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(54)  Improved  pressboard  and  process  for  its  preparation. 
  High  temperature  resistant  pressboard  comprised  of  20- 
95%  by  weight  aromatic  polyamide  fibrids  and  80-5%  by 
weight  high  temperature  resistant  floc,  having  a  desirable 
combination  of  compression  set  values  and  oil  absorption  is 
prepared  by  a  process  whereby  a  low  density  pressboard  is 
first  prepared  by  forming  a  wet  lap  of  multiple  layers  of  a 
waterleaf  containing  50-95%  by  weight  water  and  pressing 
the  wet  lap  at  100-200°C  under  a  pressure  of  10-60  kg/cm2, 
drying,  ultimately  at  270-320°C  until  substantially  no  further 
moisture  is  evolved  and  finally  pressing  at  270-320°C  under 
a  pressure  of  8-350  kg/cm2  and  optionally  cooling  under  re- 
straint. 



TECHNICAL  F I E L D  

T h i s   i n v e n t i o n   r e l a t e s   to  an  i m p r o v e d  

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

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

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

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

p r e s s b o a r d .  

BACKGROUND  OF  THE  INVENTION 

P r e s s b o a r d   p r e p a r e d   f r o m   c e l l u l o s i c   m a t e r i a l s  

has  b e e n   known  and  c o m m e r c i a l l y   u s e d   f o r   many  y e a r s .  
W h i l e   t h e   c e l l u l o s i c   p r e s s b o a r d   is  e x t r e m e l y   u s e f u l .  

i t s   u se   a t   h i g h   t e m p e r a t u r e   i s   l i m i t e d   by  t h e   l o w  

t h e r m a l   s t a b i l i t y   of  c e l l u l o s i c   m a t e r i a l s .  

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

( U . S .   p a t e n t s   3 . 0 6 3 . 9 6 6   and  3 . 1 3 3 . 1 3 8 ) .   f i b r i d s   ( U . S .  

p a t e n t   2 . 9 9 9 . 7 8 8 )   and  p a p e r   ( U . S .   p a t e n t   3 . 7 5 6 . 9 0 8 )  

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

become  known.   P r e s s b o a r d   c o m p r i s e d   of  a r o m a t i c  

p o l y a m i d e   f i b e r s   and  f i b r i d s   i s   a l s o   known  and  c a n  

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

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

A r o m a t i c   p o l y a m i d e   p r e s s b o a r d   has   b e e n   f o u n d  

to  be  u s e f u l   in  many  a p p l i c a t i o n s .   For   e x a m p l e ,   i n  

o i l   f i l l e d   t r a n s f o r m e r s   i t   has   b e e n   f o u n d   to  have   a  

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

e l e c t r i c a l   i n s u l a t i n g   p r o p e r t i e s .   H o w e v e r ,   f o r   s o m e  

u s e s .   i t   i s   n e c e s s a r y   t h a t   t h e   p r e s s b o a r d   no t   o n l y  

have   a  s u i t a b l y   h i g h   o i l   a b s o r p t i o n   but   a l s o   p r o v i d e  



r e s i s t a n c e   to  c o m p r e s s i o n   so  t h a t   the   p r e s s b o a r d   c a n  

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

c o m p o n e n t s .   I t   has  b e e n   f o u n d   t h a t   c o m p a c t i o n  

p r o c e s s e s   as  t a u g h t   by  t h e   p r i o r   a r t   e i t h e r   do  n o t  

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

to  c o m p r e s s i o n ,   or  t h a t   t h e y   do  so  o n l y   by  p r o v i d i n g   a  

p r e s s b o a r d   p r o d u c t   w h i c h   d o e s   n o t   have   a d e q u a t e   o i l  

a b s o r p t i o n .  

T h i s   i n v e n t i o n   p r o v i d e s   an  i m p r o v e d   a r o m a t i c  

p o l y a m i d e   p r e s s b o a r d   h a v i n g   a  c o m b i n a t i o n   of  g o o d  
r e s i s t a n c e   to  c o m p r e s s i o n   and  a d e q u a t e   o i l  

a b s o r p t i o n .   T h i s   i n v e n t i o n   a l s o   p r o v i d e s   a  p r o c e s s  
f o r   t h e   p r e p a r a t i o n   of  t h e   i m p r o v e d   p r e s s b o a r d .  

BRIEF  DESCRIPTION  OF  THE  INVENTION 

T h i s   i n v e n t i o n   p r o v i d e s   a  h i g h   d e n s i t y  

p r e s s b o a r d   c o m p r i s e d   of  20-95%  by  w e i g h t   a r o m a t i c  

p o l y a m i d e   f i b r i d s   and  80-5%  by  w e i g h t   h i g h   t e m p e r a t u r e  
r e s i s t a n t   f l o e .   s a i d   p r e s s b o a r d   h a v i n g   a  c a l c u l a t e d  

v o i d   v o l u m e   of  13  to   28%  by  v o l u m e   of  t h e   p r e s s b o a r d .  

a  t h i c k n e s s   of  0 . 5   to   50  mm,  a  m e r c u r y   i n t r u s i o n  

v o l u m e   a t   low  s u r f a c e / v o l u m e   .Vml ,   of  l e s s   t h a n   0 . 2 0  
c m 3 / g ;   a  m e r c u r y   i n t r u s i o n   v o l u m e   a t   h i g h  

s u r f a c e / v o l u m e .   Vmh.  of  0 . 0 8   to  0 . 2 8   c m 3 / g ,   an  o i l  

a b s o r p t i o n   by  v o l u m e   in  c m 3 / g .   Vo,  of  0 . 0 9   to  0 . 2 8  

and  by  w e i g h t   8 -24%:   and  a  t o t a l   a v a i l a b l e   a b s o r p t i o n  

v o l u m e   in   c m 3 / g .   Va,  e q u a l   to  t h e   l a r g e s t   of  t h e  

v a l u e s   f o r   Vml,  Vmh,  and  Vo:  t h e   r a t i o   of  Va  
to  Vml  b e i n g   a t   l e a s t   1 . 1 :   s a i d   p r e s s b o a r d   h a v i n g   a  

c o m p r e s s i o n   s e t   (as   h e r e i n a f t e r   d e f i n e d )   of  g r e a t e r  

t h a n   0 . 1 2   mm  bu t   no  more  t h a n   0 . 5   mm.  P r e f e r a b l y   t h e  

p r e s s b o a r d   i s   c o m p r i s e d   of  50-70%  by  w e i g h t   a r o m a t i c  

p o l y a m i d e   f i b r i d s   and  30-50%  by  w e i g h t   h i g h  

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

t e m p e r a t u r e   r e s i s t a n t   f l o c   c o n s i s t s   of  an  a r o m a t i c  

p o l y a m i d e   and  t h e   p r e s s b o a r d   has   a  d e n s i t y   of  1 . 0 0   t o  



1 .20   g / c m 3 .   P r e f e r a b l y   the   a r o m a t i c   p o l y a m i d e  

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

e s s e n t i a l l y   of  p o l y ( m - p h e n y l e n e  

i s o p h t h a l a m i d e ) ( M P D - I ) .   The  p r e s s b o a r d   p r e f e r a b l y   i s  

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

has  a  t h i c k n e s s   of  1  to  10  mm,  a  d e n s i t y   of  1 . 0 2   t o  

1 . 1 7   g / c m 3 .   most   p r e f e r a b l y   1 . 1 0   to  1 . 1 5   g / c m 3 .  

The  p r e s s b o a r d   p r e f e r a b l y   has  a  c o m p r e s s i o n   s e t   o f  

0 . 1 2   to  0 . 3 5   mm,  mos t   p r e f e r a b l y   0 . 2 0   to  0 . 3 0   mm. 

The  i m p r o v e d   p r e s s b o a r d   is   p r e p a r e d   by  a 

p r o c e s s   w h e r e b y   an  a q u e o u s   s l u r r y   h a v i n g   0 .1   to  2%  b y  

w e i g h t   t o t a l   s o l i d s   c o m p r i s e d   of  20-95%  by  w e i g h t  

a r o m a t i c   p o l y a m i d e   f i b r i d s   and  80-5%  by  w e i g h t   h i g h  

t e m p e r a t u r e   r e s i s t a n t   f l o c   h a v i n g   a  l e n g t h   of  2  t o   12  

mm.,  s a i d   a r o m a t i c   p o l y a m i d e   f i b r i d s   and  h i g h  

t e m p e r a t u r e   r e s i s t a n t   f l o c   h a v i n g   a  m e l t i n g   p o i n t   h i g h e r  
t h a n   3 2 0 ° C ,   i s   p r e p a r e d ;   t h e   s l u r r y   i s   f o r m e d   i n t o   a  

w a t e r l e a f   h a v i n g   a  w a t e r   c o n t e n t   of  50-95%  by  w e i g h t  

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

a  wet  l a p ;   t h e   wet   l a p   is   p r e s s e d   a t   100  to  2 0 0 ° C  

u n d e r   a  p r e s s u r e   of  10  to  60  k g / c m 2   to  form  a  l o w  

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

30  to  60%  by  v o l u m e   of  t h e   p r e s s b o a r d ;   a n d  t h e  l o w  d e n s i t y  

p r e s s b o a r d   i s   d r i e d ,   u l t i m a t e l y   a t   2 7 0 - 3 2 0 ° C ,   u n t i l  

s u b s t a n t i a l l y   no  f u r t h e r   m o i s t u r e   is  e v o l v e d   a n d  

f i n a l l y   p r e s s e d   a t   8  to  350  k g / c m 2   a t   2 7 0 - 3 2 0 ° C .  

P r e f e r a b l y   t h e   t e m p e r a t u r e   is   2 7 5 - 3 0 0 ° C .   M o s t  

p r e f e r a b l y ,   t h e   f i n a l   p r e s s i n g   is   a t   2 7 5 - 2 8 5 ° C   and  t h e  

p r e s s u r e   is   15  to  70  k g / c m 2 .   P r e f e r a b l y   t h e  

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

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

a r o m a t i c   p o l y a m i d e .   P r e f e r a b l y   t h e   a r o m a t i c   p o l y a m i d e  

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

c o n s i s t   of  p o l y ( m - p h e n y l e n e   i s o p h t h a l a m i d e ) .  



DETAILED  DESCRIPTION  OF  THE  INVENTION 

D e f i n i t i o n s  

By  " a r o m a t i c   p o l y a m i d e "   is  m e a n t   n o n f u s i b l e  

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

r a d i c a l   w h e r e  R   is  h y d r o g e n   or  a  1-6  c a r b o n   a l k y l  

g r o u p ,   of  e a c h   r e p e a t i n g   u n i t   is  l i n k e d   t h r o u g h   t h e  

n i t r o g e n   a t o m   and  the   c a r b o n   a tom  to  a  c a r b o n   a tom  i n  

the   r i n g   of  s e p a r a t e   a r o m a t i c   r i n g   r a d i c a l s .   The  t e r m  
" a r o m a t i c   r i n g "   is   d e f i n e d   h e r e i n   as  a  c a r b o c y c l i c  

r i n g   p o s s e s s i n g   r e s o n a n c e .  

By  " a r o m a t i c   p o l y a m i d e   f i b r i d s "   is   m e a n t  

s m a l l ,   n o n g r a n u l a r .   n o n r i g i d   f i b r o u s   or  f i l m - l i k e  

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

p o i n t   h i g h e r   t h a n   320°C .   Two  of  t h e i r   t h r e e  

d i m e n s i o n s   a r e   of  t he   o r d e r   of  m i c r o n s .   T h e i r  

s m a l l n e s s   and   s u p p l e n e s s   a l l o w s   them  to  be  d e p o s i t e d  

in  p h y s i c a l l y   e n t w i n e d   c o n f i g u r a t i o n s   s u c h   as  a r e  

c o m m o n l y   f o u n d   in  p a p e r s   made  f r o m   wood  p u l p s .  
F i b r i d s   c an   be  p r e p a r e d   by  p r e c i p i t a t i n g   a  s o l u t i o n   o f  

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

a p p a r a t u s   of  t h e   t y p e   d i s c l o s e d   in   U .S .   p a t e n t  

3 , 0 1 8 . 0 9 1 .  

By  " h i g h   t e m p e r a t u r e   r e s i s t a n t   f l o c "   i s   m e a n t  

s h o r t   f i b e r s ,   t y p i c a l l y   h a v i n g   a  l e n g t h   of  2  to  12  mm 

and  a  l i n e a r   d e n s i t y   of  1 - 1 0   d e c i t e x .   made  of  a  

m a t e r i a l   h a v i n g   a  m e l t i n g   p o i n t   h i g h e r   t h a n   3 2 0 ° C .  

s u c h   as  a r o m a t i c   p o l y a m i d e s .   a r o m a t i c  

p o l y a m i d e - i m i d e s .   a r o m a t i c   p o l y i m i d e s ,  

p o l y b e n z i m i d a z o l e s .   e t c . .   or  i n o r g a n i c   m a t e r i a l s   s u c h  

as  g l a s s ,   c e r a m i c   m a t e r i a l s ,   a l u m i n a ,   e t c .   O t h e r   h i g h  

t e m p e r a t u r e   r e s i s t a n t   m a t e r i a l s   s u c h   as  mica   may  a l s o  

be  p r e s e n t   in   r e l a t i v e l y   f i n e l y   s u b d i v i d e d   f o r m .  



By  " a r o m a t i c   p o l y a m i d e   f l o c "   is  meant   s h o r t  

f i b e r s   cu t   f rom  f i b e r s   p r e p a r e d   by  the  p r o c e s s e s  
d e s c r i b e d   in  U .S .   p a t e n t s   3 . 0 6 3 . 9 6 6 .   3 . 1 3 3 . 1 3 8 .  

3 , 7 6 7 , 7 5 6 ,   and  3 . 8 6 9 . 4 3 0 .  

