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ABSTRACT 

The o b j e c t i v e  of  t h i s  work i s  the development of h e a t - s t e r i l i -  
zab le ,  hermet ica l ly  sealed Ni-Cd cells for  space app l i ca t ions .  

The electrochemical c h a r a c t e r i z a t i o n  of t h e  s te r i l i zed  17-plate  
factorial  design cells is  continuing. Data up t o  and inc luding  
cyc le  9 1  i s  presented.  

O f  t h e  e ight  cells o u t  of s i x t e e n  of. t h e  17-plate  cells t h a t  
have failed,  a l l  b u t  one employs t h e  1 4 0 1 9  polypropylene separa- 
tor. Only f o u r  cells remain from which a f u l l  factor ia l  design 
could be made.’ An a n a l y s i s  of var iance  of t h e  c a l c u l a t e d  factor 
effect .s  has shown t h a t  concent ra t ion  and amount of e l e c t r o l y t e  
do affect  the  electrochemical characteristics, b u t  t h a t  t h e  
s i g n i f i c a n c e  of t h e i r  effect is d i f f i c u l t  t o  estimate because 
of t h e  s m a l l  number of cells involved. 

Both core compression and sepa ra to r  w e t t a b i l i t y  were inves t iga-  
ted as p o s s i b l e  causes fo r  t h e  l ack  of r e p r o d u c i b i l i t y  of cyc l ing  
data. Although core compression does have an effect on repro- 
d u c i b i l i t y ,  it appears t h a t  sepa ra to r  w e t t a b i l i t y  is  the  most 
s i g n i f i c a n t  f a c t o r  involved. The set  of 18-plate cells construc- 
ted i n  September cont inues t o  perform w e l l  w i t h  much less scatter 
i n  t h e  data. Cell-to-cell uniformity is  e x c e l l e n t ,  and discharge 
behavior i s  uniform from cell t o  cel l  and cyc le  t o  cycle .  The 
high end of charge vol tage  remains i n  evidence. 

Wet t ab i l i t y  s t u d i e s  have shown t h a t  t h e  s e p a r a t o r  having the 
best absorp t ion  characteristics are also those t h a t  do n o t  s t and  
up under t he  s t e r i l i z a t i o n  process  (e.g. Pe l lon  (nylon) and 14019 
polypropylene),  Treatments t o  improve the  w e t t a b i l i t y  of t h e  
FT2140 material inc lude  ox ida t ive  t rea tment ,  add i t ion  of sur fac-  
t a n t s  t o  the  e l e c t r o l y t e  and p r o p r i e t a r y  t reatments .  Of i these  
t h e  first does n o t  appear t o  be e f f e c t i v e ,  w h i l e  t h e  second t w o  
are only moderately effective. C e l l s  were cons t ruc ted  w i t h  3M 
Company FC-128 and FC-176 s u r f a c t a n t s  i n  t h e  e l e c t r o l y t e  and are 
being tested present ly .  

The high end-of-charge voltage i s  being inves t iga t ed .  An experi-  
ment t o  test  t h e  effect of s t e r i l i z a t i o n  on components both alone 
and i n  c e r t a i n  combinations w a s  carried o u t ,  and has shown t h a t  
both e l e c t r o d e s  undergo color changes when s t e r i l i z e d  i n  t h e  
presence of KOH and separa tor .  

The impact t e s t i n g  f a c i l i t y  set up a t  Brown Universi ty  i s  des- 
cr ibed.  

metallurgical 
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1.0  INTRODUCTION 

This  i s  the s i x t h  q u a r t e r l y  progress  r e p o r t  on the  h e a t - s t e r i l i -  
zab le  nickel-cadmium b a t t e r y  development under Jet  Propulsion 
Laboratory Contract  N o .  951972, Modification N o .  3 ,  sponsored 
under NASA Contract  NAS-9-100, Task Order N o .  RD-26. The  object 
of t h i s  c o n t r a c t  is  t o  perform research and development work 
lead ing  t o  the  design,  development, f a b r i c a t i o n  and t e s t i n g  of 
sealed, rechargeable ,  nickel-cadmium cells capable of heat- 
s t e r i l i z a t i o n .  

The heat s t e r i l i z a t i o n  requirements inc lude  t e s t i n g  a t  135OC f o r  
type approval and a t  125OC for f l i g h t  acceptance.  
s t e r i l i z a t i o n  temperature,  the  hea t ing  rate is  19°C/hour. The  

chamber is cooled a t  t h e  same rate a t  which i t  is  heated. Two 
such cyc les  are required.  For prel iminary t e s t i n g ,  one 120-hour 
cyc le  may be used. 

A t  t h e  135OC 

Since the  fou r th  q u a r t e r l y  r e p o r t ,  f i v e  new s p e c i f i c  tasks have 
been added t o  the  o r i g i n a l  c o n t r a c t . -  E s s e n t i a l l y ,  however, 
these several tasks may be incorpora ted  i n t o  one of four  broad 
ca tegor ies :  1) Electrochemistry,  involving s ta t i s t ica l  and other 
experiments aimed a t  c h a r a c t e r i z i n g  and opt imizing electrodes, 
e l e c t r o l y t e  and s e p a r a t o r s  for  h e a t - s t e r i l i z a b l e  Ni-Cd cells, 
2 )  C a s e  --- and 'Seal Design, for hermet ica l ly  sealed, rechargeable ,  
h e a t - s t e r i l i z a b l e  cel ls ,  3)  Fabr ica t ion  - Performance - Cycle 
- L i f e  Tes t ing  necessary fo r  the  eva lua t ion  of 4 AH sealed, rectan- 
g u l a r  cells before and after s t e r i l i z a t i o n ,  4 )  Impact Tes t ing  of - 
C e l l s ,  t o  eva lua te  t h e  effects of high G-levels on ce l l  per for -  
mance and cons t ruc t ion .  

The emphasis now i s  t o  s tudy and i n t e r p r e t  t h e  characteristic 
electrochemical  behavior of s t e r i l i z e d  cells, w i t h  a view of 

metallurgical 
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optimizing cell  design a d thereby achieving cel l  t o  cell  uniformity 
and r e p r o d u c i b i l i t y .  
is repor ted  herein.  Due t o  t h e  r e s igna t ion  of D r .  J. P. Elder ,  
D r .  R. W. Sorensen has  been assigned t o  t h e  p r o j e c t  i n  t h e  i n t e r i m  
and w i l l  assume c e r t a i n  of D r ,  E l d e r ' s  r e s p o n s i b i l i t i e s .  

2.0 Electrochemical Inves t iga t ions .  

The  work performed du ing t h e  s i x t h  q u a r t e r  

- 
2 . 1  Ni -Cd  C e l l  2n Factorial Experiment. - -- 

The factor ia l  experiment w a s  designed t o  d iscover  effects of 
var ious  factors on t h e  behavior of heat s t e r i l i z a b l e ,  hermeti-  
c a l l y  s-ealed rechargeable  N i - C d  cells. The h i s t o r y  of t h e  
cycled cells t o  date (12/31/68) i s  summarized i n  Figure I. Only 
h a l f  of t h e  o r i g i n a l  32 cells devoted t o  t h e  factorial  exper i -  
ment are represented  i n  Figure I s i n c e  only t h e s e  cells are being 
cycled p resen t ly .  Of the  cells  n o t  being cycled,  one group of 
e i g h t  (cells numbered 4, 8, 1 2 ,  1 6 ,  2 0 ,  24, 28, 32)  w e r e  cycled 
twenty-four t i m e s ,  s t e r i l i zed ,  and set  aside. The o t h e r  groups 
of e i g h t  (cells numbered 2 ,  6, 1 0 ,  1 4 ,  18, 22 ,  26 ,  30)  w e r e  
cycled th i r ty-seven  t i m e s  and set  aside wi thout  having been 
s t e r i l i z e d .  

