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NOTICE

When Government drawings , specifica tions , or other data are used
for any purpose other than in connection with a defi n i tel y rela ted
Government procurement operation , the United States Government thereby
incurs no responsibility nor any obligation whatsoever; and the fact
that the government may have formulated , furnished , or in any way supplied
the said drawings , speci fi cati ons , or other data , is not to be regarded
by implication or otherwise as in any manner licensing the holder or any
other person or corporation , or conveying any ri ghts or permission to
manufac ture , use , or sell any patented invention that may in any way be
related thereto .

This final report was submi tted by Honeywell , Inc. under Con tract
F3351 5-74-C-2O7l . The effort was sponsored by the Air Force Aero Propulsion
Laboratory , Air Force Systems Command , Wrigh t-Patterson AFB, Ohio under
Project 3145, Task 314522 and Work Unit 31452268 with W .S. Bishop/POE-i as
Project Eng i neer in charge . Mr C .R . Walk and Dr D. Chua of Honeywell
Power Sources Center were technically responsible for the work.

Th i s report has been rev i ewed by the Informat i on Offi ce , (ASD/OIP)
and is releasa ble to the National Technical Information Service (NTIS).
At NTIS , it will be available to the general public , including foreign
nat i ons .

This techn i cal report has been reviewed and is app roved for publicat i on .

FOR THE COMMANDER .

~~~~~~DONALD P. MO~TEL ~~.•

Tech Manager ; .

Copies of this report should not be returned unless return is required
by security considerations , contrac tual obl i gat i ons , or notice on a specific
document .
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i m m m f l e  ~~~~‘1I’~ u h s o i ’ s ot j u n  tha t c~~-i l s s t m ’ r i t d  , m t t c r  O e l ’ C  p0 n - t i , i l I \  d i sj i ar o e t i  sm . ’ r c’

-~ P° S ’ 5i  5 0  t e d  t o  n s t o red  cel ls  ha y i n  C n o  t i n ’ , -d i,- c l  i r C a  an O t h a t  SC_ i w a s  a n i on c

Lu- d i s e l i an c i c- p r o d u c ts . The  s t u d ie s  a l a o  s i i m m s m . e m ’I t t m m t a l i e t t € ’ r qu a1n ~~ e l e c t  r u l v t c -

salt r e su l t ed  in the  f o r m a t i o n  of a t h i n n e r ,  l e s s  pas s i c ’a t i ng  f i l m  a n d  t hat p oo r

m m , c a lj t v  lj t l m i u m y i  -t iS r i  c-on t  r ib ut ecl to  t l i s -  p a s s i s -a t i c i ni p r o b l e m .

-\ n i t h c - r i mp u  rta  cit i mp r o v e m e n t  lm ’ : e r l e t ’  b~m i - c  l i ne  a c-i l  s d c ’, c l o o c - d b y ha bo i’a t o r y

s’ u d o ’ s  sc- m s  in t h e  c a t h o d e  s t r u c t u r e . I O ~ c’~~ e l l c - i i !  ‘ ‘ I I  4 C m ’ r et t c m l a t i o n  e x h i b i t e d  by
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E. A \ALYS I S OF TEST R E S UL I S

The  f i r s t  s e - n c - s  uf L i f e -  S u n n - m r t  C - l l s  i m m n s ’ i t ’ i I , - S  l i l t -  ha s c - i i n t - i -  r I u n m ~ i m t _ i C e  f o r

t h e  e n t i r e  p r oj e t t .  l u -  bi~ S i c  c l i e i _ i t i t -~ rv \ V m S  the s a m i i c -  o r  t h e  I l _ i r e , ’ I v I _ i t ’s 01 c c- l i

c o n s i d e r ed ;  t h e r e t ’ m m m - e , t i _ i t ’ f i r s t  s - r t & - s of ~~1h  St ) ~m c - c r a f t  ~-\ an d  S:s, c - - u  ra ft B

ce lls a l s o  r ep r e  sen t  f m ~ r t h e  r - x t e n  s i m - u n s  -f t~~~: ba sc- li  ‘u- n c -  r I o  r i _ i t  - f lc e ,

Onl y one f r e s h  e m - l i  of t l _ i ’ f i r s t  sc - r i e s  w - u  s sub ject ed to the regular  d isc h a r g e  t e s t ,

b e c a u se  of t h e  m l n c - \ D e- t i c - d i v  s ev e r e  pa s s i v a  i o n  d c  -ic r i b e d  i n  t h e  i ) r c - v i m m l i i- i - - k ’ t i O f i

u n d e r  Te s t  R c su it ~~.

1. Pa s s l v ; I m ( m m _ i

T h -  poo r p c -r io  rn _ ia n ec -  of t h e  Ii r si Sc  N c- s  of L i f e  Su t >  I rt  C t - I l  s a i t - u - n  o n ly  t i _ i  r e- c ’

wee-ks  s tora ~~t- at  ru  t n t  t e m _ i t n e  r a t u r e  \ \ - m  s ~~i t  n i h u t e d  t o  a pa S S i \  t i - n  f i l t i i  t h a t

develop ed  on t h c -  i i t h i u n_ i  a n o d e .  P r e v io u s  (i~~t a i c len t  i f i e d  ‘ he -a- c s s i .  - - t i m _ i~ fu n_ i O m

p r -dornina nt l \ ’  L i CI  — ‘~ i t h  I r i_ i - - a m o u n t s  of 5, w i c  it  w a s  k n m o a ’n t m m  d ev e l op  du n i _ i~ l_ i ie -

t en_ ipe  r a t u  re s i m m  m m  ge - but wa S f l - m i  e xp e c t e d  1 m m  he -u s se’ ’ c nc do r i n g  short t c rn _ i I o ra -,zc

at rooni  t e n i pe  r at  or e .

T h m  c on fj r n _ i  t I _ i t -  o c c u r r e n c e  ~mf h t h i u i _ i _ i  c - i c - c t  rode ’ i_ ia s s i v a t i o n . I h c  H , l  - t i _ i  u I  a c c l i

f r o m  the  f i r st  ser i e s  w a s  rc - I _ i _ i o v e O  t o tic - r r _ i t~ t t l’u- m u - m i m I  o n i n g  of b - - t i_ i h i m ’  ~ o s i t i v t -  a n d

nega t ive  e lec t  rode  pot e n t i a l s  wit h r c - s p e c ’ t t - u m  ,i l i t i _ i i u t _ i _ i  r e f c - r m -n - . T I _ i c  c, ’11 l a m t t Oi l _ i

wa s  sepa r a t e d  i r o n _ i  t h e  i i t h iu n _ i  i— c - f - u - n c - n e c -  14 ~i g l i  s s  sc - n m  n i l  o r  , nd t e st e d  in a

seal ed eli -u  ss ve  h i m i c - Vt T I_ i c  re- suit s sh o w n  i n  Fi~~- u a r m - 34 s u h~~t -  nt i a t m - h o t  t i _ i t - c a i - t s I,

m - u f  c e l l  d m - g r a d a t u m n  i s  i f l o d e  p a S S i V a i I O t _ i~

A p o st m o rt c- i i _ i  on t i n -  s m i l i c -  e m - l i  i n c l i c - n ’d no si gns  ui  - u r n t s i m m m _ i  on 1 i c - -V- I L  S I  -

st - c - l  co] lect m r s , i m - a d s , n o r  i t  I b m -  5 p m ? —~ t m I d m ’ m I  u n c t ion  ~ ‘ u c  c-n  lie c a t h o d e  le a d

an d  t h e  3 1 1  st m j n l m - s s  s t e e l  c a l m , 
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-
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At t e m p e r a t u r e s  below 7 5 °F , a l l  cel ls  w e - r e -  g iven  a 5 ohm load in an a t t e m p t  to

reduce the e f fec t  of an ode film on ce- i l  p o l a r i za t i on , but t o  no a v a i l ,  Onl y at cur-

rent dens i t ie s below 0. 1 m A / c m 2 cou ld  a p a s s i v a t e d  cell  be e f f i c i e n t l y d i s c h a r g e d

as shown in F igure  3 5 .  T m - t i ce l l  c u r r e n t  w a s  2.4 n_iA d i s c h a r g e d  to  a 2 , 0 vo l t

cutoff .  It d e l i v e r e d  1. 24 a m p - h o u r s  and e n e r g y  d e n s i t i e s  of 10 , 8  w a t t - h o u r s/ i n 3

and 108 w a t t - h o u r s / l b .

Two cells  of the f i rs t  s e r i e s  were  subje cted to  d i s c h a n i ~e at 0.  1 mA/cm 2 a f t e r  3 . 5

months s to rage  at 1 4 0 ° F  and still demonst ra ted  e f f i c i e n t  pe r fo rmance .  One ce l l

was g iven a 2 8 .  6 ohm (~ 120  m A  at 3. �V) pu l s e  load f o r  5 second s a f t e r  338 h o u r s

of d ischa rge  and the  o t h e r  the  same pu l s e  load at v a r i o u s  in te  r v al s  a s  shown in

Figures  36 and 37 , n c - s n - u - i  t i v e l v .

As a result of t h i s  ana ly s i s  of the  e f f e c t  of t h e  p a s s ivm it i n g  f i lm on cell uc n f o r m a n c e

the following point s can be made:

a ,  The p a s s i v a t i o n  ph e n o m e n o n  does  not nt~’r f e r e  w i th  t h e  cell ch e m i s t r y

b e c a u s e  heavi l y pa s s iva t ed  cel ls  did not  exh ib i t  si g n i f i c a n t ly r educed  c ap a c i ty

when d i scharged  at a low ra te ,

b. Pa s s iva t i on  adve r se l y a f f e c t s  cci i  p e r f o r n _ i a n c e  in two  ~~a y s :  ( 1 )  i n c r e a s e d

tin _ i c dela y in reaching a c c e p tab le  vo l tage  levels  at the onset of loa d ap a l i t a  -

t ion and ( 2 )  de c r e a s e d  cell ~a p ac i t y  at hi g h d i s c h a r g e  r a t e s , a n d  a t  low

t e r n  p e ra t  u r e 5 .

c ,  The improved  p e r f o r m a n c e  a f t e r  hi g l_ i t e n _ i n c - r a t  u n c -  s t o r ag e  of ti _ i c- l i i i  rd and

four t h s c - r i - u - s  of Life Support  Cell s s h o w s  t i _ i c  c - f f c - m. l i v e  m i t -s  s of t h e  n_ iea s u r e  s

t aken  t o  c - m i n t e r - u  ci anode pa ssiva t ion  d u n i ng  t h i s  p r o j e c t ;  viz , a d d i n g  5 PC’ r-

c e n t  w - i  e l _ i t  SO 2 to t i _ i t ’  e l e c t  r o l \  i c  s o lu t i o n  and u s i n g  a g o o d — q u a i i t ~ l i t h i u m

and L 1A 1C 1 4.
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The e f f e c t s  of p a s s iv a t i o n  on ce l l  p c - r f m t r n _ i a n c e - of t h e  f i r s t  ~ c - n _ i t - ,~ of L j f c ’  Sun port

Cel ls  a re c o n s i d e r a b l y  r educed  in ‘ he- t I_ m d and  f o u r t h  se r i e s  a S d c - n _ i on s?  r a t e d  by

their pe r fo rman ce  a f t e r  var i ous  d L r a t i o n s  of s t o r a g e  at hi g h t e mp e  n a t u r e .  The

fourth s e r i e s  shows a no t iceab le  i n _ i p r o \  e n _ i t - n t  o v e r  t h e  t 1_ i~ rd s e r i e s  t o o t  is due

entirel y to d e c r e a s e d  n a s s i v a t io n  h c ’ c a u s c -  t h e  onl y d i f f e r e n c e i n  -u l l  d m ’ s i g n  a n d

fabr ica t ion  is the u se of a be t t e r  ~ r ; m m ’Ie of li t h i u n_ i  in t h e -  c on s t  Inn t i  n of t h e  - u n o d e

for the four th  se r i e s .  Even a f t e r  m n _ i o n t h s  s to r a g e  a t  h i g h  t e-nipe  r - u t u r e . c e l l s  of

the fou rt h s e r i e s  show con s ide rab l e  c a p a c i t y  w hen d i s c h a  nged - u i  t h e  n r e s c  r i be d

r a t e s .

Cells  f r om the four th  s e r i e s  af te  r 5 months  s t o r a g e  at 1 4 0 °  F We- n e  d i s c h a  rged  at

1 m A / cm2 ( 3 6  mA) ( g r e a t e r  t h a n  t e n  t i m e s  t i _ i c  d i s c h a r ge  i - i t t  of t he  low r a t e  dis-

charge of the f i r s t  s e r i e s )  and at ~~. 0 n _ i A / c m 2 . T h e i r  p e r f o r m a n c e s  a r e  sho~ —n

in Fi gu re s  38 and 39, r e s p e c t i v e ly .  The  ce l ls  exh ib i t ed  at leas t  ~~ of t h e  capa c i ty

of a f r e s h  ce l l  (nomina l 1. 60 A h r~ .

2 . E f f e c t  )f T e m p e r a t u r e

The resul t s  of d i scha  rge t e s t i n g  of cel ls  in all sc n c’s , b ot i_i f r e s h  a nd! a t t c -  r hi g h

t e m p e r a t u r e  s t o r a g e , show a d e t e r i o ra t i o n  in p e r f o n t _ i _ i a n c t- c l_ ia r i e t e r i s t i c s  - m t

t empe r a t u r e s  be low room t e m p e r a t u r e .  T I_ ic -  d e t e r i o r a t i o n  i n c l u d es  l o w e r  cel l

capa c ity and mid point vol tage  and lo n g e r  d c - l a y s  in r e a c h in g  ~ 0 p e n c e - nt of mid-

point vol tage at the  s t a r t  and d u r i n g  a ch a n g e  in t h e  L ma d of m c l i s c h a  rg ing  cel l .

Data for th e  t h i r d  bu i ld  of ce l ls  i f l u s t  n- - u  t i n e  t h e  c - f t  - u - c l  of ‘ e n _ i n  m - m t o r e  on cel l  ca pa ci ty

are shown in Figu re 40 and or_ i mid point  vol ta  cc in F _ i c - o r e  4 1 .  Capa c it y data  a s  a

f u n c t i o n  of t c m m p e  n a t u r e  f o r  t he  f o u r t h  b u i l d  I s  Si_ i(_ iW fl in F i c -u r e  4~~. T i _ ic -  f i e u r t -s

~e l -so s h o w  p e r f o r m a n c e  a f t e r  s torage  at  m m  c -h  m e n _ i p e r - m  t i r e - .

3 .  C c l i  P e n f o r n _ i a n c c

T h e  o p t i m u m  p e r I o r t _ i _ i~l r ice d en _ i o n s t  n - i t  e d  14’ a L i l t -  St i p u or t  Ce l l  d u r i n g  t i _ i _ i s  p r - t m - c t

was  tha t m m f  ii f r e s h _ i  cc -li of t i _ i c  l ou r i b s m - r u ’ s- , ~~h i i e h i  m - ~~ l i i b i t m - m i  I b m -  o l I m m ~~- i n c - :

_

~ 
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En e  n e y  I) -n -~i t  v I V o l  - I ~ . ~ \ i - - a t t  ~ u m u r ~ Rn 3

E i _ i i - ’ r g y  De I - V j t y / t,V - 15 \\~t t t . , 4 - ’ t m r ~~/ l b

T i _ i c - s c  r e s u l t  s a ppr o a c h _ i t h e -  u l t i n _ i a t c  D m  r f o r n _ i a  _i e g o a l s  ~ H 1 wil l  he r c q ui  nc- c- ‘o r

f m i t u r c  A i r  l~~ m r m  C a - u ~ l i m  ;u c i ( ) n  a s  C i e s c r i t ) c - c  in  t i _ i c -  ~ t . t e t _ i i c - :_ i~ ~~I \ V o r k  ; m n i  e v e - n  c x i -

t h e c - ( )~c 1 set  fo r c - m i t -  r cy ( t ( -n s i t y by \ v -  : c- i l  . T h e y  fu  nt  h i - -  r coni u - e re I i  vora  1 ~ ~t i_i

t h e  ) c - s t  p e r f or l ’ r ia nc  of a f r e s h  cel l  C m t ’ t h e  f i r s t  5e r~ es  f a b r i c at e d  t o  p r ov i d e  ha s i - —

l ine  da ta  a nt i  n e o n - - s e n t  - u t i v e  of t h e -  ~l a t e  of t h _ i c -  a r t  a t  t h e  si r I of  t i _ i - - u r o j c - m  C :

C a n a c i t y  _ 0 .~~~~~~~~~ - \ h n

Ene rgy Den~~it ~ -
- ,~ \:ol — 7 - I w - c t t  — h o u r s  / i n 3 —

En e - r~~ y De ns i t y !  \\ I — T~~ ~ w a l  t — h o u r s  f i b

T h e s e  r e s u l t s  r e p r e s e n t  ti _ i c- b e s t  p e r f o r n _ i a nc i -- n t _ i l _ i _ i  - I c i _ i  r- -5 pe~ t iv i - - s e - r i e ~ 1

ft ’ c s li i- e - f l s  t c - s t c d  a t  n o o n _ i  t e n _ i p e - r a t u r e - . A s d e - S c r i l ) (i a b - u m - : c - . t i _ i c _ i i - r f o n t _ i _ i a  i_ i c c-

d e t e r i o r i t m ’ s  in  cel l s  s t c , r c - ( 1  a t  i_ ug h t - i _ i _ i t _ i c r a t u n e  a n d  cii ,s ch a  r e e d  m t  l m ~i - - r  t i _ i~i n  ro u t _ i _ i

t c - n ip e  r a t u  re - . T he’ t c-st  r e- s ui t s  show , h _ i o~veve  r . t b_ ia t t b _ i c  -z c i ct c  r i o  n - i  I i ng it _ i t I u i - - t i e  i- -
~-

\ i - e - re - co n s i d e r a b l y a h ) a te d  in t h e  l a l - r  Si - - n e - s of ( c l l 5 , t i_ ia t i n c m m r n m r d t e ( l  ( ii~e n ~~i- - s

i d e n t i f i e d  an d  d e - ve l op e d  in  cell i n _ i p n v e t _ i _ i c nt stu ci i c’ s c a r r ie d  on d u r i n g  t i _ i t  - u r  m I c ~~ t .

T i _ i c  ch i s ch a m - e e -  t i m _ i _ i c -  a nd  b a m t - r v  v c m i t - ee of t i _ i c - P R C~~~)0 h a t t c - r i e s , - u n  n i m al h o t_ i  m l

t i _ i c -  03 ( )  I I L i f t -  S u p po r t  Cel l , a rc ’ c o n s i s t  e n t  w i t h  t h e  f r e s h  ce- l i  da t a  p r o v i d e d  by

t i _ i c -  L i f e S u m m m - r l  C e l l s .  T h e -  h - m t t c - r y  can  c _ i t t - u - r a t e - above ’ 1 0 . 0 volt s a t  t m ’ t _ i _ i p c’ r a t u r c - s

a s low a s — - - F .  [ i _ i t -  d i  s-c ha rgc-  l i t _ i _ i c ’  n :l  n g e - s  t i - c i t  i _ i  a b o u t  1~~ h _ i o u  r s  a I - 7 ~ F 1 o

I .  .~ h o u r s  t —~~~~~~ F.

O ne of C m e  hr t t c n i m ’ s  c i i ~ i _ i ) e r g c ( I  a t  - 7~ 1 c-~~i _ i i~ m i t c m t  v c - r \  c d  n v  v o l t  g m -  d r m m ~ t i - c  10 , 0

v o l t s  a I c r  2 I _ o u r s  u i  run  tim e ’ . TI _ ic  m a  it s . - of t h i s  p r c d ) i e -m  w a s  clue t m  -n _ i  a b n n n , _ i _ i - - u l

0 ’  I t -  -u i - i c  -u r i n  - m O m  c ~- 1 1 .  -\ ft c  r a 1)0 01 1 - - h o u r  of r u t _ i  t i  i _ i c -  m e d  ia i- -d , ¶ i _ i s  e c u  c \  I _ i t  h i t  ~~( i

- v o l t - c c - ’ - o f  ~~~~~~~ t _ i _ i v  m t t h e  1~~ t ) t i _ i A  l o -u c i  ~~i_ id —~~4 i _ i _ i v - t  t i_ i c 4~ t _i m - \  l e n d .  Dc e t _ i  c l i s —

c h a r e i m _ i c- o t  t h i s  c e l l  did  n - - u t . h n \ \ m \ - - r , edI t s - c  d i - e r~~e s m f - u - t ~ h - - u i -u r d s .  
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I l _ i c -  f i r s t  s , - n i m - s a n c i  d i r _ i c  t e l l s -  in  t I _ i . - - m m  m r _ i r I  s c - r i - u - s .
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~ - V - V  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -V - --V- --

F i g u r e  -43 s - h m i-v s a r e p r c - s e m _ i t - m t i v c -  i’ m s s  s - c - c~~ i t m_ i of the-  Spat  c - c n H m  C c - l i —  - .  m i _ i d I t t .

F i c - m i  ri - 44 p h u t  ~ c- ra p b_ i app l ies to  c- t i  c i_ i  m a  t I _ i c  ~ S m Se r a e - s of Sp acec  ra ft °A c e l l s -

f a b r i c a t e d .  ‘I he c a s e -  and  t e r m i n a l u m l a t e  i-v t - r e  p os i t i — : e and i_ m a d e  of 31 6L s t a i n l e s s

st e - i- - i .  The  n c c - a t i v c -  t e  rni ina l was  n iade  of n i c k e l  and  i t s  i s o l a t i o n  was p r t t~ici e-d by

a ~_i 1 a s s — t o —  m _ i~ c t ~t l  sea l using a 3 1 oL s t a i n l e s s  s t ee l  he ad c - r .  This  ti --a d e r  i-va s t hen

p r o i c - c t i o r l  we lded to  t h e  t e  r rn ina l p l a t e .  F i t _ i a  1 c l o s u r e  of t h e  te rn _ i ina l Ha t e  to t ii--

cel l  case -  wa s a c c o m p l i s h e d  using e lec t  r u m -_i i _ i c - a t _ i _ i  w e l d i n c - .

The-  ha r c i w i  m c -  a n d  in t e r n a l c o m _ i _ i p o m _ i c- n t  c I - s i c - n s  f o r  t I _ i c- f i r s t  s - e r _ i c - s  of  S D - m m  - c r a rt ‘ A

C c - l l s  i~t P r - S e n t e ( i  in Ta b) lE ’ X V I I .

T h i s  ha s i c  d c - s i g n  was  r e t a i n e d  in t b _ i e s c - c o n d  s e r i e s  . c- x c e t t t b_ iat t i _ i c ’  n u n _ i b e r of

c a t h o d e s  i - i - a s  i n c r ea s e d  ir o n_ i  ~~ t o  ~~7 , t i _ i u s  i n c i ’ e a s i t _ i g t u e  t o t a l  c a t h o d e- a r e - I I r o t _ i _ i

4~~4 3 c n _ i~ to  5Q~ c i _ i m . T h e-  o p e r a t i t _ i g c u r r e n t  d e n s i t i m - s  undc -  t’ t i _ i c -  Spa -u c - c  ra ft  A ’

lo ;c d or o f i l — - fo r t i_ i s  f ina l c i i - ’ s i c - i _ i  a r c - :

— - -

- i O A  — n , I) m _ i _ i A /  n_ i 2

~~5A - ~ .0  m A / u n _ i 2

- 3. ~ i _ i _ i A / c  n_ i 2

2 .  Sp a c - u - - u  n - u  ft J3 Ce l l

T b _ i c -  d c - s i c - n - e a c h  f a b r i c  ; e t j m m m _ i  e f f o r t  f o r  t h c -  S f)~1 m  c -c r a ft B Ce l l  r e s u l t m -d i t _ i  t i _ i c  ) r ’ - c c m  —

l i o n  of t w o  se r i e s  - u1 c x p - u - r i m _ i _ i e n t t tl i_ ia r d\ \ a r e  c cl i i - . A s -  c r e - su i t  of c i _ i a n g i i _ ig t’ c ’qui r~- —

r n e n t — c  -U_ i ( I o r i o n i t  i c - s  du n i m _ i g Cu -  ~n t - u i c - m  I , t i _ i c  m m n i g i t m a l r e q u i r e - i _ i _ i c - n t  f o r  l~~ i t n m t s  n_ i

e - e e  I_ i s m - n i t-S wa s  t’ d i t c ed  t o  t h r e e  a n t i s -  in  t i _ i c  f i r s t  s - c r i e s  a t _ i d  n i n e -  u n i t s  i n  t t t e

sec ond s c - n i t - s .  A r ep r - t S c - r _ i t l i v e -  c r o s s  s - c m  t i m i m _ i  01 t i _ i c  Sp - u c e c r a i t  - 11 (-V e I l . s I _ i c - u i - i -i_i

in  F igu  r e -  38 -u n d t h e  p hot  og n- - u  p h in  Fi g m i  n - u -  40 a pn l v  t C)  e~a e l _ i  o l  t h e  t i - v t _ i  s - e r i c - s  of c c - l i _ i c

fa I) r i c ; - u  t ed  .
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r d ’~ - i N ~t n c I  u i t e r n a l ~ on~ p on~~n ’ si~!, ris f u r  t h~ - i r s ’ ~er i ~ 5 > 1  )~s s  ~~ s rd

- Ii  (~~ l i s  i s o r e  ~- e n t e c I  in  Tab le  X V I I I .

Fh ~ s I)~t~~1) ( 1( S1~~n was  r e t a i n e d  in  t h e  se ccj nc l  s e r i e s .  1 he e l e ct  rod , ‘ s - i ~~~
} .1 . ‘ uws~

‘.‘.~ i s  i rn  t~e t~ -ed  f r - o n i  3 .3 0  t o  4. 3 i nc h es  i, o en ab l e  t h e  t i 1  to  d e l i v e r  ‘i i i un i i na l

) - l  (HI \ ot  5~~) i )  :\h r  b\ r n ak in~ m or e  a c t i v e  c a r b o n  : v aj l a  ble or  t h e  r e d u c ij u n  ot

I He  ( ‘ I t e r  eli d i rn en s i o n i f o r  t h i s  s e r ie s  ~~~- r e  ifl r e~~~co t o  ~~ . o 3 x -4 . ~~

I ‘ i O ’ h e S .

1 - . T FH- T P R O G RA \ 1

- P r ’  e t P e q u i r € - n i i - n t s

( ‘ n — i d , - r  ‘ 1 1 ( 1  i ~~~~~~~ o n d : i  i o n s , load p r o ij i e s , t e m p e r a tu r e  - m d  s a f e t y  s n e c i i i t d

ill - I c  ~~t d t c H ef l t  of W o r k  fo r  t h i s  p r o j e c t  g o v e r n e d  the  o v e r al l  n lan  used  fo r  cel l  t e s t

i- va l i i i  i o n .

1 ) : —  h~ r~~- o ie h i t i o n s  f o r  l. t - s t i n 4  Spa ’ e ro ft ‘A’’ Cel ls  w e r e  H)A f o r  t h e  f i r m . - ’ ~1)

i d - :  . r om  ~~~~~ - 1 3 1  se c o n d s  t o  t im e  10 m i n u t e s ;  2~~-\ , f r o m t ime - 10

‘
~~ 

] ) )  ‘ ,- -. ~~~~~~~~~~~~~~ 
, ( )  n ij n i i t ~ .s ;  ~0A.  i r um  t i m e  - oO m i n u t e s  t o  t i m e  • i i  r i i i n u t e~- :

f t - v ‘ j r ~~~- - ‘  1 tu m u l t - s  t o  t i r n t -  - 1~~0 n i i n u t t - s ;  m d  I ‘ .-\ . i r o f l i  t i me  I~~ ( ) r u u i l o t t u - s

I i c v o l ’  i i~~~ d r o n s  b e l ow  7~ p e r c e m l i of  t I l e  a v e r  ~~ v o l t~~~~ - . I - s i s  w e r e  t o  he

‘ s - r u i i n r . , t u r t s r u n i 1i n l t  f r o m  50 °F  t o  14 0 ° F .  I1o ~~s - v & - r .  C l U e  I C )  n i o c l i —

I s  , i j (  n s  ru i h e  s(  ope of \ ‘o r k , r e s u l t i n i . t  i n  t h e  I e — i i n ~ of le s s & l l s . 1 ) 0 t h l i i u -

‘ r , m ~~m - • i n d / o i  d i s u m i ,  r e e  t m m n t - r t I t , i r c  w e r e  c h a n u ~t - d  t o  ~c 0 °F  f o r  i l l  s l i m - . ,-\

, i i  ‘ c t d - ’ I ~i of  ~~o m or e  t h i n  ~ f lu i l l i s m o  Ofl ( I5 \\ ‘i S d e s i r e d.

l ) i s m  h~ - c~ ’ c o n d i t i o n s  f o r  i s - s t i n g  Sp a cc  i - a l  t ’ l ~ Ce l l s  w e r e  . m  c o n s i  nt ~~~. 4 1 7  • ‘\ H i l l )

t ‘ s , s  01 5 .m- i - s  ond s ci u i- a l i o n i m b , s fl s - r h  one m i n u t e  a ~u is ri . 1- a  h m i  C )  f 1 ) 1 1 1 5  •

~ of t b ,  S H i ,  , r ’~~ i h i t t i d e , . ~~\ rid I ~~\ l i )  a l t e r n a t e  ~i u i r ~~ I l e s e  o n dj tj , iim -

~~. i - ’ r o i l e d  i em ’ i i  ‘h c  v i i . ,  ~s (Ir t i ps - c i  b e l ow  7 o c r e t - n i  ol t h e  . m \ e r lg c  \ ‘ o l l d ~~t .

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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~~ s - 5 I s  \\‘ s ’~~
( ¶ 1  ~~ c u i n d u c t e c i  i t e mp e r  t U r ~ s r n ~~ifl~ I r m  4 0 ° F  ‘o  l~~O ° F .  li v. —

e v e r . du e  to  ‘n , d i f i s - t t i ons  i n  t h e  s o ne  of w o r - - ’ . r e s u l t i n ~~ in ~~ i i i  ~~ - — t  -~~~~ of l s - ~~ m-

c~ -l1  , 1)0t h t he st ora ~~s a n d  / or  cli s ha r g e  I i i  u s -  r a 1 .1  N Wd 5 I ’ l l )  1 -d 1 a 0 ‘ I- . A

v o l t ag e  d -  i v  of no m o r e  tha n 5 nu i l l i s e c  nd v - ~ S t o  1 ) 5  a c hi~~ved -

