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@)  Mineral  filled  abrasion-resistant  monofilament. 

Polyamide  monofilament  with  excellent  transverse  abra- 
sion  resistance  obtained  by  incorporation  of  aluminum  silicate, 
particularly  useful  in  paper  clothing. 



BACKGROUND  OF  THE  INVENTION 
In  the  p r e p a r a t i o n   of  p a p e r ,   woven  s u p p o r t  

b e l t s   a re   used  for  the  i n i t i a l   c a s t i n g   and  s u b s e q u e n t  

t r e a t m e n t   of  the   p a p e r .   These   b e l t s   a re   known  a s  

p a p e r   c l o t h i n g .   A  v a r i e t y   of  m a t e r i a l s   has  been  u s e d  

in  the  m a n u f a c t u r e   of  such  b e l t s ,   i n c l u d i n g   m e t a l s ,  
and ,   more  r e c e n t l y ,   t h e r m o p l a s t i c   m o n o f i l a m e n t s .  

T h e r m o p l a s t i c  m a t e r i a l s   which   have  been  used   in  t h e  

weav ing   of  t h e s e   b e l t s   i n c l u d e   n y l o n   as  w e l l   a s  

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

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

m a t e r i a l s   for   p a p e r   c l o t h i n g   is  a  p o l y e s t e r  
m o n o f i l a m e n t ,   woven  i n  t h e   m a c h i n e   d i r e c t i o n   of  t h e  

b e l t ,   w i th   t r a n s v e r s e   m o n o f i l a m e n t s   composed   e i t h e r  

p a r t l y   or  e n t i r e l y   of  a  p o l y a m i d e   m o n o f i l a m e n t .  

P a r t i c u l a r l y   in  such  a p p l i c a t i o n s ,   a  need  e x i s t s   f o r  

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

to  a b r a s i o n   when  the  a b r a s i v e   f o r c e   is  a p p l i e d  

t r a n s v e r s e l y   to  the  l o n g i t u d i n a l   d i m e n s i o n   of  t h e  

m o n o f i l a m e n t .  
SUMMARY  OF  THE  INVENTION 

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

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

l o n g i t u d i n a l   d i m e n s i o n   of  the   m o n o f i l a m e n t .  

S p e c i f i c a l l y ,   the  i n s t a n t   i n v e n t i o n   p r o v i d e s  
an  o r i e n t e d   p o l y a m i d e   m o n o f i l a m e n t   c o m p r i s i n g   f i b e r  

or  f i l a m e n t - f o r m i n g   p o l y a m i d e   and  a b o u t   from  2  to  20 

w e i g h t   p e r c e n t ,   b a s e d   on  the  t o t a l - w e i g h t   of  t h e  

m o n o f i l a m e n t ,   of  a luminum  s i l i c a t e   h a v i n g   an  a v e r a g e  
p a r t i c l e   s i z e   of  a b o u t   from  1  to  8  m i c r o n s .  

The  i n s t a n t   i n v e n t i o n   f u r t h e r   p r o v i d e s ,   in  a  
woven,   h e a t   s e t ,   p a p e r m a k i n g   b e l t   of  m a c h i n e   a n d  



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

i m p r o v e m e n t   w h e r e i n   at   l e a s t   a b o u t   25%  of  t h e  

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

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

2-20  w e i g h t   p e r c e n t ,   ba sed   on  the   t o t a l   w e i g h t   of  t h e  

f i l a m e n t ,   of  a luminum  s i l i c a t e   h a v i n g   an  a v e r a g e  
p a r t i c l e   s i z e   of  a b o u t   from  1  to  8  m i c r o n s .  

DETAILED  DESCRIPTION  OF  THE  INVENTION 
The  p o l y a m i d e s   used  for   p r e p a r a t i o n   of  t h e  

o r i e n t e d   m o n o f i l a m e n t s   of  the   p r e s e n t   i n v e n t i o n   a r e  

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

w e i g h t   h a v i n g   r e l a t i v e   v i s c o s i t y   g e n e r a l l y   b e t w e e n   25 

and  150  as  d e t e r m i n e d   by'ASTM  D - 7 8 9 - 6 2 T .   T h e s e  

p o l y a m i d e s   i n c l u d e ,   for   e x a m p l e ,   p o l y c a p r o l a c t a m  
(6  n y l o n ) ,   p o l y h e x a m e t h y l e n e   a d i p a m i d e   (66  n y l o n ) ,  

p o l y h e x a m e t h y l e n e   d e c a n o a m i d e   (610  n y l o n ) ,   a n d  

p o l y h e x a m e t h y l e n e   d o d e c a n o a m i d e   (612  n y l o n ) .  

