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ABSTRACT, CONCLUS IONS AND RECOMMEND AT IONS 

This r epo r t  desc r ibes  t he  development of a  hea t  s t e r i l i z a b l e  

remotely a c t i v a t e d  b a t t e r y  under Contract  JPL No. 952214 w i t h  Eagle-Picher 

I n d u s t r i e s .  I n  t h e  f i r s t  of two phases a  s tudy was made of t h e  e f f e c t s  of 

hea t  s t e r i l i z a t i o n  on a l l  c e l l  and b a t t e r y  components. I n  t h e  second phase, 

t h r e e  engineering model b a t t e r i e s  were b u i l t  from t h e  components s e l e c t e d  

i n  t h e  f i r s t  phase. These b a t t e r i e s  were s t e r i l i z e d  and t e s t e d  t o  demon- 

s t r a t e  t h e  v a l i d i t y  of t h e  des ign .  

In  phase one i t  was shown t h a t  a s  a  r e s u l t  of hea t  s t e r i l i z a t i o n ,  

t he  s i l v e r  oxide e l e c t r o d e  l o s t  38% of i t s  a c t u a l  capac i ty .  This  l o s s  was 

t h e  r e s u l t  of thermal r educ t ion  of Ago t o  Ag20. In  a d d i t i o n ,  e l e c t r o d e  

dimensions increased by 8% i n  wid th ,  4% i n  he ight  and 0-10% i n  th ickness  

because of p a r t i c l e  s i z e  i nc rease  during s t e r i l i z a t i o n .  Microscope s t u d i e s  

of t h e  e l ec t rodes  revealed t h a t  p a r t i c l e  s i z e  tended t o  become more uniform 

from p l a t e  t o  p l a t e  but  l e s s  uniform i n  a  given p l a t e .  Excessive p re s su re  

bui ld-up caused by oxygen from t h e  s i l v e r  oxide r educ t ion  (400 c c / e l e c t r o d e )  

and dimensional s t a b i l i t y  problems were minimized by p r e s t e r i l i z a t i o n  of t h e  

e l e c t r o d e s  and trimming t o  f i n a l  s i z e  before assembly i n t o  t h e  c e l l s .  

The z i n c  e l ec t rodes  su f f e red  an 18% capac i ty  l o s s  during s t e r i l i -  

z a t i o n .  Microscope scanning s t u d i e s  and su r f ace  a rea  measurements showed no 

change as t h e  r e s u l t  of hea t  s t e r i l i z a t i o n .  Sur face  a rea  values of 3 . 6  - 6 . 1  

2 m 2 1 g m  before  s t e r i l i z a t i o n  and of 4 .8  - 5.8 m /gm a f t e r  s t e r i l i z a t i o n  were 

found. X-ray measurements i nd ica t ed  t h a t  only a  t r a c e  of z inc  oxide was 

formed during s t e r i l i z a t i o n .  



Several  s epa ra to r  ma te r i a l s  were t e s t e d  f o r  use  i n  t h e  h e a t  s t e r i l i -  

zab le  b a t t e r y ,  Based on t h e i r  a b i l i t y  t o  su rv ive  s t e r i l i z a t i o n  and t o  absorb 

and wick e l e c t r o l y t e  s o l u t i o n ,  c o t t o n  and asbes tos  were found b e s t  s u i t e d  

whi le  nylon,  polypropylene and hemp were i n f e r i o r .  Cotton requi red  19-33 

seconds t o  wick 31% KOH e l e c t r o l y t e  s o l u t i o n  1/2" i n  the  v e r t i c a l  d i r e c t i o n  

and absorbed 1 6 . 5  gm of 31% KOH solut ion/gm m a t e r i a l .  Asbestos requi red  83- 

300 seconds t o  wick 1 / 2 "  under s i m i l a r  cond i t i ons  and absorbed t y p i c a l l y  7 

gm of solut ion/gm m a t e r i a l .  The c o t t o n  s e p a r a t o r  was s e l e c t e d  f o r  u se  i n  the 

pro to type  b a t t e r i e s .  

In  s tudying t h e  e f f e c t  of e l e c t r o l y t e  concen t r a t ion  on c e l l  p e r f o r -  

mance, i t  was found t h a t  t h e  c e l l  p l a t eau  vo l t age  was reduced by a  f a c t o r  

of 0 .03  times t h e  s p e c i f i c  g r a v i t y  of the  s o l u t i o n .  Nei ther  t h e  s p e c i f i c  

g r a v i t y ,  w i t h i n  t h e  range of 1.30 t o  1.45, nor  s t e r i l i z a t i o n  of the  e l e c t r o -  

l y t e  was found t o  a f f e c t  c e l l  c a p a c i t y .  

A convent ional  e l e c t r o l y t e  r e s e r v o i r  made from copper tubing was 

found t o  be unaf fec ted  by h e a t  s t e r i l i z a t i o n .  The r e s e r v o i r  used i n  t h e  3  

b a t t e r i e s  was sea led  a t  e i t h e r  end by 0.004 inch  t h i c k  diaphragms and he ld  

800 c c t s  of 31% KOH e l e c t r o l y t e  s o l u t i o n .  

Polysulfone was s e l e c t e d  as  the  b e s t  ca se  m a t e r i a l  because of i t s  

t ransparency  and i t s  a b i l i t y  t o  be so lven t  bonded. Never the less ,  i t  was 

necessary  t o  cu re  a l l  so lven t  j o i n t s  i n  vacuum a t  85OC f o r  72 hours t o  prevent  

bubbling and weakening of t he  j o i n t s  during s t e r i l i z a t i o n .  Lap j o i n t s  and 

b u t t  j o i n t s  prepared i n  t h i s  manner f a i l e d  between 1660 and 5330 p s i .  S t e r -  

i l i z a t i o n  did not change these  va lues .  C e l l  cases  were found t o  b u r s t  a t  a  

p r e s s u r e  of 160 p s i  before  s t e r i l i z a t i o n  and a t  90 p s i  a f t e r  s t e r i l i z a t i o n .  

- i v -  



S e v e r a l  types  of s q u i b s  and p r o p e l l a n t s  were  t e s t e d  f o r  u s e  i n  t h e  

g a s  g e n e r a t o r .  A s q u i b  manufactured by Network E l e c t r o n i c s  Corp . ,  was found 

t o  b e  u n a f f e c t e d  by s t e r i l i z a t i o n .  T h i s  u n i t  u s e s  l e a d  s t y p h n a t e  a s  t h e  

i n i t i a t o r .  A polyes ter -s tyrene-ammonium p e r c h l o r a t e  p r o p e l l a n t ,  made by 

A e r o j e t  Genera l  Corp . ,  wzs l e a s t  a f f e c t e d  by s t e r i l i z a t i o n .  The g a s  o u t p u t ,  

peak p r e s s u r e  and t ime  t o  r e a c h  peak p r e s s u r e  were  determined f o r  t h i s  and 

o t h e r  p r o p e l l a n t s  b e f o r e  and a f t e r  s t e r i l i z a t i o n .  

I n  p h a s e  two t h r e e  b a t t e r i e s  were  assembled from t h e  components 

d e s c r i b e d  above.  They were  des igned  t o  have a  c a p a c i t y  of t e n  ampere h o u r s .  

3 The dimensions  were  7.14 x 6 .65 x 6.04 i n c h e s  and t h e  volume was 287 i n  . 

The we igh t  was 17 pounds y i e l d i n g  a n  energy  d e n s i t y  c f  15 .3  w a t t  h o u r s  p e r  

pound. The b a t t e r i e s  were  h e a t  s t e r i l i z e d  f o r  128  hours  a t  135"C, a c t i v a t e d  

and d i s c h a r g e d .  The performance was normal i n  one o u t  o f  t h r e e  deve lopmenta l  

b a t t e r i e s .  The remain ing  two u n i t s  worked p o o r l y  because  oE u n f o r e s e e n  

assembly problems.  A l l  b a t t e r i e s  were  ven ted  a t  t h e  end of d i s c h a r g e  t o  

p r e v e n t  p o s s i b l e  r u p t u r e .  No component f a i l u r e s  were  e n c o u n t e r e d .  

Based on t h e  work performed h e r e ,  t h e  f o l l o w i n g  c o n c l u s i o n s  c a n  

be drawn: Remotely a c t i v a t e d  s i l v e r  o x i d e - z i n c  b a t t e r i e s  c a n  be made t o  b e  

h e a t  s t e r i l i z a b l e  i f  a  407 l o s s  i n  energy  d e n s i t y  i s  a c c e p t a b l e .  The energy  

d e n s i t y  f o r  t h e s e  b a t t e r i e s  i s  abou t  1 5  w a t t  hours  p e r  pound. Because  of 

g a s s i n g  d u r i n g  and a f t e r  d i s c h a r g e ,  b a t t e r i e s  f a b r i c a t e d  based on t h e s e  model 

b a t t e r i e s  would have t o  b e  equipped w i t h  a  v e n t ;  v e n t i n g  c o u l d  p e r t u r b  t h e  

motion o r  o r i e n t a t i o n  of a  descending p l a n e t a r y  c a p s u l e .  A d d i t i o n a l  work i n  

t h i s  a r e a  would have t o  focus  o n  t h e  p r e s s u r e  problems and means t o  e l i m i n a t e  

them. 
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1 . 0  INTRODUCT I O N  

T h i s  r e p o r t  d e s c r i b e s  t h e  development of a  h e a t  s t e r i l i z a b l e  r e m o t e l y  

a c t i v a t e d  s i l v e r  z i n c  b a t t e r y  under  c o n t r a c t  number 952214 between t h e  Je t  

P r o p u l s i o n  Labora to ry  and Eag le -P icher  I n d u s t r i e s ,  I n c  . The work was d i v i d e d  

i n t o  two phases .  The f i r s t  phase  c o n s i s t e d  of a s t u d y  of t h e  e f f e c t s  of h e a t  

s t e r i l i z a t i o n  o n  t h e  components f o r  a  remote ly  a c t i v a t e d  b a t t e r y .  I n  t h e  

second phase  t h r e e  p r o t o t y p e  b a t t e r i e s  were  made from t h e  b e s t  components. The 

b a t t e r i e s  were s t e r i l i z e d  f o r  128 h o u r s  a t  135"C, a c t i v a t e d  and d i s c h a r g e d .  

The requ i rements  f o r  t h i s  b a t t e r y  were  a s  f o l l o w s :  

Capac i ty  - 200 w a t t  hours  

Output  Vol tage - 26 t o  30 v o l t s  D.C.  

C u r r e n t s  - 1200 w a t t s  f o r  1 0  minutes  o r  500 w a t t s  f o r  24 minutes  

B a t t e r y  S e a l  - Hermetic 

S h e l f  S t o r a g e  - One y e a r  minimum a t  t empera tu res  between -10°C and +25"C 

and a  r e l a t i v e  humidi ty  l e s s  t h a n  50% 

- Nine month s t o r a g e  d r y  charged a t  t empera tu res  between -10°C 

and +60°C 

A c t i v a t i o n  - A t  20°C t o  45OC t h e  b a t t e r y  must r e a c h  o p e r a t i n g  v o l t a g e  

w i t h i n  two minutes  a f t e r  a p p l i c a t i o n  of c u r r e n t  t o  gas  

g e n e r a t o r .  

Wet L i f e  - The b a t t e r y  must be c a p a b l e  of performance a f t e r  30 minu tes  

a c t i v a t e d  s t a n d  under no l o a d .  

S t e r i l i z a t i o n  - The b a t t e r y  must be c a p a b l e  of performance a f t e r  two c y c l e s  

a t  135°C f o r  64 hours  p e r  c y c l e  and e t h y l e n e  o x i d e  decon-  

t amina t  i o n .  



1 . 0  INTRODUCTION (Cont inued)  

Opera t ing  Condi t ions  - The b a t t e r y  must be  c a p a b l e  of a c t i v a t i o n  under  

c o n d i t i o n s  of mm Hg between 20°C and 45°C 

and z e r o  g r a v i t y .  