~~~. Des  t - i p t i o n  of T e s t s

F o r  sa f e t y  r e a s o n s , a t e s t  p r o er a nu was d ev i sec.l f r  t h e  t e s t i n g  of S u a c e c r a  ft

Cel ls  w h i c h  would  e l imina te  c o n t a c t  b e t w e e n  ne r s o n nt - l  a n d  - H e a Ij v a t s - r h  c i l s .  T H e

t e s t s  w e re  con du~ t e d  at  th~ H o n e y w el l  O r d n a n c e  P r o v i n g  C r o u n d  in l U -  R i v e r .

M i n n e s o t a , a c c o r d i n g  to  t h e  s e t — u p  s h o w n  in F i g ur e s  4e ‘ s nd 47.  T e s i  h o —m s - s  we re

i n s u l a t e d  f o r  c o n t r o ll e d  t e m p e r a t u r e  t m - s l i n g .  N ot  s h o w n  v a - r e  x —  r i d  sh a n e d  ha r g s - s

located so a s  t o  cle st  roy  d i s c h a  r g e d  c e l l s .  T h e  s i t — u n  s h o w n  in F i g u r e  4o w a s  u s e d

to s t o r e  Spa cc ra ft A’ c e l l s , and  d i s c h a rg e  f r e s h  a n d  s t o r e  Sna s- i  r i f t  B ’’ c e l l s .

D i s c h a r g i ng  f r e s h  So~~ce ra ft A ce l l s  and  sa f e t y  t e s t i n g  of t h i s - s e  c e l l s  u -~ed t h e

s e t - u n  s hown  in F i g u r m - 47 .

An i n —  house  built e l ec t  r o l vt e  a c t i v a t i o n  s c i , - n i e  I s  ho~vru in F igu r e  4 ~ I 5 0 5  e(i  . It

was  prepa  reel in t h e  fo l l o w i n g  w a y :  1 1 1 a 1 / 4 ’  CD Swa g e l ’ k p :~i c o n n ec t  or  w i t h  a

1 / 4  Swag e lok  nut was  welded to  t h e  te rn i i n a l p l a t e  of t h e  s i l ;  .~ I a o n c — v a ~~’ \ V h i t e v

h a l l — v a l v e  v-a s s c r e w e d  o n t o  t h e  n u t ; 1 3)  t he- o u t l e t  of t h i s  \ ‘ a ly e  v-a s c o n n e  t i - r i  t o  ms n

1 1 — f o o t  31 eL s t a i n l e s s  s i ,  el t u b e  w i t h  a I / 4 OD. I .\ n ~— i n c }u  di ;s m e t e r  no rt p r o v i d e r l

e n t ry  int o t h e  c an t  r i d  h o u s e . ) :  14 )  a o n e — v - v  s h u t —n f l  v a lv e w a s  c o n n e c te d  to  t h e  c ru d

of t h e  11 f t  t u b e , t h e ’  o t h e r  end  of v l i i  Ii w a s  c o n n e c t ed  t o  a ‘ 1 ’ ’ u n i u c i ;  i S )  t h i s ’  ‘‘ T ’

U n ion  5 o iun - ’ t s - r h t h e  s-I c  I r o l \  i s  r e se  r eoi  - “ i i  h a ~-a t . ’ u 1 u z l n  n i z i u l p  via T e f l o n  l i n t -s

f i t t e d  w i t h  S w a ge l ok  n u t s , o ne of w l i L  hi v a  s s ’ - n i i e c t  ( I  t o  l bs r e s e r v o i r an d  u r i c  t o  t h e

vO c uum P01111~ 
by a one — w a y  5 m ii  v s  !ve .  \ i ’  r a s l i v )  I i n , t h e ’  o u t  l~-t of t lie s h u t  — o t

\ ‘ i l v e  w i  s d i s c o n u - ’  I - ml t r o i ’ i i t h e  - -  I u n i i s n m i d  c .I  pped  t i g H t  lv wi t  Ii a S v a  gs - l ok  ca r ) .

