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High  density  moisture  resistant  mica  cylinders. 
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(§5  High  density,  moisture  resistant,  high  temperature  sta- 
ble  mica  tubular  structures  and  methods  of  making  the  same 
are  described.  The  structures  comprise  one  or  more  mica 
paper  layers  impregnated  with  a  polysiloxane  binder,  said 
binder  containing  an  organic  titanate  and  a  metal  naph- 
thenate.  Also  disclosed  are  methods  for  making  such  tubular 
mica  composite  structures  by  impregnating  mica  papers 
with  such  composition,  rolling  the  impregnated  papers  into 
cylindrical  form  and  curing  the  cylinder. 
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The  f i e l d   of  a r t   to  w h i c h   t h i s   i n v e n t i o n   p e r t a i n s  
is  m i c a   c o n t a i n i n g   c o m p o s i t e   m a t e r i a l .  

Mica  c o n t a i n i n g   c y l i n d e r s   have   been   used   f o r   m a n y  

y e a r s   as  e l e c t r i c a l   i n s u l a t i n g   s t r u c t u r e s   s u c h   a s  

s t a n d o f f s .   T y p i c a l l y ,   such   mica   c y l i n d e r s   a r e  

c o m p o s i t e   s t r u c t u r e s   f o r m e d   by  i m p r e g n a t i n g   m i c a  

s h e e t i n g   w i t h   a  p o l y m e r i c   b i n d i n g   a g e n t   and  w r a p p i n g  
the   s h e e t i n g   a b o u t   a  f o r m .   The  m i c a   c y l i n d e r   is   t h e n  

h e a t e d   to  c u r e   t he   b i n d e r   and  form  the   c y l i n d e r .  

Such  a r t i c l e s   have   good  d i e l e c t r i c   s t r e n g t h ,   h e a t  

s t a b i l i t y   and  a r e   r e l a t i v e l y   i n e x p e n s i v e .   H o w e v e r ,  

t h e s e   m i c a   p r o d u c t s   a r e   s u s c e p t i b l e   to  a t t a c k   b y  

m o i s t u r e ,   a r e   r e l a t i v e l y   e a s y   to  f r a c t u r e ,   and  a r e  

no t   a l w a y s   u n i f o r m   in  t h i c k n e s s   or  d i m e n s i o n a l l y  

s t a b l e   a t   h i g h   t e m p e r a t u r e s .   In  a d d i t i o n ,   such   m i c a  

p r o d u c t s   a r e   n o t   s t a i n   r e s i s t a n t   and  have   r e l a t i v e l y  

p o o r   m a c h i n a b i l i t y   c h a r a c t e r i s t i c s .  

T h e r e f o r e ,   wha t   is   n e e d e d   in  the   a r t   a r e   m i c a  

c o m p o s i t e   c y l i n d e r s   w h i c h   o v e r c o m e   such   p r o b l e m s .  

The  p r e s e n t   i n v e n t i o n   is   d i r e c t e d   t o w a r d   a  

r e l a t i v e l y   h i g h   d e n s i t y ,   m i c a   c y l i n d e r   c o m p r i s i n g   o n e  

or  more  m ica   p a p e r s   w h i c h   a r e   i m p r e g n a t e d   w i t h   a b o u t  



5  p e r c e n t   to  a b o u t   14  p e r c e n t   by  w e i g h t   of  a  

p o l y s i l o x a n e   b i n d e r   w h i c h   c o n t a i n s   a b o u t   1  p e r c e n t   t o  

a b o u t   4  p e r c e n t   by  w e i g h t   of  an  o r g a n i c   t i t a n a t e   a n d  

a b o u t   0 .5   p e r c e n t   to  a b o u t   2  p e r c e n t   by  w e i g h t   of  a  
m e t a l   n a p h t h e n a t e .   Such  mica   c y l i n d e r s   have   i m p r o v e d  

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

s t a b l i l i t y   and  s t r e n g t h   and  s t a i n   r e s i s t a n c e   o v e r  
t h a t   of  t he   p r i o r   a r t .   In  a d d i t i o n ,   such   s t r u c t u r e s  

a r e   s c o u r   r e s i s t a n t   and  have   i m p r o v e d   m a c h i n a b i l t y .  

A n o t h e r   a s p e c t   of  t he   i n v e n t i o n   is   a  m e t h o d   o f  

f o r m i n g   such   c y l i n d e r s   by  i m p r e g n a t i n g   m i c a   p a p e r  
w i t h   a b o u t   5  p e r c e n t   to  a b o u t   20  p e r c e n t   by  w e i g h t   o f  

a  p o l y s i l o x a n e   b i n d e r   w h i c h   c o n t a i n s   a b o u t   1  p e r c e n t  

to  a b o u t   4  p e r c e n t   of  an  o r g a n i c   t i t a n a t e   and  a b o u t  

0 .5   p e r c e n t   to  a b o u t   2  p e r c e n t   by  w e i g h t   of  a  m e t a l  

n a p h t h e n a t e ,   w r a p p i n g   the   i m p r e g n a t e d   p a p e r s   a b o u t   a  

form  and  d e n s i f y i n g   and  c u r i n g   the   b i n d e r   u n d e r  

p r e s s u r e   and  t e m p e r a t u r e ,   w h i l e   r e s t r a i n e d ,   to  f o r m  

the   i m p r o v e d   m o i s t u r e   r e s i s t a n t   c y l i n d e r s .  