2 . 0  TECHNICAL DISCUSS I O N  

2 . 1  Phase I 

2 . 1 . 1  S i l v e r  P l a t e  

T e s t s  were  conducted t o  de te rmine  t h e  e f f e c t s  of h e a t  s t e r i l i z a t i o n  o n  

t h e  s i l v e r  p l a t e .  The t e s t s  were performed u s i n g  a  p l a t e  s i z e  of 2 . 0 0  i n c h e s  

h i g h  by 1 .625  i n c h e s  wide .  The w e i g h t s  and t h i c k n e s s e s  were v a r i e d  s o  as  t o  

p r o v i d e  a  range  o f  w e i g h t s  and d e n s i t i e s .  I n  e a c h  t e s t  t h e  f i n a l  pa ramete rs  

measured were t h e  d i s c h a r g e  c h a r a c t e r i s t i c s  of t h e  p l a t e s .  Th i s  i n f o r m a t i o n  

was o b t a i n e d  by t e s t i n g  t h e  p l a t e s  i n  c e l l s  comprised of one p o s i t i v e  and 

two n e g a t i v e  ( z i n c )  e l e c t r o d e s  s e p a r a t e d  by a  s i n g l e  l a y e r  of 2409 c o t t o n  a s  

manufactured by Kendal l  M i l l s .  

2 . 1 . 1 . 1  Dimensional and Weight Changes 

Two c h a r a c t e r i s t i c s  of t h e  s i l v e r  o x i d e  e l e c t r o d e  a r e  t h e  i n c r e a s e  

i n  s i z e  and l o s s  i n  weight  d u r i n g  exposure  t o  e l e v a t e d  t e m p e r a t u r e s .  S t u d i e s  

were conducted t o  de te rmine  t h e  e x t e n t  of each a f t e r  128 hours  of s t e r i l i z a -  

t i o n  a t  135°C. P l a t e s  were s e l e c t e d  t o  r e p r e s e n t  a  wide range of w e i g h t s  and 

d e n s i t i e s .  They were t h e n  s t o r e d  i n  a  t i n  c o n t a i n e r  and s t e r i l i z e d  a t  135°C 

f o r  128 h o u r s .  The r e s u l t s  may be  s e e n  i n  Tab le  I. 

A second s e t  of p l a t e s  was s u b j e c t e d  t o  two 128 hour  c y c l e s  a t  135°C. 

Measurements were made a s  b e f o r e .  The r e s u l t s  ( s e e  T a b l e  11)  show o n l y  minor 

changes a f t e r  t h o s e  exper ienced  d u r i n g  t h e  f i r s t  c y c l e .  Th i s  i n d i c a t e s  t h a t  





TABLE I1 

Effect of Sterilization Cycles 
on 

Silver Oxide Electrodes 



2 . 1 . 1 . 1  Dimensional  and Weight Changes (Cont inued)  

t h e  p l a t e s  a r e  r e l a t i v e l y  s t a b l e  a f t e r  t h e  i n i t i a l  s t e r i l i z a t i o n  c y c l e .  The 

p l a t e s  were  d i s c h a r g e d  i n  c e l l s  a s  d e s c r i b e d  p r e v i o u s l y .  P l a t e s  s i m i l a r  t o  

t h o s e  s t e r i l i z e d  were  d i s c h a r g e d  i n  o r d e r  t o  de te rmine  t h e  t o t a l  c a p a c i t y  l o s s  

due t o  s t e r i l i z a t i o n .  The r e s u l t s  a r e  d i s c u s s e d  i n  s e c t i o n  2 . 1 . 1 . 4  o f  t h i s  

r e p o r t .  

The a v e r a g e  l o s s  i n  c a p a c i t y  was 42%. Based on t h e  d a t a  i n  T a b l e  

I1 p e r t a i n i n g  t o  w e i g h t  l o s s ,  approx imate ly  4% of t h e  42% c a p a c i t y  l o s s  may 

be a t t r i b u t e d  t o  t h e  second 128 h o u r ,  135°C s t e r i l i z a t i o n  c y c l e .  The v o l t a g e s  

of t h e  s t e r i l i z e d  c e l l s  ( s e e  Tab le  111)  were  c h a r a c t e r i s t i c  of monovalent 

s i l v e r  o x i d e  p l a t e s .  

2 . 1 . 1 . 2  Gass ing  of S i l v e r  E l e c t r o d e .  

S i n c e  p r e v i o u s  t e s t i n g  gave i n d i c a t i o n s  t h a t  a  p o i n t  of s t a b i l i t y  

o c c u r r e d  a t  some t i m e  i n t e r v a l  d u r i n g  s t e r i l i z a t i 6 n  a t  135OC, t h e  r a t e  of 

g a s s i n g  of a  g roup  of e i g h t  s i l v e r  o x i d e  e l e c t r o d e s  was measured i n  a n  a t t e m p t  

t o  demons t ra te  p h y s i c a l  dormancy. T h i s  was accomplished by s e a l i n g  t h e  p l a t e s  

i n  a  t i n  c o n t a i n e r ,  p l a c i n g  t h e  c o n t a i n e r  i n s i d e  a n  oven s t a b i l i z e d  a t  135OC, 

and measuring t h e  gas  e m i t t e d  a t  room t e m p e r a t u r e .  Readings were  t a k e n  a t  

v a r i o u s  t ime i n t e r v a l s  t o  e s t a b l i s h  a  r a t e .  The t e s t  c o n s i s t e d  of two 128 

hour  c y c l e s  a t  135°C. 

A p l o t  o f  g a s  c o l l e c t e d  w i t h  r e s p e c t  t o  t ime  f o r  t h e  two c y c l e s  i s  

shown i n  F i g u r e s  I and 11. Fr.om F i g u r e  I i t  c a n  be  s e e n  t h a t  90% of t h e  g a s  

measured d u r i n g  t h e  f i r s t  c y c l e  was c o l l e c t e d  d u r i n g  t h e  i n i t i a l  24 h o u r s  of 

t e s t .  A f t e r  60 h o u r s  a t  135"C, t h e  p l a t e s  appear  t o  r e a c h  a  p o i n t  of s t a b i l i t y .  

The t o t a l  g a s  c o l l e c t e d  d u r i n g  t h e  two c y c l e s  was 3430 c c ' s .  
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2 .1 .1 .2  (Continued) 

In ord-er t o  es t imate  t he  p o t e n t i a l  gas evolu t ion  of the  p l a t e s  over 

extended s to rage  times a t  135OC, the  quan t i t y  of gas co l l ec t ed  was p l o t t e d  

as  a  r e c i p r o c a l  of t ime.  This i s  shown i n  F igu re  111 - a  and b .  F igure  

111-a i n d i c a t e s  t h a t  a  maximum gas emission of 3400 c c ' s  would r e s u l t  from 

the  p l a t e s  t e s t e d .  A pronounced s t a b i l i t y  i s  ind ica ted  by the  curve depic ted  

i n  F igu re  111-b . 

2 .1 .1 .3  S t r u c t u r a l  Changes 

In view of t he  dimensional changes occurr ing  i n  t h e  s i l v e r  ox ide  

plaques during s t e r i l i z a t i o n ,  t h e  e f f e c t s  of s t e r i l i z a t i o n  on the  phys i ca l  

s t r u c t u r e  of t h e  p l a t e s  was s tud ied .  The methods used were microscope scan-  

ning and X-ray d i f f r a c t i o n .  These s t u d i e s  were conducted by t h e  Univers i ty  

of Missouri a t  Ro l l a .  In  each in s t ance  t h e  a n a l y s i s  was made on p l a t e s  

before  and a f t e r  s t e r i l i z a t i o n .  

The microscope examination was made of nine p l a t e s  grouped i n t o  

four  weight c l a s s e s .  Each p l a t e  was pressed t o  a  d i f f e r e n t  t h i ckness  t o  

e s t a b l i s h  a  range of d e n s i t i e s .  Observations were made of t he  f l a t  s u r f a c e  

and t r ansve r se  s e c t i o n s  of the  p l a t e s .  Magnif icat ions of 300X and lOOOX 

were used.  Photographs may be seen  i n  Appendix I .  

The t r ansve r se  sho t s  revealed v a r i a t i o n s  i n  dens i ty  through the  

th ickness  of t he  e l e c t r o d e s .  This  was due t o  the press ing  ope ra t ion  and 

pressure  v a r i a t i o n s  through the  th ickness  caused by both depth and t h e  

presence of t he  s i l v e r  g r i d .  I n  gene ra l ,  however, t he  e l ec t rode  s t r u c t u r e  

was f a i r l y  uniform. 

One noteworthy f e a t u r e  was t h e  very angular  na ture  and l a r g e  o v e r a l l  

s i z e  of t he  AgO a t  lower weights and d e n s i t y .  The poros i ty  o r  void a rea  was 

a l s o  ex tens ive  f o r  t hese  e l ec t rodes .  Both the  s t r u c t u r e  and void a r e a  changed 





2 . 1 . 1 . 3  S t r u c t u r a l  Changes (Cont inued)  

c o n s i d e r a b l y  w i t h  i n c r e a s e d  we igh t  and d e n s i t y .  The a n g u l a r i t y  was n o t  e v i d e n t  

and t h e  p a r t i c l e s  tended t o  form a  more c o n t i n u o u s  mass,  made up of s m a l l e r ,  

more rounded agglomerated p a r t i c l e s .  

The a n g u l a r  p a r t i c l e s  ranged from a  maximum i n  t h e  r a n g e  of 1 0  microns 

f o r  one p a r t i c l e  down t o  one micron o r  l e s s .  The s m a l l e r  p a r t i c l e s  appeared  t o  

be  more agg lomera ted ,  whereas  t h e  l a r g e r  ones  r e t a i n e d  t h e i r  i d e n t i t y  and r e -  

mained more s e p a r a t e d  from t h e  mass.  No two specimens were  n e c e s s a r i l y  a l i k e ,  

bu t  ar rangement  i n t o  a  s c a l e  from v e r y  a n g u l a r  and open t o  agglomerated and 

dense  would b e  p o s s i b l e .  

I n  some c a s e s  i t  was d i f f i c u l t  t o  o b t a i n  a  c l e a n ,  even b r e a k  on t h e  

t r a n s v e r s e  s e c t i o n s ,  s o  i t  i s  p o s s i b l e  t h a t  a  few of  t h e  p i c t u r e s  c o u l d  have 

been  m i s l e a d i n g .  

The s t e r i l i z e d  samples  were v e r y  b r i t t l e  and s u s c e p t i b l e  t o  c rumbl ing .  

Because of t h e  d i f f i c u l t y  i n  g e t t i n g  a  good sample ,  o n l y  s u r f a c e  s h o t s  were  

made. 

The s t r u c t u r e s  of a l l  t h e  samples appeared t o  become much more s i m i l a r  

a f t e r  s t e r i l i z a t i o n .  An o v e r a l l  agg lomera t ion  o c c u r r e d  w i t h  l e s s  a p p a r e n t  v o i d  

s p a c e .  There  were  no l o n g e r  any of t h e  i n d i v i d u a l  a n g u l a r  p a r t i c l e s  t h a t  were  

p r e s e n t  i n i t i a l l y .  A l l  t h e  p a r t i c l e s  appeared t o  b e  made up of a  l a r g e  number 

of s m a l l  p a r t i c l e s  of about  micron s i z e .  

The p a r t i c l e s  appeared t o  r e s u l t  from some growth mechanism outward 

from t h e  s t a r t i n g  p a r t i c l e .  A l l  t h e  e l e c t r o d e s  a f t e r  h e a t i n g  approached t h e  

s t r u c t u r e  t h a t  t h e  d e n s e r ,  h e a v i e r  p l a t e s  possessed  b e f o r e  h e a t i n g ,  namely 

t h e  agglomerated s m a l l  p a r t i c l e - t y p e  s t r u c t u r e .  There  was a l s o  a  n e e d l e  t y p e  

growth i n  a few a r e a s  on some of t h e  e l e c t r o d e s  ( s e e  Appendix I ) .  



2 . 1 . 1 . 3  (Continued ) 

I n  g e n e r a l ,  t h e r e  was much l e s s  u n i f o r m i t y  o v e r  t h e  e n t i r e  s u r f a c e  

a r e a  of a  s t e r i l i z e d  e l e c t r o d e  t h a n  i n  t h e  i n i t i a l  u n s t e r i l i z e d  p l a t e s ,  even 

though a l l  t h e  samples approached t h e  same t y p e .  I n  o t h e r  words ,  t h e  m a j o r i t y  

of t h e  e l e c t r o d e s  w i l l  have s i m i l a r  a r e a s ,  b u t  t h e  c o l o r ,  p h a s e s ,  and s t r u c -  

t u r e  a r e  more prone t o  v a r y  w i t h i n  any one g i v e n  e l e c t r o d e .  

