical capacity of the1 

positives was slig,htly higher and the electrochemical of 

the negatives was low by approximately 0.6 ampere hours out of 

3.5 ampere hours per plate. And even though we gave them 75 
I 

percent: overcharge in flooded condition, we could not get the I 

I 
capacit,y back out again. So it was not recoverable. 

Maybe if we had done it at 5 C rate or something and 

discharged it, it might have happened differently: but it was 1 
I 

obvious that the capacity was gone. 

Now, whether t h a t  means t h a t  the  chemica.1 structure ' 

of the plate is different, has mo're cadmium than ca.dmium- 

hydroxi.de, or some other compound in which w e  have lost the 

weight, or whether it is actually material lost by going into I 
I 

the separator, I cannot determine at this point. I 
GROSS : (Boeing) Overcharging would take inactive 

cadmiunr and convert it into active cadmium; however', the cells 

are not made with great uniformity and are not made in a way 
! 



I 
t h a t  w e  can  a l l ow easy  a c c e s s  of oxygen t o  t h e  i n t e r i o r  of  t h e  I 

p l a t e  du r ing  overcharge;  consequent ly ,  t h e  overcharge  r e a c t i o n  

occurs p r e f e r e n t i a l l y  on t h e  outsl.de exposed edges  of t h e  I 
I 

p l a t e s  ,, I 
I 

I would s p e c u l a t e  t h a t  t h i s  would a l l ow t h e  i n a c t i v e /  

cadmiurn species i n  t h e  i n t e r i o r  o f  t h e  p l a t e  t o  n o t  ge t  

regeneyated b u t  I have no facts t o  go on. I wonder i f  anybody 

knows \qhether t h i s  i s  t h e  ca se .  

HALPERT: The p l a t e s  t h a t  we looked a t  i n  t h a t  

p a r t i c u l a r  group were almost  a c l a y - l i k e  s t r u c t u r e  cover ing  t h e  

s u r f a c e .  W e  d i d n ' t  go t o  ve ry ,  v e r y  h igh  magn i f i ca t ion ,  b u t  

i n  t h e  scanning  e l e c t r o n  microscope w e  c o u l d n ' t  see below t h e  
I 

s u r f a c e .  

The cover ing  was l i k e  a c l a y .  P l a t e s  o f  t h e  same 

t y p e  f r o m  t h e  same b a t c h  t h a t  were p u t  i n t o  t h e  l i k e  cells and 

al lowed t o  s t a n d  f o r  t h e  s i x  months' pe r iod  did  have p r e t t y  

open s t r u c t u r e  t h a t  w e  cou ld  see i n t o .  They had been g iven  

one or two c y c l e s ,  t he  p l a t e s  t h a t  had been s t a n d i n g  and had 

gone th rough  a manufac tu re r ' s  t e s t i n g  program. 

They were j u s t  set a s i d e  a t  t h a t  p a r t i c u l a r  p o i n t  

end l e f t .  So, t h e  f a c t  t h a t  t h e r e  was a cover ing  i n d i c a t e s  I 
t h a t  i t  may have been a problem of oxygen g e t t i n g  i n t o  t h e  

inner area, i f  that is  what you are say ing .  

GROSS: W e l l ,  I a m  commenting on the g e n e r a l  q u e s t i o  I 



r a l  R~porE3rs, inc. 
25 

of what i s  the effect of t r i c k l e  charge. 
. - 

I 
HALPERT: T h i s  d i d n ' t  have anything t o  do wi th  

t r i c k l e  charge,  on t h e  p l a t e s  t h a t  Floyd was t a l k i n g  about; 

these ve,re.on continuous cyc le  for s i x  months a t  Crane i n  a I 
s i m u l a p d  25 pe rcen t  depth o x b i t .  I 

GROSS: My specu la t ion  is t h a t  t r i c k l e  charge would I 
n o t  be f u l l y  e f f e c t i v e  i n  recoverng the  l o s t  capac i ty  on the 

pass iva ted  cadmium. I am ques t ioning  whether anybody knows 

whether t h i s  i s  t h e  case ox no t .  

%PERT : Dunlop? 