O t h e r   f e a t u r e s   and  a d v a n t a g e s   w i l l   be  a p p a r e n t  
from  the   s p e c i f i c a t i o n   and  c l a i m s   and  f rom  t h e  

a c c o m p a n y i n g   d r a w i n g s   w h i c h   i l l u s t r a t e   an  e m b o d i m e n t  

of  t he   i n v e n t i o n .  

The  F i g u r e   is  a  s c h e m a t i c   of  a  c o n t i n u o u s   b e l t  

r o l l i n g   s y s t e m   w h i c h   may  be  u sed   to  form  the   m i c a  

c y l i n d e r s   of  the   p r e s e n t   i n v e n t i o n .  



B e s t   Mode  f o r   C a r r y i n g   Out  the   I n v e n t i o n  

For  p u r p o s e s   of  the   p r e s e n t   i n v e n t i o n ,   the   t e r m  

c y l i n d e r   or  c y l i n d r i c a l   s h o u l d   no t   be  l i m i t e d   to  a  

s t r u c t u r e   h a v i n g   a  c l o s e d   c u r v e   c r o s s - s e c t i o n   b u t  

s h o u l d   i n c l u d e   any  p o l y g o n a l   c r o s s - s e c t i o n a l  

s t r u c t u r e .  

The  m i c a   p a p e r   used   to  p r a c t i c e   t h i s   i n v e n t i o n  

may  c o m p r i s e   any  c o n v e n t i o n a l ,   c o n t i n u o u s ,   t h i n   m i c a  

p a p e r ,   h o w e v e r ,   t h o s e   made  f rom  m u s c o v i t e   o r  

p h l o g o p i t e   m ica   a r e   p r e f e r r e d .   Which  m a t e r i a l   i s  

s e l e c t e d   d e p e n d s   on  the   p r o p e r t i e s   d e s i r e d   in  t he   e n d  

p r o d u c t .   T y p i c a l l y ,   w h e r e   h i g h   d i e l e c t r i c   p r o p e r t i e s  

a re   d e s i r e d ,   m u s c o v i t e   w i l l   be  u s e d ,   w h e r e a s ,   i f   h i g h  

t e m p e r a t u r e   p r o p e r t i e s   a r e   d e s i r e d ,   t he   p h l o g o p i t e   i s  

g e n e r a l l y   s e l e c t e d .   The  m ica   p a p e r   is   t y p i c a l l y   i n  

the   form  of  c o n v e n t i o n a l   w a t e r - d i s i n t e g r a t e d ,  

i n t e g r a t e d   m i c a   p a p e r   w h i c h   may  be  p r e p a r e d   u s i n g  

c o n v e n t i o n a l   t e c h n i q u e s .   The  t h i c k n e s s   of  t he   m i c a  

p a p e r   c h a r a c t e r i s t i c a l l y   r a n g e s   f rom  a b o u t   50 .8µm  t o  

a b o u t   50Spm  w i t h   a b o u t   127µm  b e i n g   p r e f e r r e d .  

The  b i n d e r   w h i c h   is   used   to  form  the   m i c a  

l a m i n a t e   c o m p r i s e s   any  of  the   t h e r m a l l y   c r o s s -  

l i n k a b l e   s i l i c o n e   p o l y m e r   s y s t e m s   w h i c h   a r e   used   t o  

form  o t h e r   m i c a   l a m i n a t e s .   The  s e l e c t i o n   of  w h i c h  

s y s t e m   to  use  d e p e n d s   on  t h e   p r o p e r t i e s   d e s i r e d   i n  

the   f i n a l   l a m i n a t e .   S i n c e   many  of  t he   m ica   l a m i n a t e s  

f i n d   u s e s   in  h i g h   t e m p e r a t u r e   e n v i r o n m e n t s   ( a b o u t  

3 5 9 ° F ,   1 8 0 ° C ) ,   i t   is  p r e f e r r e d   t h a t   the   b i n d e r   s y s t e m  

used   be  t h e r m a l l y   s t a b l e   a t   t h e s e   e l e v a t e d  

t e m p e r a t u r e s .   The  p r e f e r r e d   s y s t e m s   a r e  

m e t h y l - p h e n y l   p o l y s i l o x a n e   or  m e t h y l p o l y s i l o x a n e  



w h i c h   a r e   a v a i l a b l e   from  Dow  C o r n i n g   C o r p o r a t i o n ,  

M i d l a n d ,   M i c h i g a n ,   as  Dow  C o r n i n g   4 - 3 1 3 6 ,   Dow  C o r n i n g  

2104  or  2105  or  2106 .   These   p o l y m e r s   t y p i c a l l y   c u r e  

a t   t e m p e r a t u r e s   of  a b o u t   400°F   ( 2 0 4 ° C )   to  a b o u t   5 0 0 ° F  

(260°C)   or  h i g h e r ,   and  when  c u r e d   a r e   t h e r m a l l y  
s t a b l e   to  t e m p e r a t u r e s   of  a b o u t   1000°F   ( 5 3 8 ° C ) .   I t  

s h o u l d   be  n o t e d   t h a t   the   p o l y s i l o x a n e   s y s t e m   used   t o  

p r a c t i c e   t h i s   i n v e n t i o n   s h o u l d   n o t   c o n d e n s e   or  o u t g a s  

e x c e s s i v e l y   w h i l e   c u r i n g ,   f o r   t h i s   may  c a u s e   t h e  

f o r m a t i o n   of  a  d e f e c t i v e   l a m i n a t e   t h r o u g h   t h e  

f o r m a t i o n   of  b l i s t e r s   or  v o i d s   in  the   l a m i n a t e .  