- S~~~~~ 4 ’ ( ra ft ‘ A ’  Cc l i

‘ T h e  t m - s t  p l a n  f o r  t h e  S n ’ s ’ , - ,  r i ft  - ‘  V ( i l l s  , n ~~i m - i t d  of dj s s  h i a r g s -  i s - — l i m i g ,  s t o r s g s -

t ~ t in g  ; s n d  m - t l s t \  t e s t i n g .
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( h ( ~ h ,  ego i s — I s  ws - r e  a s - r f o r r n e d  u s i u ~i t h e  c i r c u i t  i l l u s i  r ; , t , -rh  in  F i c i u r e  4~ - i

r ’ ’ l l s - r i  t e t i i n c - r - , I u r e  of 80 ° F .  C e l l s  w e r e  a l l o w e d  t o  es - n i - in  f o r  I W I I  h o u r s

: s - i s - s t  I - o l \ t s - ; i l l i n g  u n d e r  C CV  c o n d i t io n s  b e t H  re d i s ’. ha r g i n g .  Th i s -  d i s c h a rg e

s s - - r i d u c t s - d  a cc o r d i n g  t o  t he  p r e s c  r ibec l  loa d ar o f i l e  f o r  Sna ccc  ra ft - A’ C e l l s

,
~~

- - si ’~ r - ,w  d a t a  co l l ec t ed  was  ( 1  1 ce l l  ~- o l t a g ’ . -  v e r s u s  t i m e  and  (~ v o l t a g e

m t l i u v  w i t  m u m  5 m i l l i s e c o n d s  a f t e r  loa d cha r ig ’, - .

sto  - mm g s -  t~- s t  c o n s i s t e d  of s t o r a g e  at 8 0 ° F  or pe r iods  of 1 a n d  3 m o n t h s .

- - - in ~a f c- t ~ da ta  f o r  h igh  d i s c h a r g e  r a t e -  a p u l i c a t i o n s , d i s c h a  r g e d  ells f r o m

u - i l -  10 f i r - i  m i n d  second  s e r i e s  w e r e  s u h i s - s ’ tec l  to  - o n t i n u i n g  d i s c h a  r g e -  a l t e r  th-

- i - I f -. u l ta  go -au s r e a c h e d  ( f o r c i n g  t h e  cs - l l s  into r e v e r s e  pola r i t y )  a n d  t o  cha r g i  n g

- i  t l i r s i  s~- r i s - s ) .  One cell of t h e  f ina l  s c r i s -s  w a s  s u b j e c t e d t o  s h o r t  i r s  s l i t  t s - s t i n c ’.

I i t s  t e s t  “ a s  c onc luc t ed  u s i n g  N o .  8 si:~c- c o p p e r  v -i r s - s s e r i e s — c o n n e c t e d  t h r o u g h a

‘ u ’ s - i t  an d  a rs - la ’, . Thi s -  t ota l ioop r e s i s t a n c e -  of t l i i i -  c i r c u i t  ~va s 0. 0~ o hirr t s

HI- 5 ‘.- c  r~- i  l~i - B ’  C5 - l i

011 , n f o r  he Spacec  r a f t  ‘ P s  Ce -Us  a i s o  c o n s i s t e d  of c l i s cha  r g s -  i s - s t i n g

- ‘ ‘.15- t s - s ’ i  r ig a r id sa fe ty  t e s t i n g .

ss  ha -~ s - i c - s t  s we r s-  pe r f o  r r n t - c l  u s i n g  t i& - c i r c  uit  i l l u i— t r i  t e d  I fl  l-~i gu r e  50 a t  a

I , - ‘ I l  -‘ I  d i D ,  r d t u r c -  of 8 0° F .  C s - u s r s - m a i n e d  f o r  two  h o u r s  a f t e r  , - 1 , - , ’ t r s i \ t s -

‘g  i i  ( ‘ C ” .’ s ’ - u i u l~ t i o n s  b e f o r e  d i s c h a r g i n g .  T h e ’  d i s c h a r g e  was  ( o n c lu c t s - d a c t  n r r h —

- -  I i ‘ - I ~ ~- - s  r i b e d  load o r ’ ’ f f l e  of Sp mi , i - c  r - ’ I t  ‘ ‘B ’’  Ce l l .  The  basC r w d a t a

- t , - r l  v :i s i i i  c e - i l  \ - o l t a g s - v e r s u s  t i m e  a n d  - ‘. 1 v o l t a g e  s t a b i l i t y  w i t h i n  t i ) i I l i —

,, s i s  i l  ‘ i t ’ !  c : I - s f l g e .

u-, I o r  ‘.is - t e s t  s ’ o n s i ” t -d of s t o r ~t g m - - i t  80 ° F  f o r  ns r io , t s of t h r s -e ; i r i cl — i x  n i o i i t h s .
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To o b t a i n  ~- m s  f e - t v  d a t .  on t i i s - ~~c l a rg e , 1 ,’.’. d i s c h a r g e  I - i t t  s e l l s , ‘i n , ’ ‘ s i 1  of  ‘ h u e

fi r s t  s e r i e s  w a s  s u u l e s t e ( i  I I )  a c b m ’ r g i n g  i s ~ s’  an d  O ne  t o  mu n i l - s  C m i v  C~ - ‘ s - r~~’ l  t e s ’

u s i n g  d i s c h a  r g e - r !  c e l l s . F ’eo  c e l l s  of i l l s ’ - s s - c o n c h  s e ri e s  v s  C s  s u m b ~~- ’. ’ - d  ‘a  s h u r  -

c i r c u i t  t c - s t i n g .  V o l t a g e - , c u r e s - n t  mi nd I e t ’l ’ u o r m’, t u r e  d n a  we re m o c m t u r e r h  I h ) r ’ . , i l g h i -

o ut t h e -  t e s t s .

C. TEST R E S U L T S

1. Sp a c e c r a ft ‘A Cell

Th i s  se - c t i o n  con t ~u it -i s  ~s s uits of t o  s t s  on Spa ec r a I l  - A - C e l l s  O f l r i U s  s - H  in  N Sp O f lS s-

to  t h e  p r o j e c t  r c q u i r s - i v i e n t s .  T h e y  a r e  re- p o r t -d b y s c r i ’ s  s ’\ c ’ .-u ’  t H a t  5 a 5 - t \  I s -~~ t i n g

is r e - n h  ri ed in a sepa rat ’.-  s ub s s , - et i o n .

Of t h e  t v o  Sn a c s - c r a ft ‘ ‘A ’ ’  C e l l s  of t h e  f i r s i  ~- e r i e s , ~ n s  v i i  s s u b i s - - t ,m-cI o r h i s c h i , rgc-

w i t h i n  ~ h o u r s  of c c i i  a~ t ivmi t ion  m i n d  C~~- I I  r a f t e r  4h  d ay s  of s ’ ’ ’ r s g s -  i i i  05 ’ F

± 1 8 ° F. The V d ) I t a  ge a n d  I c - n - i nc  ra t  sire hi s i  or v  of h i ‘l b  c s 1  s r i t i  r i g  d~ sc ia r g e -  t es ’ —

i n g  is s h o w n  in Fi g u N - s  51 an d  5 i .  T h e  v o l t ag e  d e l a y cha i - i s I , - r j ~~’j s  s of I nc s t o r e d

I s _ i l  is s ho an  in  F i g u i - e S~~ . The  f r s - s h  c s - i l  s - x h i b i t - -d no o l ’ .i ~~s - r i c h  i v .

T h e  f r i - sb  ~ , - l i  d s - l i v - r e - d  I s ’  . ~ , \ h r  of s . 1 ~~) - ’ C 1 t V a n t - I  c -n , - r g v  c l e n s i t i s - s  of 1 1 .  ‘

h s , i i r s / i n 3 a n d  1 5 3  w a i t — h o u r s / l b .  l i i , -  s i o r ’ - d  eel 1 c x h i h j t s c i  a 7 . 7 p s - r c e n i  ‘L g r a d , , —

l i o n  in  ca~~ i c i t v  a r ,d  a I D .  3 p c r c s - n ’ (l i- ma t) in  , ‘ n s - i - gy  d m - n s i i i s - s .  N s - i t H e - r ~ , - I l  e x h i b i t e d

t h ’. r ma I r ii na wa v , a nd bot Ii ma i i i  a I ned  a v o l t  ‘u g , - r ~~- mm ula - ion ‘a-it lii ci ± 1 0 u~ - r ’ e ru t o ’a-  r

15 os r c c -n t  of  u s e f u l  h is- -

T h r ee  of  t h u s - r u i n s-  c s i l s  01’ t h i s -  s i ’  ‘ ‘m i d  S t i, ~~~~ es  r i  1 
- - ‘s S e n ’ s  w e r e  sb - n i  c i r c u i ed

d u r i n g  s - I c - c t  r o d s -  s i ; i  k in ~~ s - r t 1 O n  ~n ’ , t b . - - m ~~~s - s l O b  I i  , - r  s - i c ,~ r o n  hi , - . m m ‘ . ‘ .m- I d i n g  s - f

t h e  t - r n i j n ; m l c ’O’ s - l - S .  C f t h e  r e l i i  ‘~~I 1 i n g  5 i \  u s - u s , ‘ n m - w a s  s - u P - t v  t s - — t c d , one d i s —

-h a r g e d i r s - s b , ‘ wo c l i s e h - s  - g m  d a f t e r  I i , i i i i  I 5’ s) r i g s - i n c h  I w o  a t s r  rn -n ’  li~

m i t  8 0 ° F .  P h -  ( l i s t  ha r g s -  l u j s ~t i s r ~ ‘ i f  t b ~ , f r - s b  e l I . s ~ \ i n c a l  c e l l  ‘ - - r  I I i i ( ’ - ’~ 1

.s t o r a g m - . m d mm t v p i u  i i  s e l l  s u e r  m on t  h i s  s u n g  s - s n , - s l i ’ ’ v i n  i i i  I - i g s i r e s  ‘ - k .  ~~a ,

a n d  S e ’ , r - s i u - s  t i v i - l s  - \ o l t - m g s -  C l i v  d l  , i
’ l i i ,  s’ or , -d s s i l S  mi re s h u ’ ” s n  i l l  F i gu r e  57 .

-~~~~~~~~ — - - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



0

( 5 , 5 ”  J’ s 1 ~~ i l i  ~ , _ i _ o . — i -

C r- r- CD
1 —~ C - ( I—

me _________ _ _ _ _  ar~~~ t~~~~~ i —

~~~ 

‘

~~ -- 
- - I —

\I ) : :  
~c

‘—4 
— I ~1’ 14

/ ~~
‘ . 1 S  U

s-i Si cit -Si .. / —5-, U
t r i o  U - I _s-i a
.~~~)~~~l ’ 1 ~~~~ I -

~~ 

S

—‘ U U ‘~~~~~ / l/D

/ ‘ ‘

“-‘ 
~~~~~~~~~~~~ I C— • ‘—I 

(I’

( N_s

- s

\ - !
14

Ut ~r’ 0
~~~ c V 0 , ~~~Si ~~ c’j ‘44

-~~~~~~~~

:~~~~~~~~~~~

-~~ C

‘U1°A ‘1 3t~~ l ’~cl ll~~D

9;~

~

—- - — - ~~~~~~~~~
— -_  -- 

~~
- - -

~~~~~~~
-- —

~~~~~~
-

~~~~~~~~~
— —

- . — - —



- --- -- - - - - -----— - .

T e m p e r a t u r e  D i f f e r e n c e  (T , -T ), °F
• skin box

C C C 0 CD
N_s 0 N-_s

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
I C

0
• C.-

r-J

U

— -4
11 .,—I 0c i  N

U) C.-
1-4

cit
. — 0 0  —

-

~~

U
. 51-i

: -~ ~1~~~ c
- —

,.~~~m
s-it

• i-fl

0 0’
‘ - 4 0 0 . 1 4 1 4

0~

• 
-,

~~~~

~~‘I;’~~~ 
—

~~~~~~~~ ~~~~~~~~~~i_
u ~~~~~ Ut

A
~~~~~~~~~~~~~~~~ I 

‘

~~~~~~~

-~~~~~~~~
0 °

N-_s -‘~~~ 0)
4” .,~- . N -1

\

/,>

LN

5’
--

.-0
N_s

- C

U
0

< I
— i r’i~~~~~~

C C C CD

(‘1 “1 C

~ il° A ‘ lP ~~U~~l0d II ~~D

93 

~~~~~
-

~~~~~~~~~
- — - - -

~~~~~~
_ - - -~~~~~~~~~~~~~~~~~ -- - --



— -5--- -—

LU
-

~~ 
C

-

;‘
~~~~~ < 2 

“

0 5-_i ~
‘-

~~~~~Si
7~f l - 4  I U
. 0~ <~~ . C
‘~~0 CD~~~~ v—4 i n -44 -~U :  I a

a 5’
< 0) ‘ C D  C

.“ ~~~~~ ~
0 U) no

~~~~~~ ~~~~< ‘C

~~~~0 O S i ’  -C C
— cit < U • • C s-i) U

0 CD a_s —C ‘t rm 0 0
I-~~~~ CJ) Ln C/D ’-~ irs

a 0
• CD 0 < 4 4

0) NI 0) = cit
c_s 44 0)C --4 

‘4-’
• C — I-it

C 0) CD - 4-’

U) C -no 
~~~ U)

0) - o H
U) < —C
cii

-mm- 0 ) 1 4

~~l0A ‘ I~~~ U~~~0d II ~~D

III Irl__ - -5 . _ . .  
T~~~~-~



- ‘‘ ~~~~~~~~~~~~~~~~~ --- --‘ —-‘“~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -

0

p.
p.

U /

IL (
-

UD~~~~~~

0 : :  —

0~~~~~~~~~~~~~ Cfl~~~~ 
- N

c_I
4)

I U

~~~~~~ 5 4 — I ..-, cit
a.

- -‘4 — (ID. 4) 4) -i~~~~~~~~
~~~~ 0 0 . 1 4 1 4  

• ‘C
s-i)• l  - , Q 4~~~~~~ 5,~~~54~ 4)

U)
14
C
0 cit

‘—4
U) 

- Sri - 
a

C
4-i sit1~~~ 4) •-i~~~~~~’ 

5—

u .. U
14

- ~1’ ‘--I

114

4)

3-4

U
U)

.5-4

‘ N I

4)
14
C
bSi

‘—4

0 C 0 -CD

-; N I ,  - C

9 10A ‘1~~~iU~~iod T 1-~D

5 t 5  

— - - - - - -_------ -~~~~~~~ -_ - - _ _



7

’ • 

-

— =
_, 5 _~ -1 - 

- I —
—5

- —
- , 

— ‘
-_ ‘—4

-- _ -i-

• U ~~~~~~~~~~~~~~~~~~~ - - a. ’ —
‘—‘ U U 

~~~~~~~~~~~~ 
-

44

~~ ri c o  -~~ cit cit
‘a U

=1
U

a
4-’ 0’• .0 C C
U) C-
C -

. r.
..

~~~~~

- -s-

U)~~~~~-~~0 N

I I —

C C C C

-~~ i-fl N ]  — CC-

~ 11~~A ~~~~~~~~~~~ h l - D



—— - -—-
~

0
0

U
I- 0’-4

U

-“
-‘
.4.

S -

~~~~~~~

/
( N

0 : :  C— J —

- 
—4-

LC) 0 0  •.,
• 4) 4) N I~~~~~~~~~~ a.U 0  

~~~~~~~~~~~~

.—‘ a . a . s n5~~~ 5., 
s-fl a)
5’ ‘-‘~~~OE-

o s-U
- Li-i 0 5’

•J
- H

F

C

C C C C

‘-I

S~ j 0A ‘T~~PU~~iod I1~~D

97 
-- -.

~~~~~ 
_L_ _ r ”



I’
0

p.

U C
I C

-4
U
0 I

• I
5.1 — I -1--i
lID cit

0 4)
—
0 

~0 C  s-it
as 5’

-~~

, j0  riD

0 :  —-a
NJ ’

..4 I
— --4—I I U) 51) C U)

0 —— —I_ r i o  4) NI 0U 1 0  s-,~ 
U

r-3 4) I~~’ ~ -

I C -

• cit I 0 --‘ 0) 5’ J U —

Li-i I 4)
• cit 44 I U)

54 (/D I -‘~ (it1 a ~~ 54
44 

0) 
I .-i U

(/D I -
~~ ~~~~O 4)
C U

-1.4 0 -
C ~~~~~ C G )
o m—’ i - i t  (ID

I ~4) 5’ I

C j
C 4)
C
C

F ]
9 10A ‘ j E i 1U~~~O ,3: tt~~~D

98



-4 -5 --5- 
~~~
-- --  -- - - - - -

S a fet y t s - s t s  \- s - r e  c o n do ’ .  t s - c h  on t he  Spa c e - c r  ‘A C e l l s  t o  C ’  c ’ r n i i n t - ¶ n t - s - l I e s  I s

of c h a r g in g  a h t - e- ’ clv d i s c h a r g e d  c e l l s , o r  c , f  c s u n t j n u i n g  d a s c h a r g s - ~ - , s t  t h e  C 0 ’ ’ ’ I f

v o l t a g e , f o r c i n g  v o l t a g s -  r e v s ,- r s a l .  -\ sh o r t  ‘ . i r c u u t  t e s t  ‘-‘- ‘mi s a l s o  c o n d u c t e - d .