I t  is  immediately apparent  f r o m  Figure I t h a t  of t h e  e i g h t  cells 
started with s e p a r a t o r  1 4 0 1 9 ,  (Factor A, l o w  l e v e l  ( 0 ) )  only one 
cel l  #13 i n  group I remains a c t i v e .  Three of t h e  cells (no 's .  
3,  5, and 7 )  w e r e  opened and examined f o r  the  cause of f a i l u r e .  
I n  cells #3 and #5, a s h o r t  occurred between t h e  nega t ive  elec- 
t rode  and the can, apparent ly  because t h e  o u t e r  l a y e r  of t h e  
s e p a r a t o r  had s l i p p e d  upward s l i g h t l y  when the pack w a s  i n s e r t e d  
dur ing  cell assembly. There w a s  i n d i c a t i o n  of a s h o r t  i n  the  
&c%€le of t h e  pack i n  ce l l  #7. 

weakens t h e  14019 s e p a r a t o r  i n  such a way t h a t  s h o r t i n g  becomes 
b2ighly probable.  

I t  is  clear t h a t  s t e r i l i z a t i o n  

metallurgical 
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2.2 Cycling S tudies  on Se lec ted  C e l l s  - from F a c t o r i a l  Design. - I_ 

The data presented i n  Figures  2 through 13 is  a cont inua t ion  of 
d a t a  presented i n  Figures  1 through 12 of t h e  5 t h  q u a r t e r l y  r epor t .  
Cycles through 30 were repor t ed  t h e r e ,  w h i l e  i n  t h e  p r e s e n t  re- 
p o r t ,  cyc les  30 through 9 1  are repor ted .  D a t a  i s  presented on 
t h e  following cells: 

KOH Pore F i l l  Pressure  E6V EGR 

1 9  30 70 no 2 6 1 0  
23 30 80 no 4 8 1 2  

31 34 80 no 5 9 13 

C e l l  (w/o) (%) Gauge A t t a c h .  I Pig. # Fig. # - 

25 34 70 Y e s  3 7 11 

I t  i s  i n t e r e s t i n g  t o  compare t h e  d a t a  of Figures  2 - 13 w i t h  t h e  
cyc l ing  h i s t o r y  shown i n  Figure 1. For  example, a dramatic 
decrease i n  t h e  average value of t h e  end-of-charge vol tage  is  
ev iden t  a t  cyc le  63 on a l l  fou r  cells. T h i s  corresponds t o  the  
change i n  charge r o u t i n e  noted i n  Figure I. L i t t l e  change i n  
t h e  cel l  data occurred as a r e s u l t  of t h e  removal of t h e  pressure  
gauges from a l l  cel ls  b u t  ce l l  13 a t  cyc le  75. 

There i s  very l i t t l e  t h a t  can be s a i d  i n  genera l  about t he  

de l ive red  capac i ty  on continued cycl ing.  The high capac i ty  noted 
i n  t h e  previous r e p o r t  i s  maintained, and no decreas ing  t r end  i s  
ev ident .  

The decrease i n  end-of-charge vol tage  a t  cyc le  63 br ings  t h e  aver- 
age l e v e l  of end-of-charge vol tage  from 1 . 5 3 ~  t o  about 1.46~. T h i s  

lat-ter va lue  i s  nea r ly  i d e n t i c a l  t o  the average end-of-charge 
vol tage  of cells taken a f t e r  s t e r i l i z a t i o n  i n  Table 5 of t h e  f i f t h  
q u a r t e r l y  r e p o r t .  T h i s  data had been obtained from cyc le s  3 and 
6 ,  which it w i l l  be r e c a l l e d ,  were charged according t o  the  s a m e  

metallurgical 
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charge r o u t i n e  ( ~ 1 1 2 . 5  for  17 hours)  as t h a t  used after cyc le  
63. Thus, t h e  end of charge vol tage  behavior can be summed up 
as follows: 
1) The i n c r e a s e  observed a f t e r  s t e r i l i z a t i o n  i s  h ighly  dependent 

upon charge rate,  i n c r e a s i n g  by approximately 50 mv for a 
two-fold inc rease  i n  charge rate (c/lO t o  c /5) .  

2 )  The high p o s t - s t e r i l i z a t i o n  end-of-charge vo l t age  remains 
cons t an t  w i t h  continued cyc l ing ,  as does i t s  dependancy upon 
charge rate. 

The end-of-charge r e s i s t a n c e s  of cel ls  19 and 31 cont inue t o  
be erratic,  while  t h i s  parameter i s  much more s teady  i n  cells 
25 and 23. The amount of scatter i n  t h e  d a t a  does n o t  appear t o  
correlate wi th  any of t h e  f a c t o r s - p r e s e n t  i n  t h e  experiment.and 
i s  apparent ly  due t o  some uncontrol led v a r i a b l e  i n  the  ce l l  design.  

2.3 S ta t i s t ica l  Analysis of --- Data f o r  S i g n i f i c a n t  E f f e c t s ?  
An at tempt  w a s  made t o  analyze t h e  cyc le  d a t a  t o  see ' i f  electro- 
l y t e  concent ra t ion  and/or pore f i l l  had a n y - s i g n i f i c a n t  e f f e c t  
upon cel l  performance. Some d i f f i c u l t y  w a s  encountered i n  
s e l e c t i n g  cells for a su i tab le  f a c t o r i a l  ana lys i s .  Two of t h e  
o r i g i n a l  f a c t o r s  - type of s e p a r a t o r  and s t e r i l i z a t i o n  - a r e  no 
longer v a l i d .  A l l  b u t  one of the cells employing t h e  14019 
sepa ra to r  have f a i l e d .  Only 37 cyc le s  were carried ou t  p r i o r  t o  
s t e r i l i z a t i o n  so t h e r e  are no p r e - s t e r i l i z a t i o n  cyc les  t o  compare 
w i t h  cyc les  37 through 91. 

- 

I n  order t o  employ as many cells as poss ib l e ,  a f a c t o r i a l  experi-  
ment w a s  designed wi th  a f u l l  compliment of cells from group 1 
of Figure 1, and nea r ly  a f u l l  compliment f r o m  group 2 ,  By " f u l l  
compliment" is meant a t o t a l  of f o u r  cells wi th  a l l  poss ib l e  
combinations of f i l l  l e v e l  and e l e c t r o l y t e  concent ra t ion .  For  

group 1, f u l l  compliment would be cells 17, 21 ,  25 and 29. For 
group 2 ,  t h e  corresponding cells would be '19, 23, 27 and 31 except  

-4- 
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t h a t  cell  27  i s  missing. Therefore, t h e  data for  the  corresponding 
cell  of group 1 (cell  25) was s u b s t i t u t e d  i n  order  to make the  
c a l c u l a t i o n  possible. C e l l s  of group 1 had pressure  gauges 
attached u n t i l  cyc le  75. C e l l s  of group 2 d id  not .  Thus, sub- 
s t i t u t i o n  of cell  25 f o r  cell  27 i n  t h i s  experiment would tend t o  
reduce t h e  effects observed for presence o r  absence of pressure  
gauges . 
The factors included are shown i n  Table I ,  Factors D and E were 
included so t h a t  data from s e v e r a l  cyc le s  could be averaged. 
These factors would be expected t o  have no effect other than t o  
improve t h e  s t a t i s t i ca l  r e l i a b i l i t y  of t h e  data. 

Factor C is  shown i n  Table f as "pressure gauge t reatment" .  How- 
eve r ,  it should be noted t h a t  a l l  data w e r e  chosen from cyc le s  
a f t e r  cyc le  75 when the  pressure  gauges were removed. Thus, any 
s i g n i f i c a n t  effects observed fo r  factor C would appear t o  be e i ther  
permanent effkcts caused by t h e  presence of a pressure  gauge 
during e a r l y  cyc l ing ,  o r  some unknown d i f f e r e n c e  i n  cons t ruc t ion  
between the  cells (i.e. "error"). 