Any  c o m p a t i b l e   o r g a n i c   t i t a n a t e ,   i n c l u d i n g   t h e  

n e o a l k o x y   t i t a n a t e s   ( a v a i l a b l e   f rom  K e n r i c h  

P e t r o c h e m i c a l s   I n c . ,   B a y o n n e ,   New  J e r s e y ) ,   may  b e  

mixed   w i t h   the   p o l y m e r   s y s t e m   in  the   r a n g e   f rom  a b o u t  

1%  to  a b o u t   4  p e r c e n t   by  w e i g h t   w i t h   a b o u t   2  p e r c e n t  

b e i n g   p r e f e r r e d .   The  t i t a n a t e s   w h i c h   a r e   mos t   u s e f u l  

a re   t h o s e   w h i c h   a re   s o l u b l e   in  t he   p o l y m e r   s y s t e m ,  

i . e .   p o l y s i l o x a n e ,   and  do  no t   p r o m o t e   r a p i d   c r o s s -  

l i n k i n g   of  the   p o l y m e r   w h i c h   w i l l   s h o r t e n   t he   s h e l f  

l i f e   of  the   s y s t e m .   W h e t h e r   a  t i t a n a t e   c a u s e s   t o o  

r a p i d   c r o s s - l i n k i n g   or  no t   is   d e p e n d e n t   on  t h e  

m a n u f a c t u r i n g   p r o c e s s   w h i c h   is  used   to  form  t h e  

c y l i n d e r s .   A  m a n u f a c t u r i n g   p r o c e s s   w h i c h   is   f a s t ,  

may  t o l e r a t e   a  f a s t e r   c r o s s - l i n k i n g   p r o c e s s   w h i l e   a  

s l o w e r   p r o c e s s   w i l l   p r o d u c e   an  i n f e r i o r   p r o d u c t .  

Some  t y p i c a l   t i t a n a t e s   a r e   l i s t e d   in  T a b l e   I ,   w i t h  

the   p r e f e r r e d   t i t a n a t e s   b e i n g   t h o s e   of  t he   m o n o a l k o x y  

p y r o p h o s p h a t o   t i t a n a t e   f a m i l y .  



C o n v e n t i o n a l   m e t a l   n a p h t h e n a t e   d r i e r s ,   a s s o c i a t e d  

as  s o a p   d r i e r s ,   a r e   a d d e d   to  t he   b a s e   p o l y m e r   i n  

c o n c e n t r a t i o n s   f rom  a b o u t   0 .5   p e r c e n t   to  a b o u t   2 

p e r c e n t ,   by  w e i g h t   of  t he   p o l y m e r ,   w i t h   a b o u t   1  p e r c e n t  

b e i n g   p r e f e r r e d .   E x a m p l e s   of  s u c h   m e t a l l i c   s o a p   d r i e r s  

a r e   m a n g a n e s e   n a p h t h e n a t e ,   z i n c   n a p h t h e n a t e ,   t i n  

n a p h t h e n a t e ,   c o b a l t   n a p h t h e n a t e ,   e t c .   I t   i s   b e l i e v e d  

t h a t   the   a d d i t i o n   of  t h e s e   n a p h t h e n a t e   d r i e r s   c o u p l e d  

w i t h   t he   t i t a n a t e s   in  t he   r e l a t i v e   p r o p e r t i e s   r e c i t e d  

a r e   wha t   g i v e   t h e s e   m ica   l a m i n a t e s   t h e i r   s u p e r i o r  

m o i s t u r e   r e s i s t a n t   p r o p e r t i e s   w i t h o u t   d e t e r i o r a t i n g   t h e  

o t h e r   p r o p e r t i e s   r e c i t e d .  



The  s o l v e n t s ,   wh ich   a r e   t y p i c a l l y   used   a s  

c a r r i e r s   f o r   the   b i n d e r ,   a re   o r g a n i c   in  n a t u r e   a n d  

may  be  a l i p h a t i c   or  a r o m a t i c   w i t h   t o l u e n e   or   x y l e n e  

b e i n g   p r e f e r r e d .   The  s o l v e n t   s h o u l d   be  c h o s e n   f o r  

i t s   c o m p a t i b i l i t y   w i t h   a l l   of  t he   b i n d e r  

c o n s t i t u e n t s .   The  a m o u n t   of  s o l v e n t   is  no t   c r i t i c a l  

and  is   t y p i c a l l y   in  the   r a n g e   of  f rom  a b o u t   40 

p e r c e n t   to  a b o u t   60  p e r c e n t   of  t he   t o t a l   v o l u m e   o f  

the   s o l u t i o n .  