DUNLOP: I d o n ' t  want to answer t h a t  ques t ion  s o  I 

w i l l  101: somebody else have the  f l o o r .  
I 
1 

HALPERT: Does anybody want to answer i t i '  Oz .-. Wf 3.17 I 
WILL: G.E .) I t  is  t r u e  t h a t  t h e  d i s s o l u t i o n  of  the1 

I 
cadmium-hydroxide c r y s t a l s  s t a r t  at t h e  pore mouth, f t  i s  I 
a l s o  true that t h e s e  b i g  cadmium hydcoxkde::crystals d id  

origina1Lly block the pores .  As soon as these c r y s t i i l s  are 

dissolved t h e  blockage s t o p s  and the f i e l d  can p e n e t r a t e  

f a r t h e r  i n t o  t h e  pore and consequently t h e  cadmium-hydroxide I 
c r y s t a l s  f u r t h e r  i n s i d e  the pore  f i n a l l y  a l s o  disao8ve. 

However, t h i s  is a slow process .  I 
May I make one p o i n t  on t h e  gas  e v o l u t i o ~ ~  and t h e  

oxygen B V Q ~ U ~ ~ O ~  in the overcharge model 

This ProcefJs is  a diffusion l i m i t e d  process and t h e  I 
oxygen rill n o t  cause  the p o t e n t i a l  of the cadmium e l e c t r o d e  to 
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I drop. If anything, as the p;essure rises of the oxygen in the 

2 

3 

DUNLOP: (COMSAT) I just want to go back and ask a 

sealed cell, the potential of the cadmium electrode is going to 

become more positive. It is bound to happen; there is no 

! 5 

ti 

-7 

I3 

1011 question about your work there, Gerry. I 

other possibility. 

MAURER: We don't see that in practice. 

WILL: Then there must be a different reason for it. 

(Laughter) 

HALPERT: We have a small disagreement over here. 

When you observed. the loss in capacity, did you go 

i i l  through EL cllemical analysis on the plates? 

1 :I 11 HALPERT: Yes, we did go through extraction, samples 

taken from the same lot before they were cycled. After we I 

1 7' 11 DUNLOP: Were you able to determine whether your I 

1:; 

16 

/I problem was, charging the cadmium or discharging the cadmium? I 

I removed them and cycled them, we took sample plates, then we 
did a chemical extraction and electrochemical testing. 

2 1  1 HALPERT: No, the capacity was significantly 

15,  

20 

2i, 1 reduced about 0.6 ampere hours out of 3.5 ampere hours. 

If you did both electrochemical and chemical analyses, you 

should have been able to determine if it was one or both. 

DUNLOP: I understand that, but was it the fact 

1 that you couldn't discharge it, with the metallic cadmium 'therd 
f 

you could not discharge at a useful rate or you couldn't 
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discharge or you could not  charge the cadmium hydro:itide? 

W P E R T :  We charged a t  75 percent  ovarcl~axge and 

w e  could n o t  g e t  t he  capaci ty  ou t  of p l a t e s  t h a t  were i n  t h e  

same l i n e ,  operated a t  the same t i m e ,  from the  new cel l .  

DUNLAP: I undezstand you d i d  n o t  get the capaci ty  

ou t .  

HALPERT: Y e s .  

DUNLAP: Now, I am asking you t h e  ques t ion ,  was it 
I 

the fac:t t h a t  you could not  charge it or t h e  f a c t  t h a t  you coulg 

no t  discharge i t ?  D o  you kn~w?  

&PERT: I r e a l l y  dont t remember. I t  was done 

elsewhere, I don t remember t h e  numbers. Dan, wocild ytlu 1 
happen to remember the nwnbe~s offhand? 

VOICE: I cannot remember them. 

HALPERT: Okay, I don' t have the numberrf wf t.h m e .  

I cannot  remember t h a t .  

DUNLAP: T h i s  really i s  a r a t h e r  important p o i n t  

because t he r e  is a l o t  t o  do with t h i s  whole bus iness  of 

pre-charging and everything else. You r e a l l y  ought t o  f ind  

o u t  whether it is a problem of  being ab l e  t o  chargls t h e  

cadmiwn o r  whether it is a problem of being ab l e  tlo d ischarge  

the calhium. And i f  you do a complete a n a l y s i s ,  ylou know, t h i h  
I 

is  the p o i n t  t h a t  we were making yes te tday i n  t h e  paper: If 

you do go t o  an ana ly s i s  where you do both a n  electrochemical  

and a chemical ana ly s i s  of your plate ,  then you can;%indeed, 
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determine which problem you are having, i f  you a r e  l o s i n g  
. - 

u t i l i z a t i o n  of t h e  plate, whether it i s  a problem of charging 

t h e  p l a t e s  o r  a problem of d ischarging  the! p l a t a s .  

HILLPERT: These d a t a  are a v a i l a b l e ,  
. . 

CARR: (Eagle P ichs r )  There i s  a t h i r d  p o s s i b i l i t y  

That ig whether it is t h e r e  o r  not .  

