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AB S T  R A  CT 

A 31:69 2 - v i n y l p y r i d i n e - m e t h y l  m e t h a c r y l a t e  copolymer  was 
s e l e c t e d  as t h e  s e p a r a t o r  m a t e r i a l  f o r  l a r g e  s c a l e  p r e p a r a t i o n .  
T h i s  po lymer  has e x c e l l e n t  e l e c t r i c a l  p r o p e r t i e s  a f t e r  s a p o n i f i c a -  
t i o n  and i s  a d a p t a b l e  f o r  f i l m  p r e p a r a t i o n  on a p a p e r  c o a t e r .  
A s u f f i c i e n t  amount of  t h i s  polymer t o  make a t o t a l  o f  1 0 0  l i n e a r  
f e e t  of 18 - inch  wide 1 . 5 - m i l  f i l m  was p r e p a r e d  and p u r i f i e d .  
P r o c e d u r e s  f o r  making f i l m  o n  the  p a p e r  c o a t e r  were d e v e l o p e d  
and  4 0  feet  o f  f i l m  i n  s e c t i o n s  w i t h  l e n g t h s  up t o  2 5  f ee t  were 
made i n  i n i t i a l  r u n s .  

Methods t o  a c c e l e r a t e  s a p o n i f i c a t i o n  o f  t h e s e  copolymers  
d u r i n g  s t e r i l i z a t i o n  were s t u d i e d .  Some f i l m s  t h a t  s a p o n i f i e d  
c o m p l e t e l y  w i t h i n  one  60-hour s t e r i l i z a t i o n  c y c l e  were o b t a i n e d  
by b o t h  p r e t r e a t m e n t  o f  copolymer f i l m s  w i t h  me thano l  and  by  
p a r t i a l  p r e s a p o n i f i c a t i o n  o f  t h e  copolymer  b e f o r e  f i l m  f o r m a t i o n .  
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I .  I N T R O D U C T I O N  

The p r i m a r y  o b j e c t i v e  o f  t h i s  p rogram i s  t h e  deve lopment  
of h i g h l y  s t a b l e  b a t t e r y  s e p a r a t o r  materials t h a t  w i l l  f u n c t i o n  
s a t i s f a c t o r i l y  i n  a sealed Ag-Zn s e c o n d a r y  b a t t e r y  a f t e r  h e a t  
s t e r i l i z a t i o n  a t  1 3 5 O C ,  a n d  have s u f f i c i e n t  f l e x i b i l i t y  and  
m e c h a n i c a l  s t r e n g t h  so t h a t  t h e y  c a n  b e  i n c o r p o r a t e d  i n t o  t h e  
b a t t e r y  s y s t e m  by p r a c t i c a l  f a b r i c a t i o n  t e c h n i q u e s .  Three t y p e s  
of l i g a n d - c o n t a i n i n g  po lymers  t h a t  showed a g rea t  d e a l  of p r o m i s e  
f o r  u s e  as heat s t e r i l i z a b l e  s e p a r a t o r s  f o r  t h e  Ag-Zn c e l l  i n  
p r e l i m i n a r y  t e s t s  i n  our i n i t i a l  J P L  951524 program,  namely ,  
h y d r o l y z e d  copolymers  of  2 - v i n y l p y r i d i n e - m e t h y l  m e t h a c r y l a t e ,  
h y d r o l y z e d  s t y r e n e - m a l e i c  anhydr ide -me thy l  m e t h a c r y l a t e  t e r p o l y m e r s ,  
and s t y r e n e  copo lymers  c o n t a i n i n g  8 - h y d r o x y q u i n o l i n e  s u b s t i t u e n t s  
were c h o s e n  f o r  deve lopmen t .  Both t h e  2 - v i n y l p y r i d i n e - m e t h y l  
methacry la te  copolymers  and  mod i f i ed  t e t r a p o l y m e r s  of s t y r e n e -  
maleic a n h y d r i d e - m e t h y l  m e t h a c r y l a t e - m e t h y l  a c r y l a t e  were p r o v e n  
t o  meet most o f  t h e  p r o j e c t  o b j e c t i v e s  and  t h e r e f o r e  a r e  now b e i n g  
d e v e l o p e d  i n  p r e f e r e n c e  t o  t h e  o t h e r  copolymer  s y s t e m s .  

D u r i n g  t h i s  r e p o r t  p e r i o d  o u r  o b j e c t i v e s  were as f o l l o w s :  

1. 

2 .  

3 .  

4. 

Dete rmine  f i l m  p r o p e r t i e s  of p a r t i a l l y  s a p o n i f i e d  
2 -v iny lpyr id ine -me t  h y l  m e t h a c r y l a t e  copo lymers  ; 

Develop a method t o  a c c e l e r a t e  s a p o n i f i c a t i o n  of 
2 - v i n y l p y r i d i n e - m e t h y l  m e t h a c r y l a t e  copo lymer  d u r i n g  
s t e r i l i z a t i o n ;  

Complete  checks  on r e p r o d u c i b i l i t y  of polymer 
p r e p a r a t i o n s  ; 

P r e p a r e  a b a t c h  of polymer s e l e c t e d  for s c a l e - u p  
a n d  s t a r t  a r r a n g e m e n t s  f o r  f i l m  p r e p a r a t i o n .  