A  b i n d e r   s o l u t i o n   c o n t a i n i n g   t he   a b o v e  

c o n s t i t u e n t s   to  be  a p p l i e d   to  t he   m ica   p a p e r ,   i s  

t y p i c a l l y   p r e p a r e d   as  f o l l o w s :   ( I t   s h o u l d   be  n o t e d  

t h a t   the   s e q u e n c e   of  a d d i t i o n   of  t he   i n g r e d i e n t s   i s  

i m p o r t a n t .   The  t i t a n a t e   s h o u l d   be  a d d e d   f i r s t ,   t h e n  

the   n a p h t h e n a t e   and  t h e n   the   p o l y s i l o x a n e .   T h e  

s e q u e n c e   is   d e s i r a b l e   as  i t   a l l o w s   f o r   a  s m o o t h  

d i s s o l u t i o n   of  the   c o n s t i t u e n t . )  

S o l v e n t   is   p l a c e d   in  a  c o n t a i n e r   in  w h i c h   t h e  

b i n d e r   w i l l   be  p r e p a r e d .   The  t i t a n a t e ' i s   t h e n   a d d e d  

to  t he   s o l v e n t   and  is   s t i r r e d   u n t i l   t he   t i t a n a t e   i s  

d i s s o l v e d   and  the   s o l u t i o n   is  c l e a r .   T y p i c a l l y ,   t h i s  

is  done   a t   a m b i e n t   t e m p e r a t u r e s   a b o u t   60°F  (15°C)   t o  

a b o u t   85°F  ( 3 0 ° C ) .   W h i l e   t he   s t i r r i n g   c o n t i n u e s ,   t h e  

n a p h t h e n a t e   d r i e r   is  added   to  t he   s o l u t i o n   a n d  

s t i r r e d   u n t i l   d i s s o l v e d .   A g a i n ,   t h i s   is   done   a t  

a m b i e n t   t e m p e r a t u r e s .   To  t h i s   s o l u t i o n   is   t h e n   a d d e d  

the   p o l y s i l o x a n e   and  the   m i x t u r e   is  s t i r r e d   u n t i l  

h o m o g e n o u s ,   t y p i c a l l y   f o r   a b o u t   o n e - h a l f   h o u r   to  o n e  

h o u r   a t   a m b i e n t   t e m p e r a t u r e s .   The  p o l y s i l o x a n e   i s  

a d d e d   in  q u a n t i t i e s   such   t h a t   t he   t i t a n a t e   a n d  

n a p h t h e n a t e   w i l l   be  in  t he   p r o p e r   c o n c e n t r a t i o n s   w h e n  

the   s o l v e n t   i s   r e m o v e d .  



The  mica   p a p e r   is  r e m o v e d   from  the   r o l l   a n d  

p l a c e d   on  a  f l a t   s u r f a c e ,   i . e .   a  t a b l e ,   c o n v e y e r  
b e l t ,   e t c . ,   and  the   p a p e r   is  i m p r e g n a t e d   w i t h   t h e  

b i n d e r   by  any  c o n v e n t i o n a l   t e c h n i q u e ,   i . e .   d r i p p i n g .  

The  a m o u n t   of  t he   b i n d e r   a p p l i e d   is   such   t h a t   t h e  

f i n a l   c y l i n d e r   c o n t a i n s   a b o u t   5  p e r c e n t   to  a b o u t   14 

p e r c e n t   by  w e i g h t   b i n d e r   and  the   a p p l i c a t i o n   s h o u l d  

be  such   t h a t   t he   b i n d e r   is  e v e n l y   d i s t r i b u t e d  

t h r o u g h o u t   the   p a p e r .   O t h e r   c o n v e n t i o n a l  

i m p r e g n a t i o n   t e c h n i q u e s   may  be  u sed   to  a p p l y   t h e  

b i n d e r   to  t he   p a p e r   such   as  d i p p i n g ,   or  r o l l   s o a k i n g ,  

s p r a y i n g ,   b r u s h i n g ,   e t c . ,   and  in  c e r t a i n   p r o c e s s e s ,  
i t   may  be  d e s i r a b l e   to  c o a t   b o t h   s i d e s   of  t he   p a p e r .  
The  a r o m a t i c   s o l v e n t   p r e s e n t   in  the   b i n d e r   is   t h e n  

r e m o v e d   by  e x p o s i n g   the   p a p e r   and  b i n d e r   t o  

t e m p e r a t u r e s   h i g h   e n o u g h   to  c a u s e   the   s o l v e n t   t o  

e v a p o r a t e ,   b u t   no t   so  h i g h   as  to  c a u s e   the   p o l y m e r   t o  

p o l y m e r i z e .   T y p i c a l l y ,   t h e s e   t e m p e r a t u r e s   a r e   a b o u t  

250°F   ( 1 2 1 ° C )   to  a b o u t   275°F   ( 1 3 5 ° C ) .   T y p i c a l l y ,  

t h i s   is  done   by  p a s s i n g   the   p a p e r   t h r o u g h   an  oven   o r  

e x p o s i n g   i t   to  r a d i a n t   h e a t ,   e t c .   The  p a p e r   is   t h e n  

c o o l e d   to  a m b i e n t   t e m p e r a t u r e s   f o r m i n g   a  r e l a t i v e l y  

s t i f f   p a p e r   s h e e t .  