X-rays were  made p r i m a r i l y  on one s e t  of e l e c t r o d e s  w i t h  common 

w e i g h t s  b u t  v a r y i n g  d e n s i t i e s .  P a t t e r n s  were  made on t h e  whole s u r f a c e  a s  

w e l l  a s  o f  powders made by g r i n d i n g  up p i e c e s  t a k e n  from t h e  e l e c t r o d e s .  

I n i t i a l l y ,  t h e  on ly  phase  p r e s e n t  was Ago. A f t e r  s t e r i l i z a t i o n  a t  

135°C f o r  128 h o u r s ,  t h e  samples appeared t o  be of a  uniform d a r k  t o  b l a c k  

c o l o r .  Upon c o o l i n g  a  more mot t l ed  look  appeared .  The c o l o r s  ranged from 

a  l i g h t  t a n  t o  i n t e r m e d i a t e  shades  of grey-brown t o  a lmost  b l a c k .  I n  exam- 

i n i n g  s u r f a c e  X-rays of s t e r i l i z e d  p l a t e s ,  t h e  samples were d i f f e r e n t  i n  many 

r e s p e c t s .  However, t h e  powdered samples of t h e s e  m a t e r i a l s  were  v e r y  s i m i l a r .  

T h i s  would i n d i c a t e  t h a t  e i t h e r  on ly  t h e  s u r f a c e  has  any v a r i a t i o n s ,  o r  t h a t  

t h e  method of p r e p a r i n g  t h e  powdered specimens causes  p r e f e r r e d  phases  t o  be  

c o l l e c t e d .  F o r  example, a  b r i t t l e  phase  ( o x i d e ,  c a r b o n a t e )  would remain f i n e  

g r a i n e d  and powdery, w h i l e  a  d u c t i l e  phase  ( s i l v e r )  would agg lomera te  and 

f l a t t e n  o u t  b e i n g  l e s s  l i k e l y  t o  remain on t h e  g l a s s  s l i d e  used t o  ho ld  t h e  

powder f o r  X-ray.  

The s u r f a c e  samples appeared t o  be  predominant ly  Ag and Ag20, w i t h  

p o s s i b l y  a  s m a l l  amount of AgC03. When powdered, a  c o n s i d e r a b l e  amount of 

AgC03 was found t o  be  p r e s e n t .  T h i s  may no t  be r e p r e s e n t a t i v e  of t h e  amount 

i n  t h e  p l a t e ,  b u t  i t  does show t h a t  t h i s  phase i s  p r e s e n t  i n  a l l  t h r e e .  The 

c a r b o n a t e  may have been in t roduced  d u r i n g  t h e  fo rmat ion  c y c l e  of t h e  p l a t e s .  



2 . 1 . 1 . 4  E l e c t r i c a l  C h a r a c t e r i s t i c s  

The s i l v e r  o x i d e  e l e c t r o d e s  d e s c r i b e d  i n  paragraph 2 . 1 . 1 . 1 w e r e  used 

t o  b u i l d  c e l l s  which were  d i scharged  a t  a  c o n s t a n t  4  ampere r a t e .  P l a t e s  

s u b j e c t e d  t o  a  s i n g l e  s t e r i l i z a t i o n  c y c l e  exper ienced  a  nominal 38% l o s s  i n  

c a p a c i t y .  A f t e r  two s t e r i l i z a t i o n  c y c l e s  t h e  l o s s  was found t o  average  42%. 

I n  each  c a s e  t h e  l o s s  was determined by u n s t e r i l i z e d  c o n t r o l  c e l l s .  The 

r e s u l t s  may b e  s e e n  i n  T a b l e  111. The c e l l  v o l t a g e s  a f t e r  s t e r i l i z a t i o n  were 

c h a r a c t e r i s t i c  of monovalent s i l v e r  o x i d e .  

During t h e  c o u r s e  of Phase I of t h e  c o n t r a c t  i t  was decided t h a t  a  

r e g r e s s i o n  of d a t a  g a t h e r e d  might p r o v i d e  some i n s i g h t  i n t o  t h e  i n f l u e n c e  of 

t h e  v a r i o u s  p h y s i c a l  pa ramete rs  on t h e  e l e c t r i c a l  c h a r a c t e r i s t i c s  of t h e  

s t e r i l i z e d  p l a t e s .  With 90.7% of t h e  c a p a c i t y  accounted f o r  and a  s t a n d a r d  

e r r o r  of e s t i m a t e  of 5 .76  t h e  p r e d i c t i o n  e q u a t i o n  would be:  

Capac i ty  = 84 .07  + 92.54A - 42.818 - 3.06C - 37.47 - 12 .63  [ D ' D ~  (100) 

where: A = O r i g i n a l  p l a t e  weight  (gms) 

B = F i n a l  p l a t e  we igh t  (gms) 

C = O r i g i n a l  p l a t e  d e n s i t y  (grns/in3) 

Dl  = O r i g i n a l  p l a t e  w i d t h  ( i n )  

D2 = F i n a l  p l a t e  w i d t h  ( i n )  

The e f f e c t s  of h e a t  s t e r i l i z a t i o n  a r e  i n d i c a t e d  by t h e  s i g n i f i c a n c e  

of t h e  f i n a l  p l a t e  we igh t  and d imens iona l  change i n  t h e  e q u a t i o n .  

S i n c e  t h e  d imens iona l  changes r e s u l t e d  i n  s i g n i f i c a n t  e f f e c t s  on  t h e  

c a p a c i t y  of t h e  s i l v e r  ox ide  e l e c t r o d e ,  a n o t h e r  r e g r e s s i o n  was performed t o  

d e t e r m i n e  which c o n t r o l l a b l e  pa ramete rs  cause  t h e  changes .  T h i s  a n a l y s i s  



2 .1 .1 .4  E l e c t r i c a l  C h a r a c t e r i s t i c s  (Continued) 

showed g r e a t e r  values of the  d e n s i t y  and th ickness  t o  be concomitant wi th  

decreased p l a t e  expansion.  Since dens i ty  i s  a  f u n c t i o n  of t he  r e c i p r o c a l  

of t h e  th i ckness ,  a  va lue  of d e n s i t y  could be obtained t o  minimize t h e  

dimensional v a r i a t i o n s  and capac i ty  l o s s e s .  

2 .1.2 Zinc P l a t e  

Tes ts  s i m i l a r  t o  those performed wi th  s i l v e r  oxide p l a t e s  were made 

using z inc  e l e c t r o d e s .  These included s t u d i e s  of dimensional s t a b i l i t y .  

A 2.00 inch high by 1.625 inch  wide p l a t e  s i z e  was used.  E l e c t r i c a l  charac-  

t e r i s t i c s  of t he  m a t e r i a l  were measured i n  c e l l s  us ing  a  s i n g l e  zinc p l a t e  

separa ted  between two s i l v e r  p l a t e s  by 2409 w e b r i l .  

2 . 1 . 2 . 1  Dimensional and Weight Changes 

Zinc e l e c t r o d e s  were found t o  experience no s i g n i f i c a n t  dimensional 

changes a f t e r  s t e r i l i z a t i o n .  However, an average ga in  i n  weight of .07 gram 

per  p l a t e  was measured. Assuming the  g a i n  i n  weight i s  oxygen, t he  theo re -  

t i c a l  capac i ty  l o s s  would be 14 ampere minutes.  Discharges of these  p l a t e s  

r e f l e c t e d  the  weight g a i n  i n  t h a t  when compared t o  u n s t e r i l i z e d  p l a t e s  of 

comparable weights  an average capac i ty  l o s s  of 15.6 ampere minutes was c a l -  

c u l a t e d .  This r e p r e s e n t s  a  l o s s  of approximately 18% of t h e  o r i g i n a l  c a p a c i t y  

Data from these  d ischarges  may be seen  i n  Table I V .  

2 .1 .2 .2  S t r u c t u r a l  Changes 

Since previous s t u d i e s  of t h e  z inc  p l a t e s  showed a  small  weight 

i nc rease  accompanied by a  l o s s  i n  c a p a c i t y ,  i t  was suspected t h a t  t h e  inc rease  

i n  weight was oxygen. In  order  t o  v e r i f y  t h e  ox ida t ion  during hea t  s t e r i l i -  

z a t i o n ,  s t u d i e s  were made a t  t h e  Univers i ty  of Missouri a t  Rolla  t o  determine 
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t h e  e f f e c t s  of h e a t  s t e r i l i z a t i o n  on t h e  c r y s t a l l i n e  s t r u c t u r e ,  p o r o s i t y ,  

and s u r f a c e  a r e a  of t h e  z i n c  p l a t e .  Phase s t u d y  d e t e r m i n a t i o n s  (X-ray) 

a s  w e l l  a s  microscope scann ing  s h o t s  (Appendix 11) were made of s e v e r a l  

p l a t e s .  There  d i d  n o t  appear  t o  be  an  a p p r e c i a b l e  o x i d a t i o n  of t h e  z i n c  

e l e c t r o d e s .  The X-rays t a k e n  b e f o r e  and a f t e r  s t e r i l i z a t i o n  were e s s e n -  

t i a l l y  i d e n t i c a l ,  w i t h  o n l y  a  z i n c  phase  appear ing .  No ev idence  of a n  

e x t e n s i v e  amount of a  ZnO phase  was found.  A s  c a n  be s e e n  from t h e  micro-  

scope  scann ing  s h o t s  i n  Appendix 11, no a p p r e c i a b l e  s t r u c t u r a l  changes  

o c c u r r e d  d u r i n g  h e a t  s t e r i l i z a t i o n .  Also,  by v i s u a l  i n s p e c t i o n  t h e  p o r o s i t y  

of t h e  p l a t e s  appeared t o  remain t h e  same. 

A  two p l a t e  s t u d y  was conducted a t  t h e  American Ins t ruments  Company 

t o  v e r i f y  t h e  l a c k  of p h y s i c a l  change of t h e  z i n c  e l e c t r o d e .  B.E.T. measure- 

ments were  made b e f o r e  and a f t e r  s t e r i l i z a t i o n .  The t e s t s  i n d i c a t e d  very  l i t t l e  

change,  i f  any,  i n  t h e  s u r f a c e  a r e a  of t h e  t e s t  samples .  The r e s u l t s  a r e  shown 

i n  T a b l e  V. The v a r i a n c e s  between t h e  u n s t e r i l i z e d  and s t e r i l i z e d  r e a d i n g s  a r e  

w i t h i n  t h e  e r r o r  of t h e  t e c h n i q u e .  

2 . 1 . 3  S e p a r a t o r  

S i n c e  t h e  requ i rements  of t h e  c o n t r a c t  invo lve  a  remotely  a c t i v a t e d  

b a t t e r y  w i t h  a  r e l a t i v e l y  s h o r t  wet l i f e ,  on ly  absorben t  m a t e r i a l s  were  

s e l e c t e d  f o r  s t u d y .  The p r o p e r t i e s  deemed most d e s i r a b l e  i n  t h i s  i n s t a n c e  

a r e :  p h y s i c a l  s t a b i l i t y  d u r i n g  d r y  s t e r i l i z a t i o n ,  good e l e c t r o l y t e  absorp-  

t i o n ,  wick ing  and r e t e n t i o n  p r o p e r t i e s ,  and low e l e c t r i c a l  r e s i s t i v i t y  i n  a  

1 .30  s p e c i f i c  g r a v i t y  s o l u t i o n  of po tass ium hydrox ide .  



TABLE V 

E f f e c t s  of 135°C S t e r i l i z a t i o n  
on t h e  

S u r f a c e  Area o f  Zinc P l a t e s  

S t e r i l i z e d  

Uns t e r i l i z e d  
S t e r i l i z e d  



2 . 1 . 3 . 1  Dimensional and Weight Changes 

S e p a r a t o r  m a t e r i a l s  were  sc reened  v i a  d r y  s t e r i l i z a t i o n .  The p r o c e -  

d u r e  involved measurements of sample l e n g t h ,  w i d t h  and weight  b e f o r e  and a f t e r  

s t e r i l i z a t i o n .  Length and w i d t h  were  measured t o  t h e  n e a r e s t  1164th of a n  

inch  and weight  t o  t h e  n e a r e s t  m i l l i g r a m .  A l l  t e s t  specimens were c u t  t o  2 . 0  

i n c h e s  by 5 . 0  i n c h e s .  Each was measured and t h e n  suspended i n  an  oven main- 

t a i n e d  a t  135OC f o r  a  p e r i o d  of 120 h o u r s .  The r e s u l t s  a r e  shown i n  T a b l e  V I  

i n  t h e  form of p e r c e n t  change.  I n  g e n e r a l ,  t h o s e  l e a s t  a f f e c t e d  were  p u r e  

ny lon  ( i t ems  11 and 1 2 ) ,  c e l l u l o s i c s  ( i t ems  23-25) ,  and a s b e s t o s  ( i t e m s  1 - 1 0 ) .  

