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©  Melt  spinning  of  a  blend  of  a  fibre-forming  polymer  and  an  immiscible  polymer. 
  A  process  of  melt  spinning  a  fibre-forming  polymer 
having  a  high  viscosity,  more  particularly  polyethylene 
terephthalate  having  an  intrinsic  viscosity  greater  than  0.70 
or  nylon  66  having  a  relative  viscosity  greater  than  45  and 
more  preferably  greater  than  55,  in  which  before  melt 
spinning,  there  is  added  to  the  fibre-forming  polymer 
between  0.1%  and  10%  by  weight  of  another  polymer  which 
is  immiscible  in  a  melt  of  the  fibre-forming  polymer  and 
which  has  an  average  particle  size  less  than  3  microns  in  the 
melt  immediately  prior  to  spinning. 



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  melt   s p i n n i n g   and  drawing  a  high  m o l e c u l a r   weight ,   h i g h  

v i s c o s i t y ,   f i b r e - f o r m i n g   polymer,   more  p a r t i c u l a r l y   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   or  nylon  66,  c o n t a i n i n g   a n o t h e r   polymer  which  i s  

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 m e r .  

Recen t ly   t h e r e   have  been  a  number  of  d i s c l o s u r e s   r e l a t i n g  

to  the  p r o d u c t i o n   of  me l t - spun   s y n t h e t i c   f i b r e s   from  a  f i b r e - f o r m i n g  

polymer  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 lymer  

b e f o r e   i t   is  spun.  The  most  r e l e v a n t   known  to  a p p l i c a n t   are  now 

d i s c u s s e d .  

J apanese   Pa t en t   No  56-118912  ( T e i j i n   KK)  is  concerned   w i t h  

the  m a n u f a c t u r e   of  a  high  s t r e n g t h   f i b r e   by  melt   sp inn ing   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   c o n t a i n i n g   between  1  and  7  p a r t s   by  weight %  of  a  

b i s p h e n o l   type  p o l y c a r b o n a t e .   The  melt  spun  f i b r e   is  wound  up  a t  

a  speed  of  1500  m/minute  or  l e s s .   I t   is  s t a t e d   t ha t   the  l i m i t i n g  

v i s c o s i t y   of  the  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   used  must  f a l l   b e t w e e n  

0.55  and  0 .70 .   If  i t   f a l l s   below  0.55,   s a t i s f a c t o r y   s t r e n g t h   a n d  

modulus  cannot   be  developed  in  the  f i b r e .   On  the  o the r   hand,  when 

the  l i m i t i n g   v i s c o s i t y   is  in  excess   of  0 .70,   r e c o g n i s a b l e   improvement  

in  s t r e n g t h   becomes  i n s i g n i f i c a n t   or  d i s a p p e a r s   and  the re   is  a  

t endency   for  the  modulus  value  to  d e c l i n e   as  w e l l .  

In  European  Pa ten t   A p p l i c a t i o n   No  82305737.7  we  h a v e  

d e s c r i b e d   a  p rocess   of  melt  sp inn ing   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  w h i c h ,  

b e f o r e   melt   s p i n n i n g ,   t he re   is  added  to  the  f i b r e - f o r m i n g   p o l y m e r ,  

between  0.1%  and  10%  by  weight  of  ano ther   polymer   which  is  i m n i s c i b l e  

in  a  melt   of  the  f i b r e - f o r m i n g   polymer,   such  o t h e r   polymer  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  between  0.5  and  3  microns   in  the  m e l t  

with  the  f i b r e - f o r m i n g   polymer  immedia te ly   p r i o r   to  s p i n n i n g .   The 

i n t r i n s i c   v i s c o s i t y   of  the  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   used  was  0 . 6 3  

and  the  r e l a t i v e   v i s c o s i t y   (RV)  of  the  nylon  used  was  4 0 .  