P o l y a m i d e   c o p o l y m e r s   and  p o l y m e r   b l e n d s   can  a l s o   b e  

u s e d ,   such  as  t h o s e   p r e p a r e d   from  6  n y l o n   and  66  

n y l o n .   Of  t h e s e ,   p o l y h e x a m e t h y l e n e   a d i p a m i d e   (66  

ny lon )   and  p o l y h e x a m e t h y l e n e   d o d e c a n o a m i d e  

(612  n y l o n )   have  been  found  to  be  p a r t i c u l a r l y  

s a t i s f a c t o r y   fo r   use  in  p a p e r   c l o t h i n g .  
In  a c c o r d a n c e   w i t h   the  p r e s e n t   i n v e n t i o n ,  

a b o u t   from  2  to  20  w e i g h t   p e r c e n t ,   and  p r e f e r a b l y  
a b o u t   from  4  to  10  w e i g h t   p e r c e n t ,   of  a l u m i n u m  

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

p r e p a r a t i o n   of  the   m o n o f i l a m e n t s .   Less   than   a b o u t   2 

w e i g h t   p e r c e n t   of  the  a luminum  s i l i c a t e   does   n o t  

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

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

q u a n t i t i e s   o f ' a l u m i n u m   s i l i c a t e   i n  e x c e s s   of  20 

w e i g h t   p e r c e n t   o f  t h e   m o n o f i l a m e n t   u n n e c e s s a r i l y  
weaken  the  f i l a m e n t   w i th   no  f u r t h e r   b e n e f i c i a l  

e f f e c t s .  



The  a luminum  s i l i c a t e   used  in  the  p r e s e n t  
i n v e n t i o n   s h o u l d   be  of  the  type   g e n e r a l l y  
c o m m e r c i a l l y   a v a i l a b l e   in  a  u n i f o r m   p a r t i c u l a t e  

c o n f i g u r a t i o n .   The  a luminum  s i l i c a t e   s h o u l d   have  a  

p a r t i c l e   s i z e   such  t h a t   90%  by  w e i g h t   or  more  of  t h e  

p a r t i c l e s   a re   l e s s   than  15  m i c r o n s   and  the  a v e r a g e  
p a r t i c l e   s i z e   is  a b o u t   from  1  to  8  m i c r o n s .  

P a r t i c u l a r l y   s a t i s f a c t o r y   a l u m i n u m   s i l i c a t e   c l a y s   a r e  

t h o s e   in  which   98%  of  the   p a r t i c l e s   a re   l e s s   t h a n   1 0  

m i c r o n s   and  have  an  a v e r a g e   p a r t i c l e   s i z e   of  a b o u t  

from  1  to  6  m i c r o n s .   Aluminum  s i l i c a t e s   of  t h i s   t y p e  

are  d e s c r i b e d   in  d e t a i l   in  U n i t e d   S t a t e s   P a t e n t  

3 , 4 1 9 , 5 1 7 ,   and  are   c o m m e r c i a l l y   a v a i l a b l e   a s -  
" S a t i n t o n e "   from  E n g e l h a r d   M i n e r a l s   and  C h e m i c a l s  

C o r p .   of  E d i s o n ,   New  J e r s e y .  
The  p r o d u c t s   of  the  p r e s e n t   i n v e n t i o n   a r e  

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

the   a luminum  s i l i c a t e .   The  i n c o r p o r a t i o n   of  t h e  

c o u p l i n g   a g e n t   p r o v i d e s   i m p r o v e d   a d h e s i o n   of  t h e  
a luminum  s i l i c a t e   to  the   n y l o n .   C o u p l i n g   a g e n t s  
which   can  be  u s e d  i n c l u d e   t h o s e   o r g a n o s i l a n e   a n d  

p h o s p h o r u s   c o u p l i n g   a g e n t s   d e s c r i b e d   in  M i l l e r   U . S .  
P a t e n t s   3 , 3 4 4 , 1 0 7 ,   3 , 4 7 1 , 4 3 5   and  3 , 4 8 8 , 3 1 9 ,   h e r e b y  

i n c o r p o r a t e d   by  r e f e r e n c e .  

In  a  p r e f e r r e d   e m b o d i m e n t   of  the  p r e s e n t  
i n v e n t i o n ,   the   m o n o f i l a m e n t s   f u r t h e r   c o m p r i s e   a b o u t  
from  0.5  to  10  w e i g h t   p e r c e n t   of  an  e t h y l e n e   c o p o l y m e r .  
h a v i n g   a  Me l t   I n d e x   of  a b o u t   from  0.3  to  30.  A t  
l e a s t   a b o u t - 5 0 %   of  the  e t h y l e n e   c o p o l y m e r   s h o u l d   be  a  
g r a f t   c o p o l y m e r   p r e p a r e d   from  (a)  a  b a c k b o n e   o f  

p o l y m e r   s e l e c t e d   from  t h e . g r o u p   c o n s i s t i n g   o f  

t h e r m o p l a s t i c   p o l y m e r s   of  e t h y l e n e   and  c o p o l y m e r s  
d e r i v e d   from  e t h y l e n e   and  C3-CS  a l p h a - o l e f i n s   a n d  

(b)  a  g r a f t   monomer  s e l e c t e d  f r o m   the  g r o u p  



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

a n h y d r i d e s   and  d i a n h y d r i d e s .   Less  t h a n   1.0  w e i g h t  

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

l i t t l e   or  no  a p p r e c i a b l e   i m p r o v e m e n t   in  a b r a s i o n  
r e s i s t a n c e   fo r   the  f i n i s h e d   m o n o f i l a m e n t ,   w h i l e  

q u a n t i t i e s   in  e x c e s s   of  10  w e i g h t   p e r c e n t   r e s u l t   in  a  

d r o p  i n   t e n s i l e   s t r e n g t h   for   the   m o n o f i l a m e n t .  