Polypropylene m a t e r i a l  ( i t e m s  20-22) were  s e v e r e l y  a f f e c t e d .  

2 . 1 . 3 . 2  Wet t ing C h a r a c t e r i s t i c s  

The a b i l i t y  of t h e  m a t e r i a l s ,  observed t o  have s u c c e s s f u l l y  passed 

135°C h e a t  s t e r i l i z a t i o n ,  t o  absorb  and r e t a i n  e l e c t r o l y t e  was s t u d i e d .  

Absorp t ion  was de te rmined  by immersing t h e  samples i n t o  a  1 .30  s p e c i f i c  

g r a v i t y  s o l u t i o n  of potass ium hydrox ide ,  removing any d r o p l e t s  formed w h i l e  

suspending t h e  sample and comparing w e i g h t s  p r i o r  t o  and a f t e r  immersion.  

S i n c e  t h e  v a l u e  of a b s o r p t i o n  by weigh t  may be m i s l e a d i n g ,  t h e  c a l c u l a t e d  

v a l u e  of t h e  amount of e l e c t r o l y t e  r e t a i n e d  was a l s o  t a b u l a t e d .  R e s u l t s  o f  

t h e  s t u d y  a r e  shown i n  T a b l e  V I I .  Asbestos  samples e x h i b i t e d  l i t t l e  change.  

Nylon m a t e r i a l  had b e t t e r  a b s o r p t i o n  subsequen t  t o  s t e r i l i z a t i o n .  A s  would 

be expec ted  t h e  c o t t o n  m a t e r i a l  ( i t ems  39-42) had t h e  h i g h e s t  a b s o r p t i o n  by 

weight  and amount of e l e c t r o l y t e .  

Another c h a r a c t e r i s t i c  of t h e  m a t e r i a l s  determined was t h e  a b i l i t y  

t o  absorb  e l e c t r o l y t e  above t h e  l i q u i d  l e v e l .  T h i s  was accomplished by 

marking t h e  s e p a r a t o r  i n  one-ha l f  i n c h  g r a d u a t i o n s .  It was t h e n  immersed 

i n t o  a  1 .30  s p e c i f i c  g r a v i t y  s o l u t i o n  o f  e l e c t r o l y t e  t o  t h e  l e v e l  of t h e  



TABLE V I  

E f f e c t  of Heat S t e r i l i z a t i o n  on S e p a r a t o r  M a t e r i a l s  

M a t e r i a l  
Type 

Asbestos  
Asbestos  
Asbestos  
Asbestos  
Asbestos  
Asbestos  
Asbestos  
Asbestos  
Asbestos  
Asbestos  
Nylon (100%) 
Nylon (100%) 
NylonIDynel 
Ny lon/B 
Ny lon/B 
N y l o n l ~  
 nylon/^ 

Polypropylene 
Polypropylene 
Rayon 

Cot ton  

Hemp 

D e s c r i p t i o n  

.010 S i n t e r e d  

.020 S i n t e r e d  

.010 As Required 

.020 As Required 
7410 40% G l a s s  
741015 40% G l a s s  
7401 5% Binder  
740115 5% Binder  
7301 S i n t e r e d  
730115 S i n t e r e d  
Non-Woven KS -900 
Woven 9031 
75125 MI406 
2  504K 
2505 
2505K 
2505ML 

Johns-Manvi l le  
Johns  -Manvi l le  
Johns-Manvi l le  
Johns  -Manvi l le  
Raybes t o s  
Ray bes  t o s  
Raybes t o s  
Raybestos 
Raybes t o s  
Raybes t o s  
Kimberly -Stevens  
S t e r n  & S t e r n  
Kendal l  M i l l s  
P e l l o n  Corp. 
P e l l o n  Corp. 
P e l l o n  Corp. 
P e l l o n  Corp. 

Average (+ .5%) 
Dimensional 
Change (%) 

P e l l o n  Corp. 
P e l l o n  Corp. 
Kendal l  M i l l s  

Kenda l l  M i l l s  
P e l l o n  Corp. 
Chicopee Mills 

2409 Kenda l l  M i l l s  

F i l p a c o  4366T Dexte r  

Average 
(t .01%) 
Weight 

Change (%) Appearanice 

No Change 
No Change 
No Change 
No Change 
No Change 
No Change 
No Change 
No Change 
No Change 
No Change 
S l i g h t  Yellowing 
S l i g h t  Yellowing 
Brown 
Dark Brown 
Ye 1 low 
Yellow, D i s t o r t e d  
Dark Yellow, 
D i s t o r t e d ,  
Separa ted  
Yellow, B r i t t l e  
Yellow, D i s t o r t e d  
Ye1 low, D i s t o r t e d ,  
Swel led 
D i s i n t e g r a t e d  
D i s i n t e g r a t e d  
L i g h t  Yellow, 
D i s t o r t e d  
S l i g h t  
D i s c o l o r a t i o n  
S l i g h t  
D i s c o l o r a t i o n  



TABLE V I I  

Absorption Characteristics of Separating Materials 
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2 . 1 . 3 . 2  (Cont inued)  

f i r s t  g r a d u a t i o n .  The t ime r e q u i r e d  f o r  t h e  m a t e r i a l  t o  absorb  e l e c t r o l y t e  

t o  each g r a d u a t i o n  was measured.  The d a t a  a r e  t a b u l a t e d  i n  T a b l e  V I I I .  The 

c o t t o n  s e p a r a t o r  ( i t e m s  23-25) e x h i b i t e d  t h e  h i g h e s t  l e v e l  of c a p i l l a r i t y  

and absorbed t h e  s o l u t i o n  most r a p i d l y .  

2 . 1 . 3 . 3  E l e c t r i c a l  R e s i s t i v i t y  

The v a l u e s  f o r  t h e  r e s i s t a n c e  of v a r i o u s  open type s e p a r a t o r s  were  

measured.  Th is  was done by i n s t a l l i n g  t h e  m a t e r i a l  i n  t h e  f i x t u r e  shown i n  

F i g u r e  I V  and a p p l y i n g  a  0 . 5  ampere c u r r e n t  a c r o s s  t h e  e l e c t r o d e s  w i t h  a  

1000 Hz A.C .  v o l t a g e .  The v o l t a g e  d rop  b e f o r e  and a f t e r  i n s t a l l a t i o n  of 

t h e  s e p a r a t o r  was measured.  

U n s t e r i l i z e d  and s t e r i l i z e d  samples were  measured.  Two l a y e r s  of 

m a t e r i a l  were used i n  o r d e r  t o  o b t a i n  a  v o l t a g e  d i f f e r e n t i a l  s u f f i c i e n t  t o  

c a l c u l a t e  a c c u r a t e  v a l u e s  f o r  t h e  r e s i s t a n c e .  S i n c e  t h e  m a t e r i a l s  used were  

e s s e n t i a l l y  open s e p a r a t o r s ,  t h e  v a l u e  o f  r e s i s t a n c e  w i t h  r e s p e c t  t o  t h e  

number of l a y e r s  shou ld  be  r e l a t i v e l y  l i n e a r .  

The r e s u l t s  of t h e  s t u d y  a r e  shown i n  T a b l e  IX. S t e r i l i z a t i o n  

a p p a r e n t l y  causes  a  more c o n s t a n t  and u s u a l l y  a  lower r e s i s t i v i t y .  I n  a lmos t  

e v e r y  i n s t a n c e  t h e  v a l u e s  a f t e r  s t e r i l i z a t i o n  were  e i t h e r  e q u a l  t o  o r  s l i g h t l y  

g r e a t e r  t h a n  t h e  v a l u e  recorded  a f t e r  a  24 hour  s o a k  i n  a  1 .30 s p e c i f i c  g r a v i t y  

s o l u t i o n  of po tass ium hydrox ide .  

2 . 1 . 4  E l e c t r o l y t e  S o l u t i o n  

A s t u d y  was made t o  de te rmine  t h e  e f f e c t s  of h e a t  s t e r i l i z a t i o n  and 

c o n c e n t r a t i o n  of e l e c t r o l y t e  on t h e  e l e c t r i c a l  c h a r a c t e r i s t i c s  of s i l v e r  

ox ide  z i n c  c e l l s .  The t e s t s  invo lved  combinat ions  of u n s t e r i l i z e d  c e l l s  w i t h  



TABLE VIII 

Wicking Characteristics of Separation Material 
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F I G r n E  IV 

Fixture for Separator Resistance Measurement 

Electrodes 





2 . 1 . 4  E l e c t r o l y t e  S o l u t i o n  (Cont inued)  

u n s t e r i l i z e d  e l e c t r o l y t e ,  u n s t e r i l i z e d  c e l l s  w i t h  s t e r i l i z e d  e l e c t r o l y t e ,  

and s t e r i l i z e d  c e l l s  w i t h  s t e r i l i z e d  e l e c t r o l y t e .  Four  c o n c e n t r a t i o n s  of  

e l e c t r o l y t e  were used i n  each  g roup .  The c e l l s  c o n s i s t e d  of  one p o s i t i v e  

and two n e g a t i v e  p l a t e s  c u t  2 . 0 0  i n c h e s  h i g h  by 1 . 6 2  i n c h e s  w i d e .  A s i n g l e  

l a y e r  o f  Kendal l  M i l l s '  2409 c o t t o n  was used t o  s e p a r a t e  t h e  p l a t e s .  Each 

c e l l  was d i s c h a r g e d  a t  a  4 . 0  ampere r a t e  t o  a n  end v o l t a g e  of 1 . 0 0  v o l t .  

The r e s u l t s  a r e  shown i n  T a b l e  X .  

By a n a l y z i n g  t h e  d a t a  s t a t i s t i c a l l y ,  t h e  c a p a c i t y  of t h e  c e l l s  was 

found t o  b e  independen t  of  t h e  c o n c e n t r a t i o n  o r  s t e r i l i z a t i o n  c o n d i t i o n  of 

t h e  e l e c t r o l y t e .  With more t h a n  99% of  t h e  v a r i a n c e  e x p l a i n e d ,  t h e  c a p a c i t y  

was found t o  be dependen t  on t h e  s t a t e  of s t e r i l i z a t i o n  of t h e  c e l l  and t h e  

o r i g i n a l  we igh t s  of  t h e  p o s i t i v e  and n e g a t i v e  p l a t e s .  The p l a t e a u  v o l t a g e  

was found t o  be dependen t  on t h e  s p e c i f i c  g r a v i t y  of t h e  po tass ium hydrox ide .  

2 . 1 . 5  C e l l  Case and C e l l  Case S e a l i n g  

During t h e  c o n t r a c t  s e v e r a l  t y p e s  of  t h e r m o p l a s t i c s  w e r e  i n v e s t i - g a t e d .  

A c a r e f u l  s t u d y  o f  m a n u f a c t u r e r ' s  performance d a t a  f o r  p o l y s u l f o n e ,  p o l y -  

pheny lene  o x i d e ,  and p o l y c a r b o n a t e  m a t e r i a l s  was conducted fo l lowed  by a  few 

c u r s o r y  e x p e r i m e n t s .  As  a  r e s u l t ,  p o l y s u l f o n e  was s e l e c t e d  f o r  u s e .  T h i s  

m a t e r i a l  o f f e r e d  s e v e r a l  f a c t o r s  d e s i r a b l e  f o r  a  f a b r i c a t e d  c e l l  c a s e .  Among 

t h e s e  were  t h e  a b i l i t y  t o  s u c c e s s f u l l y  j o i n  t h e  m a t e r i a l  w i t h  s o l v e n t s ,  r e a s o n -  

a b l e  s t r e n g t h  and t h e  a b i l i t y  t o  s e e  through t h e  m a t e r i a l .  

2 . 1 . 5 . 1  S e a l i n g  

It was de te rmined  t h a t ,  i n  o r d e r  t o  s u c c e s s f u l l y  j o i n  p o l y s u l f o n e ,  a  

vacuum c u r e  of 72 h o u r s  a t  80°C i s  r e q u i r e d  a f t e r  j o i n i n g .  Without  t h i s  c u r e ,  
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2 . 1 . 5 . 1  S e a l i n g  (Cont inued)  

t h e  j o i n t s  o u t g a s  d u r i n g  s t e r i l i z a t i o n ,  c a u s i n g  bubbl ing  and weakening of 

t h e  j o i n t .  The combinat ion of vacuum and tempera tu re  pe rmi t  t h e  g r a d u a l  

removal of t h e  s o l v e n t  w i t h o u t  weakening t h e  bond. 