_.i  An  advantage   of  the  p r o c e s s   d e s c r i b e d   in  European  P a t e n t  



A p p l i c a t i o n   No  82305737.7  is  t ha t   i t   a l lows   s i g n i f i c a n t   p r o d u c t i v i t y  

ga ins   to  be  a c h i e v e d .   The  e f f e c t   of  b l end ing   the   i m m i s c i b l e   p o l y m e r  

with  t he   f i b r e - f o r m i n g   polymer  is   t h a t   of  wind  up  speed  s u p p r e s s i o n  

ie  the  p r o p e r t i e s   of  the  spun  f i b r e   are  those   t h a t   would  be  o b t a i n e d  

from  a  f i b r e   which  had  been  spun  at  a  lower  wind  up  s p e e d .  

N e v e r t h e l e s s   i t   would  appear   from  a  r e a d i n g   of  E u r o p e a n  

P a t e n t   A p p l i c a t i o n   No  82305737.7  t h a t   the  e f f e c t   of  wind  up  s p e e d  

s u p p r e s s i o n   cannot  be  r e a l i s e d   at  wind  up  speeds   lower  than  1 

k i l o m e t r e   per  minute .   However,  we  have  now  r e a l i s e d   t ha t   the  e f f e c t  

of  wind  up  speed  s u p p r e s s i o n   is  r e a l l y   o r i e n t a t i o n   s u p p r e s s i o n   and  

so,  i f   a  s u f f i c i e n t l y   high  molecu la r   weight ,   ie  high  v i s c o s i t y ,   f i b r e -  

fo rming   polymer   is  spun,  wind  up  speed  s u p p r e s s i o n   occurs   even  at  wind 

up  s p e e d s   below  1  k i l o m e t r e   per  m i n u t e .  

Accord ing   to  the  p r e sen t   i n v e n t i o n   t h e r e f o r e ,   we  p r o v i d e  

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   polymer   having  a  h i g h  

v i s c o s i t y ,   more  p a r t i c u l a r l y   high  v i s c o s i t y   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  

or  ny lon ,   in  which  be fo re   melt  s p i n n i n g ,   t h e r e   is  added  to  the  f i b r e -  

forming  polymer  between  0.1%  and  10%  by  weight   of  a n o t h e r   p o l y m e r  

which  i s   i m m s c i b l e   in  a  melt   of  the  f i b r e - f o r m i n g   polymer  and  w h i c h  

has  an  a v e r a g e   p a r t i c l e   s i z e   less   than  3  mic rons   in  the  m e l t  

i m m e d i a t e l y   p r i o r   to  s p i n n i n g .  

In  p r e f e r e n c e ,   in  order   to  ach ieve   good  t e n s i l e   p r o p e r t i e s ,  

the  a d d i t i v e   polymer  has  an  average  p a r t i c l e   s i z e   in  the  melt   o f  

s u b s t a n t i a l l y   l e s s   than  3  microns  and  more  p r e f e r a b l y   of  the  o r d e r  

of  1  m i c r o n .  

The  term  "high  v i s c o s i t y "   is  used,  in  r e l a t i o n   t o  

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 ,   to  mean  t ha t   i t   has  an  i n t r i n s i c   v i s c o s i t y  

g r e a t e r   than  0.70  and,  in  r e l a t i o n   to  nylon  66,  to  mean  t ha t   i t   has  a  

r e l a t i v e   v i s c o s i t y   g r e a t e r   than  45  and  more  p r e f e r a b l y   g r e a t e r   t h a n  

5 5 .  

The  i n t r i n s i c   v i s c o s i t y   of  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   i s  

measured   in  o r t h o - c h l o r o - p h e n o l .  

The  r e l a t i v e   v i s c o s i t y   of  nylon  66  i s   measured  on  a  8 .4% 

w/w  s o l u t i o n   in  90%  formic  acid  compared  with  the  v i s c o s i t y   of  90% 

formic  ac id   i t s e l f .  



By  an  " i m i s c i b l e   polymer"   we  mean  t ha t   at  the  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  with  the  f i b r e -  

forming  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   examina t ion   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   system  in  which  t h e  

i m m i s c i b l e   polymer  is  in  the  form  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  the  c o n t i n u o u s ,   f i b r e - f o r m i n g ,   p o l y m e r  

m a t r i x .  