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

c h a r a c t e r i s t i c s   is  r e a l i z e d   t h r o u g h   the   use  of  a b o u t  

from  1.2  to  5  w e i g h t   p e r c e n t   of  t h e  g r a f t   c o p o l y m e r .  
The  g r a f t   c o p o l y m e r ,   when  u s e d ,   s h o u l d   h a v e  

a  Me l t   Index   of  a b o u t   from  0.3  to  30.  E t h y l e n e  
p o l y m e r s   h a v i n g   a  Mel t   Index   o u t s i d e   of  t h i s  r a n g e  

can  r e s u l t   in  p r o c e s s i n g   d i f f i c u l t i e s .   P a r t i c u l a r l y  
s a t i s f a c t o r y   a re   t h o s e   g r a f t   c o p o l y m e r s   h a v i n g   a  M e l t  

I n d e x   of  a b o u t   from  0.5  t o - 2 0 .  
' M e l t   I n d e x   is  m e a s u r e d   a c c o r d i n g   to  ASTM 

D - 1 2 3 8 - 7 9 ,   c o n d i t i o n   E.  In  t h a t   t e s t ,   the   r a t e   o f  
e x t r u s i o n   in  grams  per  10  m i n u t e s   ( t h r o u g h   an  o r i f i c e  

0 . 0 8 2 5   inch  [ 0 . 2 1 0   cm]  in  d i a m e t e r   and  0 .315   i n c h  

[0 .800   cm]  in  l e n g t h )   is  d e t e r m i n e d   for   the  m a t e r i a l  

unde r   t e s t   a t   190°C  and  under   the  f o r c e   of  a  p i s t o n  
h a v i n g   a  d i a m e t e r   of  0 .373   inch   ( 0 . 9 4 7   cm)  and  a  
t o t a l   w e i g h t   of  2 ,160   g r a m s .  

P o l y m e r i c   m a t e r i a l s   which  can  be  used  as  a  
b a c k b o n e   p o l y m e r   in  the  g r a f t   c o p o l y m e r s   a r e  

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

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

C3-C8  a l p h a - o l e f i n s .   Backbone   p o l y m e r s   which  a r e  

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

a l p h a - o l e f i n s .   Backbone   p o l y m e r s   which  e x h i b i t  

u n s a t u r a t i o n   i n c l u d e   t h o s e   h a v i n g   a  s u b s t a n t i a l l y  
s a t u r a t e d   b a c k b o n e   c h a i n   wi th   u n s a t u r a t e d   s i d e  

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



and  a l p h a - o l e f i n s .   The  te rm  a l p h a - o l e f i n   i n c l u d e s  

m o n o o l e f i n s   and  d i o l e f i n s   and  does   not   i n c l u d e  

e t h y l e n e .  
G r a f t   monomers  which  can  be  used   for   t h e  

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

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

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

a t   the  t e m p e r a t u r e   of  the   g r a f t i n g   r e a c t i o n .   G r a f t  

monomers   which  can  be  used  for   the  p r e p a r a t i o n   o f  

t h e s e   a d d i t i v e s   i n c l u d e   m e t h a c r y l i c   a c i d ;   a c r y l i c  

a c i d ;   g l y c i d y l   m e t h a c r y l a t e ;   2 - h y d r o x y   e t h y l a c r y l a t e ;  

2 - h y d r o x y   e t h y l   m e t h a c r y l a t e ;   d i e t h y l   m a l e a t e ,  

m o n o e t h y l   m a l e a t e ;   d i - n - b u t y l   m a l e a t e ;   m a l e i c  

a n h y d r i d e ;   m a l e i c   a c i d ;   f u m a r i c   a c i d ;   i t a c o n i c   a c i d ;  

d o d e c e n y l   s u c c i n i c   a n h y d r i d e ;   5 - n o r b o r n e n e - 2 , 3 -  

a n h y d r i d e ;   and  n a d i c   a n h y d r i d e   ( 3 , 6 - e n d o m e t h y l e n e -  

l , 2 , 3 , 6 - t e t r a h y d r o p h t h a l i c   a n h y d r i d e ) .  

The  g r a f t   c o p o l y m e r s   can  be  p r e p a r e d   by  a  

v a r i e t y   of  r e a c t i o n   t e c h n i q u e s .   H o w e v e r ,  

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

F l e x m a n ,   J r .   e t   a l .   U.S.   P a t e n t   4 , 0 2 6 , 9 6 7 ,   w h e r e i n  

the  r e a c t i o n   of  the   c o m p o n e n t s   is  c o n d u c t e d   i n  
b a f f l e d   t u b u l a r   r e a c t o r s  w h i c h   e x h i b i t   d i s p e r s e d   p l u g  
f low  c h a r a c t e r   and  which  p r o v i d e   r a p i d   h e a t i n g   a n d  

c o o l i n g   of  r e a c t a n t s ,   s h o r t   r e a c t i o n   t ime  w i t h  

u n i f o r m   m a t e r i a l   r e s i d e n c e   t i m e ,   and  r a d i a l  

u n i f o r m i t y   of  t e m p e r a t u r e .   In  g e n e r a l ,   the   g r a f t  
comonomers   can  c o m p r i s e   a b o u t   from  0 .15   to  2.0  w e i g h t  

p e r c e n t   of  the   g r a f t   c o p o l y m e r .   A  g r a f t   c o p o l y m e r  
found  to  be  p a r t i c u l a r l y   s a t i s f a c t o r y   in  t h e  

i n v e n t i o n   is  t h a t   p r e p a r e d   from  p o l y e t h y l e n e   h a v i n g   a  
d e n s i t y   of  a b o u t   from  0.94  to  0 .97   g / c c   and  g r a f t e d  
wi th   a b o u t   from  0 .15  to  0 .75  w e i g h t   p e r c e n t   g r a f t  

monomer ,   and  e s p e c i a l l y   f u m a r i c   a c i d   or  m a l e i c  

a n h y d r i d e   m o n o m e r s .  