DUNLAP: H e  mentioned a l o s s  of  weight. I agree ,  

b u t  he mentioned a l o s s o f  weight of about  25 percent. He 

mentioned a l o s s  of capac i ty  of about 50 pe rcen t ,  so there wat 

a l o s s  of c a p a c i t y  which exceeded t he  loss i n  weight t h a t  he 

mentianed. As I understood it, . I may be wrong the re .  

. STEINHAUER: ( ~ u g h e s )  Maybe w e  shouldn ' t  get i n t o  

t h i s  ques t ion ,  but -- 
@ 

(Laughter .) 

STEINHAUER: -- t h e r e  has been t h e  p o i n t  made of 

s u r f a c e  charge ve r sus  d i f f u s i n g  t h e  charge i n t o  t h e  p l a t e .  

There isre several people i n  the room, I thixdc, t h a t  have done 
1 

pulse charging b u t  more p a r t i c u l a r l y  I would like t o  d i r e c t  

my quer3tioq toward p u l s e  t r i c k l e  c h a r g i  ng. I b e l i e v e  t h e  

"nadians; Army E l e c t r o n i c s  and perhaps Utah ~ e s e a r c h  have 

Borne work on t h i s .  

Can we  l i v e  with the cells as they s t and  wi th  the 

:arbonate? Does t h e  c a p a c i t y  and v o l t a g e  hold up  under pu l se  

Fick1ir:%jharging over  a long  time? 

HALPERT : Eackner? 



LACKMER: (Canadian Defense Research L a b a )  I 

imagine t h a t .  ques t ion  was d i r e c t e d  t o  m e ,  wasn' t it? 211 - 

9 I/ I f  you pu l se  charge a t  a high rate,  and then when I 

3 

4 

5 

6 

7 

8 

10 
you get  into the overcharge pekiod, which would normally be 

Are t h e r e  any o t h e r  Canadians here? 

(Laughter. ) 

LACKNER: We have done tests on p u l s e  t r i c k l e  

chargiqg and pu l se  high-rate  charging;  and we have found t h a t  

i f  you charge a t  a high r a t e  you get  b e t t e r  charge e f f i c i e n c y .  

I believe t h i s  was a l ready  known. 

1 15 
11 u n i t s .  1He st i l l  f e e l  t h a t  you have t o  e x e r c i s e  the b a t t e r y  I 

1 1  

- 1 2  

13  

1 4  

1 5  

(Laugher . ) 
LACKNER: -- How it develops t h i s  c o n d i t i s n  I won't 

e n t e r  i n t o  it. -I b e l i e v e  D r .  W i l l  h a s  exhausted that  t op ic .  

But you have t o  p reven t  it from g e t t i n g  i n t o  a c e r t a i n  mode, 

s o  you dcr .have ' to' e x e r c i s e  it. 

your t r i c k l e ' c h a r g e ,  if you then s t i l l  pulsed a t  a high rate I I 
but  a low average charge rate -- i n  o t h a r ~ w o r d s  you spread o u t  I 

I 

1 :7 

1 13 

- '  :. :.What . a s  pulse -dooa, it exerciraeo it t o  a c e r t a i n  

your p u l s e s  -- you could maintain the c a p a c i t y  f o r  a long 

period of time on t h e  o rde r  of a year .  

W e  have dons t h i s o n  standby emergency l i g h t i n g  

because i f  you cont inue  it i n  one mode, it  develops a certain 

c o n d i t i o n  and I h a t e  t o  mention the word memory -- 

e x t e n t .  

i 
f 
1 

t 
i 

j 



HALPERT: L e t  m e  make a p o i n t  here.  

2 

about  f ive or  s i x  years now, approximately. W e  havs been 

n o t i c i n g  something occurr ing.  W e  have n o t  done a l o t  of 

1 t r i c k l e  charging,  s o  T cannot  answer a l l  of your ques t ions ,  but I 

W e  ' k g h t  t o  be f i n i s h i n g  up i n  the n e x t  f i v e  o r  

t e n  minutes. I know some of you s t i l l  have t o  travtal this 

4 

5 

w e  have noted i f  a b a t t e r y  6elI:.ia !faded, caused by a shork 

evening s o  -- 
BOYD: (Utah Research) W e  have been pu l se  charging 

-- c y c l e ,  the pu l se  charge does remarkably w e l l  i n  restoring I 
But i f ,  on the o t h e r  hand, i t  is  caucod t)y a I 

I 
deep c y c h  o r  .a heavy c y c l e ,  then we  don't do as wel.1. W e  have1 

t o . h a v e ,  . ., - . this p e r i o d i c  recycling down t o  zero or 1 vcllt per cell .  

