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being  present  in  the  melt  spun  fibres  as  microfibrils  and  a 
process  for  providing  such  fibres. 



This   i n v e n t i o n   r e l a t e s   to  the  m a n u f a c t u r e   of  s y n t h e t i c  

f i b r e s   by  mel t   s p i n n i n g   a  blend  of  a  f i b r e - f o r m i n g   p o l y a m i d e  

and  an  i m m i s c i b l e   p o l y m e r .  

R e c e n t l y   the re   have  been  d i s c l o s u r e s   r e l a t i n g   to  t h e  

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

polyamide   in  which  a n o t h e r   polymer  is   added  to  the  f i b r e - f o r m i n g  

po lyamide   b e f o r e   i t   is   s p u n .  

J a p a n e s e   P a t e n t   No  56-85420  ( T e i j i n   KK)  i s   c o n c e r n e d  

with  the  p r o d u c t i o n   of  an  undrawn  polyamide   yarn   c o n t a i n i n g  

between  0.5%  and  10%  by  weight   of  a  b i s p h e n o l - t y p e   p o l y c a r b o n a t e  

having  a  degree   of  p o l y m e r i s a t i o n   of  20  or  m o r e .  

In  Un i t ed   S t a t e s   S p e c i f i c a t i o n   3  475  898  t h e r e   i s  

d i s c l o s e d   a  b l end   of  p o l y e t h y l e n e   g lyco l   with  a  polyamide  w h i c h  

is  mel t   spun  to  form  an  a n t i s t a t i c   f i l a m e n t .   From  the  d raw 

r a t i o s   g iven  in  the  Examples  i t   can  be  i n f e r r e d   tha t   the  w i n d  

up  speed  of  the  spun  f i l a m e n t s   was  not  s u b s t a n t i a l l y   g r e a t e r  

than  1  k i l o m e t r e / m i n u t e .  

In  European  P a t e n t   A p p l i c a t i o n   8230573  7.7  we  h a v e  

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

t h e r m o p l a s t i c   polymer  at  a  minimum  wind  up  speed  of  1  k i l o m e t r e  

per  minute   in  which,  be fo re   melt  s p i n n i n g ,   t h e r e   is  added  t o  

the  f i b r e - f o r m i n g   polymer,   between  0.1%  and  10%  by  weight   o f  

a n o t h e r   polymer  which  is  immisc ib le   in  a  m e l t  o f   the  f i b r e -  

forming  po lymer ,   such  o the r   polymer  having  an  average   p a r t i c l e  

s i z e   of  be tween  0.5  and  3  microns  in  the  melt   with  the  f i b r e -  

forming  polymer  immedia te ly   p r i o r   to  s p i n n i n g .   Example  4  o f  

t h i s   P a t e n t   A p p l i c a t i o n   is  concerned   with  the  p r o d u t i o n   o f  

f i b r e s   formed  from  a  blend  of  6%  by  weight   of  p o l y e t h y l e n e   a n d  

nylon  66.  A  f e a t u r e   of  the  f i b r e s   p roduced   in  t h i s   Example  

is  t h a t   they  have  a  rough,  p i t t e d   s u r f a c e .  

We  have  now  found  tha t   polyamide   yarns   having  a  n o v e l  

rough  s u r f a c e   can  be  produced  by  melt   s p i n n i n g ,   at  a  minimum 

wind  up  speed  of  2  k i l o m e t r e s   per  minute ,   a  b lend  formed  f r o m  



a  f i b r e - f o r m i n g   po lyamide   and  at   l e a s t   10%  by  we igh t   but  l e s s  

than  45%  by  weight   of  a n o t h e r   polymer  which  is   i m m i s c i b l e   i n  

a  melt   of  the  f i b r e - f o r m i n g   po lyamide ,   such  o t h e r   polymer  h a v i n g  

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

a t   the  s p i n n i n g   t e m p e r a t u r e .  