In  a d d i t i o n   to  t he   m e t h o d s   d e s c r i b e d   a b o v e ,   t h e  

i m p r e g n a t e d   m ica   p a p e r   may  be  f u r t h e r   p r o c e s s e d   t o  

more  u n i f o r m l y   d i s t r i b u t e   t he   b i n d e r   t h r o u g h o u t   t h e  

p a p e r   and  d e n s i f y   i t   p r i o r   to  f o r m i n g   i t   i n t o   a  

c y l i n d e r   u n d e r   h e a t   and  p r e s s u r e .   T y p i c a l l y ,   t h i s  

p r o c e s s   t a k e s   p l a c e   a t   t e m p e r a t u r e s   of  a b o u t   2 0 0 ° F  

( 9 3 . 3 ° C )   to  a b o u t   275°F   ( 1 3 5 ° C )   u n d e r   s u f f i c i e n t  

p r e s s u r e   to  c a u s e   the   p o l y m e r   to  f l o w   t h r o u g h o u t   t h e  



mica   p a p e r .   The  p r e s s u r e s   g e n e r a l l y   r a n g e   f rom  a b o u t  
6 .89   b a r   to  a b o u t   3 1 . 0 4   b a r . T h i s   p r o c e s s   may  be  d o n e  

in  c o n v e n t i o n a l   p r e s s   e q u i p m e n t .   The  l e n g t h   of  t i m e  

the   p a p e r   is  p r e s s e d   and  the   p a r t i c u l a r   p r e s s u r e s   a n d  

t e m p e r a t u r e   p a r a m e t e r s   to  w h i c h   t h i s   p r o c e s s i n g   t a k e s  

p l a c e   w i l l   v a r y   w i t h   the   t h i c k n e s s   of  the   p a p e r   a n d  

the   a m o u n t   of  p o l y m e r   p r e s e n t   as  w e l l   as  t h e  

p a r t i c u l a r   p o l y m e r   s y s t e m .   Note   E x a m p l e .  

The  i m p r e g n a t e d   p a p e r   is  t h e n   h e a t e d   to  a b o u t  

350°F  ( 1 7 6 . 6 ° C )   to  a b o u t   400°F   ( 2 0 4 . 4 ° C )   to  make  t h e  

p a p e r   p l i a b l e   e n o u g h   to  be  w r a p p e d   a b o u t   the   f o r m .  

T h i s   may  be  done  by  p l a c i n g   the   s h e e t   o n t o   a  h e a t e d  

p l a t e n   or  p l a c e d   u n d e r   a  h e a t   s o u r c e ,   i . e .   i n f r a r e d  

l amps   or  t h r o u g h   an  o v e n .   S i n c e   t h e s e   t e m p e r a t u r e s  

a r e   above   the   p o l y m e r i z a t i o n   t e m p e r a t u r e   of  t h e  

p o l y m e r ,   t h i s   h e a t i n g   p r o c e s s   m u s t   be  done   q u i c k l y   s o  

t h a t   the   p o l y m e r i z a t i o n   d o e s   no t   a d v a n c e   to  such   a  

s t a t e   as  to  p r e v e n t   the   m a t e r i a l   from  b e i n g   r o l l e d .  

T y p i c a l l y ,   d e p e n d i n g   on  the   t h i c k n e s s   of  the   p a p e r  
and  i t s   s t a t e   of  c u r e ,   o n l y   a  few  m i n u t e s   ( 1 - 1 . 5  

m i n u t e s )   is   r e q u i r e d   to  s o f t e n   i t   to  an  a d e q u a t e  

s t a t e .   The  d e t e r m i n a t i o n   as  to  when  the   p a p e r   i s  

p l i a b l e   e n o u g h   may  be  made  by  c h e c k i n g   t h e  

f l e x i b i l i t y   of  one  c o r n e r   of  t he   p a p e r .   When  i t  

b e n d s   up  e a s i l y ,   i t   is  p l i a b l e   e n o u g h .   The  o p t i m u m  

c o n d i t i o n ,   t e m p e r a t u r e   and  t i m e ,   w i l l   v a r y   w i t h   e a c h  

s y s t e m   and  w i t h   d i f f e r e n t   t h i c k n e s s   p a p e r s   so  t h i s  

would   have   to  be  d e t e r m i n e d   on  a  c a s e   by  c a s e   b a s i s .  

Once  the   p a p e r   has   been   made  p l i a b l e   o r  

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

s h a p e .   T y p i c a l l y   t h i s   is   done   by  w r a p p i n g   t h e  



p l i a b l e   m i c a   p a p e r   a b o u t   an  a r b o r   or   f o r m .   T h i s   m a y  
be  done   by  h a n d - w r a p p i n g   or  c o n v e n t i o n a l   r o l l i n g  

m a c h i n e s   may  be  u s e d .   One  s u c h   m a c h i n e - w r a p p i n g  

p r o c e s s   is   shown  in  t he   F i g u r e   w h e r e i n   t he   w r a p p i n g  
m a c h i n e   10  has   a  mov ing   b e l t   20  on  r o l l e r s   25  w h i c h  

p a s s   o v e r   t he   h e a t e d   s u r f a c e   30  c a r r y i n g   the   m i c a  

s h e e t s   40.  An  a r b o r   50,  w h i c h   t y p i c a l l y   has   b e e n  

c o a t e d   w i t h   a  r e l e a s e   a g e n t ,   i . e .   T e f l o n ,   s i l i c o n e ,  

e t c . ,   is   p l a c e d   in  a  bend  55  in  the   b e l t   20  so  t h a t  

the   p a p e r   is   w r a p p e d   a b o u t   t he   a r b o r   50  as  t he   b e l t  

20  p a s s e s   a r o u n d   i t .   The  bend  may  be  made  by  p l a c i n g  

a  rod  60  so  as  to  m a i n t a i n   t he   b e l t   c o n t a c t   w i t h   t h e  

a r b o r   f o r   s u f f i c i e n t   t ime   to  r o l l   t he   m i c a   o n t o   i t .  