TABLE I - 
Ni-Cd  Rectangular 1 7 - E l a t e  C e l l ,  
Modified Factorial Experiment 

Factor LEVEL 
Designation Descr ipt ion Low (0) High (1) 

A % Pore F i l l  70% 80% 
3 Conc. KOH 30% 34% 

C P r e s .  Gauge Attach,  Y e s  no 
D Successive Cycles n n + l  
E Cycle Number n = 86 n = 90 

metal1 urgi c a1 - 5- materials division 



The o r i g i n a l  data used for  t h e  s t a t i s t i c a l  computations i s  
given i n  Table 11-A. The r e s u l t s  of t h e  a n a l y s i s  are summarized 
i n  Tables 11-B and 11-6. Very l i t t l e  s i g n i f i c a n c e  could be 

a t t r i b u t e d  t o  the  cyc le  factors, and, therefore, these effects 
and t h e i r  consequent i n t e r a c t i o n s  are n o t  shown, Therefore, t he  
data given i n  the  e f f i c i e n c y  column of T a b l e  I I - B  and t h e  ECV 

column of Table 11-C i s  a c t u a l l y  an average of t h e  values  given 
for four  d i f f e r e n t  cyc les  i n  Table .11-A,  The effects, var iance  
ra t ios  and s i g n i f i c a n c e  va lues ,  however, are based upon a l l  of the  
r e s u l t s  shown i n  Table I I - A ,  and not  upon t h e  average values.  

The apparent  r e s u l t s  i n  Table I1 can be summarized as follows: 
1. C e l l  e f f i c i e n c i e s :  

A. There i s  a h ighly  s i g n i f i c a n t  i nc rease  of 8.9% i n  the  
e f f i c i e n c y  i n  going from 70 t o  80% pore f i l l .  

B. There is a s i g n i f i c a n t  increase of 3.5% i n  t h e  e f f i c i e n c y  
i n  going from 30 t o  34% KOH. 

C. The  i nc rease  i n  e f f i c i e n c y  due to pore f i l l  is  less 
marked a t  h igher  e l e c t r o l y t e  concent ra t ion  than it is  a t  
t h e  lower e l e c t r o l y t e  concentrat ion.  

C e l l s  which did no t  have pressure  gauges attached showed 
s i g n i f i c a n t l y  g r e a t e r  e f f i c i e n c i e s  than cells t h a t  d id  

have pressure  gauges. T h i s  i s  noteable  because t h e  

data w a s  taken from cyc le s  after t h e  gauges had been 
removed. T h i s  effect, noted i n  previous r e p o r t s  while  
the  gauges were s t i l l  attached has apparent ly  p e r s i s t e d  
for 1 0  t o  15 cycles  beyond the  removal of t ~ e  gauges. ,  

D. 

2 .  End of charge vol tages:  
A. L i t t l e  s i g n i f i c a n c e  i s  seen for  inc reases  or  decreases i n  

vol tages  due t o  either pore f i l l  or e l e c t r o l y t e  concen- 
t r a t i o n .  

B. A s i g n i f i c a n t  i nc rease  i n  end of charge vol tage  r e s u l t s  

-6- 
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from t h e  absence o f  a p res su re  gauge. That  is, cells 
without  p re s su re  gauges have an- end-of-charge vol tage  
t h a t  is  on t h e  average 1 0  mv. higher  than cells w i t h  
gauges. 

n o t  based upon enough data t o  be considered a reliable 
effect. 

C. The apparent  i n t e r a c t i o n  for  a l l  three variables is  

The conclusions a r r i v e d  a t  above are based upon t h e  assumption 
t h a t  only t h e  l is ted variables (% pore f i l l ,  KOH concenkration, 
and pressure  gauge attachment) are a f e e c t i n g  the  r e s u l t s .  How- 
ever ,  o t h e r  experiments have shown t h a t  some less c o n t r o l l a b l e  
v a r i a b l e s  such as pack compression and s e p a r a t o r  w e t t a b i l i t y  
can also a f f e c t  cell  behavior.  I f  a large number of cells are 
used i n  fac tor ia l  experiment of t h i s  na tu re  such uncontrol led 
v a r i a b l e s  w i l l  show up as random error. The above conclusions 
are based on only 7 cells., and t h e r e f o r e ,  must be accepted w i t h  
some caut ion  s ince  there is some l ike l ihood  t h a t  random errors, 
e s p e c i a l l y  l a r g e  ones,  w i l l  n o t  cance l  w i t h  so f e w  cells. 

metallurgical 
-9- materials division 
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- 3.0 Stud ies  - of Factors Affec t ing  E l e c t r o l y t e  Di s t r ibu t ion :  

The cyc l ing  h i s t o r y  and data from t h e  factorial  experiments has 
raised a number of ques t ions  p e r t a i n i n g  t o  t h e  effect of steri- 
l i z a t i o n  on p r i sma t i c  cells, F i r s t ,  what i s  t h e  cause of 
s i g n i f i c a n t  i nc reases  i n  both cell  capac i ty  and end-of-charge 
vol tages  after s t e r i l i z a t i o n ?  Second, why does the  scatter of 
cell  data decrease af ter  s t e r i l i z a t i o n ?  Third,  t h e  scatter of 
t h e  data i tself  i n d i c a t e s  t h a t  some parameter i n  t h e  ce l l  design 
remains uncontrol led.  What i s  t h i s  parameter? 

The  t h i r d  of t h e s e  ques t ions  i s  important  s i n c e  scatter of t he  
data could obscure more s u b t l e  phenomena r e s u l t i n g  from sterili- 
za t ion ,  A very l i k e l y  cause of t h e  i r r e p r o d u c i b i l i t y  could be 
uneven e l e c t r o l y t e  d i s t r i b u t i o n ,  or i n s u f f i c i e n t  we t t ing  thrauqh- 
auk t h e  sepa ra to r .  Possible factors t h a t  c o n t r o l  t he  e l e c t r o l y t e  
d i s t r i b u t i o n  such as core compression and s e p a r a t o r  w e t t a b i l i t y  
have, therefore, been inves t iga t ed .  

metallurgical 
materials division -10- 
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3.1 - Ni-Cd C e l l  -- and Component Compression Studies:  
I n  t h e  F i f t h  Q u a r t e r l y  Report it w a s  shown t h a t  18 p l a t e  cells 
(8 p o s i t i v e ,  1 0  nega t ive)  provided a core th ickness  t h a t  most 
r e a d i l y  matched t h e  i n n e r  dimension of t h e  case of t h e  r ec t angu la r  
cells. It w a s  f e l t  t h a t  cells with 1 7  p l a t e s  could be too 
loose ly  packed t o  provide s u i t a b l y  in t ima te  c o n t a c t  with t h e  
e l e c t r o d e s  for  complete u t i l i z a t i o n  of active material. The 1 9  
p l a t e  cells r e q u i r e d ' s 0  much compression on t h e  o t h e r  hand, t h a t  
permanent mechanical damage t o  components could r e s u l t .  

Three groups of 18 p l a t e  cells were assembled: 

rate); 17 hours. 
G ~ Q u ~  AE 5 charge-discharge cyc le s  ( a t  c/l2.5 charge 

Group B: 5-charge-discharge cyc le s  (c/12.5 charge ; r a ~ ) j  
s t e r i l i z e d ;  continued cyc l ing  (c/12.5 charge 
ra te ) .  

t i  

Group C: S t e r i l i z e d  and cycled (c/12.5 charge rate).  