The  b l e n d i n g   of  the  c o m p o n e n t s   of  t h e  
m o n o f i l a m e n t   can  be  c a r r i e d   out   in  any  s e q u e n c e  
c o n v e n i e n t   to  the  p a r t i c u l a r   m a n u f a c t u r i n g   o p e r a t i o n  
i n v o l v e d .   However ,   in  g e n e r a l ,   i t   has  been  f o u n d  

c o n v e n i e n t   to  p r e p a r e   c o n c e n t r a t e s   of  each  a d d i t i v e  

in  n y l o n   p r i o r   to  f i n a l   b l e n d i n g   to  a id   in  t h e  

a c c u r a t e   m e a s u r e m e n t   of  each  of  the  c o m p o n e n t s .  
A f t e r   b l e n d i n g   of  the  c o m p o n e n t s ,   t h e  

' m o n o f i l a m e n t s   a re   p r e p a r e d   a c c o r d i n g   to  c u s t o m a r y  
t e c h n i q u e s .   The  m o l t e n   n y l o n ,   b l e n d e d   w i th   t h e  

a luminum  s i l i c a t e   and  any  o t h e r   a d d i t i v e s ,   i s  

e x t r u d e d   t h r o u g h   a  d i e   i n t o   a  quench   medium,  a f t e r  

which  i t   is  o r i e n t e d .   The  m o n o f i l a m e n t s   s h o u l d   b e  

o r i e n t e d   a b o u t   from  3.4  to  6.0  t i m e s   t h e i r   o r i g i n a l  

l e n g t h ,   and  p r e f e r a b l y   a b o u t   from  3 .5   to  4 .7   t i m e s  

t h e i r   o r i g i n a l   l e n g t h .   I n  g e n e r a l ,   the   d i a m e t e r   o f  

the   f i n a l   m o n o f i l a m e n t   s h o u l d   be  a b o u t   from  5  to  30 

m i l s ,   and  p r e f e r a b l y   a b o u t   from  10  to  20  m i l s .  

The  m o n o f i l a m e n t s   of  the  p r e s e n t   i n v e n t i o n  

can  be  w o v e n  i n t o   p a p e r m a k i n g   b e l t s   a c c o r d i n g   t o  

c o n v e n t i o n a l - w e a v i n g   t e c h n i q u e s .   The  type   a n d  

d e n s i t y   of  the   weave  w i l l ,   of  c o u r s e ,   depend   on  t h e  

type   of  p a p e r   and  p a p e r m a k i n g   o p e r a t i o n   for   which  t h e  

b e l t   is  to  be  u s e d .   The  p r e s e n t   m o n o f i l a m e n t s   a r e  

p a r t i c u l a r l y ' s a t i s f a c t o r y   when  used  in  c o m b i n a t i o n  

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

the  p o l y e s t e r   m o n o f i l a m e n t s   make  up  the  m a c h i n e  
d i r e c t i o n   s t r a n d s   and  the  m o n o f i l a m e n t s   of  t h e  

p r e s e n t   i n v e n t i o n   c o m p r i s e   a t   l e a s t   a b o u t   25%,  a n d  

p r e f e r a b l y   a b o u t   from  25%  to  50%  o f  t h e   t r a n s v e r s e  
d i r e c t i o n   s t r a n d s .  

A f t e r   w e a v i n g ,   the   p a p e r m a k i n g   b e l t s   a r e  
h e a t   s e t   a c c o r d i n g   to  c o n v e n t i o n a l   t e c h n i q u e s   t o  

s t a b i l i z e   the  weave .   T y p i c a l   h e a t   s e t t i n g   c o n d i t i o n s  

w i l l   va ry   w i t h   the  p o l y m e r ,   f i l a m e n t s ,   d i a m e t e r   a n d  



weave ,   but   w i l l   t y p i c a l l y   i n v o l v e   h e a t i n g   u n d e r  

t e n s i o n   in  a  ho t   a i r   oven  for   a b o u t   from  15  m i n u t e s  

to  1  hour  at   a  t e m p e r a t u r e   of  a b o u t   from  300  to  4 0 0 ° F .  

The  improved   m o n o f i l a m e n t s   of  the  p r e s e n t  
i n v e n t i o n ,   when  used  as  t r a n s v e r s e   d i r e c t i o n   s t r a n d s  

in  p a p e r m a k i n g   b e l t s ,   e x h i b i t   e x c e l l e n t   r e s i s t a n c e   t o  

the  t r a n s v e r s e   d i r e c t i o n   a b r a s i o n   e n c o u n t e r e d   i n  

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

i m p r o v e d   o p e r a t i o n   for   a p p a r a t u s   u s i n g   such  b e l t s ,   i n  

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

i n c r e a s e d   s i g n i f i c a n t l y .  
The  p r e s e n t   i n v e n t i o n   is  f u r t h e r   i l l u s t r a t e d  

in  the  f o l l o w i n g   e x a m p l e s ,   in  which  p a r t s   a n d  

p e r c e n t a g e s   a re   by  w e i g h t   u n l e s s   o t h e r w i s e   i n d i c a t e d .  