Most of our  work has been on t h e  vented T cells so 

we havenit t got a l o t  of h i s t o r y  on the sea led  type  c ! e l l .  

By the way, we also should make a comment: that the 

type of p u l s e  i s  very  cr i t ical .  I f  you have a high peak of I 
average r a t i o ,  then  you do have some degradat ion  caused by . . I 
hea t ing  the c e l l ;  b u t  i f  you mainta in  s a y  a 2 or 3 t i m e s  t h e  

average peak ra t io ,  then you do very  w e l l .  So a l l  of these I I 
;things must be considered.  i 

We have about f i v e  d i r f e r e n t  .tme&,of4: . ... -,:. : ,:< , 

1 p u l s e  charges w e  b u j l t  c u r r e n t l y ,  one of  which has  a burst 
24 I I 

effect wherein w e  have, I 'be l i eve  it i s  a s i x  peake'per. burst I 



s r s  9 9  

a t  the a c t u a l  frequency of i n p u t  voltage, and t h i s  does very I . - 
wel l .  But a s  we go t o  a oinglbs pu l se  and have a very high 

r a t i o  we only  have degradat ion occurr ing ,  go some cau t ion  must 

be used i n  pulse  charging. But it is a l s o  very  b e n e f i c i a l .  

blAURER: (BdLb) I would l i k e  t o  make a few comments 

about t h i s  and t h e  negat ive e l ec t rode .  

F i r s t  of a l l ,  the negat ive  e l e c t r o d e  p o t e n t i a l  i s  

a mixed p o t e n t i a l .  I t  c o n s i s t s  of the hydrogen p o t e n t i a l ,  

the ~admium p o t e n t i a l  and t h e  oxygen p o t e n t i a l .  Re la t i& 

to  a mercury re fe rence ,  t h e  oxygen p o t e n t i a l  i s  p o s i t i v e ;  the 

cadmium p o t e n t i a l  is nsga t ive  by about  .9 v o l t s  o r  something 

of t h a t  s o r t ;  and hydrogen p o t e n t i a l  i s  negat ive  b y  about I 
1.1 v o l t s .  = 8 

This  p o t e n t i a l  is mixed which means that i n  any 

g iven  s i t u a t i o n  a l l  t h r e e  r e a c t i o n s  can occur.  So t h e  presence 

of oxygen w i l l  tend t o  make t h e  p o t e n t i a l  go more p o s i t i v e  
I 

t han  i t  would i f  it w e r e  n o t  i n  the presence of hp3rogen 

t h e  ofher way. So i n  an overcharging electrode one would 

expec t  t h t  the oxygen would depress  the negat ive  p o t e n t i a l ,  

t h a t  i ~ ,  make it more p o s i t i v e  than  it w a s  i n  the f i r s t  p l ace ,  

which tends t o  decrease  the vo l t age .  1 
The o t h e r  p o i n t  I wanted t o  make was t h a t  p u l s e  

t r i c k l e  charging -- I have no exper ience  wi th  t h i s  pe r  se, b u t  

I d o  hlave some experience wi th 'wha t  we c a l l  knter rupted  I 
Jeral Reporters, Inc. 

25 ~ v e r e h ~ a r g e ,  and this is deffnf"Le2y detx imenta l  to the cull when 

I 
I 



. . 
t i m e  i t :  t a k e s , t h e  oxygen pressure  -- t h a t  i s ,  t h e  equalibrium 

rarrl 100 

1 

5 ocygen is  n o t  p r e s e n t  s o  the i n h e r e n t  p o t e n t i a l  of t h e  negat ive  Il 

4 5 1  

the int :errupt ioa i s  of an ~ r d e r  of time comparable t o  the 

3 1 

4 

0xygen:pressure on overcharge -- t o  decay t o  apprec iably  lower 

values.  When charge i s  re turned  and a f t e r  t h i s  pe;iod of time 

1 f o r  p e ~ i o d s  o f  t i m e  let 's  say on the o r d e r  of 15 minutes t o  an  

9 1 hour. .  you w i l l  g e t  a p p r e c i a t b l e  of hydrogen when 
I i 

I 
6 

7 

l o  il the charge is s t a r t e d  again.  

electraide i s  h igher  and you tend t o  genera te  hydrogen, s o  that 

i f  you i n t e r r u p t  an overcharge,  s p e c i a l l y  a t  how temperatures ,  

1 1  I/ - 1f  t h e  i n t e r r u p t i o n  is sf s h o r t  d u r a t f  on, ' i n  

. ^  I 

j 
seconds or minutes,  t h e r e  is no apprec iab le  e f f e c t ,  - 1 

CARR: What r a t e ?  