A f t e r  t he  c u t o f f  v o l t a g e  ~va s rca e hec i on t h e  Ii r~~’ ce l l  I c  s’ ed . ‘ hs d i s c h a  C - g e  w a s

c o n t i n u e d .  TI - ic  v o l t a g e -  re m a i n e d  n o s it i v e  ‘ ‘ n  ‘ ‘ C - i c  n - m u t t -  m d  t h 5 -n  e l e c t  r un e-

pola r i tv  r - v e - r s a l  o c c u r r e d .  ( S e t -  F i g u r e  58 f o r  a n - , l v s i s  of v o l t ag e  a t -id c a s t -  I e mn e  ra —

t u r e  ye- r s u s  t i m e . )  ~~o t h i n g  u n u s u a l o c c u r r e d  in  t he  f i r s t  I 5 r n i n u c t c  s w h i le  su b j e  t e d

to  a 1 i0\ load (t h e  s u e - a d v  s t a t e  loa d f r  t h i s  t v ~~e- o f cs - i l ) .  T h e  loa d w a s  t H e n  i n c - r e -u  sed

to  Z5A.  T h r e e  m i n u t e s  late-  r t he  cmi sc t s -m o e  r a tu  r e  r ’ ‘S e- i- -u m d lv  f r i s n u  I ~ I F t -  - 147  F

a c t  on - ip an i c-c i  by a n r e s s l .s r ( -  rd s - a s s -  so un d ’  of n - i o d e r n t ’ . -  0 0 1 5 5 -  i~-~~~- l .  \\ it  b i n  i s n c

m i n u t e- a l t e c- t h e  n o i s s - , c m , s s - t s - n ip e- r - ’ t u c ’ e r o s e  r a p idl~ t s ,  a b , - u i I  19 °F . f h r s - s

m i n u t e s  a I t s -  r t h i . , t - t i - ic s -a Se- t e -n - ip e  r i  t Or e -  d ec  n c - ms se d I i i  - i  b o u t  149° F i no t  s how n  on

f i g u r e) .  Ab o v e  ‘ 7 p r e s s u r e  r e I c - u s s -  s ou n d  n-n v he d u e  t o  h n s - . , .0s  -mm e ‘f  t he- gla s s — t o —

m e t a l  sea l ) The  ce l l  did not c xp lo d c-  an d  was  d e s t  r o v m - d  by t h e  s h i  r m m s -  ol , s e - d  s in  t b m s -

ce-l i  b ef o r e  i , l i v a t i o n .

-“s f t c  r t h e  c u t o f f  v (l i la  g -  \va s re- -I s h s d  on t i u s -  so ’.  ond s - i l  ¶ , - .- t  , -d , I he c c l i  \v -i  s m i - ~ ’ on

c h a r g e -  a t  a c o n s t a nt c u r r e n t  of I eA .  A f t e r  ‘ - .~ m i n , m t s - s , t h e  c cli  t - x a lodecl . 8 , 1 ’ - . g m - b

pa rt s a r e  s h o w n  in F i g u r e  59.

One cell 01 t i-i c fi na l ss - r ies  w a s  a l l ’ v - a - d  t ’ -  u i n d - r g i ’  a e s - e m ,  d i s c h - i  r g , - t h r , - ~s mm h 1 . ()

vo l t s and  w a s  t h e - n  su bj e c t e d  t o  c , - I l  N- - c t ’ s - i l  f o r  ab ut 3 m ,  n - i i n u u l s - s  a ’ a c o r u s l , s n t

c u r r e n t  of 1 ’ . 4A.  r’-, t - u l I is - r v i o l e n t  t~s - i t i on s  n s , r  s - e l i  vt - ci t i n g  \ se r e  d s t i ~ s l e d .

A n i s t h c ’ r s t - I l  of t h e  f ina l s i n s - s  w a s  s i t h i ’ - ’  ‘ cd l o  s h i r t  c j r c c i i ~ t ’ - — ’ i n g .  F r  s u m  ~~

r e - m s  su ns , t h e  l o w s - s t  r t - s i s t m n c s -  ~‘. l u m I t  o u ld  hi -  s ; u C s l l s - ’ I  was  > . > ) ~~m oh m s .  , \ m ’ , ’ r  37 .

m i n u te s  - t h e  h , s  I t  s-  r~ volt a  g i -  d r opps -d  i n  s 1 m s  -- ~ I ‘ s u  I ) . ü i t  s m ni-I ‘ bc h a l t  c I ’\  s \  p l s - i d e d .

(See Fi gure 60 for an anal ys is  of current and case te mperature versus  t ime during

t l i i  s t s s t  . 1

_ _  -- ~~~~~~~~~~~~~
--- - -

~~~~~~~~~~~
---—- - - -

~~~~~ 
-



- --- 5----- - - —~~~~~~~ - - -  ~~~~ -- _

Cell Potentia l
0 Case Tempe rature

- 0 . 8  ___________________________________________________

-0 . 7 . - Z OO
)

- 0 . 6  ‘ 1 8 0

U) I C)
4-’ I 41
‘—4 I
0 Ci)

I (0

- 
- 0. 5  - 1 •  160  ~

— (0
cit

4-’
(0

44 ‘1
0 0)

- 0 . 4  - 140  ~~

‘

1 L  A
— __________ 1 0 It ~~~~~~~~ 4:, it (It

0 loa d loa d

- 0 . 3  . - 120

- 4, - 100
0

,
~~~Ø 00°

-0 . 1 1 I I I

0 4 5 12 16 20
.1

Tin ie , Minutes

Figure 58. R - v - r s a l  Tes t  Data fo r  a Spacec  ra ft “A” Cell  (Fina l Build )



---- - - - ~~~~~~~~~~~~~~~~~~~~~~~~~~
-

~~

/

‘1 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

4
’

- , •  

-I

- 1 ~~ ~~~~~~~~~~~~

I i  

~~~~~~~~~~ I ~~~~~~~~~~~~~~~~~~~~~~~~~~

‘ p
-

,.;

I
- 
‘-

~~~~ 
‘-

~~~~~~~ 
- - ‘-- -

41

1 0 1

—-

~

---- --- - 4 - -—-- - --- . —---- 

_



Q

Case Temperature , °F

o C C C C C C
NI C -~O NI
i-fl N-) NI NI — —
‘C 

I I I I
0

‘-4
U) -c
C

i .j~~dw~~s ‘ lu I J f l ’~

I C

— - - -  -- . - - - - - -~~~~- - — - - - -



- - -- -- - --- -
~~~~~~~~~~~~~~~

-- -- -
~~~~~~~~

-
~~~~~~
-- 

~~~~~~~
-- -

~~~~~~~~
---

-~~ ~~~~~~~~ r a f t  - B Cell

This  s e c t i o n  c o n t a i n s  n e - s u i t s of ‘ e st  s o~~ S m u - , c s - r a m l  13 C011s c o n d u c t e d  in r e s n u n s c

to t h e  o r o ] s - ’ I r c qu i  r e m m ~-n t  s , T h s -v m C-c i- ’. - ~~~~’ r t  ed by so F i t - s  c x c , -  at  t h at  ~- , f t - I  t e s t  j a g

i s r e p o r t e d  in a sepa r a t e  subs e - s I m o n .

The d i sc . ha r i t e  histories of a f r e s h  Spacecraft  B > ~~el1 and of one s tored at 84°F  for

45 da ys  a r e  shown in F i gu re - s 61 an d  u2 - r e s p e c t i v e l y .  T h e  I n s - s b  c c l i  d c- l ive  red

3 m ~~, I A h r  of capa c ity and 1 ’ - . 4 w a t t — h o u r s / i n 3 and 2 ’  2 ~v a t t — h ’ s ’ i r s / l b  ol e n e r g y

d e n s i ty .  D u r i n g  the-  K n 3 .  4 h o u r s  of d I s c  b a r g e , t h e  a v e r a g e -  v o l t a g e  ‘au s at 3 , s vol t ~-

m I s  re tha n ‘~5 pe r o e - n t  of t h e  t i n i s ’- - ‘ s 1 or  ~-t o r a g e , t h e -  s c - l i  s N  h j h i t s -d no c h a n g s -  in

vo i ta g s -  cha r r s  c t e r i s t i c  s , hut the  c- ~ pa - I t  v and c-ne r gy  ( l en s it y d r o n n c - d  2 . 3 u s - n t  ent

The d i s c h a r g e  l i s t o r y  of f r e s h  S n - i t  c i  r a i l  - Li C e l ls  f r o m  t h e -  s e c o n d  s e r i e s  as  we l l

as  c e l l s  s t o red  at 8 0°F  for  ~ m o t h s  . , i- c s h o w n  i n  F i g u n s - s  > 3  a n d  o4 .  \ o l t a g e  d c - I - v

cha r a c t e r i s t i c s  on t he - c e l l > - ’  s t o r e d  n i  3 n u - n t l i s a r s - s h o w n  in 1 - u g u i r c -  g5 ,

I n o rde r  to  c l i - t e r n i i n e  w h e t h e r t h c -  i ; , t h r , d ,  ~t r ’ i u ’ I u r e  u s e d  f o r  t h i s ~ 8 - i , u c m -c r a d  - I Y

Cs- fl ca n su s t a in  h i g hs - r c o n t i n u o u s  d i s c  ha r g t - i-a t e ,  on s - ce l l  I - i  t h i -  f i n s  I s e - n e  s

was c l i s c h a r g s - d  m i t  t l i t - l O U — h o u r  c -mu te- . T h s - s s - d a t a a r t - s h o w n  i n  F i g u r s -  I s  -

Sa fe t y  t e s t s ‘-‘- u - r e  c on d u c t e d  on t h e  Sn ;u  U s c  r ft ‘ B ’  C c- i l s ’ o ( it - t e r m i n c  t h e  c f l s s t s

r e - s u i t i n g  f r ’ ’ m i i  cha r g in ,g c e l l s  a t -a - - i i s t - ,  i t  c o r n s - n t , f r om r s - v , - r ~~ s n g  s 5 ) 1  p In r i t v .

or  f ron -i s ho r t  c i r c u i t i n g  t hs - c e l l s .

One d i s s  lim s r g cd  5~~ ll of t i l t -  f i r ~~t sc - r i e s  w ; s  s t i h~ec I c d t o - s  c h a r g i n g  e — ~ i i  7 . -

m i n d  I ~~ >\ s ’ on s t - s n t  c c t r r , - n t . V s i l a g s - - n d  c - i s i s  s - m n t -  r 1o r e  ~l s t  i v , r s u l ~ t i m e  us N

s h o w n  in I - u  c u r s -  s T  - I t  i s  fl ‘I ~- ‘a o r t  I> v h a t  I his  t i l l  ~‘ ‘ u s - s  h l~ - ¶ 0 ~ s s , -
~~~it 7 .  i O L I  r~ s i b

ch a r g s -  ~‘ . i l h s , , i t g s - a i r - s t i n g  - ‘  h a , , , r d m , u c s  m t  D I e - n t . In s on t ra~~t - t b , 5 -  ~~; ) i s  , - , t’ s > I  -\

Cc l i  - x p lod~~- d - s f t s - r s c e n t  i n g  c ha r d f o r  s i n l y  o u t -  b ou t’ .
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to the c a p a c i t y  and 7 . 0 %  with respect  to the energy dens i ty  a f t e r  3 months of

s t o r a g e .  A linea r dro p in cel l  voltage occu r r ed  at a rate  of 50 mv per month.

Continued drop  in the insta ntaneous cell  voltage and vol tage  dela y time based on

the f i r s t  50A (0 , 0 mA/cm 2 ) pu lse were  exhibi ted during the cour se  of ce l l  s t o r a g e .

A f t e r  one month of s to ra ge , the voltage delay time was 80 rns to  r e cove r  to 2 . 4 9

volt s (75 % of the ave ra ge load vo l t age ) .  This r ecove ry  time i n c r e a s e d , a f t e r  3

months of s t o r a g e , to 320 and 560 ms to reach 2 . 4 5  volt s (75 % of the ave rage  load

vol tage)  for  the two cells t e s t e d .  Voltage delay was exhibited at onl y the sta rting

50A pulse.

2.  Spacecra ft “B ” Cell

The capabil i t y of the second and fina l s e r i e s  of Spacecra f t  “B” Cel ls  to del iver  a

nomina l 500 Ahr capacit y was demonst ra ted  via d i scharg ing  a cell at the 100-hour

rate ( 1 . 7  m A/ c m 2). A l e s s e r  output ~4 52  Ahr a v g )  was obtained at the p r e s c r i b e d

Spacecra ft “B” loads w h e r e b y cutoff  voltage was d ic ta ted  by t h e 15A pulse ( 5 . 8

mA/cm 2 ) to a cutoff  voltage based on 8 0ii0 of the a v e r a g e  load v o l t a g e .

Nei ther  cell voltage nor ca pacit y showed  an ~ deg rad ing  t rend based  on t h r e e  months

of s torage at 80°F . D i scha rge  p e r f o r m a n c e  data for a l l  Su i  c e c r a ft “B” Cel l s  t e s t e d

are  presented in Table X X .

Tw o Sp a c e c r a f t  “B” Cells of the second build w e r e  to be d i s c h a r g e d  a f t e r  6 months

of s to rage .  The six month s to rage  ne r io d  was corn leted - in  1 5  November  10 7 6 .

Since no degradat ion  due to s to rage  had o c c u r  red in t h r e e  months  and OCV values

were  good ( 3 .  6 8 V )  a f t e r  6 months of s t o r a g s- . t i l e  b e n e f i t s  c ) f  d i s c h a r g i n g  t h e s e  two

remaining ce l l s  a f t e r  6 months s t o r a g e  was q u e s t  i i i n e d ,  The t echn ica l  peop le at

Honeywell and the Ai r  Fo rce  involved  in t I - i i~ -ont r ac t  a g r e e d  tha t longer  t e r m

s t o r a g i -  would b et t e r  se rve  the needs  of the  Air  F o r t  s -  and t h e r e f o r e  s to rage  and

eventua l t e s t i n g  of t h e s e  two cel ls  will be cont inued by Honeywel l  at no cos t  to the

G o v e  r n nwn t ,

11 Ii  
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T AB L E  :hX

DISC~~A R G E  PE RF OR ~ l A N C F  CF SP A C E C F - \ 1- }3 CELLS

S t o r a g i .- T t - s c m n :  ~ 0 F

D i s c h a  r g t -  T e z n n :  ~ 0 - F

Cell~’ S t o r - i g e  D i s H m s r g i .  C ‘n a s : ’~ E n e r g y  D e n s : t \
Build  Time  Loa d D i . - l i v~ red . A h r  \ V h r / l b  \ V ) i r / i n 3

F’i r st N one  S na c c - c  ra ft ‘ ‘ B ’ 3 . -, 2 ’ 2 1 ‘ - . 4

F i r s t 1 . 3  n i o n t h s  Sp a c e - c ra~ t ‘B - ; - —- i  23  1 , . )

F i r s t  1 . 5  m o n t h s  Spas  .-c r a ft ° B ’ ’  i— C  2 14 . —

Second  N o n e -  Spac c - c r a ft ‘‘ B ’ 4~~2 2 ’ - 2  17 . 2

Second N o n e  Sp;s s s - c r i l t  13 444 2 7  I i  -

Second  3 m o n t h s  Spa ct- c r a ‘ 
- - B 4 ~ 5 2 ‘ -2 I 7 -

S s - c o n d  ‘3 m on t h s  Spa c e - c r  i t l  ‘‘ 13 ’  4 5 - 5 2 ’ .2  I T . 3

Ss- co n c l  n m o n t h s  ~\t t h e  & s s m D l c - t i o n  oi  t i n s  .. ‘‘cit m t . C C V  ~‘ -s l ccc - — \c .  r 5 - 3 . ,
f o r  hot  h C, - u s  , Du e - t o  t h e-  ni. - t -d  f c ’  l o n g  c r c i i  -- ‘ - - r s gc  -

S ec o nd  e c n o n t h s  t h e - s i -  c e -U s  a r e  ~‘ i l 1  on s t o r m s  g i -  a t  SO F- .

S t - c o n d  N o n t -  0 . 7  O h m s  5 ) 8  2 - ~- m ’

N o t e - :

T h e  ce - l l s  t e s t e d  I l n c I c - r  t h e  Sp a c e - c  r ms ft ‘‘B U - m i d  p r o f i l e  ~~e r e  s o n s i e l s ’ r - i !  s - m u l t i i. wh e n
t h e  1 5  -\ pu l s s - loa d f i r s t  r e a ch e d  2 . 8 K V . -‘. n n r s I ’- m i c n a t s - I v  1 0’’ m o r e  t a n i c  j t \  \ \ a S  ds - l i \ - s - r t -d
h s - t s s r s -  t he ~- s 1 t m s g t -  ol t h e  b a c l < g r o u n d  I i c s r l  0 . 4 1 7  - \ t  r , - , c h s - d  ~ , ~-~-V .