Data f o r  t h e  f i v e  cyc les  p r i o r  to ,  and t h e  f i r s t  f i v e  cyc les  
following s t e r i l i z a t i o n  were repor ted  i n  t h e  f i f t h  Q u a r t e r l y  
Report. I n  T a b l e  111 is shown p o s t - s t e r i l i z a t i o n  d a t a  f o r  
cyc les  on groups B and. C run t o  da te .  I n  a l l ,  30 cyc les  have 
been completed. Severa l  remarks- can be made: 

1) C e l l  t o  cel l  and cyc le  t o  cyc le  uniformity i s  excrzllent.  
The d i f f e r e n c e  b e t w e e n ~ t h i s  r e s u l t  and t h e  lack  of uniformity 
i n  t h e  17-plate cells i s  remarkable. 

2)  As with  17-plate  cells, t h e  high end of charge vol tage  
is  always i n  evidence-, f u r t h e r  confirming t h e  pro- 
f o u n d . e f € e c t  t h a t . s t e r i l i z a t i o n  has  upon t h e  electro- 
chemical p r o p e r t i e s  of t h e  ce l l s . .  

3)  The e f f i c i e n c y  of t h e  18-plate cells is, on t h e  average, 

metallurgical 
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about  83% as compared t o  69% for  t h e  17-pXate cells 
after s t e r i l i z a t i o n  and shows far more r e p r o d u c i b i l i t y .  

Continued c y c l i n g  produces greater ce l l  t o  cel l  scatter 
of ce l l  resistance data-. . Even s t i l l ,  a- general ten-  
dency of cel l  resistance to  increase is  evident.  

4 )  

The c y c l i n g  s tud ies  wi th  t h e  18-plate  cells are be ing  continued. 

The d i f f e r e n c e s  between 1 7 - p l a t e - c e l b  and. 18-plate  cells noted 
above ind ica te  t h a t  core compression i s  a s i g n i f i c a n t  factor. An 

experiment w a s  designed t o  assess t h i s  parameter more d i r e c t l y .  
Twenty-four 17-plate  cells were prepared wi th  304 s ta in less  
steel shims i n  th i cknesses ,  of .010!' and .020" p laced  as symmetri- 
c a l l y  as p o s s i b l e  on t h e  o u t s i d e  of t h e  cezl packs. A 17-plate  
cell  pack wi th  a .033" shim would be expected t o  be equ iva len t  
i n  t h i ckness  t o  an 18-pLate cell. The shim th i ckness  and t h e  
r e s u l t i n g  ce l l  performance i s  shown i n  Table IV. 

I 4; 5 

 TABLE^ I V  - 
Core Compression Study - 

17-Plate C e l L  w i th  FT2140 Sepa ra to r ,  Cyc le  N o .  3 
Charge-Discharge Routine: Inpu t :  1 .00  amp, 5 h r s .  

Output: 2.00 amps t o  lv. 
cut-of f 

P r e - S t e r i l i z a t i o n  

Shim 
Inches 
0.00 
0.10 
0.20 
0.30 
0.40 
0.50 

ECV 
V o l t s  

1.456 
1.468 
1.460 
1.458 
1.456 
1 . 4 5 8  

ECP * 
P.S.I.A. 
79*7 
57.7 
75.7 
62.7 
80.7 
62.7 

ECR ECP" 
ohms P.S.I.A. 
11.20 26.7 
10.09 23.7 
10.10 39.7 
10.45 32.7 

9 . 1 1  43.2 
10.02 29.7 

- 
EDR ECC Force t o  
ohms A,H.  F l a t t e n  (lbs.) -- 

, 1 1 . 1 4  3.518 5.4 
10.24 3.472 5.1 
10.62 3.539 6.2 
11.28 3.583 4.7 

9.87 3.463 6 .4  
10.84 3.571 7.2 

* Value for  1 cel l  - a l l  o t h e r  data average of 4 cells. 

-13- metallurgical 
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When pr i smat ic  cells are cons t ruc ted ,  t he  w a l l s  of t h e  case 
tend to bulge outward. When cycled,  however, t he  cells are 
f ixed  between heavy,, f l a t  r e s t r a i n i n g  plates. T h i s  would tend 
t o  p lace  more compression, on the ,  t h i c k e r  packs than  on the  t h i n  
packs. However, no c o r r e l a t i o n  i s - e v i d e n t  between the shim 
t h i c k n e s s  and t h e  force t o  f l a t t e n ,  even though i t , w a s  determined 
t h a t  t h e  force t o  f l a t t e n ,  empty- cells, f i l l e d  w i t h  a i r  a t  a known 
pressure  w a s  p ropor t iona l  t o  t h i s  pressure .  

The very.  poor c o r r e l a t i o n  among. t h e -  cel l  parameters and t h e  sh im 
th icknesses  or t h e  force,to.  fXatten.seems t o  preclude the  con- 
c lus ion  t h a t  cel l  compression i s  an important va r i ab le .  

However, it should be n o t e d . t h a t  e v e n . t h e - w e l l  behaved 18-plate  
cells showed l o w  e f f i c i e n c i e s .  and.poor r e p r o d u c i b i l i t y  p r i o r  
t o  s t e r i l i z a t i o n .  I n  fact, both groups showed p r e - s t e r i l i z a t i o n  
e f f i c i e n c i e s  of 60%. The most notable  d i f f e r e n c e s  between 17-plate 
and 18-plate  cells occurred a f t e r  s t e r i l i z a t i o n .  Unfortunately,  
follow-up s t u d i e s  on s t e r i l i z e d  shim cells have n o t  y e t  been 
carried o u t  so any conc lus ion -as  t o  t h e  effect  of .core-compres-  
s i o n ,  on ce l l  behavior must be deferred for  the  present .  

3.2 7 Separator-Electrolyte-Wettability Studies :  
The lack of r e p r o d u c i b i l i t y  of ce l l  data may- re su l t -  from poor 
absorpt ion of e l e c t r o l y t e  by the  polypropylene sepa ra to r  mater- 
i a l s .  Poor we t t ing  of the  s e p a r a t o r -  would- be- inf luenced by pres- 
s u r e  on t h e  p l a t e s ,  thereby accounting f o r - t h e - d i f f e r e n c e s  
observed between 1 7  and 1 8  p l a t e  cells. The n e t  r e s u l t  of poor 
wet t ing  p r o p e r t i e s  could be- an uneven and i r r ep roduc ib le  d i s t r i -  
bu t ion  of e l e c t r o l y t e  which i n  t u r n  would cause uneven u t i l i z a t i o n  
of t h e  a c t i v e  electrode material. 

Experjments t o  test t h e  we t t ing  p r o p e r t i e s  of separator materials 

metallurgical 
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w e r e  performed a s - fo l lows :  a 1 c m  x 25 c m  s t r i p  of t h e  material 
under i n v e s t i g a t i o n  w a s  suspended i n  a 100 m l  graduated cy l inder .  
The lower end of t h e  s t r i p  w a s  immersed j u s t  below t h e  su r face  
of a reservoir of a 30% potassium hydroxide s o l u t i o n .  The dis- 
tance  between t h e  s u r f a c e  of KOH r e s e r v o i r  and t h e  p o i n t  on t h e  
s $ r i p  t o  which t h e  e l e c t r o l y t e  had r i s e n  w a s  measured as a 
func t ion  of t i m e .  Since d a t a  extended over s e v e r a l  o rde r s  of 
magnitude, it is  presented as a log-log p l o t  i n  Figure 1 4 .  

It  i s  immediately apparent  from Figure 1 4 , t h a t  a l l  of t h e  as- 
received un t r ea t ed  polypropylene s e p a r a t o r s  show lower rates of 
absorp t ion  than the  nylon P e l l o n )  s e p a r a t o r  material. A l s o ,  

t h e  we t t ing  p r o p e r t i e s  of the.FT2140 s e p a r a t o r  are poorer  than 
u n s t e r i l i z e d  1 4 0 1 9  whether t h e  FT2140 has  been s t e r i l i z e d  or  not .  
Even though s t e r i l i z a t i o n  improves t h e  we t t ing  p r o p e r t i e s  of t h e  
FT2140 s e p a r a t o r ,  they  are so poor i n  comparison w i t h  nylon t h a t  
t h e  poor observed performance of t h e  cezls is understandable on 
t h e  b a s i s  of t h i s  f a e t o r  alone. Since,  however, t h e  FT2140 

s e p a r a t o r  has  shown an a b i l i t y  t o  s t a n d  up under s t e r i l i z a t i o n  
(while nylon and the  14019  polypropylene, have, n o t )  a t tempts  were 
made t o  enhance t h e  we t t ing  p r o p e r t i e s  of t h e  FT2140 material. 