By  an  " i m n i s c i b l e   polymer"   we  mean  t h a t   a t   t h e  

s p i n n i n g   t e m p e r a t u r e   such  a  polymer  forms  a  two  phase  melt   w i t h  

the  f i b r e - f o r m i n g   t h e r m o p l a s t i c   polymer .   M i c r o s c o p i c  

e x a m i n a t i o n   and  o p t i c a l   p h o t o g r a p h s   of  such  a  melt   show  a  two 

phase  sys tem  in  which  the  i m m i s c i b l e   polymer  i s   in  the  f o r m  

of  c i r c l e s   ( i n d i c a t i n g   s p h e r i c a l   p a r t i c l e s )   d i s p e r s e d   in  t h e  

c o n t i n u o u s ,   f i b r e - f o r m i n g ,   polymer   m a t r i x .  

However  we  wish  the  term  "an  i m m i s c i b l e   polymer"   t o  

exc lude   a  l i q u i d   c r y s t a l   po lymer ,   ie  the  a d d i t i v e   polymers   u s e d  

in  the  i n v e n t i o n   do  not  form  an  a n i s o t r o p i c   melt   in  t h e  

t e m p e r a t u r e   range  a t   which  the  t h e r m o p l a s t i c   polymer   may  b e  

melt  spun.  This  a n i s o t r o p i c   c o n d i t i o n   may  form  when  a  l i q u i d  

c r y s t a l   po lymer   i s   h e a t e d   or  by  the  a p p l i c a t i o n   of  shea r   t o  

the  polymer ,   a l t h o u g h   in  the  l a t t e r   case  i t   must  p e r s i s t   f o r  

a  few  s e c o n d s .  

We  have  s a i d   t h a t   the  b lend  may  i n c l u d e   up  to  45% 

by  weight   of  the  o t h e r   po lymer ,   however,   the  a c t u a l   p r o p o r t i o n  

of  the  o t h e r   polymer  which  may  be  used  in  a  p a r t i c u l a r   p o l y m e r  

c o m b i n a t i o n   i s   dependen t   on  phase   i n v e r s i o n   not  i n c u r r i n g   i e  

in  t h i s   i n v e n t i o n   we  do  not  c o n t e m p l a t e   t h a t   the  p r o p o r t i o n  

of  the  minor  component  by  weight   in  the  b lend  s h a l l   become  t h e  

c o n t i n u o u s   phase   in  which  i s   d i s p e r s e d   the  major   component  b y  

weight   as  the  d i s c o n t i n u o u s   p h a s e .  

We  have  r e f e r r e d   above  to  the  o t h e r   polymer   in  t h e  

b lend  hav ing   a  lower  melt   v i s c o s i t y   than  t h a t   of  the  f i b r e -  

forming  po lyamide ,   by  which  we  mean  t h a t   i t   has  a  melt   v i s c o s i t y  

at  the  s p i n n i n g   t e m p e r a t u r e   l e s s   than  25  p e r c e n t   of  t h a t   o f  

the  p o l y a m i d e .  

We  a l s o   p r o v i d e ,   t h e r e f o r e ,   melt   spun,   r o u g h - s u r f a c e d ,  

f i b r e s   of  a  f i b r e - f o r m i n g   po lyamide   c o n t a i n i n g   at  l e a s t   10% 



by  weight   of  the  d e f i n e d   o t h e r   polymer,   such  o t h e r   p o l y m e r  

be ing   p r e s e n t   in  the  melt   spun  f i b r e s   as  m i c r o f i b r i l s .   T h e s e  

m i c r o f i b r i l s   have  an  a s p e c t   r a t i o   ie  l e n g t h / d i a m e t e r   r a t i o   w h i c h  

is  very  high  eg  t y p i c a l l y   g r e a t e r   than  50  and  such  m i c r o f i b r i l s  

w i l l   have  d i a m e t e r s   of  about   0.5  m i c r o n .  