EXAMPLES  1-9  AND  COMPARATIVE  EXAMPLES  A-D 

A  c o n c e n t r a t e  o f   a luminum  s i l i c a t e   a n d  

n y l o n   612  was  p r e p a r e d   by  t u m b l i n g   12  pounds   o f  

n y l o n   612  for   30  m i n u t e s   w i th   50  grams  o f  

g a m m a - a m i n o p r o p y l   t r i e t h o x y   s i l a n e   c o u p l i n g   a g e n t .  
E i g h t   pounds   of  a luminum  s i l i c a t e   of  1.3  m i c r o n s  

p a r t i c l e   s i z e   was  added  and  t u m b l e d   for   an  a d d i t i o n a l  

30  m i n u t e s .   The  b l e n d   was  t hen   e x t r u d e d   in  a  53  mm 
t w i n - s c r e w   e x t r u d e r   at   150  pph ,   w i th   a  sc rew  speed   o f  
200  rpm  and  a  b a r r e l   t e m p e r a t u r e   of  from  250  to  2 6 5 ° C  

under   f u l l   vacuum  at   the  v e n t   p o r t .   The  r e s u l t i n g  
s t r a n d s   were  w a t e r   q u e n c h e d   and  c u t   i n t o   f l a k e .  

Nex t ,   c o n c e n t r a t e s   were  p r e p a r e d   o f  

n y l o n   612  w i t h   t h r e e   e t h y l e n e   c o p o l y m e r s ,   d e s i g n a t e d  
A d d i t i v e s   A,  B  and   C.  A d d i t i v e   A  was  a  g r a f t  

c o p o l y m e r   h a v i n g   a  Mel t   I ndex   of  11 .4   and  an  a v e r a g e  
a n h y d r i d e   g r a f t   l e v e l   of  0.4%.  A d d i t i v e   B  was  a l s o   a  
g r a f t   c o p o l y m e r   h a v i n g   a  Mel t   Index   of  0 .59  and  a n  

a v e r a g e   a n h y d r i d e   g r a f t   l e v e l   of  1 .75%.  A d d i t i v e   C 

was  an  u n g r a f t e d   e t h y l e n e - a - o l e f i n   c o p o l y m e r   h a v i n g   a  
m e l t   f low  of  1.0  g  in  10  m i n u t e s   at   280°C  w i t h   a  



5000  g  l oad   and  the  same  o r i f i c e   d i m e n s i o n s   used  i n  

the  Me l t   I ndex   m e t h o d .  

Nylon  612  h a v i n g   an  i n h e r e n t   v i s c o s i t y   o f  

1 .10   to  1 .25   in  m e t a c r e s o l   was  f i r s t   d r i e d   o v e r n i g h t  

in  a  vacuum  oven  a t   120°C.   The  a d d i t i v e s   were  d r i e d  

at   60°C  under   vacuum  o v e r n i g h t .   C o n c e n t r a t e s   w e r e  

p r e p a r e d   by  f i r s t   c o o l i n g   the  n y l o n   612  to  60°C  a n d  

t hen   t u m b l i n g   the  n y l o n   wi th   a d d i t i v e s   for   30  m i n u t e s  

end  over   end .   Two  c o n c e n t r a t e s   were  p r e p a r e d .   The  

f i r s t   c o n c e n t r a t e   c o n t a i n e d   90  pounds   of  n y l o n   612  

and  10  pounds   of  A d d i t i v e   A.  The  s econd   c o n c e n t r a t e  

c o n t a i n e d   81  pounds   of  n y l o n   612,   10  pounds   o f  

A d d i t i v e   B and  9  pounds   of  A d d i t i v e   C.  Each  b l e n d  

was  e x t r u d e d   in  a  53  mm  t w i n - s c r e w   e x t r u d e r   a t  

27  pph ,   w i t h   a  s c rew  speed   of  100  rpm,  and  a  b a r r e l  

t e m p e r a t u r e   of  from  215  to  250°C.   The  r e s u l t i n g  
s t r a n d s - w e r e   w a t e r   q u e n c h e d   and  cu t   to  f l a k e .  

Nylon  c o n c e n t r a t e s   of  the  a d d i t i v e s   p r e p a r e d  
above   were  b l e n d e d   wi th   a d d i t i o n a l   n y l o n   612  in  t h e  

r a t i o s   i n d i c a t e d   in  T a b l e   I  and  then   d r i e d   o v e r n i g h t  

a t   120°C  in  a  vacuum  oven .   They  were  e x t r u d e d   a s  

m o n o f i l a m e n t   t h r o u g h   a  1  1 / 2 - i n c h   s i n g l e - s c r e w  
e x t r u d e r   w i t h   a  sc rew  speed   a d j u s t e d   to  m a i n t a i n  

c o n s t a n t   p r e s s u r e   to  a  t w o - c a p a c i t y   Z e n i t h   g e a r  

pump.  The  p o l y m e r   was  f i l t e r e d   t h r o u g h   f i v e   5 0 - m e s h  

s c r e e n s   and  e x t r u d e d   t h r o u g h   a  .059"   s i n g l e - h o l e   d i e ,  

q u e n c h e d   in  w a t e r   a f t e r   p a s s a g e   t h r o u g h   8  i n c h e s   o f  

a i r .   The  e x t r u d e r   b a r r e l   t e m p e r a t u r e   r a n g e d   f r o m  