Three approaches t o - t h e  improvement of t h e  FT2140 we t t ing  pro- 
p e r t i e s  were considered: 

1) Oxidative Surface Treatment of  t h e  Separa tor  
Material 

2 )  Modification of t h e  Wetting P r o p e r t i e s , o f  t h e  
E l e c t r o l y t e  by Sur fac t an t  Addition 

3)  U s e  of P ropr i e t a ry  Trea tmen t s  on t h e  Separator  
Material 

3.2.1. Oxidative Surface Treatment: -- 
metallurgical 
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Chromic acid ox ida t ive  treatments have been employed t o  modify 
the  h y d r o p h i l l i c  character of the  s u r f a c e  and t o  c o n t r o l  t h e  
w e t t a b i l i t y  of polyethylene f i l m s  Acet ic /sulphuric  acid 
s o l u t i o n s  of dichromate have been shown t o  effect oxida t ions  of 
s a t u r a t e d  hydrocarbons,  

The wet t ing  p r o p e r t i e s  of type FT2140 separator, however, w e r e  
found t o  be u n a f f e c t e d - s i g n i f i c a n t l y  by ox ida t ive  su r face  treat- 
ments,, This w a s  shown by t h e  r e s u l t s  of t h e  following experi-  
ments: 
Four s o l u t i o n s  were prepared, each c o n s i s t i n g  of a s o l u t i o n  of 
1 0  m l  2 N  sodium dfchromate/lO m l  concentrated su lphur i c  acid, 
added t o  90 m l  of A,  deionized water: B, acetone: C, acetic acid; 
D, concentrated s u l p h u r i c  acid,, Solu t ion  B w a s  qu ick ly  elimina- 
ted because of oxida t ion  of t h e  acetone. Samples of as-received 
FT2140 material were i m m e r s e d  a t  room temperature for varying 
pe r iods  of t i m e .  Following immersion, the  samples were reached 
i n  deionized water for  1 1 / 4  h r s .  and then dried a t  7OoC f o r  
1 1 / 2  h r s .  Absorption rate s t u d i e s  were then performed on the  
several treated samples. 

The r e s u l t s  of t h e  absorp t ion  s t u d i e s  are listed i n  Tab&@ V. 

TABLE V - 
Comparison of Wetting P r o p e r t i e s  of FT2140 

Separa tor  w i t h  30% KOH after Various Treatments 

Immersion T i m e  
Treatment iminutes ) 
None 
S t e r i l i z a t i o n  
Sol. A 
Sol .  A 
Sol. A’ 
S o l .  A 
S o l .  c 
Sol. D 

-- 
30 
60 
90 

1 2 0  
60 
60 

Time (min.) t o  Reach Height O f :  

200 400 ”> 400 
20  4 4  > 4 4  

1500 >1500 > 1500 
130 150 200 
800 1500 > 1500 

1700 7 1700 2 1790 
110  160 400 
290 400 S 400 

-16- 
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The t i m e s  r equ i r ed  for  t h e  30% potassium hydroxide t o  rise t o  a 
he igh t  of 0.5, 1 .0  and 2.0 c m  i n  t h e  separator above t h e  reser- 
v o i r  level are given. A f t e r  60 min, immersPon, t h e  t rea tments  
w i t h  the aqueous and acetic acid s o l u t i o n s  A and C have com- 
pa rab le  effects. Treatment w i t h  the  concentrated chxgmic acid, 
s o l u t i o n  D, has no b e n e f i c i a l  e f f e c t .  With s o l u t i o n  A, an op t i -  
mum immersion t i m e  of approximately 60 min, is ind ica t ed .  How- 
eve r ,  i n  comparison w i t h  t h e  effects producedmby s t e r i l i z a t i o n ,  
t he  enhancement of t h e  absorpt ion rate by chemical ox ida t ion  is 
n o t  very s i g n i f i c a n t .  

. I  
3.2.2. 'Modif icat ion,of  E l e c t r o l y t e  by Sur fac t an t  Addition 
Absorption s t u d i e s  were c a r r i e d  o u t  w i t h  e l e c t r o l y t e  s o l u t i o n s  
(30% KOH) co t a i n i n g ,  var ious  s u r f a c t a n t s .  The s u r f a c t a n t s  were 
chosen f o r  their  known a b i l i t y  t o  remain stable under e l e c t r o -  
chemical ox id i z ing  or reducing condi t ions.  
s o l u t i o n s  were prepared as follows: 
Five cc of 0.1% s u r f a c t a n t  s o l u t i o n  were added t o  50 cc of 34% 
KOH g iv ing  a r e s u l t i n g  s o l u t i o n  of 30 t o  31% i n  KOH, and .01% 

i n  s u r f a c t a n t .  The s u r f a c t a n t s  were: 
Rohm t Haas Tr i ton  X-100 
3M Company FC-98 

- - 

The e l e c t r o l y t e  

1: II FC-128 

FC-170 
11 II FC-172 

11 I1 

I1 It FC-176 

O f  these, only types  FC-128 and FC-176 were e f f i c i e n t  enough i n  
enhancing the e l e c t r o l y t e  we t t ing  p r o p e r t i e s  t o  warrant  f u r t h e r  
i n v e s t i g a t i o n  . 
Therefore, a series of absorpt ion s t u d i e s  using s e v e r a l  concentra- 
t i o n s  of these t w o  s u r f a c t a n t s  were performed on FT2140 sepa ra to r .  

metallurgical 
-17- materials division 
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The experiments w e r e  performed on t h e  s e p a r a t o r  i n  t h e  as- 
received condi t ion  and a f t e r  an ox ida t ive  pre-treatment.  
pre- t reatment  used w a s  t h a t  described above-immersing f o r  60 
min. i n  a d i l u t e  chromic a c i d  solution1 (Solut ion A ) .  A s  can 
be seen from Table V I ,  the  FC-128 s u r f a c t a n t  i s  most e f f e c t i v e  
i n  enhancing the w e t t a b i l i t y  p r o p e r t i e s  of t h e  FT214Q: s epa ra to r .  

The 

TABLE V I  - 
E f f e c t  of Sur fac t an t s  on Wettirag P r o p e r t i e s  of 
As-Received and Pre-Treated FT2140 w i t h  30% KOH 

Concentration 
Sur fac t an t  ppm 
None -- 
FC-128 100 

100 
200 
200 
500 
500 

s a t u r a t e d  
I t  

FC-176 100  
1 0 0  
200 
200 
500 
500 

1000  
1000 

Furthermore, t h e  w e t t a b i l i t y  

Time t o  At t a in  a Height of 
FT2 1 4  0 0.5 c m  1 . 0  c m  1.5 c m  
P re -Trea t .  (min. (min. (Inin. 

none 200 400 7400  
none 1 4  80 650 

C h r o m i c  Ac. 2 7 34 
none 1 6  45 200 

C h r o m i c  A c ,  1 5 2 1  
none 1 6 46 

C h r o m i c  Ac. 1 4 2 1  

C h r o m i c  Ac. 1 3 2 1  
none 1 4 45 

none 300 150 1500 
C h r o m i c  Ac.  100 71000  7 1 0 0 0  

none 50 1 2 0  1 0 0 0  
C h r o m i c  Ac. 40 130 600 
none 40 95 600 

C h r o m i c  Ac .  30 85 500 
none 35 75 300 

C h r o m i c  Ac. 2 80 500 

inc reases  wi th  inc reas ing  eoncentra- 
t i o n  of  t h e  s u r f a c t a n t ,  and is  u l t ima te ly  l i m i t e d  only by 
s o l u b i l i t y  of  t h e  s u r f a c t a n t  i n  37% KOH. The s o l u b i l i t y  l i m i t  
$3 only  s l i g h t l y  h igher  than 500 ppm. 

ox ida t ion  t rea tment  of t h e  Separa tor  offers only a s l i g h t  
ixtprovement of the  we t t ing  p r o p e r t i e s .  