C o n v e n t i o n a l   a r o m a t i c   p o l y a m i d e   p r e s s b o a r d  

may  be  p r e p a r e d   by  f e e d i n g   an  a q u e o u s   s l u r r y   of  MPD-I  

f i b r i d s   and  MPD-I  f l o c   to  a  c y l i n d e r   p a p e r   f o r m i n g  

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

of  f i b r o u s   m a t e r i a l   h a v i n g   a  w a t e r   c o n t e n t   of  5 0 - 9 5 %  

by  w e i g h t   of  t he   wet   s h e e t   is  b u i l t   up  to  a  wet  l ap   o f  

the   d e s i r e d   t h i c k n e s s .   The  wet  l ap   is  c u t   f rom  t h e  

c y l i n d e r ,   l a i d   f l a t   and  p r e s s e d   at   1 0 0 - 2 0 0 ° C .   u n d e r   a  

p r e s s u r e   of  1 0 - 6 0   k g / c m 2 .   The  r e s u l t i n g  

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

a b s o r p t i o n   of  20-50%  by  w e i g h t ,   a  d e n s i t y   of  a b o u t   0 . 7  

to  0 .9   g / c m  .   a  c a l c u l a t e d   v o i d   v o l u m e   of  a b o u t   35  

to  50%  by  v o l u m e   of  the   p r e s s b o a r d .   m e r c u r y   i n t r u s i o n  

v o l u m e   of  a b o u t   0 . 3 0   to  0 . 5 0   c m 3 / g .   b o t h   a t   low  a n d  

h i g h   s u r f a c e / v o l u m e ,   a  r a t i o   of  t o t a l   a v a i l a b l e  

a b s o r p t i o n   v o l u m e   in  c m 3 / g .   V .   to  the   m e r c u r y  

i n t r u s i o n   v o l u m e   a t   low  s u r f a c e / v o l u m e .   Vml.  o f  

a b o u t   1  and  a  c o m p r e s s i o n   s e t   of  0 . 7 5   to  2 .5   mm. 

H o w e v e r ,   f o r   some  u s e s ,   s u c h   as  s p a c e r s   u s e d  

in  o i l   f i l l e d   t r a n s f o r m e r s ,   t he   c o m p r e s s i o n   s e t  

d e s i r a b l y   s h o u l d   be  no t   l e s s   t h a n   a b o u t   0 . 1 2   mm  o r  

more  t h a n   a b o u t   0 . 5   mm  w h i l e   m a i n t a i n i n g   an  o i l  

a b s o r p t i o n   of  a t   l e a s t   8%.  P r e s s b o a r d   w i t h  

c o m p r e s s i o n   s e t   v a l u e s   of  l e s s   t h a n   a b o u t   0 . 1 2   mm  d o  

not   have   t he   c o m b i n a t i o n   of  c o m p r e s s i b i l i t y   a n d  

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

e l e c t r i c a l   c o m p o n e n t s   i n ,   e . g . .   t r a n s f o r m e r s .  

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

0 .5   mm  l i k e w i s e   do  no t   m a i n t a i n   p r o p e r   s p a c i n g   o f  

c o m p o n e n t s .  



The  a b o v e   d e s i r e d   p r o p e r t i e s   a r e   p r o v i d e d   by  
t h e   p r o d u c t   of  t h i s   i n v e n t i o n .   I t   has  been   f o u n d   t h a t  

when  a  low  d e n s i t y   p r e s s b o a r d   h a v i n g   a  c a l c u l a t e d   v o i d  

v o l u m e   of  30  to  60%  p r e p a r e d   as  d e s c r i b e d   a b o v e   i s  

f u r t h e r   d r i e d ,   u l t i m a t e l y   a t   a  t e m p e r a t u r e   o f  

2 7 0 - 3 2 0 ° C ,   u n t i l   s u b s t a n t i a l l y   no  f u r t h e r   m o i s t u r e   i s  

e v o l v e d   and  t h e n   p r e s s e d   a t   2 7 0 - 3 2 0 ° C   and  a  p r e s s u r e  
o f  8   to  350  k g / c m 2 ,   p r e f e r a b l y   f o l l o w e d   by  c o o l i n g  

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

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

a c c o m p l i s h e d   by  s t e p - w i s e   i n c r e a s e   in  t e m p e r a t u r e .  

M o i s t u r e   e v o l u t i o n   is   f a c i l i t a t e d   by  a p p l i c a t i o n   a n d  

r e l e a s e   of  l i g h t   p r e s s u r e .   In  g e n e r a l ,   t h e   p r e s s i n g  

i s   p r e f e r a b l y   a t   2 7 5 - 3 0 0 ° C   a t   15  to  70  k g / c m 2   f o r   a t  

l e a s t   5  m i n u t e s   bu t   t h i c k   p r o d u c t s   may  r e q u i r e  

p r e s s i n g   f o r   l o n g e r   t i m e s .   More  t h a n   one  l a y e r   of  l o w  

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

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

t i m e s   s h o u l d   be  e m p l o y e d .   P r e f e r a b l y   t h e   h i g h  

t e m p e r a t u r e   p r e s s i n g   s h o u l d   be  a b o v e   t h e   g l a s s  

t r a n s i t i o n   t e m p e r a t u r e   ( T  )   of  t he   a r o m a t i c  

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

t h e   p r e f e r r e d   p o l y ( m - p h e n y l e n e   i s o p h t h a l a m i d e )   f i b r i d s  

i s   a b o u t   2 7 5 ° C .  

I t   has  b e e n   f o u n d   t h a t   t he   p r o c e s s   d e s c r i b e d  

a b o v e ,   w h e r e i n   a  wet   l a p   is   f o r m e d   of  m u l t i p l e   l a y e r s  

of  w a t e r l e a v e s   h a v i n g   a  w a t e r   c o n t e n t   of  50-95%  a n d  

t h e   we t   l a p   i s   p r e s s e d   a t   1 0 0 - 2 0 0 ° C   u n d e r   a  p r e s s u r e  

of   1 0 - 6 0   kg /cm2  to  p r e p a r e   a  low  d e n s i t y   p r e s s b o a r d  

h a v i n g   a  c a l c u l a t e d   v o i d   v o l u m e   of  3 0 - 6 0 % .   and  t he   l o w  

d e n s i t y   p r e s s b o a r d   is  t h e n   d r i e d   and  p r e s s e d   a g a i n   a t  

2 7 0 - 3 2 0 ° C   u n d e r   a  p r e s s u r e   of  8 - 3 5 0   k g / c m 2 .   i s  

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

e x h i b i t i n g   good  r e s i s t a n c e   to  c o m p r e s s i o n   as  w e l l   a s  

a d e q u a t e   o i l   a b s o r p t i o n .   If   t h e   low  d e n s i t y  



p r e s s b o a r d   has  a  c a l c u l a t e d   vo id   v o l u m e   of  l e s s   t h a n  

30%.  the  o i l   a b s o r p t i o n   of  the   f i n a l   p r e s s b o a r d  

p r o d u c t   t e n d s   to  be  v e r y   p o o r .  

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

c l a m p i n g   r i n g s   and  in  a x i a l   and  r a d i a l   s p a c e r s   in  o i l  

f i l l e d   e l e c t r i c a l   t r a n s f o r m e r s .  

P r o d u c t s   of  t h i s   i n v e n t i o n   have   a  c a l c u l a t e d  

v o i d   v o l u m e   of  13  to  28%  by  v o l u m e   of  t he   p r e s s b o a r d .  

m e r c u r y   i n t r u s i o n   v o l u m e s   a t   low  s u r f a c e / v o l u m e .  

V m l ,  o f  l e s s  t h a n  0 . 2 0  c m 3 / g   and  a t   h i g h  

s u r f a c e / v o l u m e .   Vmh,  of  0 . 0 8   to  0 . 2 8   c m  / g .   an  o i l  

a b s o r p t i o n   by  v o l u m e   in  c m 3 / g .   V .   of  0 . 0 8   to  0 . 2 8  

and  by  w e i g h t   of  8-24%  and  a  t o t a l   a v a i l a b l e  

a b s o r p t i o n   v o l u m e   in  c m 3 / g .   V  .   e q u a l   to  t h e  

l a r g e s t   of  t he   v a l u e s   f o r   Vml.  Vmh  and  Vo,  t h e  

r a t i o   of  Va  to  Vml  b e i n g   a t   l e a s t   1 . 1 .   P r e s s b o a r d  

h a v i n g   a  c a l c u l a t e d   v o i d   v o l u m e   of  more  t h a n   28%  or  a  
r a t i o   of  Va  to  Vml  of  1 . 0   g e n e r a l l y   e x h i b i t s   p o o r  
c o m p r e s s i o n   s e t .   w h i l e   p r e s s b o a r d   h a v i n g   a  c a l c u l a t e d  

v o i d   v o l u m e   of  l e s s   t h a n   13%  or  Vmh  l e s s   t h a n   0 . 0 8  
c m 3 / g   g e n e r a l l y   e x h i b i t s   poor   o i l   a b s o r p t i o n .   T h e  

p r o d u c t s   of  t h i s   i n v e n t i o n   have   V a  v a l u e s   w h i c h   a r e  

q u i t e   d i f f e r e n t   f r o m   Vml  v a l u e s ,   t h e   r a t i o   of  t h e s e  

b e i n g   a t  l e a s t   1 . 1   and  as  h i g h   as  4 .  

TESTS 

D e n s i t y .   Dry  p r e s s b o a r d   is   c u t   i n t o   a  

r e c t a n g u l a r   s a m p l e   m e a s u r i n g   a t   l e a s t   10  cm  x  10  cm  (4  

in  x  4  i n ) ,   p r e f e r a b l y   a t   l e a s t   20  cm  x  20  cm  (8  in  x  

8  i n ) ,   m a k i n g   s u r e   t h a t   t he   c o r n e r s   a r e   c u t   s q u a r e   s o  

t h a t   t he   u p p e r   and  l o w e r   f a c e s   of  t he   s a m p l e   a r e   o f  

t he   same  a r e a   and  t h a t   t h e   d i m e n s i o n s   can  be  m e a s u r e d  

a c c u r a t e l y .   The  l e n g t h   and  w i d t h   of  t h e   r e c t a n g u l a r  

s a m p l e   a r e   m e a s u r e d   to  an  a c c u r a c y   of  a t   l e a s t   0 . 2 5   cm 

( 0 . 1   i n ) .   The  t h i c k n e s s   of  t he   r e c t a n g u l a r   s a m p l e   o f  



p r e s s b o a r d   is  m e a s u r e d   in  a t   l e a s t   t en   p l a c e s   s p a c e d  

s u b s t a n t i a l l y   e q u a l l y   a p a r t   a r o u n d   a l l   s i d e s   of  t h e  

p r e s s b o a r d .   away  f rom  t h e   e d g e s ,   u s i n g   a  m i c r o m e t e r  

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

a  d i a m e t e r   of  a b o u t   0 . 6   cm  ( 0 . 2 5   in )   a t   a  p r e s s u r e   o f  

a b o u t   0 . 1   kg /cm2  ( a b o u t   1 . 2 5   p s i ) .   to  an  a c c u r a c y   o f  

a t   l e a s t   0 . 0 0 0 2 5   cm  ( 0 . 1   m i l ) .   a v e r a g i n g   t he   t e n  

t h i c k n e s s   m e a s u r e m e n t s .   The  s a m p l e   of  p r e s s b o a r d   i s  

t h e n   w e i g h e d   to  t he   n e a r e s t   0 . 0 0 0 1   g.  The  v o l u m e   o f  

t h e   s a m p l e   of  p r e s s b o a r d   Vb  i s   t h e n   c a l c u l a t e d   i n  
cm3  and  t h e   w e i g h t   is  d i v i d e d   by  t he   v o l u m e   to  g i v e  

t h e   d e n s i t y   in  g / c m 3 .  

C a l c u l a t e d   V o i d   V o l u m e .   The  v o i d   v o l u m e   i n  
cm .   Vv,  of  a  s a m p l e   of  t h e   p r e s s b o a r d   i s  

d e t e r m i n e d   f rom  t he   r e l a t i o n s h i p  

o r  

w h e r e  

Vb  is   t h e   v o l u m e   of  t h e   p r e s s b o a r d   in  cm3  a s  

d e t e r m i n e d   a b o v e .   Vm  is   t h e   t o t a l   v o l u m e   in  c m   o f  

a l l   t h e   m a t e r i a l s   c o m p r i s i n g   t h e   p r e s s b o a r d .   and  V v  
is   t he   r e m a i n i n g   v o l u m e   in   cm3,  w h i c h   is  t a k e n   a s  

t h e   v o i d   v o l u m e .   Vm  is   d e t e r m i n e d   f rom  t he   w e i g h t s .  

and  d e n s i t i e s   of  e a c h   of  t h e   m a t e r i a l s   of  w h i c h   t h e  

p r e s s b o a r d   s a m p l e   is  made .   c a l c u l a t e d   as  f o l l o w s :  

w h e r e  

Wf  is   t h e   w e i g h t   i n  g   of  t h e   a r o m a t i c   p o l y a m i d e  

f i b r i d s   in   t h e   p r e s s b o a r d   s a m p l e .   wi  is   t he   w e i g h t  

in  g  of  t h e   f l o c   ( i n c l u d i n g   a n y   o t h e r   n o n - f i b r i d   h i g h  

t e m p e r a t u r e   r e s i s t a n t   m a t e r i a l )   in   t h e   p r e s s b o a r d  

s a m p l e .   and  pi  is   t he   d e n s i t y   of  t h e   m a t e r i a l   o f  

w h i c h   t h e   f l o c   i s   made  [ 1 . 3 8   g / c m 3   f o r   MPD-I  a n d  

1 . 4 4   g / cm3   f o r   p o l y ( p - p h e n y l e n e   t e r e p h t h a l a m i d e ) ] .  

When  t h e r e  i s   more  t h a n   one  k i n d   of  f l o c   (or   o t h e r  



h i g h   t e m p e r a t u r e   r e s i s t a n t   m a t e r i a l   such   as  m i c a ) .  