240°  to  280°C.   The  f i l a m e n t   was  i m m e d i a t e l y   d r a w n  4 X  

w h i l e   p a s s i n g   t h r o u g h   a  s t eam  t u b e ,   c o n d i t i o n e d   for   4 

s e c o n d s   a t . 1 8 0 0 C ,   a l l o w e d   to  r e l a x   6%  as  i t   came  o u t  

of  the  c o n d i t i o n e r   and  then   wound  on  a  s p o o l   a t  

860  f e e t / m i n u t e .   The  t e n s i l e   p r o p e r t i e s   of  t h e  

b l e n d s   were  t e s t e d ,   and  the  r e s u l t s   a re   s u m m a r i z e d   i n  

T a b l e   I .  



The  f i l a m e n t   of  C o m p a r a t i v e   Example  B 

c o n t a i n s   2  w e i g h t   p e r c e n t   of  A d d i t i v e   A,  bu t   n o  

a luminum  s i l i c a t e .   C o m p a r a t i v e   E x a m p l e s   C  and  D  a r e  
f i l a m e n t s   of  c o m m e r c i a l l y   a v a i l a b l e   n y l o n   612  a n d  

p o l y e t h y l e n e   t e r e p h t h a l a t e ,   w i t h o u t   the   a d d i t i v e s   o f  

the  p r e s e n t   i n v e n t i o n .  

The  f i l a m e n t s   were  t e s t e d   by  b e n d i n g   f o u r  

s a m p l e s   of  each   f i l a m e n t   to  be  t e s t e d   over   a  . 0 1 6 "  

s t e e l   wi re   and  l o a d i n g   to  a  t e n s i o n   of  50  g r a m s .   The  

s a m p l e s   a re   f o r c e d   a g a i n s t   a  s t a i n l e s s   s t e e l   r o l l e r  

t u r n i n g   at  30-35   rpm  at  a  l oad   of  100  g r a m s / s a m p l e .  
The  f o u r   s a m p l e s   are  kept   wet  wi th   a  10%  s l u r r y   o f  

K a o l i n   in  w a t e r   t h r o u g h o u t   the  t e s t ,   which   l a s t s   6 

h o u r s .   B reak   l oad   and  e l o n g a t i o n   of  the   fou r   s a m p l e s  

a re   t h e n   m e a s u r e d   in  an  I n s t r o n   t e s t e r   and  the  m e a n s  
d i v i d e d   by  the  u n a b r a d e d   v a l u e   to  o b t a i n   p e r c e n t  
r e t e n t i o n   for   b r e a k   load   and  e l o n g a t i o n .   The  a v e r a g e  
of  t h e s e   two  v a l u e s   is  t a b u l a t e d   b e l o w :  

If  the   t e s t   p r o c e d u r e   is  r e p e a t e d ,   e x c e p t  
t h a t   the  10%  K a o l i n   is  o m i t t e d   from  the  w a t e r   used  t o  

wet  the  s a m p l e s ,   the  s a m p l e s   w i l l   r e t a i n   at   l e a s t  

a b o u t   90%  of  t h e i r   b r e a k   l oad   and  e l o n g a t i o n .  
EXAMPLES  10  TO  19  AND  COMPARATIVE  EXAMPLES  E  TO  H 

The  g e n e r a l   p r o c e d u r e   of  E x a m p l e s   1  to  9  w a s  

r e p e a t e d ,   e x c e p t   t h a t   b l e n d s   w e r e  p r e p a r e d   from  t h r e e  



c o m m e r c i a l l y   a v a i l a b l e   n y l o n   66  c o m p o s i t i o n s .   N y l o n  

A  is  s u b s t a n t i a l l y   u n m o d i f i e d   n y l o n   66.  Nylon  B  is  a  

c o p o l y m e r   of  n y l o n   6  and  n y l o n   66  b l e n d e d   w i th   a b o u t  

36%  a luminum  s i l i c a t e .   Nylon  C  is  ny lon   66  b l e n d e d  

wi th   abou t   10%  of  g r a f t e d   e t h y l e n e   a l p h a - o l e f i n  

c o p o l y m e r   and  9%  of  u n g r a f t e d   c o p o l y m e r   of  the  t y p e s  

used  as  A d d i t i v e s   B and  C  in  Examples   5  and  6  b e l o w .  

N y l o n s   A,  B  and   C  were  t u m b l e d   and  d r i e d   in  t h e  

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

were  t h e n   e x t r u d e d   as  in  Example s   1  to  9,  e x c e p t   t h a t  

the  m e l t   was  f i l t e r e d   t h r o u g h   a  f i n e r   s e t   of  s c r e e n s ,  
the   d ie   was  0 .95   i n c h e s   in  d i a m e t e r ,   and  the   e x t r u d e r  

t e m p e r a t u r e   r a n g e d   from  235  to  305°C.  The  r e s u l t i n g  
f i l a m e n t s   were  drawn  2.5  or  3 .0   t i m e s   and  c o n d i t i o n e d  

at  220°C.   The  p h y s i c a l   p r o p e r t i e s   of  the  r e s u l t i n g  
f i l a m e n t s   were  e v a l u a t e d   and  the   r e s u l t s   a r e  
s u m m a r i z e d   in  T a b l e   I I .  