Again it. can be seen t h a t  

m e t a l l u r g i c a l  
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The e f f e c t  of  500 ppm add i t ions  of  t h e  FC-128 and t h e  FC-176 
s u r f a c t a n t s  on cell  ope ra t iona l  behavior , . is  be ing  s tudied .  Four 
groups of  f i v e  18-plate  cells each- were constructed; 

. .  - - .  
Grqup (1) c o n t r o l  - no s u r f a c t a n t - n o  ox ida t ive  

. .. 
t reatment  of FT2140 s e p a r a t o r  

. I  

Group ( 2 )  chromic a c i d  treatment - no s u r f a c t a n t  

Group (3) 500 ppm FC-128 added - no chromic a c i d  
treatment. 

Group ( 4 )  500 ppm FC-176 added - no chromic a c i d  
treatment. 

Resul t s  of  cyc l ing  s t u d i e s  now i n  progress  on these  cells w i l l  
be  repor ted  i n  t h e  seventh  q u a r t e r l y  repor t .  

3.2.3. 
A series of e l e c t r o l y t e  absorp t ion  s t u d i e s  have been performed 
on Gelman p r o p r i e t a r y  t r e a t e d  polypropylene. As can be seen i n  
F igure  1 4  t h e  absorp t ion  rate of  t h i s  as-received material is  
only s l i g h t l y  less than t h a t  exh ib i t ed  by nylon. However, a f t e r  
s t e r i l i z a t i o n  i n  30% KOH, washing and dry ing ,  t h e  wet t ing  proper- 
t ies d e t e r i o r a t e  considerably.  Other experiments measuring t h e  
grams of l i q u i d  e l e c t r o l y t e  r e t a i n e d  by a given weight of 
s epa ra to r  (pick-up) showed t h a t  t h e  weight r e t a i n e d  by t h e  
u n s t e r i l i z e d  Gelman material w a s  g r e a t e r  i f  withdrawn immediately 
a f t e r  immersion i n  30% KOH than i f  withdrawn a f t e r  64  hrs .  This 
i n d i c a t e s  a poss ib l e  change i n  we t t ing  p r o p e r t i e s ,  and/or an 
a t t a c k  upon t h e  material by t h e  e l e c t r o l y t e .  Table V I 1  g ives  
r e s u l t s  of  pick-up experiments f o r  both FT2140 sepa ra to r  mater- 
i a l ,  and f o r  t h e  G e l m a n e a t e r i a l  under var ious  condi t ions .  I t  

i s  noteworthy t h a t  t h e  FT2140 does no t  show an immediate pick-up, 
and t h a t  an ex%ended immersion i s  requi red .  

P ropr i e t a ry  Treatments on _. Separa tor  Material 

metal1 urgi c a1 
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TABLE VI1 
Gelman and FT2140 Polypropylene 
30% KOH Solu t ion  Pick-Up 

- 

Pick-Up 
(grams KOH/grams s e p a r a t o r )  

Polypropylene Type Conditions Sample #1 Sample #2 

FT2140 64  h r .  immersion 3.69 3.20 
Gelman immediate 2.45 2 . 4 1  
Gelman 6 4  hr .  immersion 1.98 1.75 
Gelman ( s t e r i l i z e d )  immediate 2.69 --_- 

Four 17-plate  cells employing t h e  Gelman s e p a r a t o r  were constructed, 
t w o  wi th  t h e  s e p a r a t o r  nap f ac ing  t h e  p o s i t i v e  p l a t e  (P-1 and P-2) 

and t w o  wi th  t h e  nap f ac ing  t h e  nega t ive  p l a t e  ( N - 1  and N - 2 ) .  

The cells were cgv ed 1 0  cyc les  p r i o r  t o  and 16  cyc les  af ter  
s t e r i l i z a t i o n .  Data f o r  cells P-2 and N-2 i s  shown i n  Table-VII I .  
Pr ior  t o  s t e r i l i z a t i o n ,  cells P-1 and P-2 y i e l d e d . s l i g h t l y  h igher  
e f f i c i e n c i e s  than cells N - 1  and N-2. Afte r  s t e r i l i z a t i o n ,  thb 
end-of-charge vol tage  was found t o  be increased.  The e f f i c i e n c i e s  
increased  (6% f o r  P-2 and 13% f o r  N - 2 )  over  t h e i r  p r e - s t e r i l i z a t i o n  
values.  With continued p o s t - s t e r i l i z a t i o n  cyc l ing  t h e  E.C.V. 

decreased from highs of  1 , 5 1 2 ~  f o r  C e l l  P-2 and 1 . 5 0 7 ~  f o r  cell  N-2 
t o  average (cyc les  7-16] of 1 .467  and 1.463 r e speo t ive ly ,  b u t  
never a t t a i n e d  t h e  p r e - s t e r i l i z a t i o n  l e v e l s  of 1.437 and 1.439 
r e spec t ive ly .  The e f f i c i e n c y  of ce l l  P-2 d i d  drop from a high of 
71.6 on t h e  f i r s t  cyc le  a f t e r  s t e r i l i z a t i o n  t o  t h e  p r e - s t e r i l i z a -  
t i o n  l e v e l  of 62.3% a f t e r - 6  cyc les .  (The.average e f f i c i e n c y  f o r  
ce l l  P-2 on p o s t  s t e r i l i z a t i o n  cyc les ,  7 through 1 6  w a s  62.6%). 
However, cel l  N-2 achieved a high of 71.2% after s t e r i l i z a t i o n  
and dropped only t o  an average (cyc les  7-16) of 63.5 as opposed 
t o  i t s  p r e - s t e r f l i z a t i o n  average- (over 1 0  cyc le s )  of  52.4%. These 
cells showed f a r  less scatter than t h a t  prev ious ly  observed i n  
t h e  cycled f a c t o r i a l  design 17-plate  cells. P o s t - s t e r i l i z a t i o n  

-20- 
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Cond i t ion  

Pre-S ter. 
I I  

l l  

II 

I1 

I 1  3 

I 1  

I 1  . 
I1  

I I  

Post-S ter. 
I 1  

I 1  

I t  

I t  

I I  

I I  

I 1  

I t  

I 1  

I I  

I I  

I t  

11 

I I  

I 1  

Cycle Data for Gelman S e p a r a t o r ,  1 7 - P l a t e  Ni-Cd 
Pre- and P o s t - S t e r i l i z e d  Cells 

:yc le  
1;L 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
1 2  
13 
14 
15  
16 
__I 

E CV 
( V> 

1.440 
1.429 
2.438 
1 , 4 3 2  
1 .434  
1.440 
1.437 
1 , 4 3 4  
1.442 
1.445 

1.512 
1.482 
1 , 4 7 4  
1.464 
1.493 
1.466 
1.469 
1.464 
1.462 
1.489 
1.457 
1 .454  
1.464 
1 , 4 7 0  
1 .473  
1 .473  

E CR 
( m a >  

1 0 .  42  
10 .64  
10.79 
10.43- 
10.76 
10 .28  
1 0 , 3 ?  
10.80 
10 .66  
10 .62  

9.12 
8.47 

iO.25  
20 e 50 

9.78 
7.0? 