W i / p i   is  c a l c u l a t e d   as  f o l l o w s :  

w h e r e   i  =   1 . . . . .   n 

The  c a l c u l a t e d   v o i d   v o l u m e   as  a  p e r c e n t a g e   v o l u m e ,  %  

Vv,  is  t h e n   c a l c u l a t e d   as  f o l l o w s :  

In  t he   c a s e   of  a  100%  MPD-I  p r e s s b o a r d   s a m p l e   h a v i n g   a  

w e i g h t   in  g  of  Wb  and  a  v o l u m e   i n  

cm3  of  Vb.  and  s i n c e   f o r   t h i s   c a s e  

the   e q u a t i o n   r e d u c e s   t o :  

The  c a l c u l a t e d   v o i d   v o l u m e   is  a  m e a s u r e   o f  

a l l   of  t h e   v o i d s ,   b o t h   i s o l a t e d   v o i d s   a n d  

i n t e r c o n n e c t e d   v o i d s ,   in  a  s a m p l e   of  p r e s s b o a r d .  

O i l   A b s o r p t i o n .   T h i s   t e s t   is  c a r r i e d   o u t   i n  

a c c o r d a n c e   w i t h   t he   m e t h o d   d e s c r i b e d   by  t h e  

I n t e r n a t i o n a l   E l e c t r o t e c h n i c a l   C o m m i s s i o n .   I E C  

S t a n d a r d .   P u b l i c a t i o n   6 4 1 - 2 .   F i r s t   e d i t i o n   ( 1 9 7 9 ) .  

" S p e c i f i c a t i o n   f o r   p r e s s b o a r d   and  p r e s s p a p e r   f o r  

e l e c t r i c a l   p u r p o s e s .   P a r t   2:  M e t h o d s   of  t e s t . "   p a g e s  

29  and  31  ( s e c t i o n   1 7 ) .   p u b l i s h e d   by  B u r e a u   C e n t r a l   d e  

la  C o m m i s s i o n   E l e c t r o t e c h n i q u e   I n t e r n a t i o n a l e   G e n e v a .  

S w i t z e r l a n d .   The  r e s u l t   is  e x p r e s s e d   to  t he   n e a r e s t  

0.1%  as  a  p e r c e n t a g e   by  w e i g h t   o i l   a b s o r p t i o n   on  t h e  

o r i g i n a l   mass  of  t he   p r e s s b o a r d   s a m p l e   t e s t e d .   T h e  

o i l   a b s o r p t i o n   by  v o l u m e   in  c m 3 / g ,   vo,   is  t h e n  

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

a b s o r p t i o n   by  the   d e n s i t y   of  t h e   s a m p l e   o f  

p r e s s b o a r d .   V0  v a l u e s   a r e   i n i t i a l l y   r e p o r t e d   to  t h e  



same  number   of  s i g n i f i c a n t   f i g u r e s   as  the   p e r c e n t a g e  

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

p l a c e s .  

C o m p r e s s i o n   S e t .   The  p r e s s b o a r d   to  be  t e s t e d  

is  c u t   i n t o   r e c t a n g u l a r   s t r i p s   3 .8   cm  ( 1 . 5   in )   w i d e   X 

5 .1   cm  ( 2 . 0   i n )   l o n g   and  a  s u f f i c i e n t   number   of  t h e  

s t r i p s   a r e   s t a c k e d   to  make  a  s t a c k   a p p r o x i m a t e l y   5 . 1  

cm  ( 2 . 0   i n )   h i g h .   The  s t a c k   of  s a m p l e s   is   p l a c e d   i n  

an  o v e n   f o r   48  h r s .   a t   1 1 0 ° C .   t h e n   t a k e n   f rom  t he   o v e n  
and  p l a c e d   in  a  c o n v e n t i o n a l   m a c h i n e   f o r   t e s t i n g  

c o m p r e s s i v e   p r o p e r t i e s ,   e q u i p p e d   f o r   c o n s t a n t   r a t e   o f  

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

1 0 , 0 0 0   kg  ( 2 2 . 0 0 0   l b . )   ( e . g . .   t h e   T i n i u s   O l s e n  

U n i v e r s a l   T e s t i n g   M a c h i n e .   Mode l   60  SDT. 

S e r v o - c o n t r o l l e d .   6 0 . 0 0 0   l b .   c a p a c i t y .   S u p e r   L  UTM, 

made  by  t h e   T i n i u s   O l s e n   U n i v e r s a l   T e s t i n g   M a c h i n e  

C o . .   I n c . .   E a s t o n   R d . .   W i l l o w   G r o v e .   PA  19090   e q u i p p e d  

w i t h   a  M o d e l   MM  F l a t   Bed  X-Y  R e c o r d e r   m a n u f a c t u r e d   b y  

H o u s t o n   I n s t r u m e n t s .   I n c .   and  T i n i u s   O l s e n   Mode l   D - 2  

and  D-4  D e f l e c t o m e r s   f o r   a c c u r a t e l y   m e a s u r i n g   t h e  

d e f l e c t i o n   of  c o m p r e s s e d   s a m p l e s   a t   two  d i f f e r e n t  

c h a r t   m a g n i f i c a t i o n s ) .   In  c a r r y i n g   ou t   t h e   t e s t ,   t h e  

l o a d   i s   a p p l i e d   a t   t h e   c o n s t a n t   r a t e   of  0 . 5   cm  p e r  

min .   ( 0 . 2   i n .   pe r   m i n . )   and  r e l e a s e d .   A  l o a d   of  6 8 0  

kg  ( 1 . 5 0 0   l b . ) .   e q u i v a l e n t   to   35  k g / c m 2   ( 3 . 4 4 8   k P a :  

500  p s i ) .   i s   a p p l i e d   to  t h e   s t a c k   of  s a m p l e s ,   and  t h e  

l o a d   i s   t h e n   i m m e d i a t e l y   r e l e a s e d   to  a  l o a d   of  136  k g  

(300   l b s . ) .   T h i s   l o a d .   e q u i v a l e n t   to  7  kg / cm2   ( 6 9 0  

kPa:   100  p s i ) .   i s   d e s i g n a t e d   as  t h e   b e d d i n g   p r e s s u r e .  

and  t h e   l o a d   i s   r e l e a s e d   to  t h i s   b e d d i n g   p r e s s u r e  

b e t w e e n   e a c h   c y c l e .   The  s t a c k   of  s a m p l e s   is  n e x t  

c y c l e d   to   1361  kg  ( 3 . 0 0 0   l b s . ) ,   e q u i v a l e n t   to  7 0  

k g / c m 2   ( 6 . 8 9 5   kPa :   1 . 0 0 0   p s i ) .   r e t u r n i n g   to  t h e  

b e d d i n g   p r e s s u r e .   I t   i s   t h e n   c y c l e d   to  2 , 7 2 2   k g  

( 6 . 0 0 0   l b s . ) ,   e q u i v a l e n t   to  141  k g / c m 2   ( 1 3 . 7 9 0   k P a ;  



2 , 0 0 0   p s i ) ,   r e t u r n i n g   to  the  b e d d i n g   p r e s s u r e .  

F i n a l l y   i t   is  c y c l e d   to  4 , 0 8 2   kg  ( 9 . 0 0 0   l b s . ) .  

e q u i v a l e n t   to  211  kg /cm2  ( 2 0 . 6 8 5   kPa:   3 . 0 0 0   p s i ) .  

and  back  once   more  to  t he   b e d d i n g   p r e s s u r e .   T h e  

c o m p r e s s i o n   s e t   is  t a k e n   as  t he   l o s s   in  h e i g h t   in  mm 

( a l t e r n a t i v e l y   in  m i l s )   of  the   s t a c k   of  s a m p l e s ,   a s  

m e a s u r e d   by  t h e   d e f l e c t o m e t e r .   upon   t h e   r e t u r n   to  t h e  

b e d d i n g   p r e s s u r e   a f t e r   t he   f i n a l   c y c l e .   I t   i s  

p r e f e r r e d   to  have   t h e   d e f l e c t o m e r   r e a d i n g s  

c o n t i n u o u s l y   p l o t t e d   on  a  c h a r t   so  t h a t   t he   e n t i r e  

s e q u e n c e   of  c y c l e s   is  d i s p l a y e d   on  a  g r a p h   f o r   e a c h  

s a m p l e   t e s t e d .  

If   t h e   a m o u n t   of  s a m p l e   m a t e r i a l   i s   l i m i t e d .  

t h e   3 .8   cm  X  5 . 1   cm  r e c t a n g u l a r   s t r i p s   a r e   s t a c k e d   t o  

a  l e s s e r   h e i g h t ,   p r e f e r a b l y   a t   l e a s t   2 . 5 5   cm  ( 1 . 0   i n . )  

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

m u l t i p l i e d   by  t he   a p p r o p r i a t e   f a c t o r   to  s c a l e   t h e  

r e s u l t   to  c o r r e s p o n d   to  t he   r e s u l t   w h i c h   w o u l d   b e  

o b t a i n e d   f rom  a  s t a c k   5 . 1   cm  ( 2 . 0   i n . )   h i g h .  

M e r c u r y   I n t r u s i o n   V o l u m e .   In  t h i s  

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

(Aminco  M e r c u r y   6 0 , 0 0 0   p s i g   max.  N e w p o r t   S c i e n t i f i c  

C o . .   I n c . .   S i l v e r   S p r i n g ,   MD  2 0 9 1 0 )   i s   e m p l o y e d   t o  

d e t e r m i n e   the   v o l u m e   of  m e r c u r y   w h i c h   can   be  f o r c e d  

i n t o   the   p o r e s ,   or  i n t e r c o n n e c t e d   v o i d s ,   of  a  p o r o u s  

s a m p l e .   To  d e t e r m i n e   w h e t h e r   t h e   s u r f a c e   a r e a   of  a  

g i v e n   w e i g h t   of  t he   p r e s s b o a r d   has   an  e f f e c t   on  t h e  

v o l u m e   of  m e r c u r y   w h i c h   can  be  f o r c e d   i n t o   i t s   p o r e s .  
d e t e r m i n a t i o n s   a r e   made  b o t h   on  low  s u r f a c e / v o l u m e  

s a m p l e s   and  h i g h   s u r f a c e / v o l u m e   ( s u b d i v i d e d )   s a m p l e s  

of  the   p r e s s b o a r d .  

The  n o m i n a l   w e i g h t   of  e a c h   s a m p l e   t e s t e d   i s  

0 .3   g.  To  p r e p a r e   t he   low  s u r f a c e / v o l u m e   and  h i g h  

s u r f a c e / v o l u m e   s a m p l e s ,   an  i n i t i a l   s a m p l e   s l i g h t l y  
h e a v i e r   t h a n   0 .6   g  and  p r e f e r a b l y   r e c t a n g u l a r   in  s h a p e  



is   c u t   from  the   p r e s s b o a r d   to  be  t e s t e d .   The  i n i t i a l  

s a m p l e   is  t h e n   cu t   down  in  s i z e   ( e . g .   w i t h   a  p a i r   o f  

s i d e - c u t t e r s )   in  a  s e r i e s   of  a p p r o x i m a t e l y   25  to  35 

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

e d g e s   to  p r o d u c e   a  c o r r e s p o n d i n g   number   of  f r a g m e n t s .  

l e a v i n g   a  p r e f e r a b l y   q u a d r i l a t e r a l   s a m p l e   w e i g h i n g  

a b o u t   0 .3   g  w h i c h   i s   t a k e n   as  t h e   s a m p l e   f o r   the   l o w  

s u r f a c e / v o l u m e   m e a s u r e m e n t .   T h i s   low  s u r f a c e / v o l u m e  

s a m p l e   s h o u l d   be  of  s u c h   s h a p e   t h a t   i t   w i l l   f i t   i n t a c t  

in   t h e   p e n e t r o m e t e r   b u l b   ( s a m p l e   c h a m b e r )   of  t h e  

p o r o s i m e t e r .   i f   a t   a l l   p o s s i b l e .   If   t h e   s a m p l e   i s  

v e r y   t h i n   and  a  s i n g l e   p i e c e   w e i g h i n g   0 . 3   g  w h i c h   w i l l  

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

low  s u r f a c e / v o l u m e   s a m p l e   i s   p r e p a r e d   in  t h e   form  o f  

two  or  e v e n   t h r e e   p i e c e s   w h i c h   w i l l   f i t   in   t he   b u l b .  

The  low  s u r f a c e / v o l u m e   s a m p l e   i s   w e i g h e d   to  t h e  

n e a r e s t   0 . 0 0 0 1   g  on  g l a s s i n e   p a p e r .   A  s u f f i c i e n t  

n u m b e r   of  t he   p r e s s b o a r d   f r a g m e n t s ,   p r e f e r a b l y   a b o u t  

25  to   30.  to  w e i g h   a b o u t   0 . 3   g  a r e   p l a c e d   on  g l a s s i n e  

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

p a p e r   as  t h e y   a r e   c u t )   as  t he   h i g h   s u r f a c e / v o l u m e  

( s u b d i v i d e d )   s a m p l e .   The  s u b d i v i d e d   s a m p l e   is   w e i g h e d  

to  t h e   n e a r e s t   0 . 0 0 0 1   g .  

To  c o n d u c t   t h e   d e t e r m i n a t i o n ,   a  w e i g h e d  

s a m p l e   is   p l a c e d   in   t h e   o p e n  p e n e t r o m e t e r   b u l b .   a f t e r  

w h i c h   t h e   b u l b   i s   c a p p e d   and  e v a c u a t e d   u n t i l   t h e  

v a c u u m   g a u g e   d i s p l a y s   a  p r e s s u r e   of  50  m i c r o n s   o f  

m e r c u r y   or  l e s s .   The  f i l l i n g   d e v i c e   i s   t h e n   t i l t e d  

b a c k w a r d   u n t i l   i t s   s t o p   i s   r e a c h e d .   so  t h a t   t he   t i p   o f  

t h e   p e n e t r o m e t e r   is   i m m e r s e d   in  m e r c u r y .   The  s t o p c o c k  

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

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

p e n e t r o m e t e r   b u l b .   t a p p i n g   the   t u b e s   to  a i d   in  w e t t i n g  

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

a c h i e v e d ,   the   f i l l i n g   d e v i c e   is  r e t u r n e d   to  v e r t i c a l  



p o s i t i o n .   The  p e n e t r o m e t e r   is  t hen   moved  f rom  t h e  

vacuum  chamber   to  the   p r e s s u r e   c h a m b e r .  

