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C h a r a c t e r i z a t i o n  s t u d i e s  were  c a r r i e d  o u t  on a  g l a s s  f i b e r  paper  t h a t  i s  
c u r r e n t l y  employed a s  a  s e p a r a t o r  m a t e r i a l  f o r  some LiSOC12 primary c e l l s .  The 
m a t e r i a l  is o f  t h e  non-woven type  made from mic ro f i l amen t s  of E-type g l a s s  and 
con ta in s  an e t h y l  a c r y l a t e  binder.  Resu l t s  from e x t r a c t i o n  s t u d i e s  and t e n s i l e  
t e s t i n g  revealed t h a t  t h e  binder  conten t  and t e n s i l e  s t r e n g t h  of  t h e  paper were 
s i g n i f i c a n t l y  less than  va lues  s p e c i f i e d  by t h e  manufacturer.  Scanning e l e c t r o n  
micrographs revea led  t h e  presence o f  c l u s t e r s  o f  i m p u r i t i e s  many of which were 
high i n  i r o n  content .  Resu l t s  o f  emission spectroscopy revea led  high o v e r a l l  
l e v e l s  o f  i r o n  and l e a c h i n g ,  f o l l o w e d  by a t o m i c  a b s o r p t i o n  measu remen t s ,  
revea led  t h a t  e s s e n t i a l l y  a l l  o f  t h i s  i r on  is so lub le  i n  SOC12- 

INTRODUCTION 

This  work was c a r r i e d  out  i n  c o l l a b o r a t i o n  wi th  S. Subbarao ( see  Figure 1) 
who i s  a Resident Research Associate  f o r  NASA. 

A s  i n d i c a t e d  i n  F i g u r e  2 t h e  e f f o r t  i s  p a r t  o f  NASA's P r i m a r y  L i th ium 
B a t t e r y  Program wich i s  aimed a t  d e v e l o p i n g  f l i g h t  q u a l i t y  Li-SOC12 C e l l s  by 
FY86. One e l e m e n t  o f  t h i s  p rogram i s  b e i n g  d i r e c t e d  t o w a r d s  deve lopmen t  and 
c h a r a c t e r i z a t i o n  o f  t h e  components o f  a s  w e l l  a s  complete  Li-SOC12 c e l l s .  The 
s p e c i f i c  s u b j e c t  o f  t h i s  i n v e s t i g a t i o n  i s  c h a r a c t e r i z a t i o n  o f  t h e  s e p a r a t o r  
m a t e r i a l  t h a t  i s  commonly employed i n  t h i s  t ype  o f  c e l l .  The sepa ra to r  is made 
by Mead Paper Company and is a  non-woven paper made from micro f i l amen t  g l a s s  
f i b e r s  suppl ied  by Johns Manville. 

RESULTS AND DISCUSSION 

Overa l l  phys ica l  p r o p e r t i e s  o f  t h e  paper a r e  given i n  Figure 3. The binder  
conten t  was determined by e x t r a c t i o n  wi th  dichloromethane and a l s o  v e r i f i e d  by 
i g n i t i o n  descr ibed  l a t e r .  The t e n s i l e  s t r e n g t h s  were measured with an In s t ron  
T e n s i l e  T e s t e r .  R e s u l t s  shown t h e r e i n  r e v e a l  t h a t  t h e  o b s e r v e d  v a l u e s  f o r  
binder  con ten t  and t e n s i l e  s t r e n g t h  a r e  apprec iab ly  lower than those  s p e c i f i e d  
by t h e  manufacturer.  

Since t h e  s p e c i f i c  type o f  binder  was not s p e c i f i e d  by t h e  vendor, a  sample 
o f  it was a n a l y z e d  by F o u r r i e r  T rans fo rm I n f r a r e d  A n a l y s i s .  The r e s u l t a n t  
s p e c t r a  is given i n  Figure 4. Comparison o f  t h i s  s p e c t r a  wi th  known s p e c t r a  i n  
t h e  l i t e r a t u r e  (1 )  revea led  t h a t  t h e  binder  is an a c r y l i c .  