The  t u b e   is   w r a p p e d   to  a  d e s i r e d   t h i c k n e s s   by  e i t h e r  

w i n d i n g   a  s e r i e s   of  m i c a   p a p e r s   a b o u t   t he   m a n d r e l   o r  

by  w i n d i n g   the   mica   p a p e r   f rom  a  c o n t i n u o u s   s h e e t .   No 

s p e c i f i c   t e n s i o n   need  be  a p p l i e d   when  w r a p p i n g   t h e  

i m p r e g n a t e d   p a p e r   a b o u t   the   f o r m i n g   m a n d r e l .   T h e  

p a p e r   need   o n l y   be  t a u t   e n o u g h   to  make  a  r e l a t i v e l y  

s m o o t h   and  n e a t   a p p e a r i n g   s t r u c t u r e   w h i c h   is   in  t h e  

d e s i r e d   f o r m .  

Where  t he   m i c a   p a p e r s   a r e   a b o u t   127pm  i n  

t h i c k n e s s   or  l e s s   or   w h e r e   t he   q u a n t i t y   of  p o l y m e r   i s  

s m a l l ,   l e s s   t h a n   a b o u t   7  p e r c e n t ,   an  a d d i t i o n a l  

a d h e s i v e   l a y e r   may  be  a p p l i e d   to  the   i n s i d e   p o r t i o n ,  

( t h a t   p o r t i o n   w h i c h   w i l l   c o n t a c t   the   a r b o r ) ,   of  t h e  

p a p e r   p r i o r   to  i t   b e i n g   w o u n d .   T h i s   w i l l   i n c r e a s e  

t he   i n t e r l a m i n a r   a d h e s i o n   of  t he   t u b e   and  form  a  

b e t t e r ,   more  s t a b l e   t u b u l a r   s t r u c t u r e .   The  w a l l  

t h i c k n e s s   of  t h e s e   c y l i n d e r s   is   t y p i c a l l y   f rom  a b o u t  

0 . 0 2 5 c m .   to  a b o u t   2 . 5 4  c m .  



Once  the   t u b e   has  been   f o r m e d ,   the   p o l y m e r i c  

b i n d e r   is   c u r e d   by  h e a t i n g   the   t u b e   to  a b o u t   3 9 2 ° F  

(200°C)   to  a b o u t   1000°F   ( 5 3 7 . 8 ° C )   c a u s i n g   the   b i n d e r  

to  c r o s s - l i n k .   T h i s   is  t y p i c a l l y   done  in  an  o v e n .  

The  r e s i d e n c y   t ime   of  the   c y l i n d e r s   a t   t h e s e  

t e m p e r a t u r e s   w i l l   v a r y   d e p e n d i n g   on  the   w a l l  

t h i c k n e s s   and  a m o u n t   of  p o l y m e r   p r e s e n t   in  t he   p a p e r .  

H o w e v e r ,   t y p i c a l   t i m e s   a r e   a b o u t   2  h o u r s   to  a b o u t   4 

h o u r s .   I t   is  i m p o r t a n t ,   to  r e s t r a i n   the   t u b e s   w h i l e  

t h e y   a r e   b e i n g   c u r e d   to  p r e v e n t   them  from  u n r a v e l i n g .  

T h i s   may  be  done   by  u s i n g   a  m e t a l   mold  or  by  w r a p p i n g  

the   s t r u c t u r e   in  a  r e m o v a b l e   l a y e r   such   as  g l a s s  

c l o t h   or  by  p l a c i n g   i t   in  a  k n i t t e d   or  b r a i d e d   s l e e v e  

of  f i b e r g l a s s   and  d r a w i n g   i t   t a u t .   The  c o n s t r a i n t  

need  no t   be  g r e a t   b u t   s h o u l d   be  p r e s e n t .  

Once  the   t u b e   is  c u r e d ,   i t   is  c o o l e d   to  a m b i e n t  

t e m p e r a t u r e   and  t h e n   r e m o v e d   f rom  the   c o n s t r a i n t s  

and ,   i f   no t   in  the   f i n i s h e d   s h a p e ,   is  m a c h i n e d   to  t h e  

d e s i r e d   d i m e n s i o n s .  

The  r e s u l t i n g   mica   c y l i n d e r s   a r e   t h e r m a l l y  

s t a b l e ,   e x c e l l e n t   e l e c t r i c a l   i n s u l a t o r s   and  h a v e  

r e m a r k a b l y   h i g h   m o i s t u r e   r e s i s t a n c e   as  w e l l   as  v e r y  

h i g h   f r a c t u r e   t o u g h n e s s .   Al l   of  t h e s e   p r o p e r t i e s  

make  them  e x c e l l e n t   c a n d i d a t e s   to  r e p l a c e  

c o n v e n t i o n a l   c e r a m i c   or  g l a s s   c o m p o n e n t s   w h i c h   a r e  

used   in  t he   e l e c t r i c a l   i n d u s t r y .   In  a d d i t i o n ,   t h e s e  

c y l i n d e r s   a r e   no t   b r i t t l e   and  a r e   d i m e n s i o n a l l y  

s t a b l e   when  h e a t e d   to  o p e r a t i n g   t e m p e r a t u r e s   w h i c h  

makes   them  s u p e r i o r   to  g l a s s   or  c e r a m i c   u n i t s .   I n  

a d d i t i o n ,   t h e s e   c y l i n d e r s   p o s s e s s   o u t s t a n d i n g  

d i e l e c t r i c   p r o p e r t i e s .  