F i r s t  a nd St ’s  5 ) 11 ( 1  s s l l  bui1d~ \c ( ’ r u -  i s t  i d s n t i~~t 1  dc - s i gn s  s ’’ -~ s a t  n u t  1 h 4  s e l l s  ‘ s t  H i t ’

s i - t o n d  b u i l d  w i - r i ’  I a r g s - r .  C e l l  d i l n ( - n s i o n s  a u’ e - : 1- i r s t  b u i l d  — 3 . ’ - i i i . m e - s  x 4. 3 i n t ’hc ~ \

3 . 5 in s~t i s -  s~ S i - s  , snd  bu ild — 3 . i -  i n  b e - s  -e 4 .  3 i r i s  i t - s \ - . 2 i n —  H - s .

1 1 7
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-\ ft ~ - r  t h e  t h re e  m o n t h  s t o r a g e -  p e r i o d , -
- - l t m s g c - dc l ;i v w a s  n - i t  di ~~n l a” e d  at  c-j th€ ’ r

t he  0 . 41 TA b a c k g r o u n d  loa d or t h c -  7. 5-A a n d  I S A  pu l s e  l i m i d s  based  an re ov er v  - -

t i m e to S0’~ of t h e  ave  r a g e  load v o l t a g e  - -

Opera t ion  of the  Spat  c-c r a f t  ‘ A ’ ’  a n d  11 C e- lU ,  u n d er  I h e  n o r m a l  d I s c  ha r g i n g  a n d  -

deep  d i scha  r g i n g  mo d e s  (lid n - s t  ca u ~~c a n y  a d v e r s e  p r s - s s u r e  v e n t i n g  , n d / o r  c x ) l o 5 i o n ~ 
-

to occu r .  The hig h rate  S p a c s - c r m s  ft ‘‘A ’’ (h - s i g n  U- m a r s -  d a n g e -  c - i - o s  s i n c e  it e x h i b i t e d

e i the r  ins tan t ane ous  p r - s s u r e  vc - n t i n g  and / e’ c- c e l l  s - xp l osion  w h e n  s u b i e s t e d  to

cha rg i n g .  p o la r i t \  r e v e r s a l  an d s h o r t  i r e - n i t  t e s t i n g s . For  the  111w r a t e  Sp a c e - c r - s t

‘ ‘ B ’’ d e s i g n , n s - i t h e  r p r e s s u r e  v e n t i n g  nor  c t - l i  ex a l o s i o n  o c c u r r e - d I  ~v hc- n t h s -y  we r c-

cha r g s - ( l . C s re - s  d i s c  ha rge int o poim r m t  Y r e \ c  c - s , l  o r  s h o r t  ci r e - a t  e d .

I

I

I U’-
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S E C T I O N  ‘:

C E L L  I M P R O V T - ~ \ I E NT  S T U D I ES

A ,  G E N E R A L

The ’  St , t e m, nt of W o r k  f o r  ‘H i s  p - o s - c t  s m i l l e d  i - - r  1-~ , a i o c - ,~~i r y  - W \ c i e , a i l l e - f l t  t o

i mp r oVe t I e  u i - i - f - - r n ~a n c s -  of t h~- c- u s . T i ’ - i s  O r ’  s s i - - . s’ u dj s - s  on du c ’ s d  ws -  rc

ha sc-d In  F l o n s - y w e l l ’ s p r e v i o u s  R c  D e x p e - r i e - n e e  wi ’  h - h e  L i !SC( ’ l~ s y — ’ ~- m ,  h i c i ~ i 1 ia  r~ t~

wi t h  r e c e n t l y  u m i b l j s h e d  n ia l  e r~ m i l , and! t i ’e -  r i - s a l t s  i f  -:a r i -u s  t e s s on  t h e  s i rs ’  ~~- r i , - s

of L i f e  S up p o r t  C e l l s .  Pa r t i c u l a r a t t c f l t i  fl \ c - i s  t . c u s e d  ( I n  I I  n e ’ g i t ~~\ ’ s-  c - l i - s t  rod s-

p a s s i v a t i o n . 2 )  O p t I f l h j Z : i ’i on of t h e  n ’ i s i I~~y s -  c I t - c ’ r i O s -  ~ t - mn  t ’ c r s ’ , a n d  i l  - U t  m o l ’, t c

s t u d i e s .

13 . F X P E R I \ 1 I - N T A L  T E C I 1 N I ~~UF S

A s  a r e s u l t  of p r e v i o u s  ex p e r U - n c e  w i t h  t h € -  L i/ SOC 1  sy s t e m . F l o c i i - V \ v , - l l  , - c ~~~ l i - ~ ed

s e v e r a l  r h - v i c e - s  m i n d  t e - c h n i q u e - s t h a t  have  p r o v e d  u s s - f ’ul in  di~i g n - - s i m c ~ t h e  c a s c ~~e s~

D I ,  I r  eli pe r f o  rm a n c- e ms ad e i t h e r  e f f e c t i n g  in ip r ’ l y e  on- cit s t i m  j d eci ’ i f ~’in g p r o c l i i  -

j n g  a c’ (- - i S  f i r  u r t h c r  exp l o r a t o r y  ( l s ’ \ e l i a ) l f l t ’fl t .  ~ Ofll e- of ‘h e - s e  ( ls - v l c e s  5 i I ( i

i c e  h n i q ue s  . i  r t - :  1 )  a l ab o r at o c ’ y  ce - l i  s s ’a l e d  in a g l a s s  t e s ’  v eh i c  lc . 2 t  y e - l i e -

v i  ‘i t - s  corne t  my I or n e t  c- rm ici ing  anod ic  f i lm t h i c k n e s s  • ~i nd I t s ea  n n u c ~ , - I e s  t r on

c -inc m s  cops- f o r  a n a iv  / i c l g t h e  s u r f a  e st r I c e - I  n r c ’ o f anoc l i c  f i l m s  - ~-~t i nda rd I s 1 —

niq ce s we’ r e u s e d  - ‘ lS c)  for  me-a su r i n g  t h e  vms p or  p r c s s u r e -  - c l e ’ c i ~- i t  y - i  nd - - ‘ h e- r

p r o n e  r t i s - s  of t i _ c ,  i s - s t r i C t , -  s i i l i c t i n n  a n d  f o r  t h e  p r ~ - m a  r a t i on of  n h  j o i n t - l i v e d

- t ro l  Vt  e sa I t ,

I .  U_ s i , s s r a t o r  Cs - l i

I U g c c m , -  T i  ~ l i i s ~~s -s t y p l i - i l  l - i 1 , m r i t s r v  , , - l l  m n - i ~ s ’ , I s - e  g I s m - s H-~ \ e l i i s  1 . 1 m i ~~ s , l l

u sed - ‘  t h r e e _ p l a t e  s - l i s t  m ’ s - ’ ’- eo n h i g u r - i t c ’ i c . Ii  \ \ s  S - i s e n i  t o  - n a m ,  t ~ t u i d i - s  or

1 1 1 0 ? ’ ’~~~’ s - I l l  - - n ’ n , - , ‘ u r i s  - - t ‘ I - - c m i ’  - s nd - s - I i  - c c c i  i i  - i i ’  , ,  c c ’ s  r p m - s  - m mc 1 m m  Id a

d u r i n g  i s - H  d m s  h , s r g ,  h 1 i s  g l a s s  \ s - I I m s l l ’  ~c - s s  s 1 ~~s s  m~ s, ’ s l  I , ’  - ‘ i t u j a  V P 5 5  - i - e s S l l r e ’

‘ i - s  I - s  (l i i  e l s ’~~ r , s l v ’ i -  - , s l i j t c s , r i  - i s  ml ‘ ‘ ) I i 5 ‘ - s c )  ‘ - I  s - -m ~- r ~s t  i s

1 1
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Figure  7 1 .  r y 1,ical L a h o r a t o r \  C s - I l  in S i - , i l e d  Gl a s s  Tes t  V t - h i d e