1 



1 1 .  S U M M A R Y  

The ma jo r  p a r t  of t h e  work done  d u r i n g  t h i s  p e r i o d  was 
d i r e c t e d  a t  deve lopment  of  ou r  3 1  : 69 2 - v i n y l p y r i d i n e - m e t h y l  
m e t h a c r y l a t e  copolymer  as a s e p a r a t o r  ma te r i a l .  We chose  t h i s  
material  t o  p r e p a r e  i n  large s c a l e  samples  b e c a u s e  i t  y i e l d s  
f i l m s  w i t h  lower  r e s i s t i v i t i e s  ( a b o u t  5 ohm-in) a f t e r  s a p o n i -  
f i c a t i o n  t h a n  t h e  s a p o n i f i e d  t e t r a p o l y m e r s  ( 2 0  t o  2 5  ohm-in) .  
It  i s  a l s o  more e a s i l y  hand led  d u r i n g  f i l m  p r e p a r a t i o n  on a 
p a p e r  c o a t i n g  a p p a r a t u s .  S e v e r a l  100- t o  200-gram b a t c h e s  of 
t h i s  po lymer  were  made a t  4 0  and 6OoC t o  d e t e r m i n e  t h e  b e s t  
c o n d i t i o n s  f o r  making l a r g e  q u a n t i t i e s  o f  t h i s  mater ia l .  I n  
t h i s  s t u d y ,  we found  t h a t  t h e  polymer  c o n v e r s i o n s  o f  samples made 
i n  r e s i n  p o t s  were l o w e r  t h a n  t h o s e  we had p r e p a r e d  e a r l i e r  
u n d e r  o t h e r w i s e  i d e n t i c a l  c o n d i t i o n s  i n  a g i t a t e d  p r e s s u r e  b o t t l e s .  
As a r e s u l t  o f  t h i s  work w e  now can  c o n s i s t a n t l y  p r e p a r e  po lymers  
h a v i n g  a r e l a t i v e  v i s c o s i t y  i n  0 . 5 %  s o l u t i o n s  of  2 . 1  t o  2 . 6  
i n  50 t o  6 0 %  c o n v e r s i o n s  b y  p o l y m e r i z a t i o n  i n  r e s i n  p o t s  a t  6OoC 
wi-th 0 .04% a z o b i s i s o b u t y r o n i t r i l e  c a t a l y s t .  
have  been  u s e d  t o  p r e p a r e  t w o  l a r g e  b a t c h e s  o f  copolymer .  

These  c o n d i t i o n s  

The methods used  t o  p r e p a r e  f i l m s  of t h i s  copolymer i n  t h e  
l a b o r a t o r y  were a l s o  a l t e r e d  t o  s i m u l a t e  f i l m  p r e p a r a t i o n  con- 
d i t i o n s  on  a p a p e r  c o a t e r .  We f o u n d  t h a t  1 . 5 - m i l  f i l m s  w i t h  good 
m e c h a n i c a l  p r o p e r t i e s  c o u l d  b e  p r e p a r e d  b y  u s i n g  s o l u t i o n s  
c o n t a i n i n g  13% s o l i d s  i n  1:3 methano1:benzene  s o l v e n t .  T h i s  
s o l u t i o n  was t h e n  c a s t  on re lease p a p e r  and  d r i e d  q u i c k l y  a t  
40 t o  6 0 O c .  These c o n d i t i o n s  have b e e n  u s e d  t o  prepare 40  f e e t  
o f  u n i f o r m l y  good 1 . 4 - m i l  t h i c k ,  18 - inch  w i d e  f i l m .  

We a l s o  have been  d e v e l o p i n g  methods t o  a c c e l e r a t e  s a p o n i -  
f i c a t i o n  of  t h e  m e t h a c r y l a t e  g r o u p s  i n  t h e  copolymers  d u r i n g  
s t e r i l i z a t i o n  s o  t h a t  t h e  f i l m s  w i l l  h ave  u s a b l e  e l e c t r i c a l  
p r o p e r t i e s  a f t e r  one 60-hour s t e r i l i z a t i o n  c y c l e .  The s t e r i l i z a -  
t i o n  t i m e  r e q u i r e d  f o r  comple te  s a p o n i f i c a t i o n  o f  h i g h  m o l e c u l a r  
weight  copolymers  was lowered  t o  u n d e r  t h e  60-hour l i m i t  b y  
immers ion  o f  t h e  f i l m s  i n  methanol  i m m e d i a t e l y  b e f o r e  s t e r i l i z a -  
t i o n .  These f i l m s  had r e s i s t i v i t i e s  o f  a b o u t  3 ohm-in a f t e r  
60-hours  s t e r i l i z a t i o n .  The copolymers  w i t h  modera t e  m o l e c u l a r  
weights t h a t  w e  u s e d  t o  p r e p a r e  l a r g e  samples  o f  f i l m  on t h e  
p a p e r  c o a t e r  have greater  s o l u b i l i t y  i n  a b s o l u t e  m e t h a n o l ,  which 
p r o h i b i t s  t h e  u s e  o f  t h i s  t e c h n i q u e  w i t h  o u r  new f i l m s .  I t  i s  
n e c e s s a r y  t o  u s e  modera te  m o l e c u l a r  we igh t  po lymers  on t h e  p a p e r  
c o a t e r  t o  o b t a i n  t h e  p r o p e r  s o l i d s  c o n t e n t / v i s c o s i t y  r e l a t i o n s h i p  
i n  t h e  c a s t i n g  s o l u t i o n .  With f i l m s  o f  these  p o l y m e r s , a c c e l e r a -  
t i o n  of s a p o n i f i c a t i o n  was o b t a i n e d  by  p r e t r e a t m e n t s  w i t h  me thano l  
d i l u t e d  by 40% K O H .  However, t h e s e  p r e t r e a t m e n t s  d i d  n o t  g i v e  
e n t i r e l y  r e p r o d u c i b l e  a c c e l e r a t i o n  and t h e r e f o r e  p r e t r e a t m e n t s  
u s i n g  o t h e r  a l c o h o l s  such  a s  t h e  p r o p a n o l s  a r e  now b e i n g  e v a l u a t e d .  
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Preformed 2-viny l p y r i d i n e - m e t  h y l  m e t  h a c r y  l a t  e-me t h a c r y  li c 
a c i d  t e r p o l y m e r s  were a l s o  e v a l u a t e d  as s e p a r a t o r s  d u r i n g  t h i s  
q u a r t e r .  These t e r p o l y m e r s  a r e  more h y d r o p h i l i c  t h a n  t h e  a c i d -  
f r e e  copolymers  and can  be e x p e c t e d  t o  wet a n d  s a p o n i f y  more 
q u i c k l y  d u r i n g  s t e r i l i z a t i o n .  Polymers  w i t h  a r a n g e  o f  a c i d  
c o n t e n t s  were p r e p a r e d  b o t h  by d i r e c t  p o l y m e r i z a t i o n  of  t h e  
monomers and  by p a r t i a l  s a p o n i f i c a t i o n  o f  s amples  o f  copolymer .  
The po lymers  p r e p a r e d  by p a r t i a l  s a p o n i f i c a t i o n  o f  t h e  copolymers  
h a s  h i g h e r  m o l e c u l a r  we igh t  and  b e t t e r  f i l m  p r o p e r t i e s .  A f i l m  
o f  one of t h e s e  polymers  w i t h  20% of  t h e  m e t h a c r y l a t e  c o n t e n t  
i n  t h e  a c i d  form a t t a i n e d  a r e s i s t i v i t y  o f  5 ohm-in a f t e r  o n l y  
one 60-hour s t e r i l i z a t i o n  c y c l e .  
s a p o n i f i c a t i o n .  T h e s e  f i l m s ,  however ,  have  some o p a q u e n e s s ,  
which i s  c a u s e d  by  p r e c i p i t a t i o n  of  a n  i n s o l u b l e ,  c r o s s l i n k e d  
f r a c t i o n  formed by i n t e r m o l e c u l a r  bond ing  between p y r i d i n e  
n i t r o g e n  and t h e  a c i d  g r o u p s .  T h i s  p r o p e r t y  o f  t h e  po lymers  
makes i t  d i f f i c u l t  t o  o b t a i n  homogeneous f i l m s .  