E x a m p l e  

A  mica   c y l i n d e r   was  p r e p a r e d   a c c o r d i n g   to  t h e  

p r e s e n t   i n v e n t i o n   as  f o l l o w s :  

Two  s h e e t s   of  m u s c o v i t e   p a p e r ,   e a c h   127µm  i n  

t h i c k n e s s ,   were   i m p r e g n a t e d   w i t h   an  a v e r a g e   of  a b o u t  

8  p e r c e n t   by  w e i g h t   of  a  s i l i c o n e   b i n d e r   w h e r e i n   t h e  

b i n d e r   c o m p r i s e d   1  p e r c e n t   by  w e i g h t   of  s o l i d s   o f  

i s o p r o p y l   t r i ( d i o c t y l p y r o p h o s p h a t o )   t i t a n a t e   and  2 

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

p r e p a r e d .   The  two  s h e e t s   were   l a i d   one  on  top   of  t h e  

o t h e r   and  p r e s s e d   t o g e t h e r   f o r   30  m i n u t e s   a t   135°C  a t  

a b o u t   31.04  bar  to  u n i f o r m l y   d i s t r i b u t e   t he   b i n d e r   a n d  

u n i t e   the   l a y e r s   f o r m i n g   a  s i n g l e   p a p e r   2 5 4 µ m   t h i c k  

by  91.44 cm.  wide   by  a b o u t   1 8 . 2 8 c m .   l o n g .  

The  p a p e r   was  t h e n   s e r i a l l y   p l a c e d   on  a  p l a t e n   30 

as  shown  in  F i g u r e   1  and  h e a t e d   a t  2 3 2  " C   f o r   a b o u t   30 

s e c o n d s   to  1  m i n u t e .   They  were   t h e n   wound  a r o u n d   a  

1.27  cm.  a r b o r   w h i c h   had  been   t r e a t e d   w i t h   a  s i l i c o n e  

r e l e a s e   a g e n t .   The  a r b o r   and  the   u n c u r e d   m i c a  

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

s l e e v e   w h i c h   was  d r awn   t a u t   a b o u t   t he   t u b e   and  t h e  

a r b o r .   The  r e s t r a i n e d   c y l i n d e r   was  t h e n   p l a c e d   in  a n  

oven   in  a  v e r t i c a l   p o s i t i o n ,   and  h e a t e d   to  260°C   f o r  

4  h o u r s   to  c u r e   t he   b i n d e r   m a t e r i a l .   The  c y l i n d e r s  

were   t h e n   c o o l e d   and  the   r e s t r a i n t   was  r e m o v e d   a n d  

the   a r b o r   was  t a k e n   o u t .   The  r e s u l t i n g   t u b e   had  a n  

I . D .   of  1.27 cm.  and  a  w a l l   t h i c k n e s s   of  7 6 2 µ m  .   I n  

a d d i t i o n ,   c e r t a i n   p r o p e r t i e s   of  t he   t u b e   were   t e s t e d  

and  a r e   shown  in  t he   t a b l e   b e l o w :  



W h i l e   t h i s   m e t h o d   has   b e e n   d e s c r i b e d   in  t e r m s   o f  

one  r o l l i n g   t e c h n i q u e ,   o t h e r   c y l i n d r i c a l   f o r m i n g  

t e c h n i q u e s   s u c h   as  used   w i t h   c o n v e n t i o n a l   p a p e r  

r o l l i n g   e q u i p m e n t   or  c y l i n d r i c a l   f o r m i n g   t e c h n i q u e s  

may  a l s o   be  u s e d .  

I t   is  t h e o r i z e d   t h a t   t he   s u p e r i o r   m o i s t u r e  

r e s i s t a n c e   of  t h e s e   p r o d u c t s   is   a  r e s u l t   o f  

s u r p r i s i n g l y   i m p r o v e d   w e t t i n g   of  t he   m i c a   by  t h e  

s i l i c o n s   p o l y m e r .   I t   may  be  t h a t   t he   n a p h t h e n a t e   a n d  

the   t i t a n a t e   t o g e t h e r   c r e a t e   an  i m p r o v e d   c h e m i c a l  

b r i d g e   b e t w e e n   the   m i c a   and  the   s i l i c o n e   r e s u l t i n g ' i n  

t h i s   i m p r o v e d   p r o p e r t y   as  w e l l   as  t he   i m p r o v e d  

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

I t   s h o u l d   be  u n d e r s t o o d   t h a t   the   i n v e n t i o n   is   n o t  

l i m i t e d   to  t he   p a r t i c u l a r   e m b o d i m e n t s   shown  a n d  

d e s c r i b e d   h e r e i n ,   b u t   t h a t   v a r i o u s   c h a n g e s   a n d  

m o d i f i c a t i o n s   may  be  made  w i t h o u t   d e p a r t i n g   f rom  t h e  

s p i r i t   and  s c o p e   of  t h i s   n o v e l   c o n c e p t   as  d e f i n e d   b y  

the   f o l l o w i n g   c l a i m s .  