1 2 0

- - --4-—- —- 
- — - - 4- - - - -- 4---  -— - -5 —  - --— -4-



-- - -4 - -5~~~~~- - 4 - - - - - - --4-— - -- --4 - - - -- - - —-- - - --
~~~

- - - - - 

-‘

2 .  C y s  IC V t i l t a i c c r c i e ’trv

S e ver e -  n ola  r i z a t i o n  of t h e  a node - r e - y e - a  l5-d  n l u r i n g  I , -  s t i c i  g of t O s -  f i r s ’  Sc’ n e -  S of Li ft

Supoor t  C e l l s  p r o m p t e d  t h e  u s e  of cy c l i c  v o l t a  ci i f l l -t c ’\ t s l  i n v s - s t i g a t c  t a t ’  a i c r i t v  of

t h s -  c - i s - c  t m cil y t e  s s i l , i t  l , i c . A l s o  t h e  5n ~t) 1’ o\’ec l v o l t a  cc -  d c - l a y p e r f o r c i i a n c t - of so n ic

pa r t i a l l y d i scn a  r g e d  ce l l s  p r o c n n t e d l  :t s u se  in  ~~v a i ua t i n g  t n -  c - h  ft - s  t o f ec ’c ’i a i o v in g

a d d i t i ve s  b a s e d  on t h e  d i sch a  r ge  p r o d u c t s .  Ti’ie t e c h n i q u e  a l so  pr o v e d  u s e f u l  in

i i i ki n g a o pr i - e i i n a t e -  ca ic  u l a t i o n s  on t h e  t h i c k n e s s  of f i l m  f o m n - u a t i o n  a t  t h e  \ v l lr k i l i c

s-la -ct  rode .

A l l  t h e  c o c i d u c t e - d  - x n e -  r i n i e n t s  u s ed  a P r i n t  ci On Ap p l i e d  R e s e a  m e - h  E l e c t  r ’’-

m u na C - l i e - a l  I n s t  r u c i i s -r i t M o d e l  N o . I T O .  A nola r o g  r a p h i c  c t - i l , M o d e l  No . 0 3  12 , ‘s’sa s

emp loyed is nd it coriip mj se~l of a lit hj un ’i r e - fe  c’e n c  e- c l  - c t  r o d e .  -‘ w o r k i ng  p U I h u m

e l e (  t rode  an d  a pl a t i n u m  auxilia ry e l e c t r o d e .  B e fo r e  ea c-h e xp e r i m e n t , t u e

s u r f a c e- of t h e  w o r k in g  e lec t  m o d e  w a s  wi ped wit h a s o f t  no p er  c lo t h  an d  ‘ l i t - n  m m n s e -d

i n  ( ij s~ il1 (- d w a t e - r .  S a n  m a t e  w a s  Ci- mu- d a t  100 r n v/ s  -

3 . Sca nning  El ect ron  M ic  r o s c o p y

F u r t h e r  i n f n r t i i a t  i o n  c o n c e r n i n g  a no d e -  p -u s s i v - u t i o n  \ ‘ s i S  ( ‘h i - ’  med by o b s e r v i n g  t h e ’

LiC l  f i l m  w i t h  t h e  a i d  of t h e  s c a nn i n g  s - I c - c ’  ro il cinc  m s - s c o p e - .  It ‘s’s i s  i c i l p i l i - i s i h I e  t c i

obt a i n  p h o t om i c  ro e -  ma p h -s of a e t , c a  I c s - i l  ,s n o d e s  be -c - s  - i s , - I i s -  g i n  ss se-pa ra ’ s i r  t ’u ld

ru st h -  m s - I l l  oV ~ n l w i t h o u t  da nia gi n g  t h e  l m t  h i  urn  t m  - - i t  5 - Ph i  O n  n i l e -  m ’  ig  ma p bs  s -  me

s h t , i j n e - d , : m i - \ ’ s s - v e r . of  l i t l u ieu i i  s t r ip s  ~‘ o m s - c l  i n  s e - s i c - cl g l i s s  s n i a l i l s  in  ‘ i t ’  e l i - C  r ICe-

s o l u t i o n  se l e c te d  t i m  s tu d y .

.\ ft t - r  a sp - e i f C ’d  p e r io d  c i f  s t o r a g s - , t i e  01011 15 \‘s c- r , ’  h m n l e e n  - , n d  t h e  S 1) e s  j , i i t ’n S

t i n s r o u g h l ’s  c - m ,-i~~s- d in  c i u m s -  S0 C I , .  ‘Ct t ’r  s l l s i \ V i c i g  I m e s u e ,  I l i - s ci s t o  d r ’ s  i n  a de~~ie  i t n r .

t h e y  w e re  p - i s I e - d  on t o  - i l u n i i n u i t i i  I v I s u i n t s  \ \ I ~ Ii - ‘i g  p a i n t . Ca ‘ )  ~~i i s  p o i n t . sa t e - i d l e - n

P N ’ p a m m l t i O f l  \ \ d S  I s s c i d i t t t i ’ d  i n  a d m ~ ’ r - - ’ ’ cii a. ‘ ‘ 1  R I !  h ” . N , - ; ‘ t i e  r d r ’ s  N ’ s - f l )  l i or

h ’ s x  f a t  j i l t  i t - s  u. s m e -  i - , i I a h l e -  i t  ‘ m e  ~ I - M ~~i i - , I - ‘  m t - f t ’ m s - . t i l e  l i e  p e r m s s d  r e q u i m r s - ’ l

1 2 1
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t o  t m t n s f e - r  t i m , ’  s n -  im e n  m o u n t  t i . t h e  c e - i c  r - - s d ’ > p e  c h m s : i m h s - m  “ s m i s  k t - ’ e -  ~ O 1 f l i l n i m l d i c i

m i n d  w a s  n e v c -r  a l l o w s - c l  t o  e ’x e - e c -d t e n  Sec  1 5 0 0 5 .  Ca it  m l  S u e -  m m m m , - n  i l s u f l e -  D u d ~ s LI

c u n f i m n u ~-d t ha t rio ‘ a r t i f a c t s ’ w e r e  c r e a t e - - h  d u n :n g  I m i m s  t s - n  s i - s  ond t I f l i c -  )e m i n d .

C . A N O D E  STUDIES

The u n e xp e c t e d l y s e ver e  p a s s i v a t i o n  of t h e  an c i d ~ - t h a t  o c c u r  red or, a e  ~i r st  ser i e s  of

L i f e -  S u pp o r t  C e l l s  a f t e r  onl y 3 w e t -k s  s to  c-mi g e  at  r o o m  ia-mae-  m a t u r e  c~~1 u s e d  m ost  s i _
~

t h e  c e l l  i m p r ov e - r u e-n t  e f f o r t  t o  he di r c - c r e n l  t o  t h e  s o l mt i ’n of ‘h i - m , n o d e  p a s s i - a t i o r u

p r o b l e m .  As s t a t e d  ea r u m , t h e  e n t i r e  s e c o n d  s -  n e - s  of e l l s  was  e mp loy e d in

la h o r a t o r v  s t u d i e s  a d d r es s i ng  t h i s  p r o b l e m .  One a p p r o a c h  t o  s o l v i ng  ‘ l u  Pd S s i V~l ’ in n

p r o b le m  \vm s s based  on t h e  f o l l o w i ng  c o n s i d e  r a t  i n s :

. The  poo r v o l t a g e -  d c - l a y  r e sp o n s e  a nd p o o r  - el  1 cmi pa c i ty  of i s ’ f i r s t

s e r i e s  of c e l l s  p m o v e d  t o  he l a r g e ly  ca u i s s - - h  h ’s- t h e  p a s s i v a te d  c o r u n i m t j s s n

of t h e  lit  hi u n-c a node - .

It was  o b s e r v e d  t h a t p -s r i  i - s  l i v  d i s e h i a  r e - i - h  c - U s  t - x h i b i t e ’ d  t c - i i ip o r a  my

i m p  mo ’s-c- cu e -n t  i n  v o l t a  ge- d s - m a  V me s n o -is  e a t i - n st ‘ ‘ r a g s - \‘, h i e  ci e of l ip a  (1

w i th  f r e s h  c e l l s .

I --I one vw e l l ’ s a n a ly s is  of t h e  c h i s - c ~ u i t  i i  r s - - s f i f l n  d u r i n g  c l i s e - l u - s m g t - ‘s’sa s:

4 L i  - 2 SOCI , 4 L i C l  ~ O 2 - S I l l

These  c o n s i d e ra t i o n s  led to  s t u d ie s  of 1 1 1 s  c- I C - n - I  r i f  , m s — t re ,u~~i n ~ t he J , ’ h i u c n i  - sn o d s -

w i t h  a n h v O r ’,us  SO - h i , m ) , - f I d l I v ,  t o  s C f s - s  t a l i~~h i u m  c i i i  h i oii ’ t - - o u t i n g ,  u s i n g  p d ~ t~~—

d C- m e -ha r e - s - c l  i - l e e - f  r , i l y t s - , - m d  dn o i n g  t~lç~c~ r i - I , -  s - - i m m ’i on s  w i ’h  va m i n u s  u l i i O a i l t  S o h  3— .

S ÷ SO 2 and SO 2 i s  c O r i c s -~ st h , i r r i , ’ s v s - d  f m - - c p  li~ Li SO ,  s - c  h n o l i g ’ s ) .  f i n -  t -  h e e l s  ‘ i f

t h e - s i -  ni o c!C-cs ; s t j o n s  ‘y e - r e -  -s n u l ’ s  j - r h  i n  l a h i ma t - s i r ’s- c, - l l s  mud u s n  t h e  - i n ’ s d s ’ i t s e l f  h ’s-

t i l l - - i n s  of e y s  l i e  ‘sP i l t  I l i f l i s t ry  ar i d s e - i n n i n g  ‘ - l e s t  r o n  n i l e - r i  s e i r p ~ a n d  , - ; i  ‘ h e - s t - c ru d

s i - n e-s i , f  L i f e  S I l d u a s s r l  C - l l s  by v-i m v i r u g His ’  i t - l u ] - - ’ my i f  I m i -  s - I s - c ’ m i i i ’ s ’ , ’ i s  d es s  m i h t -d

i n  T i  b le  N N I .

1 2 2  
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A l S o con si d e  red in t h e  s t u d i e s  of mci node -  pa s si ’s- a t i o n  w e - r e  t h e  ~ u a 1 i t v  a n d  p u r i t y  - f

m a t e  rj a l s  used  in  C ~-ll  f a b r i c a t i o n  c - s p e c i a l l y  t m m t -  ele r u l ’ s ’ t e  s a l t  ii nd  t h e  i i ’  h iu n i .

1. Ana ly s i s  of t h e  P a s s i v a t io n  P r o b l e m

P r e v i o u s  H o n e y we l l  w o r k  on t i m e  lit h i u n u  m o n  ga n i c  s v s i t -  nu 3 c i d i c a t e d  t l i m i t  t he  c a u s e

of l i t h i u m  p a s s i v a t i on  is due  to  t ie- L 1AIC 1 4 s - a l t . N —  r ay  d i f f r a c t i o n  ar i d  x - r a y c - n e - m g ’ s

d i s p e r s i v e  s t u d i e s  i d e n t i f i e d  t h e  oa s s i ve  f i l m  at  t h e -  l i t h i u m  su r f a c e  t o  he p r - n i o m i r i a  n t l y

Lid arid t r a c e  a m o u n t s  of s u l f u r .  Da rb t i c - I d  op t i c a l  m i c r o s c o py  a n d  S EN t  w o r b

showed c o n c l u s i v e ly  tha t t h e  l i t h i i c n u  s u n f a c & - r e m a i n e d  cl~’~ ci f o r  a s  l o n e -  a s  l I n e  e- r

at  165°F w h e n  exposed  tc m a u r s -  SOCI 2 c o n t a i n i n g  no ~a lt  . P r e s e n c e  of e x c e s s  -\1Cl~

in  the  salt  c a n  a c c e le  ma t e- t h e  g r I w - t h m a l t -  of t h e ’  -a n o d i c  f i l m .  S t r o n g  e v i d e n c e  s - x i s ’ s  s

t o  s u p r ) o m t  t h i s  a d ’ s - c ’  r se  ro l e  of A id 3 on f i l m  f o r m a t i o n  ha sed on d s - t a m l - u  m o r a n - - I -

cal  s tu d ies  on l i t h i u c u u  s u r f a ce  s- - x p o s s - d  to  s - C - f m o l v t s -  s o lu t i c c n s  d oped - ‘ s i l l ,  e’xt s s s  A 1C 1~

It is i m p e r a t i v e  t h e n  t o  d s - t s - m n - i i n e  th e-  s ’C - e - i  I o f  d i f h i - r e n t  g r a d e s  of t O e -  L iA 1C 14 s:s lt s I n

t h e  r e l a t i v e -  d e e - r e t -  ( I f  u S e -  i t m v e  e l e - c t r ’ ’ d s -  p a s s i v a t i - li .

B a s e - r i  on t i n -  m e - s u i t s  o b t a i n e d  t h c - i c i e - i i  -- i —  ma ’s- d i f f r a ct ion  a n d  g a s  c h r s c u m a t o g m a p i u i t

an a l y s t - s . I - I s i n e - ’ s - ’ s ’ s s ’ l l  b e l i e ’ s -i - s  t h a t  I ’ e- u ’s- i -  ra 11 c e l l  ne - a  c t i c m n d l c m i n 2  d i s c - H a  r e - c -  i n  th -

L i / L i A I C I 4 :SOC 1J SOC I :C s y s t  c - n m  i s :

4 Li  ~ 
—~ - 4 L i C  I - SC ,~ -

L m t h i u n i  , h l s s m i d t -  s - x j s )  s .i s t h e -  in s o l u b l e  so l id  u re sc i mi c t  , t  t h e  c a t ~m o d~ - d s j r c n e -  d i —

h a r t ~~- . I he- o h st - m v s h l o n  t h a t  ru - a r t e - i l l y  d i s e - h i  r g i c u g , m s s - i l  s i n  p m o v m d e  - ì  t s - c i u p O ’- .s r y

s o l u t i o n  on m in in u : ’- i n g  Li p a s s i~ - - m t i O c i  d i m s - s - t i i i  i m p o m t m f t c - c -  I o I I c ’ f u m e  i ’ s c u m s  1 m o l t - - - 1

SO., - m d  S. It i s  f u r l  h e - c ’  h e l i , - \ , -d t 1 i i t  , ‘ n ; p - s - ‘ j u l y  cu ss ha m e - e d  , , - i l  — ‘ sar , d i t  1 40  1- -

se nd t h u ’ s - c . - i  s , ‘ f l c - - I c , d t s r u t  m t - s c t c o n :

2 SOd • ~ S —~~ 2 S - C l -  - SO 2 1

W o rk  m I e - r t i , r d u - c - r )  by  I ! - - n e - v c i ’ e l l  p r i o r  t - a ’s ’s -e m l  - f  ‘h i s  s - - c u t  c — - c t .

1 2 )

_ _ _ _  _ _ _  

-- - -5 - -- ---5



~ 4 - - _- - - _

csu l d l i e - c u r  ~ i~~ch  g 1 V e -  S t  r ’ - : l e - e - r  ~~ s D i ) ’  s r ’ ’ ’ ’ ’ i ’ - h e- c u e - t i -  i i i  i - o l e ’  i~~~ ~ C if l  t 3 1 ] f l 2 l i l l S i f t g

m s n o c C - p a s s i - . ~l j - i m . l h e  p r u p o~~e( t m e -  s c ~~1 - n m 2 t  c o u C h  h e -  u s e 0  c i l s i i  t o  a c c i m m m . l t  c o r  t m m e

lo w e r  ( a i m s c i t  i - ut i , i t  001 a i n c - O  ot  h i gh  , -  mp c  r u r c -  - s od i i  s - ‘ he - t r -- ce a i i -  011 ’ 10

s u l f u r  d, - t - ~~I , -d on ‘ i u e -  s u n t a c , -  of i N s -  Li s t - r i d a t  m i i g h  i a-n in e  mat  u i r s - .

S u l f u r  d i o x i d e -  m ay  - i s  t a s  a e o r i i p l e ’x i n e -  n e - s - n ’  n ‘h e  SOCI e- s o l u t i on .  T h e ’  s s - l u h i l i ’ v

of 50, i n  p u r e -  ~ O ( l ~ is  5. ~ by ‘ s ’ s e i g i m’ a n d  I i ,  Shh, by ‘s ’ s s l g h . ’ i n - s  I .  S N )  Lm - \ l C l e 3-~L Cl

s o l u t i on  ,~~, e  L i e s t m o l v t e  . t  ( S O i L ’ S ) .

. I i u ’ s e s t i  g at i v e  P r o i  c- d im e- s

F4- ~ s e-d on t h u  a n a ly s i s  of t h e -  p m s s s i v s i t i s s n  c m s s b C - c u i  d i s c u s se d  u n d e r  t h e  p r e - c e -~- d i n e -

~m e  ‘ ( l i n e - ,  I i , ,  s s l l ow in g  v,- s i i -  h l e s \ v s - r e  i n v t ’ m g - i ’ ed :

T h e  u s e  of p u re r  a rid b - t I  C ’ r qua  I m I  v e - l c c t  r - l v t e -  salt .

The  use  of an n t i a  liv d i s c h u - -m r e - s - h  s e l l s ,

r h ,  I t s ’ ’ ‘ i f  u ) ’ - m ’ ’ u l ’:’ s i i ’  c m  i l l s  iN s ,  i r e - s - i  c l i  l , h i - i - , t , , r y s e  u s .

P m e t  i- , s t i n g  t h i s - l i t  h I h i t i l  - i d  - ‘ I t -  ‘ s ’ s : t h  ~~ ( 3  -

I ) ’ - p L n e -  Oe , - I t ’ i  m - - l v ’ ~~- \‘s ’ tl H , S ( b~~ ms ci d ~ - SC c c i  ‘ s - i  i -~ - m s ~ c 1 s j i  - - - j ’ c e - s.

l i i ’  t h i s - e l  ~ i f  t i e  Se ‘ s a m 5 - s h l e s  - c i t h e  y , s s : - s ’ i ’ f l  a r - ’~~h - c c u \ \ e r e  s n a i v , , - c l  - s

1 ( 5 1 1  - SW S

- s  . , \ ) s - - s ~~~~ I r i I 1 g ‘ F l ,  e - n ) t  s e - s  d i - )  , v  s c m 1 ( ‘ i d - s t  i t y  i I - s d , -  I , l ’j s ’ l s  I n  la b o r - s t o r y

c m - i ’ s .

H . l - v - m l , i - s t  i _ _ n  - - I  l i i i -  s n - h i - f i l n s  s I m s  I - i r s  e n d  ‘ i i ,  n e s s  H ’s s ’ s  s j j s  ~ I’ t im  s~~~ ‘
‘s

i — s  i c i ~i i d i g  e l , - c ’ ’ci f i l l s  m ’ s  c i ’ s ,

-----5- - - -  —— —4-- -— 4 -- - 4---—-— - - — -—--- —-— —— ——— -—



-5-

F s n 1 ,  , t : r i g  -in m d - c - u  m e -  e e l l~~ c -  i u ’ -i i -u : :~~g c i i i  p o s s i t l e -  s l e e t  r s ly ’ , -  ‘s- s m :

- a n d  d i~~t - s r g l r l -e- c m ,  11 5 s - r  - ‘ o r - s e - , - s ’ N : g h u  ‘ s- n u a s - m s t ’ i m s - .

‘.5, ~~~ h s -  s c um -~ i g - s 1 c O r i  m n d i c a ’ s m , ~ i i O p ~~~ e- ‘h 5  t ) , c t  r - - l i ’ e s -  L o u - n  w i t h  ~~~~

t h i s ’  h i I s s t c i t e  t ‘ l y e  r - - s a i - n ~~e ia ‘h  a s  s s l ’ s ’ s ’ ’ O f l  h ) ’P , l ) l e ! m ~ , ‘ O t-  t u e - c ’  ‘ I ~~~ I ~ t r u n  i - i

l i t i i i u n u  of a s  m - t : - a l  in  a , - m s i o n  i n  ‘n  ~- I e c t r ’ - I \ ’ s ~ i - l - i ’j ’ -c l c n t a i n i n g  H e ’
. S ’ .

a nd  2 ) )  ~ h ’s ‘s’s t i  -e- 
- t o h  SO 2 v - ,  s e - s t s -  m c c c :  m i d .

5,5, l i en  ‘ -ue ‘ n c r O  S o - r u e s  of L i i i ’  ~~I c m s - s m ’ C s l l s  , x l j i i j ’ , ’: u ) - s c s m t - m  pt - n f o m c u u s n c , - t n - s n

e - - P t s t e - d  d ’ - r s ’ ’ I r s e - e - ‘ i i e - h  ‘ e ’n m a e - n , ! m : r e . ‘ i’s . s  a ’f  r j u u : ~t s -d ~~ I a \V O c ’ 5 c - r i I r i~~ u s t

t h e  p m s s s l - , ’ , I j o f l  p m ’ - c , l t - m u i . -\ - e - r - e c n  s i  i — s m - m i ’ s  i r s ’  ‘ i - i l s ’ s y e - r e -  f - s h r i c u ’ s-c l t o  i n v e — t i g - ’ &’

a l l  n ’ s s s i h l c  ‘ s , t  m h m t i s s c i  h t - t n , ’ e ’ n  t . e  sc ’ t e r  p e m t o r n i i n e -  e - e l l S  r e - s u I t i n g  f m o c u i  — t u d i~ - s  o n

t i s e  s e c o n d  s~~- r : e S  - m c i  t h e -  s e l l s  of ‘h ~ - t i i i c - i se r i e s .

C c - S  i i ’ 5 O f  I fmt  -\ n - i d e  St u s d 3 -

l i l t  f o l l o w i n g  is  i s s i c i : c i , my of t b 5  r e ’ s s l l t  I t h u ,  S i ’ ~~ ii : - i t s  i n v & ’ s t i e - - s ’ i o n s  ~~~l i a i

p o s s i b l e  e : s ’ 1 sc’ S of , s n ’ s d s -  p a s s j y , u ’ j o n  - j u N  mt - i m p - f l i t -s  ‘o  m e - d u c t ’  : 1 :

- ‘  . C v c  l :  i i i ’  n u n i o g r  Ills ( F i g u r e  7~L in d i c a ’ ed d i s t i n c t  d i f f s - n s -n c -  a m o n g  ‘ he-

t I c ’ s - c e - c ’  i d e ’ s  - ‘ I  L c . - \ l C 1 4 s s l t s  - S e , - i - l e e - ’ r s s l v t s ’  St u d i e s  r e -  ~n a k  a m e - u  i s

m e ’ l : i f u  H I , -  ‘ u f i b - t h i e - k n e - s s  , I s i m u g  - u c u i o d e l  t : l cu l a t i c ln  p r o c u i i — s - h  l iv Sha w ’

f ’i i n c  ‘ l ii c k n - s  .s e m s  l c u la t ion  s o n c -  s e nt e d  belo ’s ’s s b oy -  d e t  m i m e  n ta  1 s - f f e c t  s of t h e

a o s i r s - r  qs s s l i t v  L i - \ 1C 1 4 p r e a m s  red by a v e n d o r  f m - l m m  s n  o r e - m m n i c  so l v e n t .

O i l s  U I  s i e - ’ !  F u n - , I I i i - . k~u , - s s , - s  on 1-’l - i ’ i n , cc i i  S o c — f m , , -

F m o u n i  Cy c l i ’  V o l t s I u i b u i e t  m y  I ) s l

P i i  - a 5 t j - - -a y~ , - ,  m u d
oi l  L i ,’\ l C l .1 Te  u r s ’ u r t - , C F ’i ln i  T i m l e n e - s s , —\

S,1~~~ l i m ~~I by v endo : ’ s n u t  c h i t  p e n d i n g  -Li

\ C - t  l i i ’ - 5 - t  i s  a 1 2 - )

l’ s l h — u (i 2 -4 2

N i . S haw , ‘ l - l , -s  I m o c h l ’ b i l i ( - i l  C b s  l’ s e f e m i / - i t m ’ f l  of  Sy ~- t e-nu s Io n S et  o s r i d i s ry  P i ’ t ’ - r v
-\~~p I i t  i c o n s ’ 

, L - \ S- \  C R - 7 - L ) s - ’’ .

12 ’
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T h e - s e -  c a l c u l - s t i o n s  i r e  c i , m i s i ~ - f e n ~ \\ 1 t 4 - e- m m - s  m’d ’s ’sa c :~~- s u i I  i- l L c f e -  S s i a m - r t

C - l l s  I ha Sc -f l  ( i f S  n i g h  t s - u i u p c - m~i t u c - c s t o r - , e - e .

b . D e - s n i n e -  t i l e  e - l e c t  n o l y t e - s - - h ~~~i u - n  ~‘s~~t l i  5 1 _ s n ’s w e - : e - h t  sf  SC~ c a u s e d  the-

g m m - ~s t s - s t  n e - r i - i ’  l i - - n  in  t h e  e f f e c t s  of a n s h e  n z s s s i v a t i -  n .  La b o r a t e - n y  c i n d

ha mdwa r ’  c e l l s  so dop ed  s - \ l :  b u s h  i~ - f l c n  ‘s- - i t  i e - e  - i s - la ’s- m e - s u m  i n s , - 5 h a  m e t e- m i s —

t i c s  a n d  c e l l  c - sp a s i I ~ - a f t , - r h i g h  t , - c i :os - m  I n n s - s t O l o e - t  i ’ s -h5 -n s- O I u i p a  m s - N  ‘sy i t~ i

c, - l l s :’s it h un d - p e - r i  d c ’  I r o l v t e - , c e l l s  d o u u s - d  ‘ s ’ s i t i u  d i C e -  n e - n t  mi cu iowi t s of SO, or

- m t he m dop it u e- a n d  e s - U s  pa nl i ; I l l y ( i ; 5 c n ~, r e - s e- - s r e c~ l t , i n 1n e -  d i s c  I m m u r e - i - i l  e l e ’ c —

t r o i v t s - . l y n i c  ~s l  ah o t o n u i c r o g  r : sp h s  of  l i t h i u m  s u r fa s e 5  a m s  p r e s s - m u t e d  in

F i e -u r s ’s  73 ad 74 , s h o ’ s ’ s in~ r e - s f l e c t i ’ s  e ’l \  a h i g h l y  nc - e r r e d  s u m m L s ~ - ~~l r u s  f u m e -

a f tc- n hi~~iu t e - u u  I~~se- r a t  on e  s t o r m s  e- t  i n  a tu Li~-\ 1Cl 4~ ~ OCi s o l u t i o n  s o n t m m  m i n e-  I l i e ’

f u s e d  s a l t  ms nd ~ c - r e - c u t  hy -,‘ a ’ j e - f m t  s t  SO,  d o n - a nt , m i n d  -s h i g h l y  u u i s s i v a t s -d

s u m t m s s i -  m i f’ s - r  l i e - i l  t e - n ~ - m ; i t u i u - e - ~ t m s e - c  in  ‘ l i e  s:s n l t -  s o l u t i o n  c o n t a i n i n g  s a l t

p r e p a med  cn  an  o r g a n i c  u l e - d i u l l i  wit h h i d )  SO,  m i d d i ’  i ’ s - 5

c • Dop i ng  f l u , - e l i - c ’ r s u l v t c  — 0 t h  1 0 - ,  a n d  20 ’ - I i ’ s  ‘ s ’ s c : g m’ o t  SC,  h i d  j  i 1 1 t  c- :c i u , ’ n l - m i

e - f f t o  t on  t h e  v - - I t . s g e -  d c - l a y c h ms m m m c l  c - m i s t  i c - s  s ’i(~ c - an u s ~t ’ s  - i f im s m i h \ i mi me  - ~- l l s

u t t e r  s t o ra g e- s i t  u g h  t , - - u m a s - m ‘ t o m e  I’L~~ui ’ e- 7~~~i .

d.  h u t - s~ i c , i l i ’ v - m d a u r i ’ ’s s f  t i le  l u f  l l h s i c t l  u c~~s - ( !  c c i  u a h r i s  ui ’ u e -  t in- an o d s ’ H a s  s - i - m e
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mu n u d e -  w i t h  SO~ ; 13 )  t h e  u se  of p n s - s I i ~~s i i  r e -ed  t i e -  t r o l v t c :  - m d  ~4 )  pa r t i a l l y  dii -z —
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I .  a N t  L iA 1 C l4~ SOCl~ e l s e - I  r e s ly t e - 5 o l ut io n  d s s p e - r I  \ ‘ s i t l u  y t - l l o ’s v  s m i l u ~ m r

\‘s~~- i i ( m  O c t  d i s s o l v e -  m s t  m - s - ~ n c t e - c u c ) e - n a t u r e  i t s  d i s s , s l i m ’ i o n  m u  t b ,  e - l , - t n i ’ l y ’ e

t , i c e - s  p l a ce  o n ly  m i t  1 4 0° F  a n d  -s ho e’ ~~l l t m m s ’ ~ u l f - m m  u n  ‘ t u e  s - m l f u m — u - s t - d

soI ~ u ’ u - s n s i l m , r l  i c e - m i  p m e - — r l i s s o l ’ s s-d a t l t s S ° F  h e - f o r e  t f l e -  s i i l - , i ~i n s  “ s o - r e -

u sed  t o  f i l l  c e l l s . O n c e d i ss o l vi -d i . t h e  s u l f u r  wo u l d  - r e a m s - c - i  )~ 5 I s ’

‘s ’s -hen c od e - h  p n - ’ s - i d i n g  h u m o r e -  e v i d e n c e  fo r  the  ‘s-a lidI it y of re - i s i — n  ~2 1~

I m r e - s a e ’ c t i v e  of t h u s ’  d e - a i n g  I c - s - I s  of s u l f u r  i n  t i n ’  so l u t~~s s n s ,  ui - I - s r u , - , I 1 ’ n

st c d i s - s  on a f r e s h  cel l  ( c s -l i v o l t a g e -  ( 11 ) v e r s uS  c - u r n s - c I t  i e - n s i t v  I i  e ur ’ s e - s l

s h , s ’ s ’ se - r l  t t i ’ t  ‘ h e - s o - s c s l - : ’ m ’ s uus  g i v e - s ’\ (  s i ) t i m i  , l l v  ~i i L i l  s - s i 1  V - - t i  g e - S  U i i C d ’ i

l - , i d l .  At  c i i m r t u u l  d e n s i ty  of 3 , 4 7  i u m A / c  n-~~, a b o u t I ~ i )  n i\’ d i f f e - r e n c e

h; se l i n c -  c s - l i :  ~~. 3~ - - i t s  I v - i s  c h i t  m i n e d  ‘s’s l i e n  c O i u u i i m s - c  t s i  t I ~~s- ba~~e l in s-

~- l l  i i .  ~ N l L i m \ I d i 4 ~~aC CT l~ s ’ - l ’ i t i o n ) .  The-  h i g h  Is - a d v o l ’ , i g e - s  ~- i i c i  p r - -

h a h l ’s  he d c cc  0 Out - p~~e - S e n e - e -  of S - C l 2 ms - a c t i o n  i 2 )  — g i v i - i g  r u s e  f - i s

( l i S t i l i t al t s - m u s  - d o r u n g  d i s c i u a m e - e- .

Tin -  f i r s t  h i g h  y ’ - l l  - gc p l  - t s ’ , ,~~ 0 . 3 3  v o l t s )  ~s l w v s  e x h i b i t e d  y e -n v

- i i l - m e - e  m e - g u o l a ’ i - - n . R i o t  t m -  — s - c o nd  v o l t a g e - st en  i n ~h s-  d i s c - h a  r e - i ’  , l w a v s

di sp ia ’s ’t ct h i g h  a s I a m ’i - - t  u - n  F i e - s i m e  7 i ) .  T h e  d i s c l m a r g t -  t O o t ’ s n c - r e s p o n d -

i n g  t o  S - h ~ s -  f i r s t s t e ~~ ) wa s- f o u n d  t o  v a r y  d i r e - c t l v  w i t h  ‘h e  r I c i ng  l e v e l  or

s u l f u r .  S i e - n i l i ’  u : ’ l y .  o n l y  t i m , -  f i r s t  s I c - : )  c a n  be h i s s  e-i g e - r i  m ’ ~2 1-

F ig  s i m s -  7 T ) ,

P r e t r e at  m c m i i  o f  t h , -  l i t  l u i s o n i  su r f s i s ,- -
~~~~~ t -  SC - ‘ 1 s 1 5 ° J -  d i i  n - ’ c ’ i f , ’