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

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

p r e s s u r e   i n c r e a s e s .   The  e q u i p m e n t   is  c u s t o m a r i l y  

p r o v i d e d   w i t h   more  t h a n   one  p r e s s u r e   g a u g e ,   e . g .  
r e c o r d i n g   maximum  v a l u e s   of  a b o u t   350  k g / c m 2   ( 3 4  

MPa:  5 , 0 0 0   p s i )   and  a b o u t   4200  kg /cm2  (414  MPa:  

6 0 . 0 0 0   p s i ) ,   and  if   so  t he   e q u i p m e n t   is   s w i t c h e d   o v e r  

to  t he   h i g h   p r e s s u r e   g a u g e   at  the   a p p r o p r i a t e   t ime   a s  
t h e   p r e s s u r e   i n c r e a s e s .   The  p e n e t r o m e t e r   r e a d i n g   a t  

4200  kg/cm2  (414  MPa:  6 0 . 0 0 0   p s i )   is  r e c o r d e d   a t   t h e  

c o n c l u s i o n   of  the   t e s t .   The  m e r c u r y   i n t r u s i o n   v o l u m e  

a t   4200  kg/cm2  is  d e t e r m i n e d   f rom  t he   p e n e t r o m e t e r  

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

by  t h e   m a n u f a c t u r e r   of  t h e   e q u i p m e n t .   For   a  

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

v o l u m e   v a l u e s   in  cm 3/g  ( c m 3  o f   m e r c u r y   a t   4 2 0 0  
k g / c m 2   p r e s s u r e   per   g  of  p r e s s b o a r d )   a r e   f i r s t  

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

f i n a l l y   r e p o r t e d   to  two  d e c i m a l   p l a c e s   b o t h   f o r   t h e  

low  s u r f a c e / v o l u m e   and  h i g h   s u r f a c e / v o l u m e  

( s u b d i v i d e d )   s a m p l e s .   If   d e s i r e d ,   g r a p h s   of  m e r c u r y  
i n t r u s i o n   vo lume   v a l u e s   o v e r   the   e n t i r e   p r e s s u r e   r a n g e  

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

t a k e n   a t   i n t e r v a l s   t h r o u g h o u t   t he   t e s t .   The  m e r c u r y  
i n t r u s i o n   vo lume   a t   low  s u r f a c e / v o l u m e   is   d e s i g n a t e d  

by  t he   s y m b o l .   vml ,   and  the   m e r c u r y   i n t r u s i o n   v o l u m e  

a t   h i g h   s u r f a c e / v o l u m e   is  d e s i g n a t e d   by  t h e   s y m b o l .  

Vmh.  
T o t a l   A v a i l a b l e   A b s o r p t i o n   V o l u m e .   The  t o t a l  

a v a i l a b l e   a b s o r p t i o n   v o l u m e ,   Va,  of  a  p r e s s b o a r d  

s a m p l e   is  t a k e n   as  b e i n g   e q u a l   to  t he   l a r g e s t   of  t h e  

v a l u e s   for   Vml,  V m h  a n d   V0  ( a l l   v a l u e s   p r i o r   t o  

r o u n d i n g )   fo r   t he   s a m p l e .   For  any  g i v e n   s a m p l e   o f  



p r e s s b o a r d .   Va  is  a  m e a s u r e   of  t he   vo lume   in  cm3 

per   q  of  the   i n t e r c o n n e c t e d   v o i d s   in  the   s a m p l e   w h i c h  

a r e   a c c e s s i b l e   to  p e n e t r a t i o n   by  l i q u i d s .  

The  r a t i o ,   V a / V m l .   i s   t h e n   c a l c u l a t e d .  

u s i n g   v a l u e s   of  Va  and   Vml  p r i o r   to  r o u n d i n g   i n  

m a k i n g   t he   c a l c u l a t i o n .   In  r e p o r t i n g   the   r a t i o ,   i t   i s  

r o u n d e d   to  one  d e c i m a l   p l a c e .   A  v a l u e   of  t h i s   r a t i o  

e q u a l   to  or  g r e a t e r   t h a n   1 . 1   i s   i n d i c a t i v e   of  a  

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

i n t e r n a l   v o i d s   in  t h e   p r e s s b o a r d .   a  s t r u c t u r e  

a s s o c i a t e d   w i t h   good  c o m p r e s s i o n   r e s i s t a n c e   of  t h e  

p r e s s b o a r d   when  t h e   c a l c u l a t e d   v o i d   v o l u m e   of  t h e  

p r e s s b o a r d   is   no  more  t h a n   28%.  

EXAMPLE  1 

A.  P r e p a r a t i o n   of  " S t a n d a r d   P r e s s b o a r d "  

F i l a m e n t s   of  p o l y ( m - p h e n y l e n e   i s o p h t h a l a m i d e )  

( M P D - I )   h a v i n g   an  i n h e r e n t   v i s c o s i t y   of  1 . 5   were   d r y  

s p u n   f r o m   a  s o l u t i o n  c o n t a i n i n g   19%  MPD-I .   70% 

d i m e t h y l a c e t a m i d e   (DMAc).   9%  c a l c i u m   c h l o r i d e .  a n d   2% 

w a t e r .   On  l e a v i n g   t h e   d r y i n g   t o w e r   t h e   a s - s p u n  
f i l a m e n t s   were   g i v e n   a  p r e l i m i n a r y   wash   w i t h   w a t e r   s o  

t h a t   t h e y   c o n t a i n e d   a b o u t   60%  DMAc.  15%  c a l c i u m  

c h l o r i d e ,   and  1 0 0 - 1 5 0 %   w a t e r .   b a s e d   on  t h e   w e i g h t   o f  

d r y   p o l y m e r .   The  f i l a m e n t s   w e r e   w a s h e d   and   d r awn   4X 

a t   90°C  in  a  c o u n t e r - c u r r e n t   e x t r a c t i o n - d r a w   p r o c e s s  
in   w h i c h   t h e   c a l c i u m   c h l o r i d e   d e t e r m i n e d   as  c h l o r i d e  

c o n t e n t   and  DMAc  c o n t e n t   w e r e   r e d u c e d   to  a b o u t   0 . 1 %  

and   0 . 5 % ,   r e s p e c t i v e l y .   The  f i l a m e n t s   w e r e  

c r y s t a l l i z e d   i m m e d i a t e l y   a f t e r   d r a w i n g   by  p a s s i n g   t h e m  

o v e r   h o t   r o l l s   a t   a  t e m p e r a t u r e   of  a b o u t   3 4 0 ° C .   T h e  

f i l a m e n t s   so  p r o d u c e d   had  a  l i n e a r   d e n s i t y   of  2 . 2  

d e c i t e x   ( 2 . 0   d e n i e r ) .   a  t e n a c i t y   of  a b o u t   3 .7   d N / t e x  

( 4 . 2   g / d e n i e r ) .   an  i n i t i a l   m o d u l u s   of  70  d N / t e x   ( 7 9  

g p d )   and  an  e l o n g a t i o n   of  34%.  The  f i l a m e n t s   were   c u t  

to  f l o c   h a v i n g   a  l e n g t h  o f   3 .4   mm  ( 0 . 1 3 5   i n ) .  



F i b r i d s   of  MPD. I  h a v i n g   an  i n h e r e n t   v i s c o s i t y  

of  1 .5  were   p r e p a r e d   s u b s t a n t i a l l y   as  d e s c r i b e d   by  

G r o s s   in  U.S .   P a t e n t   3 . 7 5 6 . 9 0 8 .   i s s u e d   S e p t e m b e r   4 .  

1973.   c o l u m n   5  l i n e s   3 4 - 5 4 .   s t o p p i n g   s h o r t   of  t h e  

r e f i n i n g   s t e p .  

An  a q u e o u s   s l u r r y   was  p r e p a r e d   c o n t a i n i n g   1 . 0  

Wt .  %  f i b r i d s   and  f l o c   h a v i n g   a  c o m p o s i t i o n   of  60%  o f  

the   a b o v e   MPD-I  f i b r i d s   and  40%  of  t he   a b o v e   MPD-I  

f l o c .   The  s l u r r y   was  h e l d   in   an  a g i t a t e d   v e s s e l   a n d  

t h e n   pumped  to  a  d o u b l e   d i s c   r e f i n e r   ( B e l o i t   J o n e s  

Model   3000  2 0 - i n c h   D o u b l e   D i s c   r e f i n e r ,   made  by  t h e  

J o n e s   D i v i s i o n   of  the   B e l o i t   C o r p o r a t i o n .   D a l t o n .  

M a s s a c h u s e t t s   0 1 2 2 6 ) .   e q u i p p e d   w i t h   r e f i n i n g   d i s c s  

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

dams .   The  p l a t e s   of  t he   r e f i n e r   we re   p o s i t i o n e d   w i t h  

a  gap  of  0 . 5   mm  (20  m i l s )   b e t w e e n   the   r o t o r   and  t h e  

s t a t o r   p l a t e s .   The  r o t o r   p l a t e s   w e r e   o p e r a t e d   a t   9 0 0  

rpm.  A f t e r   p a s s i n g   t h r o u g h   t h e   r e f i n e r ,   t he   s l u r r y  

was  p a s s e d   t h r o u g h   a  s e c o n d   r e f i n e r   u n d e r   the   s a m e  

o p e r a t i n g   c o n d i t i o n s .   A f t e r   t h e   two  p a s s e s   t h r o u g h  

the   r e f i n e r s   t he   f i b r i d s   in  t h e   s l u r r y   were   w e l l  

r e d u c e d   in  s i z e   and  w e l l   o p e n e d   i n t o   f i b r i d   f i l m s .  

w h i l e   t h e   f l o c   f i b e r s   we re   w e l l   d i s t r i b u t e d   among  t h e  

f i b r i d s .   The  s l u r r y   made  in  t h i s   way  was  t h e n   d i l u t e d  

to  a p p r o x i m a t e l y   0.1%  by  w e i g h t   s o l i d s   and  fed   to  a  

c o n v e n t i o n a l   c y l i n d e r   wet  p a p e r - m a k i n g   m a c h i n e   u p o n  
w h i c h   a  c o n t i n u o u s   s h e e t   of  we t   p a p e r   was  made  a n d  

t r a n s f e r r e d   to  an  e n d l e s s   f e l t .   t h e   m o i s t u r e   c o n t e n t  

b e i n g   a d j u s t e d   by  s u c t i o n   and  p r e s s u r e   to  a b o u t   400% 

b a s e d   on  s o l i d s   (80%  by  w e i g h t   b a s e d   on  t h e   w e t  

s h e e t ) .   The  w e i g h t   of  t he   s o l i d s   in  t h e   wet  p a p e r   w a s  

a p p r o x i m a t e l y   36  g /m2.   The  c o n t i n u o u s   wet  s h e e t   w a s  

n e x t   d e l i v e r e d   to  a  f o r m i n g   r o l l .   w h e r e   i t   was  w o u n d  

c o n t i n u o u s l y   on  a  c y l i n d r i c a l   t u b e   u n t i l   i t   o v e r l a p p e d  

a b o u t   70  t i m e s .   A  l o n g i t u d i n a l   c u t   was  t h e n   made  i n  



t he   l a y e r e d   p a p e r   and  the  e n t i r e   t h i c k n e s s   of  wet  l a p  

(we t   l a y e r e d   p a p e r )   was  t h e n   r e m o v e d   and  p l a c e d  

b e t w e e n   t he   p l a t e n s   of  a  hot   p r e s s ,   t h e   p l a t e n s   b e i n g  
m a i n t a i n e d   a t   140°C  and  h a v i n g   b e e n   c o v e r e d   w i t h   w i r e  

s c r e e n   to   f a c i l i t a t e   m o i s t u r e   r e m o v a l .   The  p r e s s   w a s  
l o a d e d   a t   c o n t a c t   p r e s s u r e ,   and  t h e   p r e s s u r e   was  t h e n  

r a i s e d   to   a n d   m a i n t a i n e d   f o r   one  h o u r   a t   35  k g / c m 2  

( 3 4 5 0   kPa :   500  p s i )   w h i l e   t he   p l a t e n s   of  t he   p r e s s  

w e r e   m a i n t a i n e d   a t   1 4 0 ° C .   The  p r o d u c t ,   h e r e i n  

d e s i g n a t e d   as  " S t a n d a r d   P r e s s b o a r d " .   was  a  low  d e n s i t y  

a r a m i d   p r e s s b o a r d   a p p r o x i m a t e l y   3 . 2   mm  (126  m i l s )  

t h i c k .   I t   was  f o u n d   to  have  a  d e n s i t y   of  0 . 8 2  

g / c m 3 .   a  c a l c u l a t e d   v o i d   v o l u m e .  %   Vv,  of  41%  b y  

v o l u m e   of  t h e   p r e s s b o a r d .   a  c o m p r e s s i o n   s e t   of  2 .13   mm 

(84  m i l s ) ,   and  an  o i l   a b s o r p t i o n   of  3 2 . 5 % .   V  w a s  
0 . 3 8   c m 3 / g .   Vml  was  0 . 3 8   cm3/g   ( r o u n d e d   f r o m  

0 . 3 7 9 1 ) .   and  Vmh  was  0 . 4 2   c m 3 / g   ( r o u n d e d   f r o m  

0 . 4 1 9 7 ) .   Va  f o r   t h i s   S t a n d a r d   P r e s s b o a r d   s a m p l e   w a s  

0 . 4 2   c m 3 / g   and  t h e   r a t i o   Va /Vml   was  1 . 1 .  

B.  P r e p a r a t i o n   of  C o m p r e s s i o n - R e s i s t a n t   P r e s s b o a r d  

A  3 0 . 5   cm X  3 0 . 5   cm  (12  in   X  12  in )   s q u a r e  

s h e e t   of  t h e   " S t a n d a r d   P r e s s b o a r d "   p r e p a r e d   as  in  P a r t  

A  a b o v e   was  p r e d r i e d   a t   150°C  f o r   a t   l e a s t   2  h o u r s   a n d  

t h e n   p l a c e d   b e t w e e n   t h e   p l a t e n s   of  a  f l a t   p r e s s  

( M a c h i n e   No.  9 1 7 5 - M .   W a t s o n   S t i l l m a n   P r e s s   D i v i s i o n .  