1.  A  c y l i n d r i c a l   m ica   c o m p o s i t e   c o m p r i s i n g   one  o r  

more  m i c a   p a p e r   l a y e r s   e a c h   i m p r e g n a t e d   w i t h   a b o u t   5 

p e r c e n t   to  a b o u t   20  p e r c e n t   by  w e i g h t   of  a  

p o l y s i l o x a n e   b i n d e r ,   s a i d   b i n d e r   c o n t a i n i n g   a b o u t   1 

p e r c e n t   to  a b o u t   4  p e r c e n t   by  w e i g h t   of  an  o r g a n i c  

t i t a n a t e   and  a b o u t   0 .5   p e r c e n t   to  a b o u t   2  p e r c e n t   b y  

w e i g h t   of  a  m e t a l   n a p h t h e n a t e ,   the   c o m p o s i t e   h a v i n g   a  

h i g h   d e n s i t y ,   f r a c t u r e   t o u g h n e s s ,   m o i s t u r e   r e s i s t a n c e  

and  t h e r m a l   s t a b i l i t y .  

2.  The  c o m p o s i t e   of  c l a i m   1  w h e r e i n   t he   o r g a n i c  

t i t a n a t e   is  i s o p r o p y l   t r i ( d i o c t y l p y r o p h o s p h a t o )  

t i t a n a t e .  

3.  The  c o m p o s i t e   of  c l a i m   2  w h e r e i n   t he   m e t a l  

n a p h t h e n a t e   is   z i n c   n a p h t h e n a t e .  

4.  The  c o m p o s i t e   of  c l a i m   3  w h e r e i n   the   t i t a n a t e   i s  

p r e s e n t   a t   a b o u t   2  p e r c e n t   by  w e i g h t   and  t h e  

n a p h t h e n a t e   is  p r e s e n t   a t   a b o u t   1  p e r c e n t   by  w e i g h t .  

5.  The  c o m p o s i t e   of  c l a i m   1  w h e r e i n   the   w a l l  

t h i c k n e s s e s   of  t he   c y l i n d e r   is  a b o u t   0 . 0 2 5   cm.  t o  

a b o u t   2 . 5 4   cm.  



6.  A  m e t h o d   of  f o r m i n g   a  c y l i n d r i c a l   mica   s t r u c t u r e  

c o m p r i s i n g :  

f o r m i n g   a  m ica   p a p e r ,  

i m p r e g n a t i n g   the   mica   p a p e r   w i t h   a  c o m p o s i t i o n  

c o m p r i s i n g   a b o u t   5  p e r c e n t   to  a b o u t   20  p e r c e n t   b y  

w e i g h t   of  a  p o l y s i l o x a n e   b i n d e r   c o n t a i n i n g ,   b a s e d   o n  

s o l i d s ,   a b o u t   1  p e r c e n t   to  a b o u t   4  p e r c e n t   by  w e i g h t  

of  an  o r g a n i c   t i t a n a t e   and  a b o u t   0 .5   p e r c e n t   to  a b o u t  

2  p e r c e n t   by  w e i g h t   of  a  m e t a l   n a p h t h e n a t e   in  a n  

o r g a n i c   s o l v e n t ,  

h e a t i n g   to  r emove   the   s o l v e n t ,  

h e a t i n g   the   s o l v e n t   f r e e   p a p e r   u n t i l   i t   i s  

c o m p l i a n t ,  

f o r m i n g   t he   i m p r e g n a t e d   m ica   p a p e r   i n t o   a  

c y l i n d r i c a l   s t r u c t u r e ,  

r e s t r a i n i n g   the   s t r u c t u r e ,  

h e a t i n g   the   c y l i n d r i c a l   s t r u c t u r e   w h i l e  

r e s t r a i n e d   to  c u r e   the   p o l y m e r i c   b i n d e r ,  

c o o l i n g   the   c y l i n d e r ,  

r e m o v i n g   the   r e s t r a i n t ,  

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

s t r u c t u r e   h a v i n g   f r a c t u r e   t o u g h n e s s ,   m o i s t u r e  

r e s i s t a n c e   and  t h e r m a l   s t a b i l i t y .  

7.  The  m e t h o d   of  c l a i m   6  w h e r e i n   t he   b i n d e r  

i m p r e g n a t e d   m i c a   p a p e r   is   d e n s i f i e d   u n d e r   p r e s s u r e  
and  t e m p e r a t u r e   p r i o r   t o  f o r m i n g   i t   i n t o   a  

c y l i n d r i c a l   s t r u c t u r e .  



8.  The  m e t h o d   of  c l a i m   8  w h e r e i n   the   d e n s i f i c a t i o n  

s t e p   t a k e s   p l a c e   a t   t e m p e r a t u r e s   of  a b o u t   2 0 0 ° F  

( 9 3 . 3 ° C )   to  a b o u t   275°F   ( 1 3 5 ° C )   and  p r e s s u r e s   o f  

a b o u t   6.89  bar  to  a b o u t   31.04  b a r .  
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