C o m p a r a t i v e   Example s   E  and  F  were  u n m o d i f i e d  

n y l o n   66,  c o n t a i n i n g   no  a luminum  s i l i c a t e .  

C o m p a r a t i v e   Example   G  was  u n m o d i f i e d   p o l y e t h y l e n e  

t e r e p h t h a l a t e   m o n o f i l a m e n t .   C o m p a r a t i v e   Example   H 

was  a  c o m m e r c i a l l y   a v a i l a b l e   n y l o n   66  m o n o f i l a m e n t  

c o n t a i n i n g   a b o u t   2%  of  a d d i t i v e   A  used  in  Examples   3 
and  4  a b o v e .  

The  r e s u l t i n g   m o n o f i l a m e n t s   w e r e  t e s t e d   f o r  

t r a n s v e r s e   a b r a s i o n   as  in  Example s   1  to  9  a b o v e ,  

e x c e p t   t h a t   t h e  r o l l e r   was  t o o l   s t e e l   r a t h e r   t h a n  

s t a i n l e s s   s t e e l :   Water   w i t h o u t   K a o l i n   was  used  t o  

wet  f i l a m e n t s ,   and  the  f i l a m e n t s   were  t e s t e d   f o r   3 
h o u r s   i n s t e a d   of  6  h o u r s .   The  a b r a s i v e   used  was  i r o n  

o x i d e ,   which   a c c u m u l a t e d   on  the  r o l l e r   s u r f a c e   as  t h e  

t e s t   p r o c e e d e d .   I t   was  removed  wi th   emery  c l o t h  

b e f o r e   each  new  s a m p l e   was  i n s t a l l e d .   The  a v e r a g e  
r e t e n t i o n   of  b r e a k   l oad   and  e l o n g a t i o n   a f t e r   t h r e e  
h o u r s   of  a b r a s i o n   is  s u m m a r i z e d   in  the  f o l l o w i n g  
t a b l e :  



EXAMPLE  20 
M o n o f i l a m e n t s   were  p r e p a r e d   by  d i r e c t  

b l e n d i n g   of  the  c o m p o n e n t s .   A  b l e n d   was  p r e p a r e d   b y  

t u m b l i n g   142  pounds   of  n y l o n   612  fo r   30  m i n u t e s   w i t h  

51  grams  of  g a m m a - a m i n o p r o p y l   t r i e t h o x y   s i l a n e  

c o u p l i n g   a g e n t .   Seven  and  o n e - h a l f   pounds   o f  

a luminum  s i l i c a t e   of  1 .3   m i c r o n s   p a r t i c l e   s i z e   w a s  
added  and  t u m b l e d   for   an  a d d i t i o n a l   30  m i n u t e s .   The 

b l end   was  t h e n   e x t r u d e d   w i t h o u t   d r y i n g   in  an  83  mm 
t w i n - s c r e w   e x t r u d e r   at  141  p o u n d s / h o u r   w i th   a  s c r e w  

speed   of  130  rpm  and  a  b a r r e l   t e m p e r a t u r e   of  255  t o  

265°C  under   6  i n c h e s   vacuum  at  the   ven t   p o r t .   The 

m o l t e n   po lymer   was  fed  to  e i g h t   t w o - s t r e a m ,   f i v e  

c a p a c i t y   Z e n i t h   gear   pumps,   f i l t e r e d   t h r o u g h   a  s t a c k  
of  33  s c r e e n s ,   e x t r u d e d   t h r o u g h   a  .060"   s i n g l e - h o l e  

d i e ,   and  q u e n c h e d   in  w a t e r   a f t e r   p a s s a g e   t h r o u g h   a  

4 - 1 / 2 "   a i r   gap.   The  f i l a m e n t   was  i m m e d i a t e l y   d r a w n  

3.5X  in  a  r a d i a n t   h e a t e r   at  840°C,   p a s s e d   t h r o u g h   a  
h o t - a i r   c o n d i t i o n i n g   oven  at  200°C  fo r   1 .4   s e c o n d s ,  



and  removed   from  the  oven  at  40-50   grams  t e n s i o n   t o  

c o o l i n g   r o l l s   a f t e r   which  i t   was  wound  on  s p o o l s   a t  
2070  f e e t   per  m i n u t e .   The  m o n o f i l a m e n t   had  a  c a l i p e r  

of  14 .0   m i l s .  

On  t e s t i n g   a c c o r d i n g   to  the  p r o c e d u r e s   o f  

E x a m p l e s   1 - 9 ,   the   f i l a m e n t   e x h i b i t e d   a  Break   Load  o f  

14  p o u n d s ,   an  E l o n g a t i o n   to  Break   of  34%,  an  I n i t i a l  

Modulus   of  420  Mps i ,   and  a  T e n s i l e   S t r e n g t h   of  52  

Mps i .   The  S h r i n k a g e   was  6%  and  the   I n h e r e n t  

V i s c o s i t y   1 . 1 0 .   The  a v e r a g e   r e t e n t i o n   of  b r eak   l o a d  
and  e l o n g a t i o n   was  55%. 