However  we  wish  the  term  "an  i m m i s c i b l e   polymer"  to  e x c l u d e  

a  l i q u i d   c r y s t a l   polymer,  ie  the  a d d i t i v e   polymers  used  in  t h e  

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  the  t e m p e r a t u r e   r a n g e  

at  which  the  t h e r m o p l a s t i c   polymer  may  be  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   polymer  is  heated  or  by  t h e  

a p p l i c a t i o n   of  shear  to  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   for  a  few  s e c o n d s .  

According  to  one  a spec t   of  the  i n v e n t i o n   we  provide   a  

p r o c e s s   of  melt  sp inning   a  f i b r e - f o r m i n g   polymer,   more  p a r t i c u l a r l y  

e i t h e r   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   hav ing   an  i n t r i n s i c   v i s c o s i t y  

g r e a t e r   than  0.70  or  nylon  having  a  r e l a t i v e   v i s c o s i t y   g r e a t e r   t h a n  

45  and  more  p r e f e r a b l y   g r e a t e r   than  55,  in  which  be fo re   melt  s p i n n i n g ,  

t h e r e   is  added  to  the  f i b r e - f o r m i n g   polymer   between  0.1%  and  10%  by  

weight   of  ano the r   polymer  which  is  i m m i s c i b l e   in  a  melt  of  the  f i b r e -  

forming  polymer  and  which  has  an  a v e r a g e   p a r t i c l e   s i ze   less   t h a n  

3  microns   in  the  melt  immedia te ly   p r i o r   to  sp inn ing   and  tak ing   up  

the  spun  f i b r e   at  a  wind  up  speed  l e s s   than  1  k i l o m e t r e / m i n u t e .  

According  to  ano ther   a spec t   of  the  i n v e n t i o n   we  p r o v i d e  

a  p r o c e s s   of  melt  sp inn ing   a  f i b r e - f o r m i n g   polymer,   more  p a r t i c u l a r l y  

e i t h e r   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   hav ing   an  i n t r i n s i c   v i s c o s i t y  

g r e a t e r   than  0.70  or  nylon  having  a  r e l a t i v e   v i s c o s i t y   g r e a t e r   t h a n  

45  and  more  p r e f e r a b l y   g r e a t e r   than  55,  in  which  be fo re   melt  s p i n n i n g ,  

t h e r e   is  added  to  the  f i b r e - f o r m i n g   polymer  between  0.1%  and  10%  by 

weight   of  ano the r   polymer  which  is  i m m i s c i b l e   in  a  melt  of  the  f i b r e -  

forming  polymer  and  which  has  an  a v e r a g e   p a r t i c l e   s i ze   less   than  3 

microns   in  the  melt  immedia te ly   p r i o r   to  s p i n n i n g   and  t ak ing   up  t h e  

spun  f i b r e   at  a  minimum  wind  up  speed  of  1  k i l o m e t r e / m i n u t e .  

In  the  case  of  nylon  66  any  s u i t a b l e   immisc ib le   p o l y m e r s  



for  example  p o l y o l e f i n e s ,   such  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 ,  

p o l y e s t e r s ,   such  as  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 ,   and  p o l y e t h y l e n e  

g l y c o l ,   may  be  u s e d .  

In  the  case  of  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 ,   any  s u i t a b l e  

immisc ib le   p o l y m e r s   may  be  used  for   example  p o l y o l e f i n e s ,   such  a s  

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  p r e f e r r e d  

immisc ib l e   po lymer ,   however,   is   nylon  66.  The  e x t e n s i o n a l   v i s c o s i t y  

of  nylon  66  i s   such  t h a t   the  molten  spheres   of  the  po lymer   i m m e d i a t e l y  

p r i o r   to  s p i n n i n g ,   deform  i n t o   m i c r o f i b r i l s   along  the   s p i n n i n g  

t h r e a d l i n e .  