10  15  
9.99 

10.04 
10.12 
10.25 
10.11 

9.73 
10 e 47 
10.08 
11.21  

:ELL P. 
EDR 
(m-> 

11.10 
11.11 
10 7 8  
10.60 
12.06 
11.15 
10 .68  
10.30 
10 53 
10 6 3  

9.86 
9 .54  

11 0 11 
10 0 7 2  
L1.00 
10.89 
10. 7 4  
11.30 
1 0 .  42  
10.83 
10.85 
11.23 
i 0 . 9 5  
10.27 
10.83 
10.26 

CAP 
(AH) 

2 652 
2.918 
3.066 
2.918 
?j0 100 
3.48b 
3 .252  
3.118 
3.200 
3 .218  

3 552 
3 e 500 
3 .334  
3.134 
3.166 
3.086 
3.066 
2.966 
3.066 
3.166 
3.118 
3 .134  
3.166 
3.084 
3.184 
3.100 

EFFCY 
(%I  

53.5 
5 8 , 8  
61 .8  
58 .8  
62.5 
J0.2 
6S.6 
62.9 
64.5 
64 .9  

71., 6 
70.6 
6 7 . 2  
63 .2  
63 .8  
62 .2  
6 1 - 8  
59 .8  
6 1 , 8  
63.8 
62.9 
63.2 
63 .8  
62.2 
64.2 
62.5 

E CV 
( V> 

1.433 
1.430 
1.438 
1.435 
1.434 
1.442 
1.440 
1 . 4 4 1  
l o  447 
1 ,449  

1.507 
1 ,479  
1 , 4 7 1  
1 ,459  
1 483 
1.462 
1 .465  
1 .461  
1..458 
1 .481  
1 .453  
1.452 
1 .461  
1.466 
1.469 
1.469 

ECR 
CmJL 1 

10.58 
11 0 21 
Pl., 06 
10 .38  
10 ,87  
10 0 20 
10.22 
10 0 7 2  
10.4? 
10 a 40 

9.32 
0.72 

10.59 
10 55 
10 0 00 

7.25 
10.39 
10 .23  
10. 15 
10.22 
10 32 
10 ., 21s 

? ,97  
10,37 
i o .  21 

9.78 

;LL N-2 
EDR I CAP 

10.06 3 .534  
9 . 7 1  I 3.484 

11.28 3 ,366  
1 0 = 9 8 ,  I 3.200 

11.0ll 3.166 
11.211 3 .184  
10 .98  3.200 
10.38 I 3.1.52 
10.86i  3 .218  
i 0 . 4 6  3.166 1 

metallurgical - 

- 
:FFCY 
Z) 

51.5 
5 2 . 1  
5 3 . 1  
49.7 
5 4 . 1  
5 9 . 5  
56.8 
5 5 . 1  
57.5 
57.8 

71 .2  
70 .2  
67.9 
6 L e  5 
63.8 
62 .9  
62 .5  
60 .8  
62 .2  
64 .5  
6 3 . 8  
6 6 . 2  
64 .5  
63 .5  
64 .9  
63 .8  
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cycl ing  s t u d i e s  are being continued. 

The d i f f e r e n c e s  observed bekween. cells wi th  s e p a r a t o r  nap f a c i n g  
p o s i t i v e  or negat ive  p l a t e  cells warranted f u r t h e r  i n v e s t i g a t i o n .  
Therefore, a number of 17-plate and 18-plate  cells w i t h  FT2140 

s e p a r a t o r  w e r e  cons t ruc ted  such t h a t  t h e  nap faced: 
a) negat ive  p l a t e s .  
b) p o s i t i v e  p l a t e s  
c) both negat ive  and posigivte p l a t e s  

The cells were cykled f i v e  t i m e s  charging at t he  c/12.5 rate to  
137% charge level and d ischarg ing  a t  t h e  c/2,5 rate to. a l v  
cu t -of f ,  Following these cyc le s ,  t he  cells were s t e r i l i z e d  and 
cyc l ing  -continued. The r e s u l t s  do not-show ah$':marked d i f f e r e n c e s  
between the  var ious  separa tor -e lec t rode  conf igura t ions  , b u t  t h e  
,d i f fe rences  between before and aftea s t e r i l i z a t i o n  data, and 17- 
p l a t e  and 18-plate  cells are s i g n i f i c a n t .  

A summary of data taken from t h e  5kh cyc les  before and *he 5 th  
cyc les  a f te r  s t e r i l i z a t i o n  is given i n  Table I X .  Each e n t r y  for 
a given conf igura t ion  (e.g. nap  f a c i n g  neg,, 17-plate ,  pre- 
s t e r i l i z a t i o n )  i s  an average for t h e  three cells cons t ruc ted  w i t h  
t h a t  conf igura t ion .  The average values  for  a l l  p r e - s t e r i l i z a t i o n  
17-plate  cells 'are therefore for  a t o t a l  of n ine  cells  and a l l  
p r e - s t e r i l i z e d  cells t o t a l  18  cells. The p o s t - s t e r i l i z a t i o n  values  
are f o r  t h e  same 18  cells  af ter  s t e r i l i z a t i o n .  The same t r ends  
t h a t  w e r e  noted previous ly  are apparent  here; t h a t  is ECV, OCV and 
e f f i c i e n c y  a l l  i nc rease  upon s t e r i l i z a t i o n .  I t  is  also note- 
worthy t h a t  a very l o w  e f f i c i e n c y  of 42.5 occurs  f o r  18-plate  
cells p r i o r  t o  s t e r i l i z a t i o n .  and that  the  e f f i c i e n c y  of these cells 
increases to  the h ighes t  va lue  after s t e r i l i z a t i o n .  Since no 
marked effect w a s  obsexved t o  r e s u l t  from d i f f e r e n c e s  i n  separator 
nap conf igura t ions ,  however, t h i s  series of tests w a s  terminated. 
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4.0 - Prepara t ion  of _. Separa te ly  S t e r i l i z e d  Components: 
E f f o r t s  w e r e  i n i t i a t e d  i n  t h i s  q u a r t e r  t o  determine the  cause of 
t h e  increase i n  t h e  end-of-charge vol tage  and, t h e  cell  e f f i c i e n -  
cies. I n  order t o  eva lua te  t h e  effects of s t k r i l i z a t i o n  on t h e  

components both s e p a r a t e l y  and i n  combination, s t e r i l i z a t i o n  w a s  
carried o u t  according t o  t h e  fol lowing 
t h e  presence of a p a r t i c u l a r  component 

ITEM 

1 
2 
3 
4 
5 
6 
7 
8 

- POSITIVE. 

+ 
0 
0 + 
0 
0 
-k 
0 

NEGATIVE 

b 
+ 
0 
0 
4. 
0 
0 * 

The s e p a r a t o r  used was type  FT2140 and 

scheme where + i n d i c a t e s  
and 0 i ts  absence: 

SEPARATOR 
0 
0 + 
0 
0 
4- + 
9 

ELECTROLYTE 

0 
0 
0 + 
9 

> +  
+ 
+ 

t h e  KOH concent ra t ion  w a s  
30%. 
were heated i n  a i r  w h i l e  4-8 were sealed i n  s tandard  b a t t e r y  cans.  
A f t e r  s t e r i l i z a t i o n ,  i t e m s  4-8 w e r e  washed free of KOH, a i r  
dried a t  100°C and stored i n  a dessicator. 

Samples were s t e r i l i z e d  f o r  6-4 h r s ,  a t  135OC. I t e m s  1-3 

The normally black p o s i t i v e s  became blue-grey when s t e r i l i z e d  i n  
t h e  presence of KOH or  KOH and separator. 
became less b lue  and more grey under t he  same condi t ions .  The 

- i  
The blue-grey 'hegat ives  

sepa ra to r  became s t - i f f e r  under a l l  condi t ions  and tore more r e a d i l y  
after drying,  p a r t i c u l a r l y  when it had been s t e r i l i z e d  i n  t h e  
presence of e l e c t r o l y t e  and p o s i t i v e .  