F a r r e l   C o m p a n y .   E m h a r t   M a c h i n e r y   G r o u p .   25  Main  S t . .  

A n s o n i a .   C o n n e c t i c u t   0 6 4 0 1 ) .   W i t h   t h e   p l a t e n s  

p r e h e a t e d   to  2 8 0 ° C   and  m a i n t a i n e d   a t   t h a t   t e m p e r a t u r e .  

a  p r e s s u r e   of  1 9 . 5   k g / c m 2   ( 1 9 1 0   kPa :   277  p s i )   w a s  

a p p l i e d   to   t h e   " S t a n d a r d   P r e s s b o a r d "   f o r   a  t o t a l   of  2 0  

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

t h e n   r e a p p l y i n g   i t   a f t e r   a  t o t a l   of  1.  2.  3.  6.  1 2 .  

and  16  m i n u t e s   to  p e r m i t   e s c a p e   of  any   t r a p p e d   g a s e s .  

A f t e r   a  t o t a l   of  20  m i n u t e s   of  h o t   p r e s s i n g ,   t h e  

p r e s s b o a r d   was  t a k e n   ou t   h o t ,   p l a c e d   in  a n o t h e r   p r e s s  



at  room  t e m p e r a t u r e .   and  a l l o w e d   to  c o o l   u n d e r   a 

p r e s s u r e   of  2 .8   kg /cm  (276  kPa:  40  p s i ) .   j u s t  

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

The  p r o d u c t ,   d e s i g n a t e d   as  " S a m p l e   1A",  was  an  a r a m i d  

p r e s s b o a r d   a p p r o x i m a t e l y   2 . 4 5   mm  ( 9 6 . 5   m i l s )   t h i c k  

( t h i c k n e s s   r a n g e   2 . 3 5 - 2 . 5 3   mm).  I t   was  f o u n d   to  h a v e  

a  d e n s i t y   of  1 . 1 1   g / c m 3 ,   a %  Vv  of  20%,  a  

c o m p r e s s i o n   s e t   of  0 . 3 0   mm  (12  m i l s ) ,   and  an  o i l  

a b s o r p t i o n   of  1 2 . 7 1 % .   Vo  was  0 . 1 5   c m 3 / g ,   Vml 
was  0 . 1 5   cm3/g   ( r o u n d e d   f rom  0 . 1 5 0 2 ) .   and  Vmh  w a s  
0 . 1 7   cm3/g   ( r o u n d e d   f rom  0 . 1 7 0 0 ) .   Va  f o r   S a m p l e  

1A  was  0 . 1 7   c m 3 / g   and  t h e   r a t i o   Va/Vml  was  1 . 1 .  

A n o t h e r   s h e e t   of  p r e d r i e d   " S t a n d a r d  

P r e s s b o a r d "   was  s u b j e c t e d   to  t he   same  p r o c e d u r e .  

e x c e p t   t h a t   a  p r e s s u r e   of  1 8 . 5   kg /cm2  (1813   kPa:   2 6 3  

p s i )   was  a p p l i e d   in  t h e   p r e s s   f o r   a  t o t a l   of  2 0  

m i n u t e s   a t   2 8 0 ° C .   The  p r o d u c t ,   d e s i g n a t e d   as  " S a m p l e  

1B".  was  a p p r o x i m a t e l y   2 .5   mm  ( 9 8 . 7   m i l s )   t h i c k  

( t h i c k n e s s   r a n g e   2 . 3 8  -   2 . 6 0   mm).  I t   was  f o u n d   t o  

have  a  d e n s i t y   of  1 . 0 8   g / c m 3 .   a %  V   of  22%.  a  

c o m p r e s s i o n   s e t   of  0 . 3 6   mm  (14  m i l s ) ,   and  an  o i l  

a b s o r p t i o n   of  1 2 . 1 9 % .   Vo  was  0 . 1 4   c m 3 / g .   Vml 
was  0 . 1 6   cm3/g   ( r o u n d e d   f rom  0 . 1 5 5 1 ) .   and  Vmh  w a s  

0 . 1 7   cm3/g   ( r o u n d e d   f rom  0 . 1 7 4 3 ) .   Va  f o r   S a m p l e  

1B  was  0 . 1 7   cm3/g   and  t h e   r a t i o   Va /Vml   was  1 . 1 .  

EXAMPLE  2 

Two  46  cm  X  122  cm  (18  in  x  48  i n )  

r e c t a n g u l a r   s h e e t s   of  " S t a n d a r d   P r e s s b o a r d " ,   p r e p a r e d  

s u b s t a n t i a l l y   as  d e s c r i b e d   in  P a r t   A  of  E x a m p l e   1  b u t  

h a v i n g   a  t h i c k n e s s   of  3 . 0   mm  (118  m i l s ) ,   were   a l i g n e d  

in  a  s t a c k   a b o v e   and  b e l o w   a  46  cm  x  122  cm  s h e e t   o f  

1 .6-mm  t h i c k   " S t a n d a r d   P r e s s b o a r d " ,   s i m i l a r l y   p r e p a r e d  

e x c e p t   t h a t   p r o p o r t i o n a t e l y   f e w e r   o v e r l a p s   of  w e t  

p a p e r   were   wound  on  t h e   c y l i n d r i c a l   r o l l   in  t h e  



f o r m i n g   s t e p .   Al l   of  t he   s h e e t s   were   p r e d r i e d   a t  

150°C  j u s t   b e f o r e   f o r m i n g   t he   s t a c k .   The  a l i g n e d  

s t a c k   was  t h e n   p l a c e d   i m m e d i a t e l y   in  a  hot   p r e s s  

h a v i n g   p l a t e n s   o i l - h e a t e d   to  280°C  ( 5 3 5 ° F )   a n d  

s u b j e c t e d   to   t h r e e   2 - m i n u t e   c y c l e s   of  c o n t a c t   p r e s s u r e  

( 3 . 5   k g / c m 2 )   a t   280°C  f o l l o w e d   by  r e l e a s e   o f  

p r e s s u r e .   A  o n e - m i n u t e   c y c l e   of  p r e s s u r e   a t   28  
k g / c m 2   ( 2 7 5 8   kPa ;   400  p s i )   and  q u i c k   r e l e a s e   w a s  

f o l l o w e d   by  a  o n e - m i n u t e   c y c l e   of  p r e s s u r e   a t   35  
k g / c m 2   and  q u i c k   r e l e a s e ,   a f t e r   w h i c h   p r e s s u r e   w a s  

a p p l i e d   a t   35  k g / c m 2   f o r   f i f t e e n   m i n u t e s   w h i l e   t h e  

p l a t e n s   w e r e   m a i n t a i n e d   a t   2 8 0 ° C .   The  p r e s s b o a r d  

p r o d u c t   was  t a k e n   ou t   ho t   and  p l a c e d   u n d e r   c o n t a c t  

p r e s s u r e   in   a  s e p a r a t e   p r e s s ,   i n i t i a l l y   a t   r o o m  

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

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

p r o d u c t ,   d e s i g n a t e d   " S a m p l e   2" ,   was  an  a r a m i d  

p r e s s b o a r d   a p p r o x i m a t e l y   5 .3   mm  t h i c k   (210   m i l s ) .   I t  

was  f o u n d   to   h a v e   a  d e n s i t y   of  1 . 1 2   g / c m 3 ,   a  %  Vv  
of  19%,  a  c o m p r e s s i o n   s e t   of  0 . 1 3   mm  (5  m i l s ) ,   and  a n  

o i l   a b s o r p t i o n   of  9 .3%.   V   was  0 . 1 1   c m 3 / g .   Vml  
was  0 . 0 9   c m 3 / g   ( r o u n d e d   f rom  0 . 0 9 4 0 ) ,   and  Vmh  w a s  

0 . 1 7   c m 3 / g   ( r o u n d e d   f rom  0 . 1 6 6 5 ) .   Va  f o r   S a m p l e   2 

was  0 . 1 7   c m 3 / g   and  the   r a t i o   V a / V m l   was  1 . 8 .  

EXAMPLE  3 

A  46  cm  x  81  cm  (18  in   x  32  i n )   r e c t a n g u l a r  

s h e e t   of  2 . 1 - m m   t h i c k   p r e s s b o a r d .   p r e p a r e d  

s u b s t a n t i a l l y   l i k e   t he   " S t a n d a r d   P r e s s b o a r d "   of  P a r t   A 

of  E x a m p l e   I ,   e x c e p t   t h a t   p r o p o r t i o n a t e l y   f e w e r  

o v e r l a p s   of  wet   p a p e r   were   u s e d ,   was  p l a c e d   w i t h o u t  

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

and  w a t e r   c o o l i n g .   I n i t i a l l y   t h e   p r e s s   was  a t   6 6 ° C  

( 1 5 0 ° F )   and  c o n t a c t   p r e s s u r e ,   a b o u t   3 .5   kg/cm 2  ( 3 4 5  

kPa:   50  p s i ) .   The  p r e s s   was  h e a t e d   o v e r   a b o u t   2 0  



m i n u t e s   u n d e r   the  same  c o n t a c t   p r e s s u r e ,   w i t h   no  

i n t e r v a l s   of  p r e s s u r e   r e l e a s e ,   to  a b o u t   280°C  ( a b o u t  

5 3 5 ° F ) .   The  p r e s s u r e   was  t h e n   i n c r e a s e d   to  35  
k g / c m 2   (3448  kPa:  500  p s i )   and  m a i n t a i n e d   a t   t h a t  

p r e s s u r e .   w i t h   no  r e l e a s e   of  p r e s s u r e ,   f o r   12  m i n u t e s  

w h i l e   t he   p r e s s   was  m a i n t a i n e d   at   2 8 0 ° C .   T h e  

e l e c t r i c a l   h e a t i n g   was  t h e n   d i s c o n t i n u e d   and  the   p r e s s  
was  t h e n   c o o l e d   back   down  to  66°C  w i t h   c i r c u l a t i o n   o f  

c o o l   w a t e r   o v e r   a  2 0 - m i n u t e   p e r i o d   w h i l e   the   p r e s s u r e  
was  m a i n t a i n e d   a t   35  k g / c m .   The  p r o d u c t .  

d e s i g n a t e d   " S a m p l e   3" .   was  an  a r a m i d   p r e s s b o a r d  

a p p r o x i m a t e l y   1 .6   mm  t h i c k   (64  m i l s ) .   I t   was  f o u n d   t o  

have   a  d e n s i t y   of  1 . 1 3   g / c m 3 ,   a %  Vv  of  18%,  a  

c o m p r e s s i o n   s e t   of  0 . 1 3   mm  (5  m i l s ) ,   and  an  o i l  

a b s o r p t i o n   of  9 . 3 2 % .   Vo  was  0 . 1 1   c m 3 / g ,   Vml  w a s  

0 . 0 6   c m 3 / g   ( r o u n d e d   f r o m   0 . 0 5 5 3 ) ,   and  Vmh  was  0 . 1 4  
c m  / g   ( r o u n d e d   f r o m   0 . 1 3 9 0 ) .   V   f o r   S a m p l e   3  w a s  

0 . 1 4   cm3/g   and  t he   r a t i o   Va/Vml  was  2 . 5 .  

EXAMPLE  4 

S q u a r e   s h e e t s   of  low  d e n s i t y   p r e s s b o a r d   w e r e  

p r e p a r e d   in  s u b s t a n t i a l l y   t he   same  m a n n e r   as  t h e  

" S t a n d a r d   P r e s s b o a r d "   of  P a r t   A  of  E x a m p l e   1.  w i t h   t h e  

f o l l o w i n g   e x c e p t i o n s .   F i b r i d s   were   r e f i n e d   and  m i x e d  

w i t h   f l o c   a t   t he   p a p e r - m a k i n g   m a c h i n e .   F i f t y   s h e e t s  

of  wet   p a p e r   we re   c o m b i n e d   i n t o   a  wet   l a p   and  t h e  

e n t i r e   wet  l ap   was  c u t   i n t o   20-cm  ( 8 - i n )   s q u a r e s .   I n  

p r e s s i n g   the   s q u a r e s   of  wet   l ap   a t   140°C  u n d e r   a  

p r e s s u r e   of  35  k g / c m  .   t h e   p r e s s u r e   was  a p p l i e d   f o r  

30  m i n u t e s   r a t h e r   t h a n   one  h o u r .   The  low  d e n s i t y  

p r e s s b o a r d   so  f o r m e d   was  2 . 1   mm  (81  m i l s )   t h i c k   a n d  

had  a  d e n s i t y   of  0 . 8 8   g / c m 3 .   I t s  %   Vv  was  36%.  

The  low  d e n s i t y   p r e s s b o a r d   was  p r e d r i e d   a t   120°C  in  a n  

oven   f o r   f o u r   h o u r s   and  t h e n   p l a c e d   b e t w e e n   t h e  

p l a t e n s   of  a  f l a t   p r e s s   p r e h e a t e d   to  280°C  a s  i n  



P a r t   B  of  E x a m p l e   1.  Low  p r e s s u r e   was  a p p l i e d   b r i e f l y  

a t   f i r s t .   w i t h   t h r e e   c y c l e s   of  r e l e a s e   of  the   p r e s s u r e  

to  p e r m i t   e s c a p e   of  t h e   t r a p p e d   g a s s e s   f o l l o w e d   b y  

r e a p p l i c a t i o n   of  t h e   p r e s s u r e .   A  p r e s s u r e   of  53  
k g / c m 2   ( 5 1 7 1   kPa;   750  p s i )   was  t h e n   a p p l i e d   f o r   a  

c o n t a c t   t i m e   of  1  m i n u t e ,   t h e   ho t   p r e s s b o a r d   f i n a l l y  

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

p r o d u c t ,   d e s i g n a t e d   as  " S a m p l e   4A".  was  an  a r a m i d  

p r e s s b o a r d   1 . 7 5   mm  (69  m i l s )   t h i c k   and  had  a  d e n s i t y  

of  1 . 0 4   g / c m 3 .   I t s  %   Vv  was  25%.  V m l  w a s   0 . 1 5  

c m 3 / g   ( r o u n d e d   f rom  0 . 1 5 4 2 )   and  Vmh  was  0 . 1 7   c m  / g  

( r o u n d e d   f rom  0 . 1 7 1 2 ) .   The  c o m p r e s s i o n   s e t   was  0 . 2 0   mm 

(B.O  m i l s ) ,   t he   o i l   a b s o r p t i o n   was  15.9%  by  w e i g h t   o f  

p r e s s b o a r d .   and  Vo  was  0 . 1 9   c m 3 / g .   For  S a m p l e   4A.  