The  p r o c e s s   of  the  i n v e n t i o n   is  s u i t e d   to  the  m e l t  

s p i n n i n g   of  the  more  common  f i b r e - f o r m i n g   po lyamides   such  a s  

nylon  66  and  nylon  6.  However,  we  have  found  t ha t   the  p r o c e s s  
is   p a r t i c u l a r l y   s u i t e d   to  the  melt  s p i n n i n g   of  nylon  6 6 .  

S u i t a b l e   i m m i s c i b l e   polymers   are  p o l y o l e f i n e s ,   s u c h  

as  p o l y e t h y l e n e   and  p o l y p r o p y l e n e ;   and  p o l y e t h y l e n e   g l y c o l .  

A  f e a t u r e   of  the  p rocess   of  the  i n v e n t i o n   is  t h a t  

novel  rough  s u r f a c e d   f i b r e s   are  produced  t h e r e b y .  

F i b r e s   of  a  polyamide  p roduced   by  e x t r u s i o n   t h r o u g h  

f i ne   o r i f i c e s   by  the  melt   s p i n n i n g   t e c h n i q u e   normal ly   p o s s e s s  

a  smooth  sh iny  s u r f a c e .   Although  the  c ros s   s e c t i o n   of  t h e  

f i l a m e n t a r y   f i b r e s   may  be  o t h e r   than  c i r c u l a r ,   f a b r i c s   made 

from  such  f i b r e s   p o s s e s s   a  s l i c k   hand  and  are  cold  to  the  t o u c h .  

In  a d d i t i o n   i f   the  f i b r e s   are   made  i n t o   s t a p l e   f i b r e s ,   t h e  

smooth  s u r f a c e   makes  for   more  d i f f i c u l t   working  of  the  s t a p l e  

f i b r e s   i n t o   spun  yarn .   The  d e s i r e d   f i b r e   c o h e s i v e n e s s   is  n o t  

a v a i l a b l e .   N a t u r a l   f i b r e s   such  as  wool  and  co t t on   have  a  r o u g h  

s u r f a c e   which  tends   to  i n t e r l o c k   in  the  spun  yarn .   The  r o u g h  

s u r f a c e   a l so   p r o v i d e s   b e t t e r   heat   i n s u l a t i o n   and  lends  to  a  

w a r m - t o - t h e   touch  q u a l i t y   to  f a b r i c s   made  from  such  y a r n .  

At tempts   have  been  made  to  p rov ide   s y n t h e t i c   f i b r e s  

with  a  rough  s u r f a c e   by  e i t h e r   i n c o r p o r a t i n g   a  p a r t i c u l a t e  

f i l l e r   such  as  t a l c ,   metal   wh i ske r s ,   a lumina  or  s i l i c a   c a r b i d e ,  

s i l i c a   or  a  blowing  agen t   in  the  f i b r e - f o r m i n g   polymer  b e f o r e  

i t   is   spun  or  by  r a p i d l y   coo l ing   the  f i b r e s   with  water  o r  

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

polyamide  having   a  rough  s u r f a c e   w i thou t   r e c o u r s e   to  s u c h  

t e c h n i q u e s .  

Those  f i b r e s   of  the  i n v e n t i o n   which  have  been  m e l t  

spun  at  wind-up  speeds  between,  say,   2  and  5  k i l o m e t r e s   p e r  



metre ,   be ing   p a r t i a l l y   o r i e n t e d ,   may  d e s i r a b l y   be  s u b j e c t e d  

to  a  d r a w - t e x t u r i n g   p r o c e s s .   F i b r e s   produced  by  such  d r a w -  

t e x t u r i n g   p r o c e s s   r e t a i n   a  rough  s u r f a c e   but  d i f f e r i n g   in  d e t a i l  

from  the  f i b r e s   p roduced   a c c o r d i n g   to  the  i n v e n t i o n   p r o c e s s .  