T h i s  i n d i c a t e s  a comple t e  

The s e p a r a t o r  p r o  e r t i e s  of  unmodi f i ed  t e t r a p o l y m e r s  p r e -  

m e t h y l  a c r y l a t e  c h a r g e  were a l s o  compared t o  t h o s e  o f  t h e  same 
po lymer  m o d i f i e d  w i t h  1 0  weight  % 2 - c h l o r o e t h y l  v i n y l  e t h e r .  
The e l e c t r i c a l  and m e c h a n i c a l  p r o p e r t i e s  o f  t h e  f i l m s  were abou t  
t h e  same. The mod i f i ed  polymers ,  however ,  have  t h e  a d v a n t a g e  
t h a t  t h e y  g i v e  c a s t i n g  s o l u t i o n s  w i t h  l o n g e r  p o t  l i f e s .  

p a r e d  f rom a 18:29:9:4 E s t y r e n e - m a l e i c  anhydr ide -me thy l  m e t h a c r y l a t e -  

3 



1 1 1 .  D I S C U S S I O N  OF R E S U L T S  

A .  P R E P A R A T I O N  O F  2 - V I N Y L P Y R I D I N E - M E T H Y L  M E T H A C R Y L A T E  C O P O L Y M E R  
F I L M S  

A p a p e r  c o a t i n g  t e c h n i q u e  was chosen  as t h e  method f o r  
s c a l i n g - u p  p r o d u c t i o n  o f  f i l m  samples  t o  o b t a i n  samples w i t h  
e x t e n d e d  l e n g t h s .  Our c o n t r a c t  g o a l  i s  p r e p a r a t i o n  o f  a t o t a l  
o f  1 0 0  l i n e a r  fee t  o f  18- inch  wide f i l m  i n  samples, p r e f e r a b l y  
1 0  f e e t  i n  l e n g t h  or l o n g e r .  The r e q u i r e m e n t s  and l i m i t a t i o n s  
o f  t h e  p a p e r  c o a t e r  made i t  n e c e s s a r y  t o  a l t e r  some o f  t h e  cond i -  
t i o n s  u s e d  p r e v i o u s l y  i n  t h e  l a b o r a t o r y  t o  make small  6 x 2 4  i n c h  
f i l m  s a m p l e s .  T h e r e f o r e ,  c o n d i t i o n s  s i m u l a t i n g  t h o s e  t h a t  would 
be  c o m p a t i b l e  w i t h  t h e  p a p e r  c o a t e r  were t r i e d  on a l a b o r a t o r y  
s c a l e .  Based on t h e  r e s u l t s  of t hese  t r i a l s  t h e  f o l l o w i n g  con- 
d i t i o n s  were e s t a b l i s h e d  for i n i t i a l  f i l m  p r e p a r a t i o n  b y  t h e  p a p e r  
c o a t i n g  t e c h n i q u e .  

S u b s t r a t e  - T r a n s c o t e  P a t e n t  Type AV re lease  p a p e r  
s u p p l i e d  b y  S .  D .  Warren Co. 

C o n c e n t r a t i o n  - 13% s o l i d  c o n t e n t .  The v i s c o s i t y  o f  
t h e s e  s o l u t i o n s ,  t h a t  c o n t a i n  copolymers  
w i t h  r e l a t i v e  v i s c o s i t i e s  i n  t h e  r a n g e  
o f  2 . 1  t o  2 . 5 ,  i s  1 6 0 0  t o  1 8 0 0  c e n t i -  
s t o k e s .  

S o l v e n t  - 1: 3 methanol  :benzene  by  w e i g h t .  

R o l l e r  Opening  - a p p r o x i m a t e l y  18-mi ls  t o  make 1 . 5 - m i l  
f i l m .  

Dry ing  Tempera tu re  - 50 t o  6OoC f o r  two 4-minute passes .  

C o a t i n g  R a t e  - 4 f e e t / m i n u t e .  