Va  was  0 . 1 9   cm3/g   and  t h e   r a t i o   Va /Vml   was  1 . 2 .  

O t h e r   20 -cm  s q u a r e   s h e e t s   of  low  d e n s i t y  

p r e s s b o a r d   we re   p r e p a r e d   in  t he   same  m a n n e r .   e x c e p t  
t h a t   t h e   w e i g h t   of  t h e   s o l i d s   in  t he   wet   p a p e r   w a s  

a p p r o x i m a t e l y   60  g /m2 ,   t h e   wet   l a p   was  f o r m e d   f r o m  

t h i r t y   s h e e t s   of  wet   p a p e r ,   and  in   t he   p r e s s i n g   s t e p  

t h e   p r e s s u r e   was  a p p l i e d   f o r   45  m i n u t e s   r a t h e r   t h a n   3 0  

m i n u t e s .   The  low  d e n s i t y   p r e s s b o a r d   was  2 . 1   mm  ( 8 4  

m i l s )   t h i c k   and  had  a  d e n s i t y   of  0 . 9 2   g / c m 3 .   I t s   % 

Vv  was  33%.  The  low  d e n s i t y   p r e s s b o a r d   was  p r e d r i e d  

and  h o t   p r e s s e d   in   t h e   same  m a n n e r   as  S a m p l e   4 A .  

e x c e p t   t h a t   t h e   p r e s s u r e   of  53  k g / c m 2   was  a p p l i e d  

f o r   a  c o n t a c t   t i m e   of  10  m i n u t e s .   The  p r o d u c t .  

d e s i g n a t e d   as  S a m p l e   "4B" ,   was  an  a r a m i d   p r e s s b o a r d  

1 . 8   mm  (71  m i l s )   t h i c k   and  had  a  d e n s i t y   of  1 . 1 5  
g / c m 3 .   I t s  %   Vv  was  17%.  Vml  was  0 . 0 5   c m 3 / g  

( r o u n d e d   f rom  0 . 0 4 8 6 )   and  Vmh  was  0 . 1 5   c m 3 / g  

( r o u n d e d   f rom  0 . 1 4 5 2 ) .   The  c o m p r e s s i o n   s e t   was  0 . 1 4 7  

mm  ( 5 . 8   m i l s ) ,   t he   o i l   a b s o r p t i o n   was  9.7%  by  w e i g h t  

of  p r e s s b o a r d .   and  Vo  was  0 . 1 1   c m 3 / g .   For   S a m p l e  

4 B ,  V a   was  0 . 1 5   cm3/g   and  t h e   r a t i o   Va /Vml   was  3 . 0 .  



EXAMPLE  5 

In  a  s e r i e s   of  e x p e r i m e n t s .   low  d e n s i t y  

p r e s s b o a r d s   were   made  w h i c h   c o n t a i n e d   v a r y i n g   r a t i o s  

of  MPD-I  f i b r i d s   and  f l o c .   The  low  d e n s i t y  

p r e s s b o a r d s   were   made  in  s u b s t a n t i a l l y   t he   same  m a n n e r  

as  the   " S t a n d a r d   P r e s s b o a r d "   of  P a r t   A  of  E x a m p l e   1 

w i t h   t he   f o l l o w i n g   e x c e p t i o n s .   F i b r i d s   were   r e f i n e d  

and  t h e n   mixed   w i t h   f l o c   a t   t he   p a p e r - m a k i n g   m a c h i n e  

in  t he   p r o p o r t i o n s   g i v e n   b e l o w .   Wet  p a p e r   w a s  

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

a p p r o x i m a t e l y   60  g / m 2 .   T h i r t y   s h e e t s   of  wet  p a p e r  

we re   c o m b i n e d   i n t o   a  wet   l ap   w h i c h   was  c u t   i n t o   2 0 - c m  

( 8 - i n . )   s q u a r e s   and  p r e s s e d .  

In  one  e x p e r i m e n t   a  m i x t u r e   of  80%  f i b r i d s  

and  20%  f l o c   h a v i n g   a  c u t   l e n g t h   of  0 . 3 2   cm  ( 0 . 1 2 5   i n )  

was  u s e d .   The  lpw  d e n s i t y   p r e s s b o a r d   was  p r e p a r e d  

u n d e r   a  p r e s s u r e   of  1 7 . 6   kg /cm2  (1724   kPa:   250  p s i )  

f o r   1 .5  h r .   a t   a  t e m p e r a t u r e   of  1 4 0 ° C .   I t   w a s  

a p p r o x i m a t e l y   2 . 1   mm  (82  m i l s )   t h i c k   and  had  a  d e n s i t y  

of  0 . 9 2   g / c m 3 .  %   V v  w a s   33%.  

The  low  d e n s i t y   p r e s s b o a r d   was  d r i e d   a t   1 2 0 ° C  

f o r   4  h o u r s   and  p r e s s e d   a t   2 8 0 ° C ,   u n d e r   low  p r e s s u r e  

a t   f i r s t   w i t h   b r i e f   c y c l e s   of  r e l e a s e   a n d  

r e a p p l i c a t i o n   of  p r e s s u r e ,   t h e n   f o r   10  min .   a t   8 . 8  
kg /cm2  (862  kPa:   125  p s i . )   The  p r o d u c t ,   d e s i g n a t e d  

" S a m p l e   5A",  w a s  a n   a r a m i d   p r e s s b o a r d   a p p r o x i m a t e l y  

1 .9   mm  (73  m i l s )   t h i c k ,   had  a  d e n s i t y   of  1 . 0 4  g / c m 3 ,  

a  c o m p r e s s i o n   s e t   of  0 . 2 1   mm  ( 8 . 3   m i l s ) .   an  o i l  

a b s o r p t i o n   of  13.7%  by  w e i g h t   p r e s s b o a r d .   and  Vo  w a s  

0 . 1 6   c m  / g .  %   Vv  f o r   s a m p l e   5A  was  c a l c u l a t e d   a s  

25%.  Vml  was  0 . 1 0   c m  / g   ( r o u n d e d   f rom  0 . 0 9 9 0 ) .  

Vmh  was  a l s o   0 . 1 0   c m 3 / g   ( r o u n d e d   f rom  0 . 0 9 9 6 ) .  



For  s a m p l e   5A  Va  was  0 . 1 6   cm3/g   ( t h e   l a r g e s t   of  t h e  

v a l u e s   f o r   Vml,  Vo,  and  Vmh)  and  the   r a t i o   Va/Vml  w a s  

1 . 6 .  

The  p r o c e d u r e   f o r   p r e p a r i n g   t h e   low  d e n s i t y  

p r e s s b o a r d   was  r e p e a t e d ,   e x c e p t   t h a t   a  m i x t u r e   of  40% 

f i b r i d s   and  60%  f l o c   was  u s e d   and  t h a t   t h e   p r e s s u r e  
a p p l i e d   was  35  k g / c m 2   (3450   kPa:   500  p s i )   fo r   a  

p e r i o d   of  45  m i n u t e s   a t   140°C .   The  low  d e n s i t y  

p r e s s b o a r d   was  a p p r o x i m a t e l y   2 .6   mm  (103  m i l s )   t h i c k  

and  had  a  d e n s i t y   of  0 . 7 8   g / c m 3 .  %   V   was  43%. 

The  low  d e n s i t y   p r e s s b o a r d   was  d r i e d   a t   120°C  fo r   4 

h o u r s   and  p r e s s e d   a t   280°C ,   u n d e r   low  p r e s s u r e   a t  

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

of  p r e s s u r e ,   t h e n   f o r   10  min.   a t   a  p r e s s u r e   of  53 
k g / c m 2   ( 5 1 7 1   k P a ) .   f i n a l l y   b e i n g   c o o l e d   u n d e r  

r e s t r a i n t   in  a  s e p a r a t e   p r e s s .   The  p r o d u c t .  

d e s i g n a t e d   " S a m p l e   5B".   was  an  a r a m i d   p r e s s b o a r d  

a p p r o x i m a t e l y   2 . 0   mm  (79  m i l s )   t h i c k ,   had  a  d e n s i t y   o f  

1 . 0 2   g / c m 3 ,   a  c o m p r e s s i o n   s e t   of  .15   mm  ( 6 . 0   m i l s ) .  

an  o i l   a b s o r p t i o n   of  17.1%  by  w e i g h t   of  p r e s s b o a r d .  

and  Vo  was  0 . 2 0   c m 3 / g .  %   Vv  was  26%.  Vml  w a s  

0 . 1 7   c m 3 / g   ( r o u n d e d   f rom  0 . 1 6 8 3 )   and  Vmh  was  0 . 2 7  
cm3/g   ( r o u n d e d   f r o m   0 . 2 6 7 3 ) .   For   S a m p l e   5B.  Va 
was  0 . 2 7   c m 3 / g   and  t h e   r a t i o   Va /Vml   was  1 . 6 .  

The  p r o c e d u r e   f o r   p r e p a r i n g   t h e   low  d e n s i t y  

p r e s s b o a r d   was  r e p e a t e d   a g a i n ,   e x c e p t   t h a t   a  m i x t u r e  

of  20%  f i b r i d s   and  80%  f l o c   was  u s e d   and  t h a t   t h e  

p r e s s u r e   a p p l i e d   was  35  kg /cm2  f o r   a  p e r i o d   of  45  

m i n u t e s   a t   1 4 0 ° C .   The  low  d e n s i t y   p r e s s b o a r d   w a s  

a p p r o x i m a t e l y   3 . 1   mm  (123  m i l s )   t h i c k   and  had  a  

d e n s i t y   of  0 . 7 0   g / c m 3   % Vv  f o r   t h i s   low  d e n s i t y  

p r e s s b o a r d   was  49%.  The  low  d e n s i t y   p r e s s b o a r d   w a s  

d r i e d   as  d e s c r i b e d   a b o v e   and  p r e s s e d   a t   280°C ,   u n d e r  

low  p r e s s u r e   a t   f i r s t   w i t h   b r i e f   c y c l e s   of  r e l e a s e   a n d  

r e a p p l i c a t i o n   of  p r e s s u r e ,   t h e n   f o r   10  min .   at  79  



kg /cm2  (7763   kPa;  1125  p s i ) .   The  p r o d u c t ,   d e s i g n a t e d  

" S a m p l e   5C".  was  an  a r a m i d   p r e s s b o a r d   a p p r o x i m a t e l y  

2 .1   mm  (84  m i l s )   t h i c k ,   had  a  d e n s i t y   of  1 . 03   g / c m 3 ,  

a  c o m p r e s s i o n   s e t   of  0 . 3 5   mm  ( 1 3 . 6   m i l s ) ,   an  o i l  

a b s o r p t i o n   of  12.1%  by  w e i g h t   of  p r e s s b o a r d .   and  Vo 

w a s   0 . 1 4   c m 3 / g .  %   Vv  was  25%.  Vml  was  0 . 1 6  
c m 3 / g   ( r o u n d e d   f rom  0 . 1 5 6 5 )   and  Vmh  was  0 . 2 3  
c m 3 / g   ( r o u n d e d   f rom  0 . 2 3 4 2 ) .   For   S a m p l e   5C.  Va 
was  0 . 2 3   cm3/g   and  the   r a t i o   Va /Vml   was  1 . 5 .  

The  p r o c e d u r e   f o r   p r e p a r i n g   the   low  d e n s i t y  

p r e s s b o a r d   was  r e p e a t e d   once   m o r e .   e x c e p t   t h a t   a  
m i x t u r e   of  95%  f i b r i d s   and  5%  f l o c   was  u s e d   and  t h a t  

t he   p r e s s u r e   a p p l i e d   was  1 7 . 6   k g / c m 2   f o r   a  p e r i o d   o f  

1 .5   hr  a t   140°C .   The  low  d e n s i t y   p r e s s b o a r d   w a s  

a p p r o x i m a t e l y   1.9  mm  (75  m i l s )   t h i c k   and  had  a  d e n s i t y  

of  0 . 9 0   g / c m 3 .  %   Vv  was   23%.  The  low  d e n s i t y  

p r e s s b o a r d   was  d r i e d   as  d e s c r i b e d   a b o v e   and  p r e s s e d   a t  

2 8 0 ° C .   u n d e r   low  p r e s s u r e   a t   f i r s t   w i t h   b r i e f   c y c l e s  

of  r e l e a s e   and  r e a p p l i c a t i o n   of  p r e s s u r e ,   t h e n   f o r   10  

min  a t   8 . 8   k g / c m 2 .   The  p r o d u c t ,   d e s i g n a t e d   " S a m p l e  

5D".  was  an  a r a m i d   p r e s s b o a r d   a p p r o x i m a t e l y   1 .7   mm  ( 6 8  

m i l s )   t h i c k ,   had  a  d e n s i t y   of  1 . 0 6   g / c m 3 ,   a  

c o m p r e s s i o n   s e t   of  0 . 3 4   mm  ( 1 3 . 4   m i l s ) ,   an  o i l  

a b s o r p t i o n   of  11.7%  by  w e i g h t   of  p r e s s b o a r d ,   and  Vo 
was  0 . 1 4   c m 3 / g .  %   V  was  23%.  Vml  was  0 . 0 5  

c m 3 / g   ( r o u n d e d   f rom  0 . 0 4 5 9 )   and  Vmh  was  0 . 0 8  

c m  / g   ( r o u n d e d   f rom  0 . 0 8 0 5 ) .   Fo r   S a m p l e   5D.  Va  
was  0 . 1 4   cm3/g   and  the   r a t i o   V a / V m l   was  3 . 0 .  