2 . 1 . 5 . 2  P h y s i c a l  P r o p e r t i e s  

T e s t s  were  made t o  de te rmine  c e r t a i n  p h y s i c a l  c h a r a c t e r i s t i c s  of 

t h e  p o l y s u l f o n e  m a t e r i a l .  Among t h e s e  were t h e  e f f e c t  of h e a t  s t e r i l i z a t i o n  

on t h e  p h y s i c a l  s t r e n g t h  of t h e  m a t e r i a l  and on a r e a s  bonded w i t h  s o l v e n t .  

R e s i s t a n c e  of t h e  p o l y s u l f o n e  t o  a  1 . 3 0  s p e c i f i c  g r a v i t y  s o l u t i o n  of po tass ium 

hydrox ide  was a l s o  v e r i f i e d  th rough  s t e r i l i z a t i o n  t empera tu res  a s  w e l l  a s  by 

e l e c t r i c a l  d i s c h a r g e  of c e l l s  c o n t a i n e d  i n  s e a l e d  f a b r i c a t e d  c e l l  c a s e s .  

2 . 1 . 5 . 2 . 1  Mechanical  T e s t s  

Mechanical  t e s t s  were  performed t o  de te rmine  t h e  s t r e n g t h  of po ly -  

s u l f o n e  s o l v e n t  bonds b e f o r e  and a f t e r  h e a t  s t e r i l i z a t i o n .  The p a r t s  were  

jo ined  o r  s e a l e d  w i t h  n ~ e t h y l e n e  c h l o r i d e .  R e s i d u a l  s o l v e n t  was removed from 

t h e  weld a r e a  by t h e  vacuum c u r e  d e s c r i b e d  p r e v i o u s l y .  The vacuum was main- 

t a i n e d  below 300 microns a b s o l u t e  p r e s s u r e .  The r e s u l t s  of t h e  t e s t s  a r e  

shown i n  T a b l e  X I .  

T e n s i l e  and s h e a r  specimens were p repared  f o r  t e s t i n g  a s  f o l l o w s :  

The t e n s i l e  samples were  t a p e r e d  t o  o b t a i n  a  j o i n t  approx imate ly  0 . 5  i n c h  i n  

w i d t h  by 0 .125 inch  i n  t h i c k n e s s .  Those p repared  f o r  s h e a r  t e s t i n g  were  made 

w i t h  a n  o v e r l a p  of approx imate ly  0 .6  inch  w i t h  a  w i d t h  of 1 . 0  i n c h .  Conven- 

t i o n a l  t e s t  equipment and a  c r o s s  head speed of 0 .25  in /min  were used t o  b r e a k  

t h e  samples .  The p a r t s  were p o s i t i o n e d  i n  t h e  jaws accord ing  t o  t h e  t y p e  b r e a k  

d e s i r e d .  The s h e a r  specimens t e s t e d  had some bending i n t r o d u c e d  a s  a  r e s u l t  of 
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2 . 1 . 5 . 2 . 1  Mechanical Tes t s  (Continued) 

t he  pos i t i on ing  i n  t h e  jaws. The breaks occurred ad jacent  t o  t h e  l a p  j o i n t s .  

Loads ranging between 320 and 550 pounds were recorded a t  t h e  time of  f r a c t u r e .  

Assuming s t r i c t l y  t e n s i l e  loading,  t h i s  r ep re sen t s  s t r e s s e s  of approximately 

2500 t o  4300 p s i .  Samples broken i n  d i r e c t  t ens ion  f a i l e d  w i t h i n  a  range of 

100 t o  300 pounds. This r ep re sen t s  s t r e s s e s  of 1660 t o  5330 p s i .  I n  both t h e  

shear  and t e n s i l e  t e s t s ,  t h e  s t e r i l i z e d  samples f e l l  i n  t he  middle o r  upper 

ha l f  of t h e  va lues .  Since the  s t r e n g t h  of a polysulfone j o i n t  i s  a f f e c t e d  by 

t h e  amount of p re s su re  appl ied  during t h e  junc ture ,  i t  may be  assumed t h a t  t h e  

low values of s t r e n g t h  were a t  l e a s t  i n  p a r t  due t o  i n s u f f i c i e n t  p re s su re .  

Tes t s  conducted wi th  molded polysulfone c e l l  cases  provide more 

d e f i n i t i v e  information concerning t h e  e f f e c t s  of hea t  s t e r i l i z a t i o n .  Four 

cases  molded from 1700 grade polysul fone  were sea led  w i t h  methylene c h l o r i d e  

and exposed t o  a  reduced atmosphere of 300 microns and 80°C f o r  72 hour s .  

Two of t he  fou r  were s t e r i l i z e d  a t  135OC f o r  128 hours .  A p re s su re  i nc rease  

of 0 .5 p s i / s e c  was used t o  break  each case i n  o rde r  t o  permit a  v i s u a l  inspec-  

t i o n  f o r  c r az ing .  No craz ing  was seen  p r i o r  t o  a c t u a l  f a i l u r e  of t h e  p a r t .  

Each p a r t  f a i l e d  a t  t he  major s u r f a c e  of 1 .37 inches by 2.828 inches wi th  a  

w a l l  th ickness  of 0.068 inch .  An apparent  l o s s  i n  s t r e n g t h  was found a f t e r  

s t e r i l i z a t i o n .  Cases which had been s t e r i l i z e d  f a i l e d  a t  85 and 90 p s i g  wh i l e  

those  u n s t e r i l i z e d  ruptured a t  140 and 175 p s i g .  This  r ep re sen t s  a  r educ t ion  

i n  s t r e n g t h  of approximately 40%. 

2 .1 .5 .2 .2  Chemical Resis tance 

Since t h e  primary f u n c t i o n  of the  c e l l  case  ma te r i a l  i s  to con ta in  

t h e  c e l l  ac t iva t ed  wi th  a  s o l u t i o n  of potassium hydroxide during e l e c t r i c a l  

d i scha rge ,  i t  was important t h a t  t he  c a p a b i l i t i e s  of the  ma te r i a l  be .tier i f  i e d  



2 . 1 . 5 . 2 . 2  Chemical R e s i s t a n c e  (Continued) 

a f t e r  h e a t  s t e r i l i z a t i o n .  S e v e r a l  c e l l  c a s e s  molded from 1700 g r a d e  po ly-  

s u l f o n e  were p a r t i a l l y  f i l l e d  w i t h  a  31% potass ium hydroxide s o l u t i o n ,  s e a l e d  

w i t h  methylene c h l o r i d e  and s u b j e c t e d  t o  135OC f o r  128 h o u r s .  No d e g r a d a t i o n  

o r  l eakage  was found a f t e r  s t e r i l i z a t i o n .  

2 . 1 . 6  B a t t e r y  C o n t a i n e r  

S i n c e  t h e  b a t t e r y  had t o  s u r v i v e  h e a t  s t e r i l i z a t i o n  and ETO decontam- 

i n a t i o n ,  s t a i n l e s s  s t e e l  was s e l e c t e d  a s  t h e  m a t e r i a l  b e s t  s u i t e d  f o r  t h e  

b a t t e r y  c a s e .  

2 . 1 . 7  E l e c t r o l y t e  S o l u t i o n  R e s e r v o i r  

The e f f e c t s  of h e a t  s t e r i l i z a t i o n  on two types  of r e s e r v o i r s  commonly 

used i n  Eag le -P icher  remotely  a c t i v a t e d  b a t t e r i e s  were  de te rmined .  The two 

c o n f i g u r a t i o n s  a r e  shown i n  F i g u r e s  V and V I .  Both were b a s i c a l l y  t u b u l a r  

copper  r e s e r v o i r s  s e a l e d  a t  each  end w i t h  two f r a n g i b l e  copper  diaphragms.  

The diaphragms were  s e p a r a t e d  by a  void  of approximately  1 . 5  c c .  Each 

r e s e r v o i r  was f i l l e d  w i t h  a  31% s o l u t i o n  of po tass ium hydroxide t o  93% of 

c a p a c i t y .  The remaining 7% was a i r .  A t  one end of t h e  r e s e r v o i r  a n  a d a p t o r  

was a t t a c h e d  t o  p r o v i d e  a  means of connec t ing  t h e  r e s e r v o i r  t o  t h e  b a t t e r y  

mani fo ld .  A b r a s s  f i t t i n g  t o  a c c e p t  t h e  gas  g e n e r a t o r  was s i l v e r  b r a z e d  t o  

t h e  remaining end .  Measurements of l e n g t h  were t aken  a t  t h e  p o i n t s  i n d i c a t e d  

i n  F i g u r e s  V and V I .  The weight  of each was a l s o  r e c o r d e d .  A f t e r  exposure  

t o  135OC f o r  128 hours  t h e  same measurements were t a k e n  w h i l e  t h e  r e s e r v o i r s  

were  s t i l l  warm. The r e s u l t s  may be  s e e n  i n  Table  XII. 

Visual  examinat ion of t h e  r e s e r v o i r s  immediately a f t e r  t h e  s t e r i l i z a t i o n  

c y c l e  r e v e a l e d  no d e t e r i o r a t i o n .  The diaphragms con ta ined  t h e  e l e c t r o l y t e  and 
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2.1.7 (Cont inued ) 

gas expansion during the  e leva ted  temperature without  leakage.  Two months 

a f t e r  t h e  t e s t  t h e  r e s e r v o i r s  were taken a p a r t  and examined f o r  e f f e c t s .  

No leakage o r  degrada t ion  uf t h e  ma te r i a l  was found. 

2.1.8 Pyrotechnics  

Severa l  types of p r o p e l l a n t s  and i g n i t o r s  were s t u d i e d .  The t e s t s  

included t h e  measurement of gas volumes generated,  t h e  r a t e  of p re s su re  r i s e  

and t h e  maximum pres su re .  

2 .1.8.1 I g n i t o r s  

A survey of a v a i l a b l e  i g n i t o r s  did not r e v e a l  a  hea t  s t e r i l i z a b l e  

u n i t  of t h e  des i r ed  s i z e .  Tes t ing  of two commercially a v a i l a b l e  i g n i t o r s  

IGN 17 (Atlas  Chemical I n d u s t r i e s )  and NEI-3 (Network E l e c t r o n i c s )  showed 

t h a t  t h e  former was damaged during s t e r i l i z a t i o n  wh i l e  t he  l a t t e r  surv ived  

unharmed. NEI-3 i g n i t o r s  were subjec ted  t o  v i b r a t i o n  a t  l e v e l s  up to  30 

g ' s ,  exposed t o  135OC f o r  128 hours ,  no f i r e d  a t  0 .55 ampere f o r  16 seconds 

and then  f i r e d  a t  1.75 amperes without  f a i l u r e .  

I n  o rde r  t o  determine t h e  c a p a b i l i t i e s  of t h e  NEI-3 i g n i t o r  a f t e r  

hea t  s t e r i l i z a t i o n ,  a  Bruceton t e s t  was performed on 50 s t e r i l i z e d  u n i t s .  

This  t e s t  e s t a b l i s h e s  t h e  s t a t i s t i c a l  r e l i a b i l i t y  of t h e  i g n i t o r  a t  s p e c i f i c  

c u r r e n t  l e v e l s  and provides an i n d i c a t i o n  of t he  s a f e t y  margin between n o - f i r e  

and f i r e  l e v e l s .  The procedure involves t h e  s e l e c t i o n  of a  s t a r t i n g  po in t  and 

an increment of change. The f i r s t  u n i t  i s  subjec ted  t o  t h e  s t a r t i n g  c u r r e n t  

l e v e l .  I f  i t  f i r e s ,  t h e  next  u n i t  i s  subjec ted  t o  a  cu r r en t  one increment 

lower. I f  i t  doesn ' t  f i r e ,  t he  u n i t  i s  s e t  a s i d e  and the  next  u n i t  i s  sub- 

jec ted  t o  a cu r r en t  one increment h i g h e r .  This procedure cont inues u n t i l  each 

u n i t  has been subjec ted  t o  t e s t .  A t  t h i s  time a l l  u n i t s  not f i r e d  a r e  sub- 

j ec t ed  t o  a  c u r r e n t  a t  which a l l  should f i r e  t o  v e r i f y  t h a t  t h e r e  a r e  no duds. 