Those  f i b r e s   of  the  i n v e n t i o n   which  have  been  melt   spun  at   w i n d -  

up  speeds   in  e x c e s s   of ,   say,  5  k i l o m e t r e s   per  minute ,   b e i n g  

more  f u l l y   o r i e n t e d ,   can  be  used  w i t h o u t   f u r t h e r   p r o c e s s i n g .  

The  i n v e n t i o n   w i l l   now  be  d e s c r i b e d   with  r e f e r e n c e  

to  the  f o l l o w i n g   Examples .   In  t h e s e   Examples  the  a d d i t i v e  

polymer  i s   an  i m m i s c i b l e   polymer   and  forms  a  two  phase  m e l t  

with  the  f i b r e - f o r m i n g   p o l y m e r .  

EXAMPLE  1 

A  commercia l   g rade   of  p o l y e t h y l e n e  -   A lka thene   G r a d e  

23  -   was  used  as  the  a d d i t i v e   po lymer .   I t   had  a  melt   f low  i n d e x  

of  200  and  a  mel t   v i s c o s i t y   of  12  Ns/m2  at  104  N/m2  a n d  

180°C.  The  po lyamide   was  a  commerc ia l   grade  of  nylon  6 6  -  

Imper i a l   Chemical   I n d u s t r i e s   PLC  grade  5GS.  The  v i s c o s i t y   o f  

the  nylon  was  80  Ns/M2  a t   104  N/m2  and  285°C.  10%  b y  

weight   of  the  p o l y e t h y l e n e   was  mixed  with  the  nylon  66  as  a  

chip  b lend  and  spun  on  a  l a b o r a t o r y   melt   s p i n n e r   at   290°C  a n d  

a  t h r o u g h p u t   of  110  g m / h r / h o l e   t h rough   9  thou  s p i n n e r e t   h o l e s .  

No  quench  or  c o n d i t i o n e r   was  u sed .   The  yarn  was  wound  up  a t  

speeds  of  2000-6000  mpm. 
A  s cann ing   e l e c t r o n   m i c r o s c o p e   p h o t o g r a p h   of  t h e  

s u r f a c e   of  the   f i b r e   spun  a t   3000  mpm  showed  t h a t   i t   w a s  

ex t r eme ly   rough  and  cove red   wi th   knobbly  p r o t r u s i o n s   a  f e w  

microns  l a r g e .   The  f i b r e   spun  a t   6000  mpm  a l s o   had  a  r o u g h  

and  i r r e g u l a r   s u r f a c e ,   cove red   wi th   f i s s u r e s   about   5µ  long  a n d  

0 . 5 µ   wide  a l i g n e d   a long   the  f i b r e   a x i s .   Pho tog raphs   of  t h e  

spun  f i b r e   a re   shown  in  Fig  1  ( m a g n i f i c a t i o n   x  600)  and  F i g  

2  ( m a g n i f i c a t i o n   x  3 , 0 0 0 ) .   In  c o n t r a s t   100%  nylon  66  f i b r e s  

spun  a t   t h e s e   wind-up  speeds   unde r   the  same  s p i n n i n g   c o n d i t i o n s  

were  p e r f e c t l y   smooth  c y l i n d e r s .  

The  spun  yarn   did  not   s lough  off   the  bobbin   a t   a n y  

wind-up  speed  even  though  a  c o n d i t i o n e r   was  not  u s e d .  



The  blend  yarn  c o n t a i n i n g   1 0 %  p o l y e t h y l e n e   spun  a t  

3000  mpm  was  draw  t e x t u r e d   on  a  Scragg   DCS  1000  machine.  The 

draw  r a t i o   was  1 .35,   draw  speed  40  mpm,  p r imary   h e a t e r  

t e m p e r a t u r e   190°C  and  h e a t e r   l eng th   1 . 5  m .  T h e   t e x t u r e d   f i b r e  

s u r f a c e   was  s t i l l   rough,  and  c o n t a i n e d   f i s s u r e s   about  5-10  µ  
long  and  0 . 5 f   wide  at  a  small   ang le   to  the  f i b r e   a x i s  d u e   t o  

t w i s t i n g   d u r i n g   draw  t e x t u r i n g ,   p lus   o t h e r   s c a l y   s u r f a c e  

f e a t u r e s   a  f ew  microns   l a rge .   A  p h o t o g r a p h   of  the  t e x t u r e d  

f i b r e   ( m a g n i f i c a t i o n   x  3000)  i s   shown  in  F i g  3 .  