u n i f o r m  c m m - - ’ c - ’  l i v , ’  S s i - s t i n g  ‘ h O  ‘ l i e- s u n -i s s - . Si- N I  - c  -~~s nh1 j e  ‘ - - g r a p h

V i e - i r s -  7~~) ,s i i ’sy e ’d o n l y  d i s c  m s - I , - c r y s t a l s  i n - - ’  i d , ’ cu t c f i , ’d t  a, - l n e -  f s  r i c e ’ - :  no

t h e -  s u i r f a c’ m .

• \V m t  lid ma ‘svi oem c n l y S a n d  I Oh  5 a pa C i t y  I m c c i i  C e l l S  b e f o r e  I h ey  we r~-

s u h u s s t s - h  t - - st  - m m  g -  s i t  I - l O T  s r  s o l e -  m o n t h c5 m u s e d  d mu s _ i s  c m  iii - : ‘ y

- h s - g m - s d , s t i u n , u s  o n u s  h i s  ~7’h ;m ndl ~ I -s . r t - S t ) e - c t i \ m - l \  , ‘ s v t i eh i  d i s c  h - s  m e - s -h
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. [ b i e  s ~~u d s o t  i t s

- a l - i  i - f  2~ s t s c i s h s s s / c n i  f o r  I .  SM l . m ; \ l G l ,  SOC 1 s ’ s l - m t i ~~~ s sf r i - n i  t s - c i ) a e - m , m t U r s  ‘s’ - s

s i - i i s i s ’ ( I  u s i n g  - i l  ,- \ (  ~ni p s - i 1 s n c - - b r i d e - ,  -m j I ) 0 1 ’~ I i i .
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It r e - d su  s - i l  l ’ s  I .  - u- ’  g / c e -  ‘ s ’ : lm e - ou  ~ ‘i c  c-~~c ‘ - ‘ i ’ s ’ , ’ “ s i t S ( j u l i e - u  ‘. ‘ s : I i u  A \‘s e-~~ e-~~~’ ‘ - :
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2 .  l- ’ : s - s ’ - f i r - - n - s o d  \ \ m i t - - m
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’ c l i ,  d i l l  i c  m i l t ’ s ’  i n  d r v : c g  .- \ i C l ~~. I , :  \ I (  I ,  s - ’ l t s
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was observ e-d . This  performance var iabi l i ty  was attributed to the cathodes , whic h

exhibi ted  va r ia t ions  in vol tage  when po la r ized  in labora tory  c el l s .

Studies showed that cathode polar iza t ion can be attr ibuted pri maril y to overmixi ri g

the carbon slurry when prepa ring the cathodes , but that the sintering process also

effects si gnifi cant polarization.

Cha ng ing the interna l component des i gns and prepar ing  the cathodes b y an ur isinte red ,

dry-compact ion p rocess  (rather  than a s lur ry /s in te r ing  p r o c e s s )  produced sign ifi-

cant improvement in cell design. These improvement s , d i scussed  under CELL

‘)ESIGN AND FABRICATION (Second Ser ies  of Life Support C e l l s )  resulted in a

cell desi gn capa ble of delivering maximum energy densi t ies  of 1 3 . 5  watt - hours / in 3

and 155 w a t t - h o u r s / l b .

Additiona l studies showed that optimum packa ging ef f ic iency can be attained with

cathodes having a net weight of 800 mg and a thickness of 0.040 inch (See Figure 83).

2. Spacecr aft “B° Battery

To obtain an optimum cathode desi gn , cathode capa c ity was evaluated at four plate

thickne e-ses : 0.080, 0. 1 6 0, 0.320 , and 0.480 inch. A total cathode thickness of

2 . 24 inche s was used as the desi gn pa rameter to determine the required number of

plates of a spec i f ic  p late th ickness .  By this method , the maximum and minimum

current  dens i t ies  required to meet the 15 A and 0 . 4 1 7  A loads respectivel y for the

Spacecra ft “B” Batter y were f ixed.

El ectrol y te- f looded laborator y ce l l s  of the t h r e e - p late conf igura t ion  were  used to

evla uate cathode pe r fo rmance .  Tes t  ce l l s  were d i s c h a r g e d  continuousl y at the mini-

mum cur ren t  dens i ty ,  as a function of p late t h i c k n e s s e s .  At var ious  t imes dur ing

the d isc - ha  rge pe riod , the cel ls  were  subjected to 4 5 - s e c o n d  pu lse pola r izat ion t e s t s .
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t a m e - c -  c & - l l  S iZ e s . 5 - s c u~~- g o a l s  ‘ s e e - n c’ - . c c i u j s - ’ s c - cI w h i l e  o t h e r s  ‘s ’ s - c -me  n - - I . m s \ e e v c - r .  i n

a l l  ~ c -c ’ s  ~ ‘h ~ - L j t h j r o n u — t h j o n y l c -b l o c - i _ i t- ce - 11 i ) 5 - r f O r f l a a  0cc -  c - a l ) - -  h i l i t i c - s I s s ’se -a r d s  t h e-

s : s e - -  i l i , - cl e- - ; , l s  i s  s i g o u i f i c a n t l y  i c u u p r - s v c - d .

J o ’s , o d d j ’ j o ) n  t o  t m , -  o ucm _ i~~on  t a s k  o s i  i f l ’ i D r o v i f lg  a n d  c s . a x j c u i j z j r ’ se -  s , s  r di ’s a c- c- ‘sc ’ o — f o n o u u m s s c - i - .

s i e - n i l’i i s i s p s i r t i s m n  of t h i s  cont r a c t  ‘se m i s cis c s i t s - c l  i s  d t - f i n i s u 0 .  u n d e m s t a n d i n e -  a n d  t i c’ - - —

vid~~n g  s o ) ’ ’  j o i n t s )  t o o  t ec o f u n c i a o u i c - s u t - s l  p r o h l m - m i ’ s o n f o ’ s - u t i n g  t i u c- l i t i u i u o u i — t b u i o n v l  v s 1  cc - c :

t b u s - v  o r , - I t  ‘ i , - t  n i n u i - n t  s i  i’i n u dj e -  fj ln i  g r s ’ s ’ s ’ th d u n i o _ i g s t o r ag s -  m i n i m  ~~) s ‘ c l v  c l u r i n e -  t h i s ’

u s c r o m u a l  m r lc -  o F ) n O i r c ’ s c s l  s a c - n  l i o n  of l i i i ’  S \ ’ s l t - f l i.

I~~c l o i ’ s ’ s  c r c  ~ ac 1 i f i i -  p o o i m ut s t h u a t  i - a n  he s s s o ’ s c l s o d t -d b a s e d  (in t h e  e - x p e r i e n c e -  a iu c l  s l i s i - - m y  5 —

l ’ s i n  e - i n e d  in  h o - t b t h u s -  la b o r - s t o r y  m o n d  t h e  -d t’ v c l s s o i c m s -s u t m l  ha nc l ’s’s- mi -  p h a s e s  ic -  t h i s

a ro e - c - nu

A. Ll1 : l: SIJPPO RT C F L I ,

J~ s - ~~s - b e - l i  c ’ s ’ , ( 1 i ) s - r f s s r n i a n c e- f o r  i r e - s i c S , - l i s  e 1 .  7 Ai i m a n d  s - n e - r e - v  c i e s i s i t y  s f

I ~~ . 3 \V b u n ! i n ’ mi nd I 3 W h i r / l b .  ( l n  5 ‘sc. t - j e - b t O m s i s , i t  c - \ s  , - c ’ c i c d  t h u s - gosa l b y -~~ ‘

ee 1 ’ i l e - j i  a s  bu ~ c - e~~ d 7~~ ’~ mi nd ‘ - ‘ -~~ of l i e  g s s , s l S  - - s o  -i  ~~c-~~e -h t  a n d  i - m s  p a c i t y  h~s s m s ,  r e - s a t - c -

I i ’ s  e l i.

n t ,  r e - s I i n g l v .  t ~i t i i ~~~j t y  t i i j t i s s ~t~~ s t  t t o i m ’ - e - n~i 1 e o n s - s  l~~4 °F  ‘se e-rs  m , o d c ’ r ;i t s - I v  ( i e t ) c , i C l e O u I

s i n  t m s m t j e r i t , I m t ’ . A t  1 u 5° F , i b m , -  - ; i P ,0 0 i t ’ s ’  ~‘ s , s s  i’ t - c h u c c - d  h i y  a s  m soc h m i s  ‘ . 0’ - . l~~cs  m u s e

‘ c i  ‘ hu e - i l e - b c - m ‘ c -i l  ‘s u I t~ o e - c ’  m i t  ho g hu I s ’ o u s p ( ’  c - s  I t o  r~ - t h i s -  s -n e  r e - i  dc - t i  sit  v Pi- ’ r fo  m ru u -i t u e - c -  \‘ - s
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i t  a f f e c t s - s b  - s _ i _ i  c u u i i i n t d i c i e - d I  i t s  c o o i s t , s : i -  \ ‘ ‘ 5 c - O i i~~~c 0’ ‘ u m m e -~ ~~~~~~ ~\ s~~~s r a e - n

de ac  n d i - - n  v ‘sc - i t O t c ’m p c  r a t u r e -  eva s f o u n d  f o r  b o t h  t h e -  a a - , i- - ‘ v ‘ nd c - i c  r e - c  m c ’  O S  m l  e

a t  t€ - suupe -  r a t u  c - c - S  he low 32 ° F .  Pc r f u  m n u a  cit c ’ c i t e -  r ded s o t  - , r i ’ e- s f  - , 5 1 )  r - ma I e - I V

0. ‘ N 5)1- r d c - a  re -c -  Fmc 0 s t - n h e i t .