2 . 1 . 8 . 1  (Continued) 

P r i o r  t o  a c t u a l  f i r i n g  of t h e  i g n i t o r s ,  each u n i t  was s u b j e c t e d  t o  

a  no f i r e  of 0 .55  ampere i n  a n  ambient of 100°F.  The r e s u l t s  of t h e  Bruceton 

a r e  a s  f o l l o w s :  

1. Mean v a l u e  of f i r e s  = 1 .446  amperes 

2 .  Sigma (6 ) v a l u e  ( s t andard  d e v i a t i o n )  = 0.0786 

3 .  Mean p l u s  t h r e e  sigma = 1.682 (0 .997  r e l i a b i l i t y )  

4 .  A l l  u n i t s  n o t  f i r e d  were f i r e d  a t  1 .7  amperes. 

The r e s u l t s  of t h e  t e s t  v e r i f y  t h a t  t h e  NEI-3 i g n i t o r  i s  c a p a b l e  of 

meet ing t h e  requ i rements  a f t e r  h e a t  s t e r i l i z a t i o n .  

2 . 1 . 8 . 2  P r o p e l l a n t s  

Four  m a t e r i a l s  were  s e l e c t e d  f o r  s t u d y .  These p r o p e l l a n t s  were  a n  

ammonium p e r c h l o r a t e  (X30-50A-2) from T a l l e y  I n d u s t r i e s ,  two RTV z i r c o n i u m  

po tass ium p e r c h l o r a t e  f o r m u l a t i o n s  (LB-PL394-P29 and LB-429D-19) from A t l a n t i c  

Research,  and a  p o l y e s t e r  s t y r e n e  ammonium p e r c h l o r a t e  (AN583AF) made by Aero- 

j e t  G e n e r a l .  I n i t i a l  t e s t s  were conducted by s t e r i l i z i n g  samples of each  

p r o p e l l a n t ,  machined t o  a  f i x e d  s i z e .  The samples  were t h e n  assembled i n t o  

gas  g e n e r a t o r s  and t e s t e d  i n  a w a t e r  d i sp lacement  f i x t u r e  ( s e e  F i g u r e  V I I ) .  

Th i s  s e r i e s  of t e s t s  e l i m i n a t e d  t h e  two p r o p e l l a n t s  manufactured by A t l a n t i c  

Research a s  t h e y  were determined t o  have t o o  r a p i d  a  burning r a t e  a s  a  r e s u l t  

of h e a t  s t e r i l i z a t i o n .  

Samples of t h e  T a l l e y  I n d u s t r i e s  (X30-50A-2) and Aero je t  G e n e r a l  

(AN583AF) p r o p e l l a n t s  l a r g e  enough t o  produce 3300 c c ' s  of gas  were assembled 

i n t o  g a s  g e n e r a t o r s  each w i t h  two NEI-3 i g n i t o r s .  The housing was s t a i n l e s s  

s t e e l .  A g l a s s  t o  metal  s e a l  f o u r  p i n  connec tor  was used t o  s e a l  t h e  gene-  

r a t o r  w h i l e  t h e  o t h e r  end was s e a l e d  w i t h  a  .001 inch t h i c k ,  0 . 5  i n c h  d i a m e t e r  
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2 . 1 . 8 . 2  (Cont inued ) 

s t a i n l e s s  s t e e l  diaphragm. An o r i f i c i - n g  d e v i c e  was p laced  between t h e  

p r o p e l l a n t  and diaphragm t o  r e s t r i c t  t h e  f low of gas  and t o  hold  t h e  p ro-  

p e l l a n t  i n  p l a c e .  The assembled g e n e r a t o r s  were  s t e r i l i z e d  and t h e n  t e s t e d  

i n  t h e  w a t e r  d i sp lacement  f i x t u r e .  During t h e s e  t e s t s ,  t h e  X3O-50A-2 

p r o p e l l a n t  was found t o  be u n s a t i s f a c t o r y ,  The s t a i n l e s s  s t e e l  hous ings  

r u p t u r e d  c r e a t i n g  a  hazardous  s i t u a t i o n .  A l l  t e s t s  u s i n g  t h e  A e r o j e t  

Genera l  AN583AF p r o p e l l a n t  were  s a t i s f a c t o r y .  Data from t h e s e  and p r e v i o u s  

t e s t s  a r e  t a b u l a t e d  i n  T a b l e s  X I 1 1  and X I V .  

2 . 1 . 9  C e l l  T e s t s  

I n  o r d e r  t o  de te rmine  t h e  b e s t  c e l l  d e s i g n  t o  u s e  i n  Phase I1 of t h e  

c o n t r a c t  a  s e r i e s  of c e l l s ,  s e a l e d  i n  f a b r i c a t e d  p o l y s u l f o n e  c e l l  c a s e s ,  

were t e s t e d .  Each of t h e s e  used f o u r  p o s i t i v e  and f i v e  n e g a t i v e  p l a t e s  

s e p a r a t e d  by e i t h e r  s i n g l e  l a y e r s  of .010 i n c h  t h i c k  a s b e s t o s  and 4366T 

hemp o r  a  s i n g l e  l a y e r  o f  2409 c o t t o n  w e b r i l .  The p o s i t i v e  p l a t e s  had a  

nominal weight  of 2 . 4  grams p e r  s q u a r e  i n c h  and a n  average  t h i c k n e s s  of .028 

i n c h .  There were  two t y p e s  of n e g a t i v e  p l a t e s  used .  The two o u t s i d e  nega- 

t i v e s  were nominal ly  0 .66 gram p e r  s q u a r e  i n c h  and .027 i n c h  t h i c k n e s s  w h i l e  

t h e  t h r e e  middle p l a t e s  were 1.18 grams p e r  s q u a r e  i n c h  and .027 i n c h  t h i c k -  

n e s s .  The c e l l s  were a c t i v a t e d  w i t h  1 .3  s p e c i f i c  g r a v i t y  po tass ium hydrox ide  

and d i s c h a r g e d  a f t e r  having been s t e r i l i z e d .  The d i s c h a r g e s  were accomplished 

a t  r a t e s  of 19 .2  and 4 6 . 2  amperes t o  meet t h e  c o n t r a c t  r e q u i r e m e n t s .  Vol tage  

p r o f i l e s  a r e  shown i n  F i g u r e s  V I I I  t h rough  X .  The r e s u l t s  show t h a t  t h e  2409 

c o t t o n  s e p a r a t o r  g i v e s  a  b e t t e r  performance i f  t h e  wet s t a n d  l i f e  p r i o r  t o  

d i s c h a r g e  i s  30 minutes  o r  l e s s .  P a s t  t h i s  p o i n t  t h e  4366T hemp and .010 i n c h  

a s b e s t o s  combinat ion o f f e r  t h e  b e s t  c h a r a c t e r i s t i c s .  



TABLE X I 1 1  

Performance of Gas Generator  GG 208 
Af t e r  S t e r i l i z a t i o n  



TABLE X I V  

E f f e c t s  of S t e r i l i z a t i o n  
o n  

X30-50A-2 and AN583AF 
P r o p e l l a n t s  

NOTES : 

1. Items 1, 2 ,  5 and 7 were u n s t e r i l i z e d .  

2. I tems 3 and 4 had t h e  p r o p e l l a n t  s t e r i l i z e d  s e p a r a t e l y .  

3 .  I tems 6 and 8  were s t e r i l i z e d  a s  assembled u n i t s .  









2 .2  Phase 11 

2 . 2 . 1  

As a  r e s u l t  of t h e  t e s t s  conducted d u r i n g  Phase I ,  components were  

s e l e c t e d  f o r  use  i n  a  p r o t o t y p e  b a t t e r y  d e s i g n .  The i n i t i a l  e f f o r t  c o n s i s t e d  

of t h e  c e l l  d e s i g n  t o  supp ly  t h e  power a s  r e q u i r e d  i n  t h e  c o n t r a c t .  The 

remaining b a t t e r y  components were t h e n  des igned  i n  accordance w i t h  t h e  con- 

f i g u r a t i o n  of t h e  c e l l .  Each of t h e  components a r e  d e s c r i b e d  s e p a r a t e l y .  

The b a s i c  d e s i g n  used 22 c e l l s  s e p a r a t e d  w i t h  2409 c o t t o n  s e p a r a t o r .  The 

complete b a t t e r y  was encapsu la ted  and s e a l e d  w i t h i n  a  f a b r i c a t e d  s t a i n l e s s  

s t e e l  hous ing .  

2 . 2 . 1 . 1  P o s i t i v e  P l a t e  

S i l v e r  ox ide  e l e c t r o d e s  used i n  t h e  b a t t e r i e s  were e l e c t r i c a l l y  

formed and p r e s s e d  t o  a  weight  of 2.40 grams p e r  s q u a r e  i n c h .  The a v e r a g e  

d e n s i t y  of t h e s e  p l a t e s  was 85 grams p e r  c u b i c  i n c h .  S i n c e  t h e  p l a t e s  were  

found t o  grow i n  s i z e  dur ing  h e a t  s t e r i l i z a t i o n  they  were c u t  t o  a s i z e  

s l i g h t l y  under t h a t  d e s i r e d  f o r  t h e  c e l l  assembly.  Each p l a t e  was t h e n  

exposed f o r  72 hours  t o  135°C i n  o r d e r  t o  s t a b i l i z e  t h e  p h y s i c a l  s i z e  and 

minimize any g a s s i n g  a f t e r  t h e  b a t t e r y  was s e a l e d .  F i v e  p l a t e s  were used 

p e r  c e l l .  The f i n a l  s i z e  i s  shown i n  F i g u r e  X I ,  Assuming c h a r a c t e r i s t i c  

e f f i c i e n c y  l o s s e s  (25% of t h e o r e t i c a l )  and l o s s e s  caused by h e a t  s t e r i l i -  

z a t i o n  (30% of t h e o r e t i c a l ) ,  t h e  e s t i m a t e d  p o s i t i v e  c a p a c i t y  was 9 . 5  ampere 

h o u r s .  

2 . 2 . 1 . 2  

S i x  n e g a t i v e  p l a t e s  were used i n  each c e l l .  Each p l a t e  was e l e c t r o -  

formed t o  a  weight  of 1 . 2 5  grams p e r  s q u a r e  i n c h  and p ressed  t o  a  d e n s i t y  of 

48 grams p e r  c u b i c  i n c h .  S i n c e  t h e  z i n c  p l a t e  was found t o  be p h y s i c a l l y  
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2 . 2 . 1 . 2  Negative P l a t e  (Continued) 

s t a b l e  dur ing  h e a t  s t e r i l i z a t i o n ,  no s p e c i a l  t r e a t m e n t  was r e q u i r e d  p r i o r  t o  

assembly of t h e  c e l l .  With e f f i c i e n c y  and h e a t  s t e r i l i z a t i o n  l o s s e s  d e d u c t e d ,  

t h e  z i n c  c a p a c i t y  of t h e  c e l l  was e s t i m a t e d  t o  be  13 ampere h o u r s .  The p l a t e  

s i z e  i s  shown i n  F i g u r e  X I .  

2 . 2 . 1 . 3  S e p a r a t o r  

As a  r e s u l t  of t h e  c e l l  t e s t s  d e s c r i b e d  i n  paragraph 2 . 1 . 9  o f  t h i s  

r e p o r t  and i n  c o n s i d e r a t i o n  of t h e  wet l i f e  requ i rements  of t h e  Work S t a t e -  

ment, 2409 c o t t o n  a s  manufactured by Kendal l  M i l l s  was s e l e c t e d  f o r  u s e  as  

t h e  s e p a r a t o r  m a t e r i a l .  T h i s  m a t e r i a l  o f f e r s  a  t o t a l  wet l i f e  c a p a b i l i t y  

of 1 . 5  h o u r s .  The requ i rement  i s  a  maximum wet t ime ,  i n c l u d i n g  d i s c h a r g e ,  

of 54 minu tes .  The c e l l  t e s t s  of pa ragraph  2 . 1 . 9  v e r i f i e d  t h e  m a t e r i a l s '  

c a p a b i l i t y  under  t h e s e  c o n d i t i o n s .  A s i n g l e  l a y e r  of t h e  s e p a r a t o r  was f o l d e d  

around t h e  lower edges of  t h e  p o s i t i v e  p l a t e .  No s e p a r a t o r  m a t e r i a l  was used 

around t h e  n e g a t i v e  e l e c t r o d e .  