5.0 Impact Tes t ing  F a c i l i t y :  

i n v e s t i g a t i o n s ,  ou r  work has  been directed toward modif icat ion of 
similar equipment a t  Brown Universi ty .  W e  have a t  our  d i s p o s a l  a 

- 
lowing e JPL s l i n g s h o t  machine used for high impact 

metal1 urgi c a1 
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pneumatic Hyge gun ope ra t ing  on high p res su re  n i t rogen  and rated a t  
40,000 pounds t h r u s t ,  W e  have used a two-rail in te rmedia te  s e c t i o n  
approximately s i x  f e e t  long. Completing t h e  system is  a 2500 
pound steel block mounted on rollers and shock absorbers  t o  serve  
as the  a n v i l  m a s s .  Thus main des ign  emphasis w a s  placed on t h e  

c a r r i a g e  assembly. I t  w a s  desirable t o  s t r i v e  for: (a) a s i n g l e  
f i x t u r e  arrangement compatible wi th  every cel l  conf igura t ion  w e  
expect  t o  eva lua te :  (b)  minimize t h e  e f f e c t  of var ious  cell  
weights on a t t a i n e d  v e l o c i t y ,  thus  pe rmi t t i ng  a s i n g l e  calibra- 
t i o n  of t h e  a c c e l e r a t i n g  mechanism; (c) compromise with t o t a l  
weight t o  l i m i t  t h e  amount of energy t h a t  must be d i s s i p a t e d ;  (d) 

n o t  only s u r v i v a l  of t h e  s p e c i f i e d  4OOOg-1 msec, b u t  t h e  capabi- 
l i t y  t o  explore  var ious  g- leve ls  for  var ious  pu l se  lengths .  

The c a r r i a g e  and o t h e r  mechanical components have been b u i l t  md 
approximately 40 tests have been run f o r  c a l i b r a t i o n  and i n s t r u -  
mentation se tup ,  The t o t a l  c a r r i a g e  weight is  approximately 32.5 
pounds and thus  w e  have a h igher  amount of energy t o  d i s s i p a t e  a t  
any given ve loc i ty .  This can be seen i n  t h e  b r i e f  r e p r e s e n t a t i v e  
va lues  obtained t o  d a t e ,  For t h e  m o s t  p a r t ,  larger too l  diameters 
are requi red  for a given g- level  than found necessary by JPL. 

Tool Measured Calculated 
D i a m e t e r  q-Level g-Level 

112"  1200 1100 
518" 1800 1700 
314" 2700 
718" 
1 

3400 
4800 

3400 
4200 

These values  are average and r e p r e s e n t a t i v e  only.  Addit ional  
c a l i b r a t i o n  runs are requi red  t o  f i n a l i z e  t h e  values.  W e  con- 
ducted test  runs a t  v e l o c i t i e s  of 75-125 ft./sec. The pu l se  shape 
has  been e s s e n t i a l l y  square fo  du ra t ions  from 1-2 msec, depending 
on v e l o c i t i e s  and tool diameters. An e x c e l l e n t  c o r r e l a t i o n  between 
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too l  area and g- level  has been i n d i c a t e d  i n  t h e  prel iminary work. 
T h i s  is  encouraging i n  t h e  sense  t h a t  work hardening o~r s t r a i n  
rate effects may be s m a l l ,  thus  a s su r ing  the square pu l se  shape 
through var ious  du ra t ions  o r  d e c e l e r a t i o n  t i m e .  

The measurement of impact v e l o c i t y  is  achieved by t w o  b r i t t l e  
w i r e  con tac t  p o i n t s  a t  known d i s t a n c e  and an e l e c t r o n i c  t i m e  
i n t e r v a l  counter.  This  system has demonstrated e x c e l l e n t  relia- 
b i l i t y .  T ime  measurement in/CIseconds impl ies  an accuracy of 1% 
dictated by con tac t  l o c a t i o n  variance.  L i k e w i s e ,  w e  have demon- 
strated a technique t o  r e l i a b l y  record cell  vol tage  dur ing  impact. 
W e  are exp.eriencing some p r a c t i c a l  d i f f i c u l t i e s  i n  r e l i a b l y  
c o n t r o l l i n g  t h e  dynamic motion of the ins t rumenta t ion  cables 
during impact. A new counterspr ing  system w i l l  be employed which 
should prove more permanent. Associated problems i n  a c c e l e r a t i o n  
measurement are being a c t i v e l y  el iminated.  O f  prime concern are 
effects due t o  t h e  e las t ic  wave prbpagation wi th in  t h e  c a r r i a g e  
and t h e  e x c i t a t i o n  of mounted accelerometer resonant  frequency. 
During t h i s  cr i t ical  t i m e  of t e s t i n g  f a c i l i t y  development, w e  
feel it is  advantageous t o  spend t i m e  i n  ga in ing  a f u l l  under- 
s tanding  of the  apparatus .  W e  are, t h e r e f o r e ,  conservat ive i n  
employing simple s o l u t i o n s  suoh as f i l t e r  networks. W e  need an 
understanding of high frequency response i n  our  p a r t i c u l a r  system 
i n  order t o  reproduce precise,waveforms and t o  achieve var ious  
types of pu l se  shapes i n  later dynamic i n v e s t i g a t i o n s .  Severa l  
approaches are under s tudy t o  improve the  data a c q u i s i t i o n  w i t h  
a minimum of d i s t o r t i o n .  

I n i t i a l  impact work w i l l  involve t h e  programmed t e s t i n g  of e x i s t i n g  
N i - C d  cells t o  i d e n t i f y  f a i l u r e  modes and re la t ive q u a n t f t a t i v e  
impact r e s i s t ance .  T h i s  i n i t i a l  phase w i l l  begin dur ing  January 
when ins t rumenta t ion  development and system c a l i b r a t i o n  has been 
completed. 

metallurgical 
-26- materials division 



a, 3 k 
3 c) 0 

C 
cr 

+. 
kl 

w 
V 

d Y  

- 
# 1133 

dllOX9 

-0 
QJ 
rl 
.rl 
cd 

4-1 

rn 
a, 
M 
5 
rd 
M 

I 

rl 

a, 
5 
0 

8 

rn 
a, 
M 
5 
cd 
bo 

a, 
Li 

v1 
a, 
k a 

: 

u 
3 
0 c 
U 
.I4 
3 
rn 
rl 
4 
a, 
U 

1 

N 

a 
5 
0 

& 

m 
N 
4 
\ 
V 

c-4 
\ 
V 
U 
cd 



d 
3 

t 1 f 
Q 

-=2 

. ?<? 

m 
* Q 

m 
.1 

-2 8- 



M 

W 
H 
I& 

3 



I I I 
0 m ‘  0 

* M 07 
b . 



w 
A u I4 
3( u 

kl 
I! 

rf 
m 
d 
4 w 
V 
e 

I I I 
0 m 0 

d m m 
8 s 

-31- 



ul 

W 
H 
b4 

w 
111 u 
31 
V 

w 

i! V 
I 
Fr 
Q 

I 
R E 

-32- 



w 
4 
U 
31. 
U 

x 
O s 
8 
0 m 

m 
N 

I4 
4 w 
U 
0 

I-  

-33- 



w 
d u 
u 

. .  

m 
CJ 

0 

i I i I I 
W 

rl 

m 
rl 
. -r 

rl 

m 
rl 

0 

-34- 



3 
cn 

d 

8' 3 
z 
w 
I4 u 
u 

-35- 



! 
2 
d 
M 

% 
U . 
v1 
3 

-36- 



r 1 I I 
C '0 0 0 0 

e .  m cv r-i 

(SFTHOI'I'III4) 33NX;GSIS38 3 3 W H 3 - 6 0 - C I N B  

-37- 



. .  

Y 

-38- 



3 

2 
H 
FL/ 

0 
PI 
dP 
0 
a3 . 

-39- 



+ 

-40- 



ATTLEIORO, MASSACHUSETTS, cb. S. A. 4P 
5--M 