MAURER: C over  20. 

DUNLOP: I j u s t  have one comment. About 1968, '  

. a t  the  1EEE.i X published a paper t h e r e  on the pulse-charging 

work t h a t  w e  d id  f o r  about a year and a half o r  so i n  the labs. 

What we  d i d ,  we took a group of trhird<-?:-electrode ~ c ~ e l l s ,  e i t h e r  

t h i r d - e . l e c t r o d e  f o r  charge c o n t r o l ,  and w e  took two packs and 

we pulse-charged one pack and we cons tant -current  c:harged 

another pack at t h e  same average r a t e .  And we t r i e d  d i f f e r e n t  I 
duty cyc:lee on t h e  pulse  rate -- 10 pe rcen t ,  1 5  pe rcen t ,  20 

pe rcen t  and 80 forth. We t r i ed  d i f f e r e n t  rates, C over 5 

average,  C over  10,  C over  20. 
. - . - < -  - 

. . Iia a131 that work, and you can  f ind that :cefesenco, 
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it took the* sme amou~$t of t h e ,  using the same averrtge current, 
. . 

I t o  charge a cell  up whether you do i t  with pulse  charging or 

whetheq you do it w i t h  constant-current  charging a t  t he  same 

averagq r a t e .  

This i s  an ampere-hour charge e f f i c i e n c y  t h a t  I am 

t a l k ing  about. You don ' t  improve the ampere-hour charge 

For t he  900 cycles  t h a t  w e  ran ,  wherein we were 

us ing, .& be l i eve  i t  was, a C over 25 percent  duty  cyc le  and 

an average C over .10 charge r a t e ,  we used an 80 percent  depth 

of d ischarge ,  we had the same b a s i c a l l y  a t  the end of the 700 

ox 800 cycles, ,  whatever it was, the discharge  c h a r a c t e r i s t i c s  

of both packs looked almost i d e n t i c a l .  W e  recondit ioned both 

'14 

15 

16 

17 

18 

19 

20 

packs and they s t i l l  looked almost i d e n t i c a l .  

So, f o r  t h a t  period of t i m e ,  we were n o t  ab l e  to  

determine t h a t  there was either an advantage or a disadvantage 

tq the pialse charge. 

HALPERT : Boyd, Utah? 

. BOYD: (Utah Research) We have seen much the same 

thing, except  i n  some cases .  W e  have not iced ,  by taking some 

21 

2 : ~  

2;3 

2,t 

cellsa degrading of perhaps 30 t o  40 percent .  I n  some cases  

t h e  f i r s t .  charge cyc l e  with pu l sa t i on  they recover completely. 

With cons tan t  c u r r e n t  t h a t  i s n ' t  true; however, there are some 

cases  where . ne i the r  recoverv; e&ther;.putak ' .orccsnstaat -currant. 
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If we hold the pulss peak canatant, a t  t h u  duty 

cycle, then we don't have any improvement. B u t  i f  rre vary 

the peak and the duty cycle both, we do f ind hprovctment 

And then, secondly, as I mentioned before,, i f  the  

fading ,$s caused by shallow cycling, then we have good resu l t s .  

But i f  i t  is  caused by deep cycling o r  heated c e l l s ,  there is  

HALPERT: A t  t h i s  point I might 'say tha t  tre have had 

a very ]productive session, I think we have covered raome of the 

area8 t l ~ a t  Chuck McKenzie suggested we cover back i n 1  h i s  

beginning keynote address, and I h o p e  t h a t  a l l o f  youhave . 
enjoyed it and gotten something out of it. 

W e  hope t o  have the  proceedings back t o  you i n  as 

short  a time as possible, on the  order of three weelrs t o  ta 

month. And I hope tha t  a l l  the  s l i d e s  w i l l  be i n  so t ha t  

we w i l l  have them t o  accompany it. 

I do want t o  make mention of the  f a c t  thal: we have 

had some foreign v i s i t o r s  with us here today and yerlterday -- 
D r s ,  Font and Perrachon. from SAFT s i t t i n g  r i g h t  over here; md 

i n  the back row we have Fergusson from Canadian Arse~rals and 

S t o t t  from Telesat ,  Canada; and you have m e t  Joe Lar:kner of 

Cancsdiar~ Defense Rasearch Labs. We aro very happy i;o hnvs had 

them conre down and v i s i t  with US. 