Samples  o f  t h e  m a t e r i a l  we re  examined by Scann ing  E l e c t r o n  Microscopy.  
Ana lyses  r e v e a l e d  t h a t  t h e  g l a s s  f i l a m e n t s  a r e  r andomly  o r i e n t e d  and t h e i r  
d i a m e t e r s  r a n g e  i n  s i z e  f rom a p p r o x i m a t e l y  0.2 t o  2  mic rons .  F u r t h e r  it was 

97 



found t h a t  t h e  m a t e r i a l  con ta in s  sma l l  c l u s t e r s  o f  i m p u r i t i e s  a s  shown i n  Figure 
5. These p a r t i c l e s  a r e  l o c a t e d  t h r o u g h o u t  t h e  r o l l  o f  t h e  pape r ,  Energy 
Dispersive Analysis  (EDAX) o f  t h e s e  p a r t i c l e s  revealed t h a t  most o f  them con ta in  
app rec i ab l e  amounts o f  i r o n  a s  shown i n  Figure 6. 

Emission Spectrographic  Analysis  o f  t h e  m a t e r i a l  revealed t h a t  its o v e r a l l  
i r o n  con ten t  was 0.48%, a s  shown i n  F igure  7, and t h i s  va lue  is somewhat higher  
than t h a t  claimed by t h e  manufacturer. Although t h i s  amount o f  i r on  is low i n  
t e rms  o f  percentages,  i t  is high from a  contaminat ion po in t  o f  view i n  t h a t  very 
low l e v e l s  o f  i r o n  i n  t h e  p a r t s  p e r  m i l l i o n  r a n g e  can  a d v e r s e l y  a f f e c t  
performance of Li-SOC12 c e l l s .  Figure 7  a l s o  shows t h a t  t h e  amount o f  m a t e r i a l  
q q l o s t  on i g n i t i o n w  was 3.04% and t h i s  s h o u l d  c o r r e s p o n d  t o  t h e  b i n d e r  c o n t e n t ,  
This value is i n  good agreement wi th  t h e  binder  con ten t  determined by e x t r a c t i o n  
a s  g i v e n  i n  F i g u r e  1. 

Samples o f  t h e  m a t e r i a l  were a l s o  leached i n  S0Cl2 s o l u t i o n  f o r  24 h r s  and 
t h e  e x t r a c t  was a n a l y z e d  f o r  i r o n  by Atomic Abso rp t ion .  R e s u l t s  showed t h a t  
e s s e n t i a l l y  a l l  t h e  i ron  is s o l u b l e  i n  SOC12, 

Based on t h e  above f i nd ings  c a l c u l a t i o n s  were c a r r i e d  o u t  t o  e s t i m a t e  t h e  
amount  o f  i r o n  t h a t  t h e  s e p a r a t o r  would c o n t r i b u t e  t o  a  t y p i c a l  "Dl1 s i z e  Li- 
~ 0 ~ 1 2  c e l l .  Resu l t s  i nd i ca t ed  t h a t  t h e  amount o f  i r o n  would correspond t o  about 
150 ppm which is q u i t e  high i n  regard t o  t o l e r a b l e  l e v e l s  o f  i r o n  i n  t he se  c e l l s  
( 2 ) .  

CONCLUDING REMARKS 

A s  i nd i ca t ed  i n  Figure 8, t h i s  s e p a r a t o r  m a t e r i a l  does no t  conform t o  t h e  
m a n u f a c t u r e r ' s  s p e c i f i c a t i o n s ,  h a s  l ow  p h y s i c a l  s t r e n g t h ,  and a l s o  c o n t a i n s  
i m p u r i t i e s  t h a t  a r e  known t o  be d e l e t e r i o u s  t o  ope ra t i on  of Li-SOC12 c e l l s .  In 
i ts presen t  form t h e  s epa ra to r  would not  be c l a s s i f i e d  a s  of  high enough q u a l i t y  
f o r  a e r o s p a c e  a p p l i c a t i o n s .  F u r t h e r ,  t h e  m a n u f a c t u r e r  h a s  n o t  i n d i c a t e d  a  
w i l l i n g n e s s  t o  d e v e l o p  a  h i g h  q u a l i t y  s e p a r a t o r .  On t h i s  b a s i s  it w i l l  be 
n e c e s s a r y  t o  l o c a t e  a n o t h e r  m a n u f a c t u r e r  t h a t  can  s u p p l y  t h e  d e s i r e d  h i g h  
q u a l i t y  m a t e r i a l .  I n v e s t i g a t i o n s  a r e  c u r r e n t l y  underway t o  l o c a t e  s u c h  a  
manufac t u r e r  . 
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CHARACTERIZATION OF GLASS FIBRE SEPARATOR MATERIAL 
JPL INTRODUCTION 