A t o t a l  o f  40 f e e t  of  18- inch  wide f i l m  1 . 4  m i l s  t h i c k  was 
p r e p a r e d  d u r i n g  o u r  i n i t i a l  t r i a l  w i t h  t h e  p a p e r  c o a t e r .  The  
c h i e f  d i f f i c u l t y  e n c o u n t e r e d  d u r i n g  t h e  f i l m  p r e p a r a t i o n  was t h e  
c o n t r o l  o f  t h e  oven t e m p e r a t u r e  t o  a v o i d  b u b b l e  f o r m a t i o n  i n  t h e  
f i l m s  s i n c e  t h e  50 t o  6 O o C  r ange  i s  n e a r  t h e i r  l o w e r  u s a b l e  r a n g e  
o f  t h e  d r y i n g  ovens .  

B .  A C C E L E R A T I O N  O F  S A P O N I F I C A T I O N  OF 2 - V I N Y L P Y R I D I N E - M E T H Y L  
M E T H A C R Y L A T E  C O P O L Y M E R S  D U R I N G  S T E R I L I Z A T I O N  

1 .  M e t h a n o l  P r e t r e a t m e n t  o f  C o p o l y m e r s  

po lymer  have r e q u i r e d  abou t  120 h o u r s  s t e r i l i z a t i o n  i n  40% KOH 
F i l m s  o f  our 31: 69 2 - v i n y l p y r i d i n e - m e t h y l  m e t h a c r y l a t e  co- 
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a t  135OC t o  comple t e  s a p o n i f i c a t i o n  o f  t h e  m e t h a c r y l a t e  g roup  
and a t t a i n  t h e  low e l e c t r i c a l  r e s i s t i v i t y  r e q u i r e d  o f  t h e  s e p a r a t o r  
( r e f .  1). S i n c e  i t  i s  advan tageous  t h a t  t h e  s e p a r a t o r s  b e  u s a b l e  
a f t e r  a s t a n d a r d  60-hour s t e r i l i z a t i o n  c y c l e ,  v a r i o u s  methods 
t o  a c c e l e r a t e  s a p o n i f i c a t i o n  o f  t h e  m e t h a c r y l a t e  g r o u p s  a re  b e i n g .  
s t u d i e d .  We have  found  t h a t  p r e t r e a t m e n t  w i t h  me thano l  e f f e c t i v e l y  
a c c e l e r a t e d  s a p o n i f i c a t i o n  r a t e  d u r i n g  s t e r i l i z a t i o n .  

F i l m s  o f  h i g h  m o l e c u l a r  weight  copolymer  (po lymer  58039)  
were immersed d i r e c t l y  i n  methanol  f o r  1 t o  2 m i n u t e s  i m m e d i a t e l y  
b e f o r e  s t e r i l i z a t i o n .  The methanol  t r e a t m e n t  wet ted and p l a s t i -  
c i z e d  t h e  f i l m s  a n d ,  t h e r e f o r e ,  p r o b a b l y  a c c e l e r a t e d  s u b s e q u e n t  
p e n e t r a t i o n  by t h e  40% KOH i n t o  t h e  f i l m s  d u r i n g  s t e r i l i z a t i o n .  
S a p o n i f i c a t i o n  was a l s o  p r o b a b l y  a c c e l e r a t e d  d i r e c t l y  b y  p o t a s s i u m  
methoxide  formed i n s i d e  t h e  f i l m  f rom t h e  r e s i d u a l  me thano l .  

These  m e t h a n o l - t r e a t e d  f i l m s  had r e p r o d u c i b l e  c o n d u c t i v i t i e s  
o f  f rom 3 t o  6 ohm-in a f t e r  6 0  h o u r s  s t e r i l i z a t i o n .  The wet 
t e n s i l e  s t r e n g t h s  o f  t h e s e  s t e r i l i z e d  f i l m s  ( T a b l e  1) f e l l  i n t o  
two g r o u p s ,  namely,  t h o s e  w i t h  s t r e n g t h s  of  1100 p s i  and  e l o n g a -  
t i o n s  o f  12% and t h o s e  w i t h  s t r e n g t h s  of  335 p s i  and  e l o n g a t i o n s  
of  1 0 0 % .  T h i s  d u a l  b e h a v i o r  by f i l m s  w i t h  a p p a r e n t l y  e q u i v a l e n t  
t r e a t m e n t s  has a l s o  been n o t e d  i n  u n t r e a t e d  copolymer  s a m p l e s ,  
a n d ,  t h e r e f o r e ,  may be  c a u s e d  by s l i g h t  v a r i a t i o n s  o f  a l i g n m e n t  
o f  t h e  f i l m  w i t h  t h e  d i r e c t i o n  o f  t h e  g r a i n  d u r i n g  t e s t i n g .  

The s o l u b i l i t y  o f  t h e  copolymers  w i t h  modera t e  m o l e c u l a r  
w e i g h t s  ( i . e . ,  r e l a t i v e  v i s c o s i t i e s  o f  0 . 5 %  s o l u t i o n s  o f  2 t o  2 . 5 )  
i s  t o o  h i g h  f o r  immersion i n  methanol  w i t h o u t  d i l u t i o n  w i t h  a 
n o n s o l v e n t .  T h e r e f o r e ,  s o l u t i o n s  c o n t a i n i n g  v a r y i n g  p r o p o r t i o n s  
o f  me thano l  i n  e i t h e r  water o r  40% KOH were used  t o  p r e t r e a t  
t h e s e  f i l m s .  Immersion t imes f rom 1 t o  30 m i n u t e s  were u s e d .  
The r e s u l t s  of t e s t s  completed s o  f a r  c a n  b e  summarized as f o l l o w s .  

P r e t r e a t m e n t  s o l u t i o n s  c o n t a i n i n g  methanol /40% KOH a r e  more 
e f f e c t i v e  t h a n  t h o s e  c o n t a i n i n g  m e t h a n o l / w a t e r  f o r  a c c e l e r a t i n g  
t h e  r a t e  o f  s a p o n i f i c a t i o n .  A l l  o f  s e v e r a l  f i l m s  immersed i n  
1:l me thano l /wa te r  f o r  2 t o  5 m i n u t e s  b e f o r e  s a p o n i f i c a t i o n  had  
h igh  r e s i s t i v i t i e s  a f t e r  t h e  60-hour s t e r i l i z a t i o n  p e r i o d .  