1.  An  o r i e n t e d   p o l y a m i d e   m o n o f i l a m e n t  

c o m p r i s i n g   f i b e r   or  f i l a m e n t - f o r m i n g   p o l y a m i d e   a n d  

a b o u t   from  2  to  20  w e i g h t   p e r c e n t ,   b a s e d   on  the  t o t a l  

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

h a v i n g   an  a v e r a g e   p a r t i c l e   s i z e   of  a b o u t   from  1  t o  8  

m i c r o n s .  

2.  A  m o n o f i l a m e n t   as  c l a i m e d   in  c l a im   1  f u r t h e r  
c o m p r i s i n g   a b o u t   from  0.5  to  10  w e i g h t   p e r c e n t   of  a n  

e t h y l e n e   c o p o l y m e r   h a v i n g   a  Me l t   I n d e x   of  a b o u t   f r o m  

0.3  to  3 0 .  
3.  A  m o n o f i l a m e n t   as  c l a i m e d   in  c l a i m   2  w h e r e i n   t h e  

e t h y l e n e   c o p o l y m e r   c o m p r i s e s   at   l e a s t   a b o u t   50%  of  a  

g r a f t   c o p o l y m e r   p r e p a r e d   from  (a)  a  b a c k b o n e   o f  

p o l y m e r s   s e l e c t e d   from  the  g roup   c o n s i s t i n g   o f  

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

d e r i v e d   from  e t h y l e n e   and  C3  to  C8  a l p h a - o l e f i n s  

and  (b)  a  g r a f t   monomer  s e l e c t e d   from  the   g r o u p  

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

a n h y d r i d e s   and  d i h y d r i d e s .  
4.  A  n o n o f i l a m e n t   as  c l a i m e d   in  a n y  o n e   of  the  p r e c e d i n g  
c l a i m s   hav ing   a  d i a m e t e r   of  abou t   from  5  to  30  m i l s .  
5.  A  m o n o f i l a m e n t   as  c l a i m e d   in  c l a i m   4  h a v i n g   a  
d i a m e t e r   of  abou t   from  10  to  20  m i l s .  
6.  A  m o n o f i l a m e n t   as  c l a i m e d   in  a n y  o n e   of  the  p r e c e d i n g  
c l a i m s   w h e r e i n   the  p o l y a m i d e   c o n s i s t s   e s s e n t i a l l y   o f  

ny lon   66 .  
7.  A  m o n o f i l a m e n t   as  c l a i m e d   in  a n y  o n e   of  c l a i m s   1  to  5 
w h e r e i n   the  p o l y a m i d e   c o n s i s t s   e s s e n t i a l l y   of  ny lon   6 1 2 .  
8.  A  m o n o f i l a m e n t   as  c l a i m e d   in  a n y  o n e   of  c l a i m s   1  to  5 
w h e r e i n   the  aluminum  s i l i c a t e   c o m p r i s e s   abou t   from  4  to  10 

w e i g h t   p e r c e n t .  
9.  A  m o n o f i l a m e n t   as  c l a i m e d   in  a n y  o n e   of  the  p r e c e d i n g  
c l a i m s   w h e r e i n   the  a luminum  s i l i c a t e   has  a  p a r t i c l e   s i z e   s u c h  

t h a t   at  l e a s t   abou t  90%  b y  w e i g h t   of  the  p a r t i c l e s   are   l e s s  



t h a n   15  m i c r o n s   and  the  a v e r a g e   p a r t i c l e   s i z e   i s  

a b o u t   from  1  to  8  m i c r o n s .  
10.  A  m o n o f i l a m e n t   as  c l a i m e d   in  c l a im   9  w h e r e i n   t h e  

a luminum  s i l i c a t e   has  a  p a r t i c l e   s i z e   such  t h a t   98% 

of  the   p a r t i c l e s   a re   l e s s   t h a n   10  m i c r o n s   and  e x h i b i t  

an  a v e r a g e   p a r t i c l e   s i z e   of  a b o u t   from  1  to  6  m i c r o n s .  
11.  A  woven,  h e a t   s e t ,   p a p e r m a k i n g   b e l t  

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

f i l a m e n t s ,   c h a r a c t e r i s e d   in  t h a t   at  l e a s t   abou t   25% 

of  the  f i l a m e n t s   in  the  t r a n s v e r s e   d i r e c t i o n   a r e  
m o n o f i l a m e n t s   c o m p r i s i n g   f i l a m e n t   f o r m i n g   p o l y a m i d e  
and  a b o u t   from  2  to  20  w e i g h t   p e r c e n t ,   b a s e d   on  t h e  

t o t a l   w e i g h t   of  t he   f i l a m e n t   of  an  a luminum  s i l i c a t e  

h a v i n g   an  a v e r a g e   p a r t i c l e   s i z e   of  a b o u t   from  1  to  8 

m i c r o n s .  
12.  A  p a p e r m a k i n g   b e l t   as  c l a i m e d   in  c l a i m   11  w h e r e i n  

the  p o l y a m i d e   m o n o f i l a m e n t s   c o m p r i s e   a b o u t   from  25% 

to  50%  of  the  t r a n s v e r s e   d i r e c t i o n   s t r a n d s .  
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