2 . 2 . 1 . 4  C e l l  Case 

A s  a  r e s u l t  of t e s t s  conducted d u r i n g  Phase 1 i t  was dec ided  t o  u s e  

a  p o l y s u l f o n e  f a b r i c a t e d  c e l l  c a s e .  As shown i n  F i g u r e  X I 1  t h e  c e l l  c a s e  

c o n s i s t s  of 2  rows of 11 c e l l s  w i t h  4 compartments a long t h e  s i d e  t o  c a p t u r e  

e x c e s s  e l e c t r o l y t e  d u r i n g  t h e  a c t i v a t i o n  of t h e  b a t t e r y .  The c e l l  c a s e s  were  

assembled u s i n g  e t h y l e n e  d i c h l o r i d e  a s  n s o l v e n t .  Each c e l l  c a s e  was g i v e n  a  

vacuum c u r e  of 72 hours  a t  8 5 O C .  

The b a t t e r y  manifold  was machined o i  p o l y s u l f o n e .  The c e l l  e n t r y  

h o l e s  were match d r i l l e d  t o  t h e  c e l l  c a s e  p r i o r  t o  t h e  manifold be ing  jo ined  

t o  t h e  c e l l  c a s e  w i t h  e t h y l e n e  d i c h l o r i d e .  The manifold  i s  shown i n  F i g u r e  

XIII. 
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2 . 2 . 1 . 4  C e l l  Case (Cont inued)  

A f t e r  j o i n i n g  t h e  manifold  t o  t h e  c e l l  c a s e ,  a  manifold  c o v e r  p l a t e  

( s e e  F i g u r e  XIV) was bonded t o  t h e  mani fo ld .  The e n t i r e  b a t t e r y  b l o c k  assembly 

was t h e n  s u b j e c t e d  t o  t h e  thermal  vacuum d e s c r i b e d  p r e v i o u s l y  t o  remove a l l  

excess  s o l v e n t  p r i o r  t o  t h e  h e a t  s t e r i l i z a t i o n  c y c l e .  

2 . 2 . 1 . 5  E l e c t r o l y t e  R e s e r v o i r  

A t u b u l a r  copper  r e s e r v o i r  ( s e e  F i g u r e  XV) ho ld ing  690 c c ' s  was 

assembled t o  wrap around t h e  b a t t e r y  b l o c k  assembly .  The c o n n e c t i o n  between 

t h e  r e s e r v o i r  and t h e  b a t t e r y  manifold was made through t h e  u s e  of a n  O-r ing  

s e a l  and a  b o l t  p a s s i n g  through t h e  r e s e r v o i r  manifold  a d a p t o r  and t h e  mani- 

f o l d .  The O-r ing m a t e r i a l  used i n  t h e  p r o t o t y p e s  was e t h y l e n e  p r o p y l e n e .  

A f t e r  t h e  s e a l  was made, t h e  th readed  f a s t e n e r  head was s e a l e d  w i t h  63/37 

s o l d e r  t o  t h e  e l e c t r o l y t e  r e s e r v o i r  a d a p t o r  ( s e e  F i g u r e  XVI). A h i g h  tempera- 

t u r e  epoxy, EC 2214, was t h e n  a p p l i e d  around t h e  s o l d e r e d  c o n n e c t i o n  and t h e  

mating a r e a s  of t h e  r e s e r v o i r  and b a t t e r y  mani fo ld .  Th is  was done t o  p r o v i d e  

a  redundant  s e a l  f o r  t h e  sys tem.  The e l e c t r o l y t e  was con ta ined  w i t h i n  t h e  

r e s e r v o i r  by two .002 inch  t h i c k  copper  diaphragms a t  each e n d .  A  5% void  

was l e f t  i n  t h e  r e s e r v o i r  t o  a l l o w  f o r  expans ion  d u r i n g  t h e  h e a t  s t e r i l i z a -  

t i o n  c y c l e .  

2 . 2 . 1 . 6  E l e c t r o l y t e  S o l u t i o n  

A s o l u t i o n  o f  potass ium hydroxide w i t h  a  s p e c i f i c  g r a v i t y  of 1 . 3 0  

was s e l e c t e d  f o r  u s e  i n  t h e  b a t t e r y .  Due t o  t h e  i n h e r e n t  t r a n s f e r  i n e f f i -  

c i ency  of t h e  sys tem,  130% of t h e  volume r e q u i r e d  t o  a c t i v a t e  t h e  c e l l s  was 

used . 



MANIFOLD COVER 
FIGURE X I V  



Manifold Entry 
Adaptor 

ELECTROLYTE RESERVO l R 
F I G U R E  X V  



Man ifold 

Manifold Entry 
Adaptor 

o-Ring 7 

/ Solder 

Bolt, Manifold 1 
Entry 

CONNECT l ON OF ELECTROLYTE 
RESERVOIR TO MANIFOLD 

FIGURE XVI 



2.2.1.7 Gas Generator  

The gas genera tor  designed f o r  use i n  t he  pro to type  b a t t e r i e s  

u t i l i z e d  two NEI-3 i g n i t o r s  descr ibed i n  paragraph 2 , 1 , 8 . 1  of t h i s  r e p o r t ,  

i n  conjunct ion wi th  4 . 5  grams of Aerojet  General AN583M p r o p e l l a n t .  The 

des ign ,  a s  determined i n  a  water  displacement f i x t u r e ,  provided a  gas  output  

of 3300 c c ' s .  A s t a i n l e s s  s t e e l  housing wi th  a n  o r i f i c i n g  device  t o  maintain 

s u f f i c i e n t  p re s su re  on the  burning p rope l l an t  a s  w e l l  a s  t o  r e s t r a i n  i t  from 

being expel led i n t o  t h e  e l e c t r o l y t e  was used.  The genera tor  was sea l ed  by 

so lde r ing  a  .001 inch t h i c k  s t a i n l e s s  s t e e l  diaphragm t o  t h e  o r i f i c e d  end. 

E l e c t r i c a l  connections were made through t h e  use  of a  fou r  p i n  g l a s s  t o  metal 

s e a l  connector  so ldered  t o  t h e  s t a i n l e s s  s t e e l  housing. This  u n i t  was a t tached  

t o  t h e  e l e c t r o l y t e  r e s e r v o i r  through a  threaded connection which was sea led  

wi th  an e thylene  propylene O-ring. A s e c t i o n a l  view of t h e  gene ra to r  may be 

seen  i n  F igu re  X V I I .  

2 .2 .1 .8  Container  

The con ta ine r  was made of .025 inch  t h i c k  304 s t a i n l e s s  s t e e l .  The 

b a t t e r y  assembly was pot ted  w i t h i n  t h e  c o n t a i n e r  w i t h  614T lockfoam manufac- 

tu red  by Nopco Chemical. A cover of t h e  same m a t e r i a l  a s  t h e  c o n t a i n e r  was 

then  welded t o  t h e  con ta ine r  e f f e c t i n g  a  hermetic  s e a l .  A g l a s s  t o  metal  

s e a l  connector  was used t o  provide t h e  e l e c t r i c a l  connections requi red  t o  

a c t i v a t e  and d ischarge  the  b a t t e r y .  This  was a t t ached  through t h e  c o n t a i n e r  

w a l l  w i t h  63/37 s o l d e r .  

2 .2.2 Prototype Tes t s  

Three pro to type  b a t t e r i e s ,  a s  descr ibed above, were b u i l t  and t e s t e d .  

Each b a t t e r y  was assembled and t e s t e d  i n d i v i d u a l l y  i n  order  t h a t  d a t a  
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2 .2 .2  Prototype Tes ts  (Continued) 

gathered from one could be evaluated and used t o  improve the fol lowing u n i t .  

The b a t t e r i e s  s h a l l  be d iscussed  s e p a r a t e l y  i n  t h e  o rde r  of f a b r i c a t i o n  and 

t e s t i n g .  The b a t t e r y  assembly may be seen i n  F igu re  XVIII 

2.2 .2 .1  Prototype Number 1 

The f i r s t  p ro to type  was assembled i n  accordance wi th  t h e  d e s c r i p t i o n  

of paragraph 2.2.1.  The assembled b a t t e r y  had a  weight of 1 7  pounds. I f  t h e  

200 wa t t  hour requirement of t h e  Statement of Work i s  considered t o  be  the  

a c t u a l  energy d e l i v e r e d ,  t he  b a t t e r y  would have an energy dens i ty  of 11.8 wat t  

hours pe r  pound. P r i o r  t o  h e a t  s t e r i l i z a t i o n  the  b a t t e r y  was measured and 

t h e  dimensions recorded.  The b a t t e r y  was s t e r i l i z e d  and t h e  dimensions were 

measured once aga in .  Some permanent d e f l e c t i o n  was noted a s  a  r e s u l t  of 

s t e r i l i z a t i o n .  The r e s u l t s  were a s  fo l lows:  

Dimens ion 
Bef o re  A£ t e r  % Increase  

7.14 7.35 2.9 
6.65 6.84 2.8 
6.04 6.27 3 .8  

The dimensions on which t h e  c a l c u l a t i o n s  a r e  based were taken  a t  

t h e  c e n t e r s  of each s i d e .  

The b a t t e r y  was s t a b i l i z e d  a t  room ambient and a c t i v a t e d  under open 

c i r c u i t  cond i t i ons .  On a c t i v a t i o n  i t  was found t h a t  t h e r e  was no v o l t a g e  

response.  A l l  c i r c u i t s  lead ing  i n t o  t h e  b a t t e r y  con ta ine r  were checked t o  

determine i f  any broken leads o r  shor ted  condi t ions  had occurred .  It was 

found t h a t  t h e  p o s i t i v e  and negat ive  Leads of the  t e s t  cab le  had been shor ted  

dur ing  t h e  assembly of t he  mating connector .  Due t o  t h e  high c u r r e n t  l e v e l  

t h e  b a t t e r y  connector p ins  had f a i l e d ,  l eav ing  no r e l i a b l e  method of f u r t h e r  

d i scharg ing  t h e  b a t t e r y .  The b a t t e r y  con ta ine r  was then  removed a f t e r  which 
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2 . 2 . 2 . 1  Prototype Number 1 (Continued) 

t he  power leads were connected t o  t he  load panel  and the  b a t t e r y  d ischarged .  

The d ischarge  p r o f i l e  was a s  shown i n  F igure  X I X .  As can be seen from t h e  

curve,  the  cu r r en t  l e v e l s  a t t a i n e d  were 30 and 82 amperes. By i n t e g r a t i n g  

the  a r ea  under t he  curve ,  the  t o t a l  capac i ty  removed from the  b a t t e r y  was 

5 . 9  ampere hours t o  an  end vol tage  of 21 v o l t s .  Af te r  d i scharge  the  b a t t e r y  

was completely disassembled t o  determine the  we t t i ng  e f f i c i e n c y  of t h e  mani- 

fo ld ing  system dur ing  a c t i v a t i o n .  It was found t h a t  two c e l l s  were no t  

completely a c t i v a t e d .  The c e l l  en t ry  p a t t e r n  was modified f o r  use  on b a t t e r y  

s e r i a l  number 2 t o  a c t i v a t e  t he  c e l l s  more evenly.  

2 .2 .2 .2  Prototype Number 2  

The second pro to type  b a t t e r y  was assembled i n  t he  same manner a s  t he  

f i r s t  wi th  one except ion .  The 614T lockfoam was cured a t  room temperature 

wi th  the  cover removed. The cover was then  welded t o  t he  con ta ine r  and t h e  

b a t t e r y  subjec ted  t o  135OC f o r  128 hours.  The b a t t e r y  dimensions were 

measured before  and a f t e r  s t e r i l i z a t i o n .  It was found t h a t  t h e  i n t e r n a l  

expansion problem experienced wi th  b a t t e r y  number 1 had not been e l imina ted  

by t h e  room temperature cu re .  The expansion obtained i n  t h i s  t e s t  included 

a  6.8% increase  i n  t h e  7 . 1  inch dimension, an  8.3% increase  i n  the  6 . 6  inch  

dimension and a  7.6% inc rease  i n  t he  6 .1  inch dimension. 

The b a t t e r y  was s t a b i l i z e d  16 hours a t  room temperature and a c t i v a t e d  

wi th  a  6  v o l t  dc p o t e n t i a l  across  a  s i n g l e  i g n i t o r  of t he  gas gene ra to r .  The 

b a t t e r y  te rmina l  vo l tage  was abcve 26 v o l t s  w i t h i n  15 seconds a f t e r  a c t i v a t i o n .  