S e v e r a l  f i l m s  p r e t r e a t e d  by immersion i n  1:l or 1 : 3  me thano l /  
40% KOH had r e s i s t i v i t i e s  under  1 0  ohm-in a f t e r  one 60-hour 
s t e r i l i z a t i o n  c y c l e .  However, f i l m s  w i t h  i n i t i a l  d r y  t h i c k n e s s  
o v e r  1 . 8  m i l s  as we l l  as some o f  t h e  normal  1 . 5 - m i l  f i l m s  had 
r e s i s t i v i t i e s  f rom 30 t o  o v e r  1 0 0  ohm-in, i n d i c a t i n g  i n c o m p l e t e  
s a p o n i f i c a t i o n  i n  60  h o u r s .  

A l l  t h e  f i l m s  t r e a t e d  with t h e  methanol /40% KOH s o l u t i o n s  
adsorbed 300 t o  400% of t h e i r  we igh t  o f  s o l u t i o n  d u r i n g  p r e -  
t r e a t m e n t  i n d i c a t i n g  good w e t t i n g .  However, t h e s e  f i l m s  a re  
d i f f i c u l t  t o  h a n d l e .  T h e r e f o r e ,  i n  f u t u r e  t e s t s  h i g h e r  a l c o h o l s  
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T a b l e  1 

TENSILE STRENGTH O F  M E M B R A N E S ~  

R e f e r e n c e  

5 8 0 4 0  

5 8 0 4 0  

58039  

5 8 0 3 9  

58039  

99 1 9 4  

991 3 7 - 1  

991  98 -  1 

991  7 5 - 2  

9 9 1 7 5 - 2  

9 9 1 8 3 - A  

'191 78 -A  

991 7 8 - 0  

991 78-M 

P o l y m e r  C o m p o s i t i o n b  F i l m  S t a t e '  T h i c k n e s s , m i l s  

3 3 : 6 7  2-VP:MMA S t e r i  1 i z e d  3.6 

3 3 ~ 6 7  2-VP:MMA 3 . 3  

3 1 : 6 9  2-VP:MMA 3 . 9  

3 1 : 6 9  2-VP:MMA A l c o h o l  d i p  4 . 5  

1 2 0  h r s  
I t  

I, 

f o r  2 m i n .  
b e f o r e  6 0  h r  
s t e r i  l i z a  t i o n  

$1 31 : 6 9  2-VP:MMA 4 . 6  

3 0 : 7 0  2-VP:MMA S t e  r i 1 i z e d  5 . 3  
1 2 0  h r s  

S t  : MA: MMA : M A C  S t e r i  1 i z e d  2 . 4  
1 8 : 2 9 : 9 : 4 4  c r o s s -  6 0  h r s  
l i n k e d  w i t h  1 %  BAM 

Same a s  9 9 1 3 7 - 1  2 . 9  

Same as  9 9 1 3 7 - 1  e x -  3 . 5  
c e p t  c h a r g e  m o d i f i e d  
w i t h  52  C V E  and  c r o s s -  
l i n k e d  w i t h  2% B A M  

2 . 4  

Same as 9 9 1 3 7 - 1  e x -  2 . 4  
c e p t  c h a r g e  m o d i f i e d  
w i t h  1 0 %  C V E  and  c r o s s -  
l i n k e d  w i t h  2 %  B A M  
Same as 9 9 1 3 7 - 1  e x -  2 . 3  
c e p t  c h a r g e  m o d i f i e d  
w i t h  1 0 %  V C H O  and  
c r o s s l i n k e d  w i t h  
1 . 2 %  B A M  

c e p t  c r o s s l i n k e d  w i t h  
0 .3% BAM 

a d d i t i o n  o f  2 %  LiNO, 

I, 

II 

,I ,I 

, 

t 

, Same as 99178-A  e x -  1 . 5  

Same as 99178-A  w i t h  1 . 8  ,I 

T e n s i l e  
- S t r e n g t h  , D S .  

5 7 0 ( a v  2 )  

2300  

2 6 0 ( a v  3 )  

1 1 0 0 ( a v  2 )  

3 3 5 ( a v  6 )  

2 8 0 ( a v  3 )  

7 9 0 ( a v  2 )  

725 

7 1 5 ( a v  2 )  

6 2 5 ( a v  2 )  

7 0 0 ( a v  4 )  

8 8 0 ( a v  3 )  

6 4 0 ( a v  3 )  

7 7 0 ( a v  4 )  

I n s t r o n  T e n s i l e  T e s t e r ;  "0" C e l l ;  C h a r t  Speed 5 i n  m i n - ' ;  C r o s s - h e a d  Speed 2 
Gage L e n g t h  2 3 / 4  i n  1 / 4  i n  

2-VP i s  2 - v i n y l p y r i d i n e ;  MMA i s  m e t h y l  r n e t h a c r y . l a t e ;  S t  i s  s t v r e n e :  MAC i s  
m e t h y l  a c r y l a t e ;  C V E  i s  2 - c h l o r o e t h y l v i n y l  e t h e r ;  and  B A M  i s  b i s ( 4 - a n i l i n o l -  
m e t h a n e  

Wet w i t h  KOH a f t e r  e x p o s u r e  t o  40% KOH a t  135°C 

a 

C 

E l o n q a t i  o n  
a t  B r e a k , .  _____ 

38 

4 

92  

12 

1 0 0  

70 

7 

7 

7 

7 

9 

!2 

1 0  

i i  

i n  m i n - ' ;  
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s u c h  as t h e  p r o p a n o l s  w i l l  be  used as  p r e t r e a t m e n t  media t o  t r y  
t o  improve  b o t h  f i l m  h a n d l e a b i l i t y  a n d  r e p r o d u c i b i l i t y  o f  a c c e l e r a -  
t i o n  o f  t h e  s a p o n i f i c a t i o n  r a t e .  