EXAMPLE  6 

In  a  s e r i e s   of  e x p e r i m e n t s ,   low  d e n s i t y  

p r e s s b o a r d s   b a s e d   p a r t l y   on  h i g h - t e m p e r a t u r e   r e s i s t a n t  

f l o c s   o t h e r   t h a n   MPD-I  f l o c s   w e r e   made.   The  l o w  

d e n s i t y   p r e s s b o a r d s   were   made  in  s u b s t a n t i a l l y   t h e  

same  m a n n e r   as  the   " S t a n d a r d   P r e s s b o a r d "   of  P a r t   A  o f  



n o n - M P D - 1   f l o c   was  b l e n d e d   w i t h   MPD-I  f l o c   h a v i n g   a 

c u t   l e n g t h   of  0 . 3 2   cm  ( 0 . 1 2 5   i n . )   and  the   b l e n d   o f  

f l o c s   was  m i x e d   at   the   p a p e r   m a c h i n e   w i t h   r e f i n e d  

f i b r i d s   in   t h e   p r o p o r t i o n s   g i v e n   b e l o w .   Wet  p a p e r   w a s  

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

a p p r o x i m a t e l y   60  g /m2 .   T h i r t y   s h e e t s   of  wet   p a p e r  

w e r e   c o m b i n e d   i n t o   a  wet   l a p   w h i c h   was  c u t   i n t o   2 0 - c m  

( 8 - i n . )   s q u a r e s   and  p r e s s e d   u n d e r   the   c o n d i t i o n s   g i v e n  

in   Ex.   1.  P a r t   A.  

In  one  e x p e r i m e n t ,   a  m i x t u r e   of  60%  M P D - I  

f i b r i d s .   20%  MPD-I  f l o c .   and  20%  c o m m e r c i a l l y  

a v a i l a b l e   p o l y ( p - p h e n y l e n e   t e r e p h t h a l a m i d e )   ( P P D - T )  

f l o c   h a v i n g   a  l i n e a r   d e n s i t y   of  1 . 6 7   d e c i t e x   ( 1 . 5  

d e n i e r )   and  a  c u t   l e n g t h   of  0 . 3 2   cm  ( 0 . 1 2 5   i n . )   w a s  

u s e d   to   p r e p a r e   an  low  d e n s i t y   p r e s s b o a r d   h a v i n g   a  
t h i c k n e s s   of  2 .9   mm  (113  m i l s ) ,   a  d e n s i t y   of  0 . 8 3  
c m 3 / g ,   and  a %  Vv  of  41%.  The  low  d e n s i t y  

p r e s s b o a r d   was  d r i e d   a t   120°C  f o r   4  h o u r s   and  p r e s s e d  

a t   2 8 0 ° C ,   u n d e r   low  p r e s s u r e   a t   f i r s t   w i t h   b r i e f  

c y c l e s   of  r e l e a s e   and  r e a p p l i c a t i o n   of  p r e s s u r e ,   t h e n  

a t   53  k g / c m 2   ( 5 1 7 1   kPa:   750  p s i )   f o r   10  m i n . ,   t h e  

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

a  s e p a r a t e   p r e s s .   The  p r o d u c t ,   d e s i g n a t e d   as  " S a m p l e  

6A"  was  a  p r e s s b o a r d   2 .2   mm  (86  m i l s )   t h i c k   h a v i n g   a  

d e n s i t y   of  1 . 1 0   g / c m 3 .   a  %  Vv  of  22%,  a  

c o m p r e s s i o n   s e t   of  0 . 2 7   mm  ( 1 0 . 8   m i l s ) ,   an  o i l  

a b s o r p t i o n   of  10.8%  by  w e i g h t   of  p r e s s b o a r d .   and  a  

Vo  of  0 . 1 3   c m 3 / g .   Vml  was  0 . 0 8   c m 3 / g   ( r o u n d e d  

f r o m   0 . 0 7 8 7 )   and  Vmh  was  0 . 1 2   c m 3 / g   ( r o u n d e d   f r o m  

0 . 1 1 5 1 ) .   V a  f o r   S a m p l e   6A  was  0 . 1 3   cm3/g   and  t h e  

r a t i o   V a / V m l   was  1 . 6 .  

In  a n o t h e r   e x p e r i m e n t ,   a  m i x t u r e   of  60%  M P D - I  

f i b r i d s .   35%  MPD-I  f l o c .   and  5%  E - g l a s s   f i b e r   f l o c  

h a v i n g   a  d e n s i t y   of  2 . 4   g /cm3  a  l i n e a r   d e n s i t y   o f  

3 .3   d e c i t e x   (3  d e n i e r ) ,   and  a  cu t   l e n g t h   of  0 . 6 4   cm 



( 0 . 2 5   in )   was  used   to  p r e p a r e   an  low  d e n s i t y  

p r e s s b o a r d   h a v i n g   a  t h i c k n e s s   of  2 .2   mm  (88  m i l s ) ,   a 

d e n s i t y   of  0 . 9 1   c m 3 / g .   and  a %  Vv  of  36%.  The  l o w  

d e n s i t y   p r e s s b o a r d   was  d r i e d   and  p r e s s e d   by  the   s a m e  

p r o c e d u r e   d e s c r i b e d   a b o v e   f o r   m a k i n g   S a m p l e   6A.  T h e  

p r o d u c t ,   d e s i g n a t e d   as  " S a m p l e   6B".  was  a n  

a r a m i d / g l a s s   f i b e r   p r e s s b o a r d   1 .8   mm.  (71  m i l s )   t h i c k  

h a v i n g   a  d e n s i t y   of  1 . 1 5   g / c m 3 ,   a %  V v  o f   20%.  a  

c o m p r e s s i o n   s e t   of  0 . 1 8   mm  (7  m i l s ) ,   an  o i l   a b s o r p t i o n  

of  8.6%  by  w e i g h t   of  p r e s s b o a r d   and  a  Vo  of  0 . 1 0  
c m 3 / g .   Vml  was  0 . 0 6   cm3/g   ( r o u n d e d   f rom  0 . 0 5 7 6 )  

and  Vmh  was  0 . 1 4   cm3/g   ( r o u n d e d   f rom  0 . 1 4 2 4 ) .  

Va  f o r   S a m p l e   6B  was  0 . 1 4   cm3/g   and  the   r a t i o  

Va /Vml   was  2 . 5 .  

C o n t r o l   S a m p l e s   O u t s i d e   t he   I n v e n t i o n  

(1)  The  p r o c e d u r e   of  E x a m p l e   1.  P a r t   B.  w a s  

r e p e a t e d ,   e x c e p t   t h a t   t h e   p r e s s u r e   was  i n c r e a s e d   to  53 
k g / c m 2   ( 5 1 7 1   kPa:   750  p s i ) ,   t he   p r e s s   a g a i n   b e i n g  

m a i n t a i n e d   a t   a  t e m p e r a t u r e   of  2 8 0 ° C .   T h i s   p r o d u c t .  

d e s i g n a t e d   as  " C o n t r o l   1"  had  an  o i l   a b s o r p t i o n   o f  

o n l y   2 . 0 3 % .   I t   was  a b o u t   2 . 2   mm  (87  m i l s )   t h i c k  

( t h i c k n e s s   r a n g e   2 . 1 4 - 2 . 3 1   mm)  and  had  a  d e n s i t y   o f  

1 . 2 1   g / c m 3 ,   a %  Vv  of  12%.  and  a  c o m p r e s s i o n   s e t  

of  0 . 3 0   mm  (12  m i l s ) .   V  w a s   0 . 0 2 3   c m 3 / g ,   Vml  
was  0 . 0 4   cm3/g   ( r o u n d e d   f r o m   0 . 0 4 3 3 ) .   and  Vmh  w a s  

0 . 0 9   c m 3 / g   ( r o u n d e d   f rom  0 . 0 8 8 9 ) .   For   C o n t r o l   1 .  

V a  w a s   0 . 0 4   cm3/g   and  t h e   r a t i o   Va /Vml   w a s  

2 . 0 5 .  

(2)  The  p r o c e d u r e   f o r   p r e p a r i n g   " S t a n d a r d  

P r e s s b o a r d "   as  d e s c r i b e d   in  E x a m p l e   1.  P a r t   A,  w a s  

r e p e a t e d ,   e x c e p t   t h a t   t he   p l a t e n s   of  t he   p r e s s   w e r e  

h e a t e d   to  200°C  and .   a f t e r   l o a d i n g   the   p r e s s   a t  

c o n t a c t   p r e s s u r e ,   the   p r e s s u r e   was  r a i s e d   to  a n d  

m a i n t a i n e d   a t   60  kg /cm2  ( 5 8 8 0   kPa:   850  p s i )   f o r   o n e  



h o u r   w h i l e   the  p l a t e n s   of  t he   p r e s s   we re   m a i n t a i n e d   a t  

2 0 0 ° C .   The  p r o d u c t ,   d e s i g n a t e d   as  " C o n t r o l   2".   had  a 

h i g h   v a l u e   of  c o m p r e s s i o n   s e t   of  1 .0   mm  (40  m i l s ) .   I t  

had  a  d e n s i t y   of  1 . 0 7   g / c m 3 ,   a  %Vv  of  22%.  and  a n  

o i l   a b s o r p t i o n   of  9 . 5 9 % .   Vo  was  0 . 1 1   c m 3 / g ,   Vml 
was  0 . 1 7   c m  / g   ( r o u n d e d   f rom  0 . 1 7 3 3   c m  / g ) ,   a n d  

Vmh  was  a l s o   0 . 1 7   c m 3 / g   ( r o u n d e d   f rom  0 . 1 7 2 3 ) .  

For   C o n t r o l   2,  Va  was  0 . 1 7   cm3/g   and  t h e   r a t i o  

V a / V m l   was  1 . 0 .  

(3A)  F i l a m e n t s   of  MPD-I  we re   p r e p a r e d  

s u b s t a n t i a l l y   as  d e s c r i b e d   by  G r o s s   in  U . S .   P a t e n t  

3 . 7 5 6 . 9 0 8 .   Column  6.  l i n e s   1 1 - 2 3 .   The  r e s u l t i n g   h i g h  

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

l e n g t h   of  a b o u t   0 . 6 4   cm  ( 0 . 2 5   in )   and  t h e n   s l u r r i e d   i n  

w a t e r   to   a  c o n c e n t r a t i o n   of  a b o u t   0 . 3 % .  

F i b r i d s   of  MPD-I  w e r e   p r e p a r e d   s u b s t a n t i a l l y  

as  d e s c r i b e d   in  c o l u m n   5.  l i n e s   3 4 - 5 7   of  t h e   s a m e  

p a t e n t .   The  r e f i n e d   f i b r i d s   we re   t h e n   d i l u t e d   f u r t h e r  

in   w a t e r   to   a  c o n c e n t r a t i o n   of  a b o u t   0 . 5 % .   and  p a s s e d  

to  a  m i x i n g   "T"  a l o n g   w i t h   t h e   a b o v e   m e n t i o n e d   s l u r r y  

of  h i g h   m o d u l u s   f l o c .   a t   a  r a t i o   of  f i b r i d   to  f l o c   o f  

a b o u t   1 . 5 5   to  1 .0   (60%  f i b r i d s   and  40%  f l o c ) .   T h e  

m i x t u r e   was  d i r e c t e d   to   t h e   h e a d b o x   of  a  F o u r d r i n i e r  

p a p e r - m a k i n g   m a c h i n e   and  t h e n   to  a  f o r m i n g   w i r e   f o r  

p r o d u c t i o n   of  a  wet   s h e e t .   The  wet   s h e e t   was  t h e n  

r e m o v e d   f rom  t he   w i r e   and  p a s s e d   t h r o u g h   s t e a m   h e a t e d  

d r y e r   c a n s   to  r e d u c e   t h e   m o i s t u r e   c o n t e n t   of  t h e   s h e e t  

to   a b o u t   5%  or  l e s s .   The  p a p e r   was  t h e n   wound  on  a  

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

The  p a p e r   was  r e m o v e d   f rom  i t s   r o l l ,   c u t   i n t o  

2 0 - c m   ( 8 - i n )   s q u a r e s ,   and  t h e n   p l a t e n   p r e s s e d   t o  

p r o d u c e   s a m p l e s   of  2 - p l y   p a p e r   s u b s t a n t i a l l y   a s  

d e s c r i b e d   in  c o l u m n   7,  l i n e s   6 - 1 1 .   of  t h e   s a m e  

p a t e n t .   The  s a m p l e s   of  2 - p l y   p a p e r   w e r e   p r e s s e d   a t  

7 0 . 3   k g / c m 2   ( 6 8 9 . 5   kPa :   1000  p s i )   and  2 8 0 ° C   f o r   o n e  



m i n u t e .   The  r e s u l t i n g   p a p e r ,   d e s i g n a t e d   as  " C o n t r o l  

3A"  had  a  t h i c k n e s s   of  a b o u t   0 . 2 5   mm  (10  m i l s ) ,   a 

d e n s i t y   of  a b o u t   0 . 8 7   g / c m  .   and  a %  Vv  of  37%  b y  

v o l u m e   of  t he   p a p e r .   Vml  was  0 . 2 8   cm3/g   ( r o u n d e d  

f rom  0 . 2 8 4 2 )   and  Vmh  was  0 . 1 8   cm3/g   ( r o u n d e d   f r o m  

0 . 1 8 1 8 ) .   The  c o m p r e s s i o n   s e t   was  1 .0   mm  (40  m i l s ) ,  

t h e   o i l   a b s o r p t i o n   was  35.3%  by  w e i g h t   of  p a p e r ,   a n d  

Vo  was  0 . 4 1   c m 3 / g .   For  C o n t r o l   3A.  V a  w a s   0 . 4 1  
c m 3 / g   and  t he   r a t i o   Va/Vml  was  1 . 5 .  