EXAMPLE  2  

A  s p e c i a l l y   p r e p a r e d   grade  of  low  v i s c o s i t y  

p o l y p r o p y l e n e   having  a  melt   flow  index  of  242  was  used  as  t h e  

a d d i t i v e   polymer  t h i s   t ime.  The  nylon  used  was  the  same  a s  

in  Example  1.  15%  by  weight   of  t h e  p o l y p r o p y l e n e   was  m i x e d  

with  the  nylon  66  as  a  chip  b lend  and  spun  on  a  l a b o r a t o r y   m e l t  

s p i n n e r   under   the  same  sp inn ing   c o n d i t i o n s  a s   in  Example  1 .  

The  yarn   was  wound  up  at  speeds  o f   1 0 0 0  -   3000  mpm. 
A  s cann ing   e l e c t r o n   mic roscope   pho tograph   of  t h e  

s u r f a c e   of  the  f i b r e   spun  at  3000  mpm  showed  t h a t   i t   was  

ex t r eme ly   rough,   s i m i l a r   in  appea rance   to  the  f i b r e   spun  i n  

Example  1.  The  spun  yarn  did  not  s lough   of f   the  bobbin  a t   a n y  

wind-up  speed  even  though  a  c o n d i t i o n e r   was  not  u s e d .  



1.  A  p r o c e s s   for   p r o d u c i n g   po lyamide   ya rns   c o m p r i s i n g  

mel t   s p i n n i n g ,   at  a  minimum  wind  up  speed  of  2  k i l o m e t r e s   p e r  

minu te ,   a  b l e n d   formed  from  a  f i b r e - f o r m i n g   po lyamide   at  l e a s t  

10%  by  we igh t   but  l e s s   than  45%  by  weight   of  a n o t h e r   p o l y m e r  

which  is   i m m i s c i b l e   in  a  melt   of  the  f i b r e - f o r m i n g   p o l y a m i d e ,  

such  o t h e r   polymer   having   a  lower  mel t   v i s c o s i t y   than  tha t   o f  

the  f i b r e - f o r m i n g   po lyamide   a t   the   s p i n n i n g   t e m p e r a t u r e .  

2.  A  p r o c e s s   as  c la imed  in  Claim  1  in  which  the  o t h e r ,  

i n m i s c i b l e ,   polymer  i s   e i t h e r   p o l y e t h y l e n e   or  p o l y p r o p y l e n e .  

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

po lyamide   c o n t a i n i n g   at   l e a s t   10%  by  we igh t   of  a n o t h e r   p o l y m e r  

which  is   i m m i s c i b l e   in  a  melt  of  the   f i b r e - f o r m i n g   p o l y a m i d e  

and  has  a  lower  mel t   v i s c o s i t y   than  the  f i b r e - f o r m i n g   p o l y a m i d e  

at   the  s p i n n i n g   t e m p e r a t u r e ,   such  o t h e r   polymer  being  p r e s e n t  

in  the   mel t   spun  f i b r e s   as  m i c r o f i b r i l s .  

4.  M e l t - s p u n ,   r o u g h - s u r f a c e d ,   f i b r e s   of  a  f i b r e - f o r m i n g  

po lyamide   as  c la imed   in  c la im  3  in  which  the  o t h e r ,   i m m i s c i b l e ,  

polymer   i s   e i t h e r   p o l y e t h y l e n e   or  p o l y p r o p y l e n e .  
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