2 .  U s e  o f  F i l m s  C o n t a i n i n g  M e t h a c r y l i c  A c i d  G r o u p s  

2-Viny lpyr id ine -me thy l  methacrylate-methacrylic a c i d  po lymers  
were a l s o  e v a l u a t e d  as s e p a r a t o r  materials b e c a u s e  t h e s e  po lymers  
"wet" more r e a d i l y  t h a n  t h e  2 - v i n y l p y r i d i n e - m e t h y l  m e t h a c r y l a t e  
copo lymers  and t h e r e f o r e ,  might  b e  e x p e c t e d  t o  s a p o n i f y  more 
q u i c k l y .  However, t h e  a c i d  g roups  a l s o  i n c r e a s e  f i l m  b r i t t l e n e s s ,  
and t h e  a c i d  c o n t e n t  o f  t h e s e  polymers  must , t h e r e f o r e  , b e  l i m i t e d .  
Samples  o f  t hese  t e r p o l y m e r s  were p r e p a r e d  b o t h  by p a r t i a l  s a p o n i -  
f i c a t i o n  o f  t h e  copo lymers  and  by d i r e c t  p o l y m e r i z a t i o n  of  t h e  
t h r e e  monomers ( S e c t i o n  C ) .  One f i l m ,  p r e p a r e d  f rom a 31:69 
copolymer  i n  which 20% o f  t h e  m e t h a c r y l a t e  g r o u p s  had  been  n r e -  
s a p o n i f i e d  t o  m e t h a c r y l i c  a c i d  c o m p l e t e l y  s a p o n i f i e d  d u r i n g  t h e  
s t a n d a r d  60-hour s t e r i l i z a t i o n  c y c l e .  I t s  r e s i s t i v i t y  was 5 ohm-in.  
However, f i l m s  o f  t h e s e  t e r p o l y m e r s  are s l i g h t l y  opaque .  The  
o p a q u e n e s s  i s  a p p a r e n t l y  c a u s e d  by  p r e c i p i t a t i o n  of  i n s o l u b l e  
c r o s s l i n k e d  polymer  formed by i n t e r m o l e c u l a r  s a l t  f o r m a t i o n .  T h i s  
i n t e r a c t i o n  was g rea t e r  w i t h  po lymers  w i t h  h i g h e r  a c i d  c o n t e n t s .  
S i n c e  t h i s  c h a r a c t e r i s t i c  makes i t  d i f f i c u l t  t o  o b t a i n  homogeneous 
f i l m s ,  t h e  u s e  o f  t h e  t e r p o l y m e r s  as s e p a r a t o r s  i s  n o t  b e i n g  pu r sued  
f u r t h e r .  

C .  P O L Y M E R  P R E P A R A T I O N S  

1 . 2 -  V i  n y  1 p y r i  d i n e  - Me t h y l  Met h a c  r y l  a t e  Cop0 1 yme rs 

Two 1100-gram b a t c h e s  (110528 and 1 1 0 5 3 1  i n  T a b l e  2 )  o f  
copolymer  were p r e p a r e d  u s i n g  f r e s h l y  d i s t i l l e d  monomers and 
w i t h  0 .04% a z o b i s i s o b u t y r o n i t r i l e  as  c a t a l y s t  a t  60°C i n  r e s i n  
p o t s  u n d e r  o x y g e n - f r e e  n i t r o g e n .  The r e a c t i o n s  were s t i r r e d  
u n t i l  t h e  masses s o l i d i f i e d  a f t e r  a b o u t  7 h o u r s .  T h e s e  c o n d i t i o n s  
y i e l d e d  s u i t a b l e  samples o f  copolymer f o r  f i l m  p r e p a r a t i o n .  T h e i r  
r e l a t i v e  v i s c o s i t i e s  i n  0 . 5 %  s o l u t i o n  were 2 . 1 0  a n d  2 . 2 6  and t h e i r  
2 - v i n y l p y r i d i n e  c o n t e n t s  were 30 and  3 2 % .  Both po lymers  were 
p u r i f i e d  by  t h r e e  s u c c e s s i v e  p r e c i p i t a t i o n s  w i t h  b e n z e n e / p e t r o l e u m  
e t h e r  (30-60")  a s  s o l v e n t / n o n s o l v e n t  p a i r .  

T h e s e  po lymers  were p r e p a r e d  a t  60°C s i n c e  w e  found t h a t  p o l y -  
m e r i z a t i o n s  (110524A and B )  i n  r e s i n  p o t s  a t  40°C r e q u i r e d  ex- 
c e s s i v e l y  l o n g  t imes t o  r e a c h  c o n v e r s i o n s  o v e r  5 0 % .  E a r l i e r  w e  
had f o u n d  t h a t  p o l y m e r i z a t i o n s  w i t h  small b a t c h e s  i n  p r e s s u r e  b o t t l e s  
( r e f .  2 )  r e a c h e d  h i g h  c o n v e r s i o n s  a t  4 O o C  as w e l l  as a t  60°C. These 
p r e s s u r e  b o t t l e s  had been  shaken  d u r i n g  t h e  e n t i r e  c o u r s e  of t h e  
p o l y m e r i z a t i o n  and i t  i s  p o s s i b l e  t h a t  t h e  shaker  movement i n -  
creased m o b i l i t y  i n  t h e  small mass s u f f i c i e n t l y  t o  m a i n t a i n  p o l y -  
m e r i z a t i o n .  Ano the r  p o s s i b l e  c a u s e  o f  t h e  d i f f e r e n c e  i n  polymer-  
i z a t i o n  r a t e s  would be  d i f f e r e n c e s  i n  amount o f  oxygen i m p u r i t y  
t h a t  reach  t h e  polymer .  
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2 .  2 - V i n y l p y r i d i n e - M e t h y l  M e t h a c r y l a t e - M e t h a c r y l  i c  A c i d  T e r p o l y m e r s  
f r o m  t h e  Monomers 