Sta r t in g  at 50° F , a nuodc -  r a te -  1 , 1) 3~~, in ’s) )  ro vc c - i s - n t  i n  ¶ h u e -  m m ’ s e  c-a ~~e ~-ll  ‘ alt  - g e - - m e - n

d e e - r e t  Fa h r e n h e i t  c a n  h i - - ac h u j c - - , - c -ch  s b s s ’ s’ i- ’ t i u i s  t~~n u ’ , e - r a t u rc , bu t  m t  d - i -  i- c:, se- d m i t  -c

r a t e -  o s l  0. 2’ ,, 
~~~C1 ’ ~l e g r e - e  F ah r e n t i c - s t  a t  t c - s u m a e - r ; s t u r e ’ s be l - s ’ sv  3 d ’F .  \‘ - i l - , e - -  m s - g a l -  —

l i o n  as  die- f i ned  i n  t h e  ont r a c t  S t ; , t c - n u t - n t  di! \\ orl-m of ± 3 . ~~
‘ -c a n  h i - -  m m u o m n ’ s i n c s b  a~

7 5 ° F .  It a p n r o m s c h c - d  ± 2 .  3” , m i t l ’ 3 ° F  m c i  1 1 . 0’], a t — c 3  F’.

Th r ou g h the -  lo se’ of I . 3M LiA1CI 4 ’ SOC L o - I c m c t n o l v t c -  c o n t a i n i n g  - 0 - . Oc- ‘sv€- m~~ht  , o i

S O S , s t c s n m ’ s e - c’ m s p a h i 1 i~ v h a s  bc -en  - \ ‘ c m i ( ’ c ’d I r - - n u 3 ‘sv - c k ~ a t  7 5 ° F  I - i r s  S e m i s ’s ’ t o o

5 mon t h s  ; c t  140°F Fo s in t h S c ’r : c - s  I e ’s } .e r O y  u s c - l u 1  c — s  p a c it  v c a n  ~I oll bc o i b t : , i s u t - ( i

t em u e - r a t u re s  > 3~~°F .  Vi l l a g e  dc - h , v ,  : - ‘s ’ s - \ e r , ‘ s e - i s  st i l l  d i — t i s u c - ’ lv  a F e 5 , ’ Xit  s i

t h e - se-  t e - n u a e ’ r - s t u r e - s 75 ~o 3 2 ° F  s~ ‘s \ h t ~~ ‘ lie d is  h-~ m e - c -  c - c - c  ‘ s v s s  1 - i c e - r e - b f r o s o s i

m A/ e -n ’s~ (a ’s- c- c - m o e - c -  h f t -  s u o n s - r ’ c - t o n  i- s - ru ’  de - n s i t v t  t o  1 . 1) ‘ - \ ‘c c i i  - m b - - s o t  ~~~~ s s f  t h i s ’

n n : ’s u i n a l c m ’ a - s it y I l  . 1,0 1\ h r b  c - i n h , i - - o h t - s  m i s - c l  - ‘ 7 5 F  - j t  s o t  i- m b i t i s u g  ~m ouv ‘ s i - o I l - s e - c

dIe - i  i v .

Th e L i fe  S u p a s s r t  C -ll  ‘ s ’ s a u~’ r c -  c i s - s i e - s u c -d - i o u~ b m o o r  s s ’ c - i c - S — s  ( ‘ l i n t - c  t e d  s l i s  eve re - bu i l t

i n to PRC~~0(( t y 5 ) s ~ h m i t t c ’ o ’ s c s .  i h - s c -  s i d e - r u s s \v t- r s - I c - s t e - c l  1 0)  i l , - t c - r o u u ) c - e -  t h c -  o - n t ’ u r —

nu a n ce capa bi l ities of P R C_ ’h i) h a l t , -  n e - s  s h u s o , c l d  t h e -  Li  /SCCl~ I t s  h u n o i l o g y  he t i r o - d  in

t h u s - P RC — m O ma his ~~. A t  75 °F I b u s - ha i t s  - mc - h i - i  cl a ci C C’ V of 1 4. 30 y s  -~~ s a oud mi i’s - , c u s ~ rat -

in g o u u i d p o in l  v o c i t a g e  of I i . 30 v o l t s . I ) e l i ’ - , ‘ r t -d c 5 ) - i s i t ’ s  and e n e r g y d e n s i t y  ‘ s e e - m i -’

‘- 1 Ah m , I I . ‘- \V h r / i  cu sn d  1 - - I \~ c r  / I b .  I he h a l  Ic  c-v ~m n cc pc - c - m i t t ’ a hove  10 . 1) ‘s - s i l t

S I  - s  t c - c u i m c e - r a t c o r t  i s  l ow  i S  — ‘ -  F p i t  a ’ - s  ~ i g n i f i c - a  a l l y  c - c - d i c e - c d  c i D l  i ’ C

F r u n _ i  th i s -  a spc-  ci of  s - s f t - i  ‘s , t hu e -Li It ’ S s s m , u s s  - c- I C s - h i s  cc e ro- s - p s - m a t  i - -d s - s  , 1 y l i n d e ’  m cc  it 0

normal a n d  m i h n o r s t i m i  n u c , d c - s  ~- h o o r ’ c - i r s  ou t , d c - a  dj s s  ha r e - i -- . i ’t o r e  , - - b  d i ~~- h a  m e - s  i S ’ o

i l l  a s c i i r i t e  c’ s - i - i - m s - s i  ~m n d  i - h a m e - i  - c i  c s a i -  c’ t b - u s .
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I bit ,- ‘ i s - l i c e - c - s-cl c - cp a  i t y  ‘s e a s  _ 4 5 , of t O t -  p r ( s J e - c  t go :, l of ~~~I b  :\ hi o’ . I h i s  a e-  r c e - n ’a e - e -

c - s - c l u e - c -h t o  T U c - - a f t ~ - n  t h i ’ c, ’ c u u o m m m b u s u - f  s u r e - i -- s I  i i - t J ° F .  On -, ~c i - , - , ’ l t ’ ) - 5 i S  t h e -

cmos-  o ’e- y c I c -ru ~~j l y  su u , - t  ‘ h i s -  e - i i J  ( i f  1 73  \\ i u r / l h , s Od ! a c - h i s - v s - h  c i :  t h e  g i l  1 \\ i u n / i o u
3 t

on a y o h u m i i e  b a s i s ,  On t I m 5 - i r , c r , c  e -c - t i _ i c a e - b m i i - e ’ o -d i - n c - n e - v  d - i s s i t v  ‘se a s  7 ’ ” oi~ t h e -

go ;s l~~ m u f t - r  t h n s ’ t -  o i ion t h s  o i l ’ s t o r m i e - s - a t S f l °F .

A t y p i c a l  f r e s h _ i  c - i - - l i  c - - n  n _ i a i n t a i n  v- i t s e - c  r c - e - s o l- t t i s s n  of - - 1 m b  ms nd — m s , 4” , u ve- r ‘ “ of

t i i c  U~~c - l u l  l i f e -  of t h e  c - - l i . [le t mc l o s e -  of t~~m c ’ s - ~ m - e m b i n e - l y H e - I _ i  sta r t i o i g  p u i s e  c u r n c - o u ’

I 5 • 0 ‘ m \ /  c i u 4- , , - s l t ‘ s e - i -  d e l ay s  r m s n g i b u e- I c - u _ i  — 5’ - m  ou ’ s~~ c- ‘sc-c n i -  d i s c - l a y~ -h - c c- e m

l b r i - - c a t i m s  of s t s c - m s g e -  at  80 ’F .  I t s h i s a u l d  be - n o t e -h ,  h i - \ V & ’ \ e - r , t Omi t n i - u  v o l t a g e  s I e I , i v

ce- i- - r i - - s o b s e r ’ s  5 -d a i ’ c - r  t h e  i c _ i it ia i p u l s e ’  l a m  ci b e - e n  ap p l i e d .

- “sch v s - r s c - s a b e - t  p r s - h i & s n _ i s did !  nu t  os - i- - u r  d i u r i n g  t b _ i c  n o m n _ i m s l  a c _ i c !  d c - s-p  d i s c . ha rgc -  I t s )

0 . I I  v o s i t  t S c - i t t’ s t i ( i f l s  s s f  t h e - s e -  hi g h r a t e - (‘ c i l S , I I 0 \ v c ’ v s r , c-’ - t  r e c u u t -  u n c b i t i s c n s

(~~h _ i ’ s c-t c i r c u i t , f o r c e d  d ischa  r e - c ’ , or  c- b_ ia rg e - ) caused eithe-r sp o n t a n e o u s  an e S s u ne -

ve n t i ng  (pola n i ty  r e v e r s a l)  oi’ ex a lo s i o n s  ( s h o r t  c i r c u i t  and  c-ha  rg in g ) .

C . spAc1 - :( ;h ~Av ’r “B ” CELL

‘fla re -  ‘ s v s s  o u s  t r i --nc! i c - c h i c - s t i n g  m m o u y p e n I s s n s u s ~m n c -  l u s s t - s  h_ ia seci  on 5 0 ° F  s t o r a g e  f - s c ’  a

m i t  r i cc l o c t  t h r ~- 5 ~_i u s i o u t  h i s .  As hj e ’c -t - d  c - i b i s  c i t y  ‘s c-mi s 75] ,  o s f  t h u s ’  e - c i i  p 5  ‘00 -\bi n. F i u e -  r e -v

d~ - n s ~ t~ ’ e - s c ’ l s  ‘s c e n e -  i 3  \\ h i o / j s _ i  a n s i  ~~~I I  \\ o n / i d , s c -c- t I _ i 5 -  , c s h j ey s - d  c - a 1 u m ~ -s  ‘ s c - c - m e -  c - °

- c o _ i d  7c -  - s’ , - s i s c - c  t i ’ s  e l y .

t o -  i c c - - m t cs  c o t  ~- d c i m m i -g ,  m l  t~O ° F  e c u t t , i g c -  c i t - i - m y  c c i  s c -l ot (i ’ i st t’ \ ’ t d i  i t  s - i l  l i e - v  t h u s-

( 1 , 4  I ?  N b c - s  - - g t ’ o s c c u ’ b  1 - c - m c i  - m m  t h e -  7 . -~ -N - i o s l I ~ -\ p u i s cc- l s s a d s  i t  t h e ’  v t s l ’ ; i e - s -  t ’ s c s s e s ’ I ’ ’ s

j c i i - i s  0 o s o  - o h on I , - t c - m m -  - t - - me s o  I_i 5 5 1  o c t  ‘ b _ is  i v, - u ’ s e- c- vs c I ’  - s -  -
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A t y a s c i  m r e - ’ - h  c _ S _ i l  c - s n  o i m ~o m n t a i n  mc r s - g u ] a t :o r -i oi - 0 , 351 ’
c c ’ s  c -c l — 1  ‘ ‘ o’s- i -- r - 5  ‘ -c ti c t i _ i c

o t s e - f u l  hi, - -

Unc ie- r h s s t b _ i  t h e -  c _ i o n s - n o  1 ~snd  a h n o n i c i a l  o i ’ c i s d e - s S s h o r t — s ~~ rs  eci t , d e e - u  d i s c - h a r e - i - - , f o rc e d

d i s c -h a  rg cci  c-t v- c --~ i m t  c - i l y  r e - y c - - r s a i  - - c nc l  c-ha  r e - c - )  Os  o m i c r a t i o m u , s _ i c - i t b _ i & - r s p o n tan e o u s

p r e s s u r e  ‘s’ &- ~_ i t ; s i g n o r  C s - i l  e -xp l o s i s s n  m s  c u c ’r i - -c h .

D. L A B O R A T O R Y  ST U D I E S

S t s i r a g c -  c - ms c - , t h j l i t e  t i f  t h e  - L i/ S O C)~ s y s t e o _ i i  mc v -pea nc -cl t o  he a ocue ’ —I i c ’ s_ i c  c_ i u i - - o _ i ’ s o r ’ s  e - : f c  c t

t h a t  i s , p s  ru s h y d u s s  I u a r e - - c l  c - s - f l s  c m s i o s e d h  c l m m , c u _ i a t i t  mc ’ dh u t i c i t _ i  i n  ~ i - - l l  c - ’ s~ )m ’s c j t y  a t I t - r

t h e y  e e c - r e  p l m o c c-h on - t o m - c e - c .

C a p a c i ty  c I , - i i-n 5 - c ’ e tb I r o n ’s  s t o r e d  c - c - U s  ‘se-a s f o u r _ i d  t o  a - i  o _ i o s h c  I i n _ i u i~ - d , s s low l , - r u ’ s u u , - r  —

t u r c m . T h i s  - i t ) t ) ( - , s m ed t o  h i - c lue  t o  ‘ 1c i -  ‘ t i e - s t  d s i  c - s t _ i s e ou t i ’  ‘ i s _ i  m c i - s  r i -  s h od ( h i l t

t h e -  e x i s t e n e c -  - ‘ I  t i _ i t -  a n c s c h i c  f i b _ u h a r c - o s - r .

In  te ’ n _ u s  of dop i n g  t hue ’ SOC1~ c - I t - c t  no iv l  e ’ cc i t  h S C, . I l i e  c - f f - - ‘ i ve~~~c ’ s s  s - i  i c _ m m _ i  / i  ne-

l i t h i um p a s s iv at i o n  ‘‘an onl y be a s - h i t - c -c - c l i t  t b _ ui - f i e s -  p t ’ r c  ~- c u l  by ‘ s c - e i g h t  l i - - i  c i .  I o u - s

1 .  3M L i A iC l 4~ S O C 1,  t ’ l c - c t r o l y t c ’ , t h e  c-mi t c c c  c o t  L i A 1C I 0  t c c  SC - was 1 . Is - , [l i- -y s c o i c i  I~~-~~’

5 ‘ s ’ s s- i g i_it SO,  l i - - c - c -1, rio t oc_ i l y d i d  it s _ i t  i s i m p r s s ’ s s -  - - ( c li s e - c  c b s - i s v  h e i t  i t  m c c i  a d O t  n i —

o’c _ i e n ta l  c ’f f e - t . L i t  i_ i i u r u _i -h r i ps pa r t i m s  I i ’ s  i o i u o _ i i c ’ r s  c - c l  in 1 but - s s ’ s — I s - c - o l u t i cn s  sbuo ’s e e’d S i e - o _ i s

c c l  sev ere ’ c i c r r s , s j o c _ i  h _ i s - ’ s ’ o n c l  t b _ i t -  1 0 5 c ’ I e v c - i .  I- st  rt hu t - r m o r s - , t b _ is- s u m i m s e - e s c - x p c sed t c s

t O t -  e - a p o r  O h a s s  t m r n c s h i s - d  n i t o r , - t h a n  t b _ i t -  i r _ i _ i n c s - r ’ - e-d ~ u r tN i s s .

Po st n i c c r t t ’ n _ i  -u i - s  l y s i s  on f r c - s h i  i i ~ ~~~~~ ~c-~~~~i- - s U h S s - c  I c - s i  I ’ -  — t o r : m g -  e - a y i -- e ’\’ id s ’ f l e i - -

- ‘ 1  l i t h c j u o i _ i  r , - - i c  I c - s i _ i  ‘se l t  b_ i t O t ’  g l a ss  s c - p - s  r a t - c r .  T h i s  s - vj d , - u i c  e- ‘ s ’ s -’s s s s o p t _ i i s r t s ’ d  h i  t b _ i s

i d _ i s b i l j t ’ s  t o  s t e - i l ‘ t i  5 , ’ 5 t i ) h i  m a t  c o r  f t ’s c s c m  t b u ~ - 1 ’ b u j s s o s  - ‘ c o n t m s ,  s - .
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S R E C ON I M F T N D A T I O N S

T b _ i t -  O~~ i 5  s X 1 ) s  ¶ c ’ ( b  ‘ 5 )  h , r i n - e- -s hmc t  t h e -  1 i T i ! ) c - 5 e ’ 5 ’ i ~~’- c f l t  s r e - q i s i  r e - - i  s s u  t I l e - l i t h i i t m c c u

j f l i i r g , s s u ] c  e - l ( t  n c s s  i c - i _ i _ i s a 1  s y s l e n _ i s t c s  p c ’o’ m d e -  c -c - en  fu r t he r  a d va n c e  in  c - s - ’ s ’~c - r  sou r c ’

t e s  hn o in -gy t s i v, mi rc l s -N i  r F o r c e -  u e - c ’d s  a re  li s~ c-h b c- - l o w. T h c  t w o  h n o a c l  a r i - - . s r e q u i  r —

~ng  n _ i s - — ’  (:, ‘- ;c -l s s n r m b , - flt - o n e  S’c c - t y  c -n c !  ~ t s i r ; s e - c  C~: s c - m c b i l i tv ,

-N . S A F E T Y

I )  Bc i i lcb  , s s t a ti ~~t ical  d a t a  b a s e -  on s,a f e - I c - c - i ’  i s b _ i l c o i i s  s- c ’ s c o u o _ i t s- r c ’d i o u  L i / S O Ci~

cs -U s.

~~) F l u ’  i c i a t e -  n c - a c t i o n  o _ i_ i c- c h u , s  n i s o _ i _ i ( S  I O m i e  r m s t i r l g d u r i n g n o n c _ i u a l d i s c - b _ i a  c ’ g c -  a nd

( b c ’ s -p cl i s - - s  h a  r e - s .

‘s I n ’ s c s ’ m t i e - si s ’ u t i s s ’ r  h i g h ’ s  i- - n e - r e - c  i n c - r e - - l o u i s  sy s t s -n ’o s :

- Ca /SOCI . SO Cl~
- L m / S O ( ’ l

- Li m i f l , c v / S O C I o S O CI

4 h u e s - - h g s I t  c’ s - S o - n e  i - - c -m i t  0,,  g i n - g - - : a  c c ’ s R i o ’  h i g h _ i  c - - i t s ’ L i /SOCl~ c i-’i l s .

I~ . S H

I Flsi ~ 1 C l - s ’ e r u u i - - e - h s , s r i i s c _ i u i i -s )  ‘ c - s m i - cu s j ! u l c  c c c’ s c i_ i e ’ I i (  j i b  c - s  f~’c t s  c c i  5 ( )  m i t  t b u ~

W i - - I g l i  I s - c s - I  in , l l e v i , , l i i _ i g p o s s ; ’ s , l l i ( u o ) .

~~~ i r i ’ s , - s ’~~ g o t m  c - s - - i c - t i ’- . : ‘ y 1 c - s r m m c s - s ’ i b i l i t ’ s  v!  g I - m s s  s e c - s  o ’ a t c c r  ‘ s c - i l l _ i  b i t h i s i i u c  i n s i d e  j o _ i

‘ c - m i _ u s  v - f  r e l i a b le  i c - h i  s e - r i - ic - _ i _ i  s o s  e s r_i d v e - c ” s  b - ru e- ‘ e - r u r c st o r a g e - t i e ’ s - o h s .

-— --‘  - — --  - - -- ---- - -  - -  - - - 4 -- . - ---  - -  -- -- - 4- - -
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3)  E v a l u a t e  sepa r a t o r  o’ na t e ri al s  - - t i_ i c r  t b_ ia n g l a s s  s n m , t . su c h  a s  b o r o n  n i t r i d e

pa pe n .

4 )  Dete  rn-s ine  s t o r a g e  capa bilit y of cs - U s  as  a f u n c t i o n  of st a ’  s - — P t — i -  ha r ge - .
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