NASA SPONSORED PRIMARY LITHIUM BAITERY PROGRAM 

QUALIFY Li-S0CP2 CELLS FOR FLIGHT BY FY-86 

PROGRAM ELEMENTS 

+ 
RESEARCH ON CHEM RELATED SAFETY l SSUES 

0 
0 DEVELOPMENT OF PROTOTYPE CELLS / 1st GENERATION CELLS FY-84 

DEVELOPMENT OF FLIGHT CELLS 

COMPONENT CHARACTERIZATION PART OF PROTO CELL DEVELOPMENT 

UNCOVERED PROBLEM AREAS WITH EX1 ST1 NG SEPARATORS 

Figure 2 



CHARACTERIZATION OF GLASS FIBRE SEPARATOR MATERIAL 
JPL OVERALL PHYSICAL PROPERTlES 

THICKNESS ........................................ 3.5 mil 

WEIGHTI AREA ..................................... 3.5 gmslft 2 

DENS ITY ---,,,,-,,--,,,------------------------ ----- 0.43 gmslcc 

POROS I TY 80% VENDOR 
CLAIM 

BINDER CONTENT ................................ --- 3% 8% 

ll3E 1 lE STRENGTH 1 ------- 152 TO 174 psi 300 psi 

TENSILE STRENGTH = --------------.----------------- 159 TO 170 psi 300 psi 

Figure 3 



CHARACTERIZATION OF GLASS FIBRE SEPARATOR MATERIAL 
JPL ANALYSIS OF BINDER 

B 1 NDER REPORTED TO BE SOME TYPE OF ACRYLl  C B Y  VENDOR 

REMOVED B I NDER B Y  EXTRACTION W ITH D ICHLOROMETHANE. AND R A N  FT1.R 
ON EXTRACT 

RESULTS 

CONCLUSION: BINDER I S  ETHYL ACRYLATE - (CH2- C H I  
I I n 

COOC2H5 
F igu re  4 
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I CHARACTERIZATION OF GLASS FIBRE SEPARATOR MATERIAL 
JPL SPECTROGRAPHIC ANALYSIS 

SEMIQUANTITATIVE ANALYS IS  
S i  21. 70 
Al 13. 
Ca 14. 
Mg 1.3 
Sr 0.090 
B 0.72 
Mn 0.023 
Pb 0.018 
Ba 0.46 

C.L 
0 
cn 

Fe 0.48 - VERY H l GH (VENDOR CLA l MS 
@a 0.0099 Fe203< 0.3%) 
Ni 0.014 
Na 0.87 
Cu 0,0014 
Zn 0.35 
Ni 0.0021 
Zr 0.029 
Go 0.08041 
K TR < 0.10 
Cr 0.00&4 
OTHER EEMENT nil 
LOSS ON IGNITION 3, a% 

Figure 7 



CHARACTERIZATION OF GLASS FIBRE SEPARATOR MATERIAL 
JPL SUMMARY AND CONCLUSIONS 

LOW BINDER CONIlENT 

LOW TENS l LE STRENGTH 

CLUSTERS OF IMPURITIES THROUGHOUT 

C, 

0 
IMPURITIES HIGH I N  IRON 

cn 

THE IRON READILY DISSOLVES I N  SOCPZ (YIELD 150 ppm I N  CELL) 

AND WOULD CAUSE SEVERE VOLTAGE DELAY 

DUE TO l NFER IOR CHEMICAL AND PHYSICAL PROPERTIES THl S MATER l AL 

DEEMED UNSUITABLE FOR AEROSPACE CELLS 

@ AVAILABILIW OF QUALITY MR UNCERTAIN 

Figure 8 



Q. Roth, NASA HQ: I was wondering - t h i s  i s  more of a general question - 
not only to  ask yourself bu t  of the people here. What you said about 
the a b i l i t y  of NASA to  get supplies to  give them the type of materials 
they want i s  an across-the-board problem. And I'm just wondering - 
i s  i t  tha t  s ignif icant  a problem tha t  i t ' s  going t o  cause trouble now 
and in the future - and I guess I 'rn asking everybody here the same 
question. We don't  buy much of anything i n  high quantit ies.  