Two t e r p o l y m e r s  ( T a b l e  2 )  were p r e p a r e d  b y  p o l y m e r i z a t i o n  
a t  60°C w i t h  0 .04% a z o b i s i s o b u t y r o n i t r i l e  c a t a l y s t .  Monomer 
c h a r g e s  of  26 :45:29  (110519B) and 26 .4 :56 :17 .7  (11059A) mole r a t i o  
2 - v i n y 1 p y r i d i n e : m e t h y l  methacry1ate:methacrylic a c i d  were u s e d .  
The p o l y m e r s  were p u r i f i e d  by th ree  s u c c e s s i v e  p r e c i p i t a t i o n s  
w i t h  me thano l /hexane  as t h e  s o l v e n t / n o n s o l v e n t  p a i r .  However, 
a n  i n s o l u b l e  f r a c t i o n ,  a p p a r e n t l y  c a u s e d  by  i n t e r m o l e c u l a r  s a l t  
f o r m a t i o n ,  separated a t  e a c h  s o l u t i o n  s t e p  o f  t h e  c y c l e ,  making 
p u r i f i c a t i o n  d i f f i c u l t .  These  i n s o l u b l e  f r a c t i o n s  d i s s o l v e d  i n  
m e t h a n o l  when sodium h y d r o x i d e  was added. 

R e l a t i v e  v i s c o s i t i e s  of 0 .5% s o l u t i o n s  o f  s o l u b l e  p o r t i o n s  
o f  t h e s e  po lymers  i n  me thano l  were o n l y  1 . 1 5  a n d  1 . 3 0  f o r  A and  
B ,  r e s p e c t i v e l y ,  and  t h e  polymers  gave  b r i t t l e  f i l m s .  

T h i s  method o f  p r e p a r a t i o n  y i e l d e d  t e r p o l y m e r s  w i t h  h i g h e r  
m o l e c u l a r  weight  t h a n  t h o s e  o b t a i n e d  by d i r e c t  p o l y m e r i z a t i o n  
o f  monomers. I n  t hese  p r e p a r a t i o n s  we u s e d  copo lymers  w i t h  h i g h  
m o l e c u l a r  w e i g h t  ( r e l a t i v e  v i s c o s i t y  i n  0 . 5 %  s o l u t i o n  of  3 . 4 1 ,  
which  has low s o l u b i l i t y  i n  me thano l .  The s a p o n i f i c a t i o n s  were, 
t h e r e f o r e ,  d i f f i c u l t  t o  c o n t r o l  b e c a u s e  of  t h e  h e t e r o g e n e o u s  
r e a c t i o n  media. The s p e c i f i c  c o n d i t i o n s  t h a t  were u s e d  t o  make 
s a m p l e s  w i t h  2 0 ,  58 ,  and 91% c o n v e r s i o n s  of  m e t h a c r y l a t e  t o  
m e t h a c r y l i c  a c i d  were as f o l l o w s :  

20% - 7 h o u r s  r e f l u x  i n  1 0 %  H C 1  i n  me thano l -wa te r  or f rom 
65  h o u r s  i n  40% KOH a t  135°C; 

58% - 22 h o u r s  r e f l u x  i n  a q u e o u s ' l O %  H C 1 ;  

91% - 89 h o u r s  i n  40% KOH a t  135°C. 

We e x p e c t  t h a t  d i f f e r e n t  ra tes  o f  s a p o n i f i c a t i o n  would b e  
f o u n d  f o r  more s o l u b l e  polymer  s a m p l e s .  The po lymers  above  
a l s o  had t h e  i r r e g u l a r  s o l u b i l i t y  c h a r a c t e r i s t i c s  n o t e d  above  
f o r  t h e  t e r p o l y m e r s  p r e p a r e d  d i r e c t l y  from t h e  monomers. 
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4 .  T e t r a p o l y m e r s  

The t e t r a p o l y m e r s  c h a r a c t e r i s t i c a l l y  unde rgo  a n  exo the rm 
a t  a b o u t  5 t o  10% c o n v e r s i o n  d u r i n g  p r e p a r a t i o n  i n  b u l k ,  which 
makes large s c a l e  p r e p a r a t i o n  d i f f i c u l t .  We found  t h a t  p r e p a r a -  
t i o n  of  t h e  t e t r a p o l y m e r  mod i f i ed  w i t h  1 0  we igh t -% 2 - c h l o r o e t h y l -  
v i n y l  e t h e r  c o u l d  b e  c o n t r o l l e d  w i t h  o n l y  modera t e  c o o l i n g  d u r i n g  
t h e  e x o t h e r m  when p o l y m e r i z a t i o n  was c a r r i e d  o u t  a t  4 O o C  w i t h  
o n l y  0 . 2  we igh t -% c a t a l y s t  and one polymer  ( 1 1 0 5 2 1  i n  Tab le  2 )  
of t h i s  t y p e  was c a r r i e d  t o  49% c o n v e r s i o n .  The e l e c t r i c a l  and  
m e c h a n i c a l  p r o p e r t i e s  of  t h i s  po lymer  a r e  now b e i n g  e v a l u a t e d .  