The b a t t e r y  was then discharged a s  i nd ica t ed  by t h e  discharge p r o f i l e  shown i n  

F igure  XX.  I n t e g r a t i o n  of t h e  curve shows t h a t  t h e  t o t a l  capac i ty  of t h e  

b a t t e r y  a t  a n  end vo l t age  of 26 v o l t s  was 10 ampere hours .  Using t h e  end 







2 . 2 . 2 . 2  (Continued) 

vol tage  of 26 v o l t s  and a  measured b a t t e r y  weight of 1 7  pounds the  energy 

dens i ty  was ca l cu la t ed  t o  be 15.3 wat t  hours per  pound. During a c t i v a t i o n  

and d ischarge  p re s su re  l e v e l s  were monitored by a  gage adapted t o  t he  l a s t  

sump of t h e  c e l l  block.  On a c t i v a t i o n  a  maximum value  of 40 ps ig  was 

recorded a f t e r  which t h e  i n t e r n a l  p re s su re  decreased t o  a  l e v e l  of 2 0  p s i g .  

The i n t e r n a l  p re s su re  remained a t  t h i s  l e v e l  throughout t h e  f i r s t  14 minutes 

of d i scharge .  A t  t h i s  time t h e  p re s su re  increased s t e a d i l y  t o  a  maximum of 

100 p s i g  recorded a t  24 minutes i n t o  d ischarge .  A t  t h e  time t h e  gage was 

loosened t o  prevent  poss ib l e  rup tu re  of t h e  case .  The p re s su re  bui ld-up 

could have been a  r e s u l t  of one o r  more of t h e  fol lowing f a c t o r s :  t h e  

increas.e i n  b a t t e r y  temperature due t o  i n t e r n a l  hea t  d i s s i p a t i o n  would cause 

some expansion i n  t he  gasses  contained w i t h i n  the  b a t t e r y ;  t h e  p o s s i b i l i t y  

of some e l e c t r o l y s i s  of t he  potassium hydroxide s o l u t i o n  which would r e l e a s e  

oxygen and hydrogen gas could have con t r ibu ted  t o  t he  pressure  bui ld-up;  

t h e  chemical r e a c t i o n  between t h e  e l e c t r o l y t e  and t h e  z inc  e l ec t rode  would 

a l s o  f r e e  some hydrogen gas .  

Af t e r  d i scharge  the  b a t t e r y  was disassembled f o r  a n a l y s i s .  It was 

not iced  t h a t  t he  epoxy s e a l  behind t h e  e l e c t r o l y t e  r e s e r v o i r  manifold adap to r  

had broken (see F igure  X V I , .  By removing t h e  epoxy i t  was found t h a t  t h e  

s o l d e r  j o i n t  between the  adaptor  and t h e  b o l t  through the  adaptor  had n o t  

been made leaving the  s e a l  dependent on the  p o t t i n g  s t r e n g t h  r e s u l t i n g  i n  

a leak  t o  t he  o u t e r  b a t t e r y  case .  The c e l l s  were removed and analyzed. Each 

was found t o  be s u f f i c i e n t l y  a c t i v a t e d  and i n  a  completely discharged s t a t e .  

No evidence of i n t e r n a l  c e l l  sho r t ing  was found. The polysulfone s e a l s  were 

i n t a c t .  In a l l  appezrances the  b a t t e r y  had experienced a  normal d ischarge  



2 . 2 . 2 . 2  (Continued) 

w i t h  no mal func t ions  having occurred which would have c o n t r i b u t e d  t o  t h e  

p r e s s u r e  l e v e l s  recorded .  

2 . 2 . 2 . 3  Pro to type  Number 3  
P 

The t h i r d  b a t t e r y  assembled f o r  t e s t i n g  had t h e  same d e s i g n  charac -  

t e r i s t i c s  a s  t h o s e  p r e v i o u s l y  d e s c r i b e d .  However, dur ing  t h e  p o t t i n g  o p e r a t i o n  

t h e  b a t t e r y  was s t a b i l i z e d  a t  135OC f o r  2 4  hours  t o  p r o p e r l y  c u r e  t h e  614T 

lockfoam. Th is  was done i n  o r d e r  t o  e l i m i n a t e  expansion of t h e  b a t t e r y  d u r i n g  

s t e r i l i z a t i o n .  A gage was adapted t o  t h e  b a t t e r y  i n  t h e  same manner a s  b e f o r e .  

Thermocouples were l o c a t e d  a g a i n s t  t h e  c e l l  c a s e  manifold ,  c e l l  b l o c k  and 

e l e c t r o l y t e  r e s e r v o i r .  They were brought  o u t s i d e  t h e  c o n t a i n e r  i n  a  manner 

des igned  t o  i n s u r e  t h e  he rmet ic  s e a l  c o n d i t i o n s  of t h e  b a t t e r y .  The b a t t e r y  

was a c t i v a t e d  and d i scharged  a s  shown i n  F i g u r e  XXI.  A t o t a l  c a p a c i t y  o f  

8 . 2  ampere hours  was c a l c u l a t e d  f o r  t h e  b a t t e r y .  The i n t e r n a l  p r e s s u r e  d u r i n g  

t h e  b a t t e r y  a c t i v a t i o n  fol lowed t h e  same p a t t e r n  a s  t h a t  of s e r i a l  number 2 

w i t h  t h e  e x c e p t i o n  t h a t  lower l e v e l s  were recorded .  A t  t h e  end of t h e  4 6 . 2  

ampere d i s c h a r g e  a  l e a k  was found a t  t h e  p r e s s u r e  gage.  A t  t h i s  t i m e  t h e  

b a t t e r y  c a s e  t empera tu re  was measured a s  being 135°F. The p r e s s u r e  l e a k  was 

c o r r e c t e d  a f t e r  which t h e  i n t e r n a l  p r e s s u r e  i n c r e a s e d  t o  a  l e v e l  of 60 p s i g  

w i t h  an accompanying t empera tu re  of 149°F. At t h e  end of d i s c h a r g e  t h e  

b a t t e r y  manifold t empera tu re  was recorded a s  be ing  179°F. Due t o  t h e  l e a k  

having o c c u r r e d ,  an  e x a c t  r e l a t i o n s h i p  between t h e  b a t t e r y  t empera tu re  and 

p r e s s u r e  could  n o t  be made. However, i t  i s  b e l i e v e d  t h a t  t h e  b a t t e r y  temper- 

a t u r e  i s  d i r e c t l y  r e l a t e d  t o  { n t e r n a l  h e a t i n g  of t h e  b a t t e r y  d u r i n g  d i s c h a r g e .  





3 . 0  CONCLUS IONS 

Based on t h i s  work the  fol lowing conclusions can be made: The s i l v e r  

oxide p l a t e  experiences a  l o s s  i n  capac i ty  of 40% during s t e r i l i z a t i o n .  

The s t r u c t u r e  of t h e  p l a t e  becomes more uniform and l e s s  dense as  a  r e s u l t  

of t h e  s t e r i l i z a t i o n .  The ind iv idua l  p a r t i c l e s  on u n s t e r i l i z e d  p l a t e s  

agglomerated i n t o  l a r g e r  p a r t i c l e s .  This  suppor ts  t h e  d a t a  gathered showing 

an inc rease  i n  phys i ca l  s i z e  of t h e  p l a t e s .  T e s t s  us ing  mul t ip l e  cyc l e s  of 

128 hours a t  135OC showed t h a t  t h e  s i l v e r  oxide p l a t e  tends t o  become s t a b l e  

a s  a  func t ion  of time under t h e  e l eva t ed  temperature cond i t i ons .  Gas c o l l e c t i o n  

d a t a  i nd ica t ed  t h a t  approximately 90% of t h e  changes taking p l ace  w i t h i n  the  

e l e c t r o d e s  occur w i t h i n  t h e  f i r s t  24 hours of s t o r a g e  a t  135OC. 

The z inc  e l e c t r o d e  i s  r e l a t i v e l y  s t a b l e  dur ing  t h e  hea t  s t e r i l i z a t i o n .  

B.E.T. measurements i nd ica t ed  very l i t t l e  change, i f  any, i n  t he  s u r f a c e  a rea  

of t h e  z inc  e l e c t r o d e s .  Phase s t u d i e s  a s  w e l l  a s  microscope scanning sho t s  

revea led  t h a t  no apprec i ab le  ox ida t ion  of t h e  z inc  e l e c t r o d e  occurred during 

t h e  135°C s t o r a g e .  

Severa l  s e p a r a t o r  ma te r i a l s  were determined t o  be capable of s a t i s f a c -  

t o r y  performance a f t e r  hea t  s t e r i l i z a t i o n .  These included a sbes tos ,  nylon 

and c e l l u l o s i c  m a t e r i a l s .  The bes t  s e p a r a t o r  f o r  t h e  requirements of t h e  

Statement of Work was determined t o  be 2409 c o t t o n  manufactured by Kendall  

M i l l s .  This ma te r i a l  o f f e red  t h e  b e s t  wet t ing  and absorp t ion  c h a r a c t e r i s t i c s  

w i th  no apparent degrada t ion  due t o  hea t  s t e r i l i z a t i o n .  

I n v e s t i g a t i o n  of var ious  potassium hydroxide s o l u t i o n s  revealed t h a t  

hea t  s t e r i l i z a t i o n  had no apparent  e f f e c t  on t h e  e l e c t r o l y t e  when sea l ed  

wi th in  a  copper r e s e r v o i r .  



3.0  CONCLUSIONS (Continued) 

I n  working wi th  va r ious  c e l l  case  ma te r i a l s  po lysul fone  was found t o  

be most s u i t e d  t o  b a t t e r y  o p e r a t i o n  and hea t  s t e r i l i z a t i o n .  A r e l i a b l e  

s e a l  w i th  e thy lene  d i c h l o r i d e  r e q u i r e s  a  72 hour vacuum cure  a t  85°C. Th i s  

i s  necessary t o  prevent  outgassing of so lven t  entrapped i n  t h e  g lue  j o i n t s  

during t h e  s e a l i n g  o p e r a t i o n s .  The m a t e r i a l  was found t o  be chemical ly 

r e s i s t a n t  t o  a  31% s o l u t i o n  of potassium hydroxide. 

A t ubu la r  copper r e s e r v o i r  commonly used i n  Eagle-Picher remotely 

a c t i v a t e d  b a t t e r i e s ,  remained unaf fec ted  by hea t  s t e r i l i z a t i o n .  The des ign  

f o r  a  gas gene ra to r  capable of h e a t  s t e r i l i z a t i o n  c o n s i s t s  of two NEI-3 

i g n i t o r s  i n  conjunct ion  wi th  a  machined block of AN583AF p rope l l an t  manu- 

f ac tu red  by Aerojet  Genera l .  Tes t s  us ing  t h i s  design revealed a  reasonable  

degree of r e l i a b i l i t y  w i t h  c o n s i s t e n t  performance. 

B a t t e r i e s  f a b r i c a t e d  wi th  t h e  components s e l e c t e d  from Phase I of t h e  

c o n t r a c t  performed e l e c t r i c a l l y  a s  expected.  Although equipment and f a b r i -  

c a t i o n  problems were encountered dur ing  t h e  t e s t i n g ,  t he  o v e r a l l  performance 

of t h e  b a t t e r y  was s a t i s f a c t o r y .  However, t h i s  b a t t e r y  would exper ience  

problems under h igh  r a t e  loading due t o  p re s su re  i nc reases  w i th  no means of 

r e l i e f .  The b a t t e r i e s  t e s t e d  show t h a t  a  u n i t  capable of hea t  s t e r i l i z a t i o n  

could be manufactured wi th  an energy dens i ty  of approximately 15 w a t t  hours  

per  pound. This  va lue  could be increased  by using l i g h t e r  components i n  t h e  

e l e c t r o l y t e  r e s e r v o i r .  

4 . 0  RECOMMENDATIONS 

Tes t ing  of the  t h r e e  pro to type  b a t t e r i e s  i n d i c a t e s  t h a t  without  f u r t h e r  

s tudy of t h e  cond i t i ons  e x i s t i n g ,  a p re s su re  r e l i e f  system should be inco r -  

porated i n t o  b a t t e r y  des ign .  F u r t h e r  i n v e s t i g a t i o n  should be made i n t o  t h e  



4 . 0  RECOMMENDAT IONS (Continued ) 

d e s i g n i n g  of a  s e a l e d  remote ly  a c t i v a t e d  h e a t  s t e r i l i z a b l e  b a t t e r y .  

5 . 0  NEW TECHNOLOGY 

No new techno logy  was f o r m u l a t e d  d u r i n g  t h e  c o n t r a c t u a l  e f f o r t .  
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