(3B)  F i l a m e n t s   of  MPD-I  were   p r e p a r e d  

s u b s t a n t i a l l y   as  d e s c r i b e d   by  G r o s s   in  U .S .   P a t e n t  

3 . 7 5 6 , 9 0 8 .   c o l u m n   5,  l i n e s   6 8 - 7 5 ,   and  c o l u m n   6.  l i n e s  

1 - 7 .   r e s u l t i n g   in  low  m o d u l u s   f i l a m e n t s   w h i c h   w e r e  

t h e n   c u t   to  a  f l o c   h a v i n g   a  l e n g t h   of  a b o u t   0 . 6 4   cm 

( 0 . 2 5   in )   and  s l u r r i e d   in  w a t e r   to  a  c o n c e n t r a t i o n   o f  

0 . 2 % .  

F i b r i d s   of  MPD-I  were   p r e p a r e d   as  d e s c r i b e d  

a b o v e   f o r   C o n t r o l   3A  and  p a p e r s   were   p r e p a r e d   b y  

c o m b i n i n g   the   f i b r i d   and  the   low  m o d u l u s   f l o c   a t   a  

r a t i o   of  f i b r i d   to  f l o c   of  1 .5   to  1 .0   (60%  f i b r i d   a n d  

40%  f l o c )   in  a  wet  20-cm  ( 8 - i n )   s q u a r e   h a n d s h e e t   m o l d  

( e . g . .   of  t he   t y p e   made  by  N o b l e   and  Wood) .   P a p e r s  

made  in  t h i s   way  a r e   c o n s i d e r e d   to  be  e s s e n t i a l l y   t h e  

same  as  p a p e r s   made  on  a  F o u r d r i n i e r   p a p e r  m a c h i n e .  

The  wet   s h e e t s   were   r e m o v e d   f rom  the   100  mesh  s c r e e n  

of  t h e   h a n d s h e e t   mold  and  d r i e d   on  ho t   s h e e t   d r y e r s   t o  

r e d u c e   t he   m o i s t u r e   c o n t e n t   to  a b o u t   5%  or  l e s s .   T h e  

s h e e t s   we re   t h e n   p l a t e n   p r e s s e d   to  p r o d u c e   s a m p l e s   o f  

2 - p l y   p a p e r .   They  were   p r e s s e d   a t   7 0 . 3   k g / c m 2  

( 6 8 9 . 5   kPa:   1000  p s i )   and  260°C  f o r   one  m i n u t e .  

The  r e s u l t i n g   p a p e r ,   d e s i g n a t e d   as  " C o n t r o l  

3B"  had  a  t h i c k n e s s   of  a b o u t   0 . 2 9   mm  (11  m i l s ) ,   a  

d e n s i t y   of  a b o u t   0 . 7 7   g / c m 3 ,   and  a %  Vv  o f  4 4 %   b y  

v o l u m e   of  t he   p a p e r .   Vml  was  0 . 5 8   c m  / g   ( r o u n d e d  

f rom  0 . 5 7 8 7 )   and  Vmh  was  0 . 3 8   cm3/g   ( r o u n d e d   f r o m  



0 . 3 7 9 3 ) .   The  c o m p r e s s i o n   se t   was  1.4  mm  (54  m i l s ) ,  

t h e   o i l   a b s o r p t i o n   was  49.9%  by  w e i g h t   of  t he   p a p e r .  
and  Vo  was  0 . 5 8   c m 3 / g .   For  C o n t r o l   3B.  Va  w a s  

0 . 5 8   cm3/g   and  t h e   r a t i o   Va/Vml  was  1 . 0 .  

(4)   The  p r o c e d u r e   of  E x a m p l e   5  f o r   p r e p a r i n g  

S a m p l e   5D  was  r e p e a t e d ,   u s i n g   a  m i x t u r e   of  95%  f i b r i d s  

and  5%  f l o c ,   e x c e p t   t h a t   the   low  d e n s i t y   p r e s s b o a r d  

was  p r e p a r e d   by  a p p l y i n g   a  p r e s s u r e   of  35  k g / c m 2  

( 3 4 5 0   kPa:   500  p s i )   f o r   a  p e r i o d   of  45  m i n u t e s   a t  

1 4 0 ° C .   The  low  d e n s i t y   p r e s s b o a r d   was  a p p r o x i m a t e l y  

1 . 7   mm  (68  m i l s )   t h i c k   and  had  a  d e n s i t y   of  1 . 0 0  
g / c m 3 .  %   Vv  was  28%.  The  low  d e n s i t y   p r e s s b o a r d  

was  d r i e d   a t   120°C  f o r   4  h r s   and  p r e s s e d   a t   2 8 0 ° C .  

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

r e l e a s e   and  r e a p p l i c a t i o n   of  p r e s s u r e ,   t h e n   f o r   5  m i n  

a t   8 . 8   k g / c m 2 .   The  p r o d u c t ,   d e s i g n a t e d   " C o n t r o l   4 " ,  

was  an  a r a m i d   p r e s s b o a r d   a p p r o x i m a t e l y   1 . 6   mm  ( 6 2  

m i l s )   t h i c k .   had  a  d e n s i t y   of  1 . 1 2   g / c m 3 ,   a  

c o m p r e s s i o n   s e t   of  0 . 1 4   mm  ( 5 . 5   m i l s ) ,   an  o i l  

a b s o r p t i o n   of  1.4%  by  w e i g h t   of  p r e s s b o a r d .   and  Vo 
was  0 . 0 2   c m 3 / g .  %   Vv  was  19%.  Vml  was  0 . 0 1  
c m 3 / g   ( r o u n d e d   f r o m   0 . 0 1 4 1 )   and  Vmh  was  0 . 0 2  
c m 3 / g   ( r o u n d e d   f r o m   0 . 0 1 7 3 ) .   For   " C o n t r o l   4" .   Va 

was  0 , 0 2   c m 3 / g   and  t h e   r a t i o   Va /Vml   was  1 . 2 .  

The  p r o p e r t i e s   and  v o i d   p a r a m e t e r s   f o r   a l l   o f  

t h e   p r e s s b o a r d   s a m p l e s   p r e p a r e d   as  d e s c r i b e d   in  t h e  

e x a m p l e s ,   t o g e t h e r   w i t h   t h e   c o n t r o l   s a m p l e s ,   a r e  

l i s t e d   in  t h e   T a b l e .   The  " S t a n d a r d   P r e s s b o a r d "  

( a b b r e v i a t e d   S t d .   P r e s s b o a r d )   s a m p l e   of  P a r t   A  o f  

E x a m p l e   1.  i s   a l s o   l i s t e d .   In  t h e   T a b l e ,   t h e   s a m p l e s  

a r e   l i s t e d   in   d e s c e n d i n g   o r d e r   a c c o r d i n g   to  t h e i r  

c a l c u l a t e d   v o i d   v o l u m e ,  %   Vv . 







1.  High  d e n s i t y   p r e s s b o a r d   c o m p r i s e d   o f  

20 -95%  by  w e i g h t   a r o m a t i c   p o l y a m i d e   f i b r i d s   and  8 0 - 5 %  

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

p r e s s b o a r d   h a v i n g   a  c a l c u l a t e d   v o i d   v o l u m e   of  13  t o  

28%  by  vo lume   of  the   p r e s s b o a r d .   a  t h i c k n e s s   of  0 .5   t o  

50  mm,  a  m e r c u r y   i n t r u s i o n   v o l u m e   a t   l o w  

s u r f a c e / v o l u m e .   Vml,  of  l e s s   t h a n   0 . 2 0   c m 3 / g :   a  

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

Vmh,  of  0 . 0 8   to  0 . 2 8   c m 3 / g ,   an  o i l   a b s o r p t i o n   b y  

v o l u m e   in  c m  / g .   V .   of  0 . 0 9   to  0 .28   and  by  w e i g h t  

of  8 - 2 4   wt .%;   and  a  t o t a l   a v a i l a b l e   a b s o r p t i o n   v o l u m e  

in  c m 3 / g ,   Va,  e q u a l   to  t h e   l a r g e s t   of  t he   v a l u e s  

f o r   Vml,  Vmh,  and  Vo;  t h e   r a t i o   of  Va  to  Vml  
b e i n g   a t   l e a s t   1 . 1 :   s a i d   p r e s s b o a r d   h a v i n g   a  

c o m p r e s s i o n   s e t   of  g r e a t e r   t h a n   0 . 1 2   mm  bu t   no  m o r e  

t h a n   0 .5   mm. 

2.  P r e s s b o a r d   of  c l a i m   1  w h e r e i n   t h e   h i g h  

t e m p e r a t u r e   r e s i s t a n t   f l o c   is   an  a r o m a t i c   p o l y a m i d e  

f l o c   and  the   p r e s s b o a r d   has   a  d e n s i t y   of  1 .0   to  1 . 2 0  
g / c m 3 .  

3.  P r e s s b o a r d   of  c l a i m   2  w h e r e i n   a t   l e a s t   a  

p o r t i o n   of  the   f l o c   c o n s i s t s   of  p o l y ( p - p h e n y l e n e  

t e r e p h t h a l a m i d e ) .  

4.  P r e s s b o a r d   of  c l a i m   1  w h e r e i n   a t   l e a s t   a  

p o r t i o n   of  t he   f l o c   is   g l a s s   f i b e r   f l o c .  

5.  P r e s s b o a r d   of  c l a i m   2  w h e r e i n   t h e  

a r o m a t i c   p o l y a m i d e   f i b r i d s   and  f l o c   c o n s i s t  

e s s e n t i a l l y   of  p o l y ( m - p h e n y l e n e   i s o p h t h a l a m i d e ) .  

6.  P r e s s b o a r d   of  c l a i m   5  w h e r e i n   t h e  

p r e s s b o a r d   is  c o m p r i s e d   of  50-70%  by  w e i g h t   f i b r i d s  

and  5 0 - 3 0 %   by  w e i g h t   f l o c .  

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

d e n s i t y   is  1 .02   to  1 . 1 7   g / c m 3 .  

8.  P r e s s b o a r d   of  c l a i m   7  w h e r e i n   t h e  

d e n s i t y   is  1 . 10   to  1 . 1 5   g / c m 3 .  



9.  P r e s s b o a r d   of  c l a i m   6  w h e r e i n   t h e  

c o m p r e s s i o n   s e t   is  g r e a t e r   t h a n   0 . 1 2   mm  but  l e s s   t h a n  

0 . 3 5   mm. 

10.  P r e s s b o a r d   of  c l a i m   9  w h e r e i n   t h e  

c o m p r e s s i o n   s e t   is   g r e a t e r   t h a n   0 . 2 0   mm  but   l e s s   t h a n  

0 . 3 0   mm. 

11.   P r o c e s s   f o r   p r e p a r i n g   t h e   h i g h   d e n s i t y   p r e s s -  
b o a r d   o f   a n y  o n e   o f   c l a i m s  1 - 1 0   w h e r e b y   an  a q u e o u s   s l u r r y  
h a v i n g   0 . 1   to   2%  by  w e i g h t   t o t a l   s o l i d s   c o m p r i s e d   o f  

20-95%  by  w e i g h t   f i b r i d s   of  an  a r o m a t i c   p o l y a m i d e   a n d  

80-5%  by  w e i g h t   of  h i g h   t e m p e r a t u r e   r e s i s t a n t   f l o c  

h a v i n g   a  l e n g t h   of  2  to  12  mm.  s a i d   a r o m a t i c   p o l y a m i d e  

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

m e l t i n g   p o i n t   h i g h e r   t h a n   3 2 0 ° C ,   i s   p r e p a r e d ;   t h e   s l u r r y  
is   f o r m e d   i n t o   a  w a t e r l e a f   h a v i n g   a  w a t e r   c o n t e n t   o f  

50-95%  by  w e i g h t   of  t he   w a t e r l e a f :   t he   w a t e r l e a f   i s  

c o m b i n e d   i n t o   m u l t i p l e   l a y e r s   to   fo rm  a  wet  l a p :   t h e  

wet   l a p   i s   p r e s s e d   a t   100  to   2 0 0 ° C   u n d e r   a  p r e s s u r e   o f  

10  to   60  k g / c m 2   to  f o r m   a  low  d e n s i t y   p r e s s b o a r d  

h a v i n g   a  c a l c u l a t e d   v o i d   v o l u m e   of  30  to  60%  by  v o l u m e  

of  t h e   p r e s s b o a r d ;   and  t h e   low  d e n s i t y   p r e s s b o a r d   i s  

d r i e d ,   u l t i m a t e l y   a t   270  to   3 2 0 ° C   u n t i l   s u b s t a n t i a l l y  

no  f u r t h e r   m o i s t u r e   is  e v o l v e d   and  t h e n   p r e s s e d   a t   8 

to  350  k g / c m 2   a t   270  to  3 2 0 ° C .  

12.   The  p r o c e s s   of  c l a i m   11  w h e r e i n   t h e   h i g h  

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

a r o m a t i c   p o l y a m i d e .  

13.  The  p r o c e s s   of  c l a i m   12  w h e r e i n   t h e  

p r e s s b o a r d   i s   c o m p r i s e d   of  5 0 - 7 0 %   by  w e i g h t   o f  

p o l y ( m - p h e n y l e n e   i s o p h t h a l a m i d e )   f i b r i d s   and  3 0 - 5 0 %  

by  w e i g h t   of  p o l y ( m - p h e n y l e n e   i s o p h t h a l a m i d e )   f l o c .  

14.   The  p r o c e s s  o f  c l a i m   13  w h e r e i n   t h e   l o w  
d e n s i t y   p r e s s b o a r d   is   d r i e d ,   u l t i m a t e l y   a t   2 7 5 - 3 0 0 ° C .  

and  p r e s s e d   a t   2 7 5 - 2 8 5 ° C   and  15  to   70  k g / c m  .  

15.   The  p r o c e s s   of  a n y  o n e   of  c l a i m s   1 1 - 1 4   w h e r e i r  
t he   f i n a l   p r e s s b o a r d   i s   c o o l e d   u n d e r   r e s t r a i n t .  
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