D .  S E P A R A T O R  P R O P E R T I E S  O F  U N M O D I F I E D  T E T R A P O L Y M E R  F R O M  1 8 : 2 9 : 9 : 4 4  
S T Y R E N E - M A L E I C  A N H Y D R I D E - M E T H Y L  M E T H A C R Y L A T E - M E T H Y L  A C R Y L A T E  
C H A R G E  

E a r l i e r  ( r e f .  2 )  w e  had found t h a t  t e t r a p o l y m e r s  w i t h  t h e  
above  c o m p o s i t i o n  t h a t  were mod i f i ed  w i t h  2 - c h l o r o e t h y l v i n y l  
e t h e r  and  c r o s s l i n k e d  d u r i n g  f i l m  f o r m a t i o n  w i t h  b i s ( 4 - a n i l i n o ) -  
methane had s a t i s f a c t o r y  p r o p e r t i e s  for a s t e r i l i z a b l e  s e p a r a t o r  
mater ia l .  S i n c e  t h e  unmodi f i ed  po lymers  c r o s s l i n k e d  b y  t h e  same 
r e a g e n t  a l s o  s u r v i v e d  s t e r i l i z a t i o n ,  a compar ison  of  o t h e r  
s e p a r a t o r  p r o p e r t i e s  of t h e  two t y p e s  of t e t r a p o l y m e r s  was made 
as f o l l o w s .  

S e v e r a l  f i l m  s amples  made f rom t h e  above unmodi f i ed  t e t r a -  
po lymer  c r o s s l i n k e d  w i t h  1 o r  2 weight-% b i s ( 4 - a n i 1 i n o ) m e t h a n e  
were s t e r i l i z e d  and t h e i r  e l e c t r i c a l  and  mechan ica l  p r o p e r t i e s  
measured .  T h i s  po lymer ,  l i k e  i t s  a n a l o g s  t h a t  a re  m o d i f i e d  b y  
e i t h e r  2 - c h l o r o e t h y l v i n y l  e t h e r  o r  v i n y l c y c l o h e x e n e  o x i d e ,  
d i s s o l v e s  d u r i n g  s t e r i l i z a t i o n  u n l e s s  f i r s t  c r o s s l i n k e d .  The 
m e c h a n i c a l  and  e l e c t r i c a l  p r o p e r t i e s  of t h e  c r o s s l i n k e d  f i l m s  
a f t e r  s t e r i l i z a t i o n  a re  s imilar  t o  t h o s e  of t h e  m o d i f i e d  p o l y m e r s .  
F o r  example ,  s t e r i l i z e d  samples  had abou t  7 0 0  p s i  wet t e n s i l e  
s t r e n g t h  ( T a b l e  1) and 25 ohm-in r e s i s t i v i t y .  These da ta  i n d i -  
c a t e  t h a t  t h e  amide l i n k a g e  i s  s u f f i c i e n t l y  s t a b l e  t o  s t e r i l i z a -  
t i o n  i n  40% KOH t o  p r e s e r v e  t h e  good s e p a r a t o r  p r o p e r t i e s  o f  
t h e  f i l m .  However, one p r o p e r t y  o f  unmodi f i ed  po lymer ,  namely,  
a v e r y  s h o r t  p o t  l i f e ,  r e d u c e s  i t s  u s e f u l n e s s  f o r  t h i s  a p p l i c a -  
t i o n .  The p o t  l i f e  o f  unmodif ied  polymer  c o n t a i n i n g  b i s ( 4 -  
a n i 1 i n o ) m e t h a n e  i s  less  t h a n  5 m i n u t e s  compared t o  15 t o  30 
m i n u t e s  for t h e  m o d i f i e d  po lymers .  

E .  

1. 

2 .  

3 .  

R E F E R E N C E S  

J .  J .  O 'Connel ,  e t  a l . ,  " S e p a r a t o r  Development for a Heat 
S t e r i l i z a b l e  B a t t e r y , "  Summary R e p o r t ,  1 May 1 9 6 6  t o  
15 March 1967. 

- I b i d ,  Q u a r t e r l y  Repor t  4 ,  O c t o b e r  t h r o u g h  December 1 9 6 7 .  

T .  Tamikado, J .  P o l y .  S c i . ,  - 43, 489 ( 1 9 6 0 ) .  
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I V .  

A .  G E N E R A L  

P R O G R A M  P L A N  

The o v e r a l l  a p p r o a c h  "0 be f o l l o w e d  ,n a c c o m p l i s h i n g  o u r  
c o n t r a c t  o b j e c t i v e s  c a n  be d iv ided  i n t o  t h e  f o l l o w i n g  f o u r  p h a s e s :  

1. O p t i m i z a t i o n  of copolymers ;  

2 .  O p t i m i z a t i o n  o f  mod i f i ed  t e t r a p o l y m e r s ;  

3. Comprehensive t e s t s ;  

4 .  P r e p a r a t i o n  o f  f i l m  samples .  

Our i e v i s e d  long- range  program p l a n n i n g  c h a r t  s h o  i n g  t h e  p roposed  
d i s t r i b u t i o n  of  e f f o r t  f o r  e a c h  of  t hese  p h a s e s  i s  g i v e n  i n  
T a b l e  3.  T h i s  program was rev ised  t d  a l l o w  t i m e  t o  f u l l y  d e v e l o p  
two po lymer  s y s t e m s ,  namely,  t h e  2-VP-MMA copolymers  and t h e  
t e t r a p o l y m e r s ,  b y  e l i m i n a t i n g  s t u d y  of new s e p a r a t o r  mater ia ls .  

B .  A N T I C I P A T E D  WORK F O R  F I N A L  WORK P E R I O D  

1. Complete s t u d y  o f  p r e t r e a t m e n t s  t o  a c c e l e r a t e  s a p o n i f i -  
c a t i o n  of 2 - v i n y l p y r i d i n e - m e t h y l  m e t h a c r y l a t e  copo lymers .  

2 .  E v a l u a t e  m e c h a n i c a l  and e l e c t r i c a l  p r o p e r t i e s  of  s amples  
o f  f i l m  p r e p a r e d  by p a p e r  c o a t i n g  t e c h n i q u e .  

3 .  E v a l u a t e  m e c h a n i c a l  and e l e c t r i c a l  p r o p e r t i e s  o f  t e t r a -  
po lymers  p r e p a r e d  at  h i g h  c o n v e r s i o n s .  
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