A. Frank, JPL: I guess t h a t ' s  a good subject. I'm just running into 
i t  now a t  this level. Perhaps someone e lse  wants to  address i t .  
Well I know tha t ,  from JPL's point of view, i t ' s  the same thing. 
Small quantit ies we are  not interested i n  - one has t o  get  the right 
source eventually i f  the problem i s  indeed one tha t  would demand tha t  
i t  can be done one way or another and t h a t ' s  what we're in the process 
of doing here. 

Q. Roth, NASA HQ: Did you ever get the feeling you might want t o  do i t  
yourself? 

A. Frank, JPL: Yes, we are  doing i t  ourself. We t r ied  for  example to  
eliminate these impurities by dissolving them. B u t  i f  we can devise 
a process and then go t o  some other company and have them use our 
procedures. We will do i t  - e i ther  that  o r  by obtaining a bet ter  
source. So we're looking a t  both avenues here on this particular 
problem. 

Q. Osterhoudt, Eastman Kodak: What price a re  you paying for  this per 
square foot? 

A. Frank, JPL: Actually we pay for  i t  by the pound. I t ' s  something 
l ike  $10 a pound or in tha t  range. B U ~  we're not interested i n  the 
cost. 

Q. Osterhoudt, Eastman Kodak: What you be willing to  pay for  something 
that  would work? No I 'm serious - premium price for  premium 
qua1 i ty? 



A. Frank, JPL: Yes, yes o f  course f o r  manned space f l i g h t .  

Q. Osterhoudt, Eastman Kodak: I d i d n ' t  understand t h a t  p a r t .  

A. Frank, JPL: Yes, i f  i t  could n o t  be obta ined i n  a  c o n d i t i o n  s u i t a b l e  
f o r  NASA, we would be cons ider ing  a  small developmental c o n t r a c t  t o  
ob ta in  the  necessary q u a l i t y .  

COMMENT 

U n i d e n t i f i e d :  I would l i k e  t o  comment - i f  you go back 14 years, 
t h i s  b a t t e r y  workshop g o t  s t a r t e d  because n i c k e l  cadmium c e l l s  
were f raming du r ing  charge - f o r  t he  OAO spacecraf t  - a  very  
ser ious  problem f o r  NASA. There were some o ther  problems as we l l ,  
and the  b a t t e r y  separator  manufacturer was present.  And we asked 
him about t h a t  problem and he had p u t  i n  some we t t i ng  agent 
because somebody had asked him t o  do i t. There were some o ther  
bas is  o f  t h e  problem. But  he a l s o  go t  up and made the  same 
statement - "You t e l l  us what you want and w e l l  1  g i v e  i t  t o  you. 'I 
And we're s t i l l  us ing  t h e  same separator  today. 

Q. Levy, Sandia Nat ional  Lab: Have you noted any s p e c i f i c  problems 
due t o  t h i s  separator o r  a r e  you j u s t  con jec tu r i ng  t h a t  t h i s  
might  cause some problems. 

A. Frank, JPL: We're i n  t h e  process o f  doing t h a t  r i g h t  now, Sam. 
We a r e  b u i l d i n g  t h e  pro to type c e l l s  and we are  going t o  make the  
vo l tage measurements. From, w e l l  f i r s t  of a l l  the  physical  
p rope r t i es  are  q u i t e  evident.  One could n o t  use t h i s  i n  
f a b r i c a t i n g  the  c e l l s .  When you go t o  the  r o l l i n g  operat ions the  
s t rengths  would be inadequate and t h a t ' s  most l i k e l y  r e l a t e d  t o  
the  binder.  A  d i r e c t  answer t o  your  quest ion i s  no, b u t  we a re  
i n  t h e  process o f  doing it. And i n  the  l i t e r a t u r e  the re  i s  
evidence t h a t  these l e v e l s  of i r o n  cause severe vo l tage r e g u l a t i o n  
problems. So w e ' l l  be v e r i f y i n g  i t  s h o r t l y .  

Q. A l l vey ,  S a f t  America, Inc.:  Your 150 ppm o f  i r o n  seemed h igh  so I 
assume t h a t ' s  a  s p i r a l  round con f i gu ra t i on .  

A. Frank, JPL: Yes. 