We  a l s o   p r o v i d e ,   t h e r e f o r e ,   melt  spun  f i b r e s   of  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   made  from  polymer  having  an  i n t r i n s i c   v i s c o s i t y   g r e a t e r  

than  0.70  c o n t a i n i n g   between  0.1%  and  10bl  by  weight   of  nylon  66  which 

is  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   which  i s  

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  abou t   0.5  mic ron .   I t   is  be l i eved   t h a t   i t   i s   t h e  

c o n v e r s i o n   of  the   s p h e r e s   of  nylon  66  into  m i c r o f i b r i l s   and  the  e x t e n t  

of  t h i s   d e f o r m a t i o n   t h a t   p roduces   the  change  of  r h e o l o g y   which  i s  

r e s p o n s i b l e   fo r   the  o r i e n t a t i o n   s u p p r e s s i o n   and  in  t u r n   wind  up  speed  

s u p p r e s s i o n   which  is  r e f e r r e d   to  be low.  

A  major   advan t age   of  the  process   of  the  i n v e n t i o n   is  t h a t  

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

of  b l end ing   the  i m m i s c i b l e   polymer  with  the  f i b r e - f o r m i n g   po lymer  

is   tha t   of  o r i e n t a t i o n   s u p p r e s s i o n   which  m a n i f e s t s   i t s e l f   as  wind 

up  speed  s u p p r e s s i o n   ie  the  p r o p e r t i e s   of  the  spun  f i b r e   are  t h o s e  

t h a t   would  be  o b t a i n e d   from  f i b r e   which  has  been  spun  at   a  lower  

wind  up  speed .   As  the  wind  up  speed  i n c r e a s e s   in  normal   s p i n n i n g ,  

in  the  a b s e n c e   of  an  i m m i s c i b l e   polymer,  the  p r o p e r t i e s   of  the  drawn 

yarn  d e c r e a s e .   A c c o r d i n g l y   by  lowering  the  e f f e c t i v e   wind  up  s p e e d  

by  the  a d d i t i o n   of  an  i m m s c i b l e   polymer  (while  k e e p i n g   the  a c t u a l  

wind  up  speed  the  same)  i t   i s   p o s s i b l e   to  achieve  improved   p r o p e r t i e s  

such  as  a  h i g h e r   modulus  which  is  qu i te   s u r p r i s i n g   in  view  of  t h e  

t e a c h i n g   of  J a p a n e s e   P a t e n t   No  56 -118912 .  

T h i s   i s   p a r t i c u l a r l y   advantageous   for  i n d u s t r i a l   f i b r e s  



because   the  drawn  p r o p e r t i e s   for   a  s p e c i f i c   f i n a l   ex t ens ion   f a l l   w i t h  

wind  up  speed  (see  H  Brody,  J  Macro  Sc i ,   Phys,  B22,  19  ( 1 9 8 3 ) ) .  

A  p a r t i c u l a r l y   use fu l   p r o p e r t y   of  a  sewing  thread  is  i t s  

modulus,  s ince   i t   has  been  found  t h a t   a  h i g h e r   modulus  a l lows  f a s t e r  

sewing  speeds  and  g ives   less   p u c k e r i n g   of  sewn  seams.  A  h i g h e r  

modulus  can,  of  cour se ,   be  o b t a i n e d   in  the  normal  drawing  p r o c e s s  
by  us ing  a  h ighe r   draw  r a t i o   but  t h i s   is   not  very  d e s i r a b l e   s i n c e  

i t   can  lead  to  a  high  break  l e v e l .   The  p r e s e n t   i n v e n t i o n   a c h i e v e s  

t h i s   ob j ec t   in  a  much  more  c o n v e n i e n t   and  e f f i c i e n t   manner .  

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

fo l l owing   Examples.  In  a l l   of  t h e s e   Examples  the  p a r t i c l e   s ize   o f  

the  a d d i t i v e ,   ie  immisc ib le ,   polymer  was  of  the  order   of  1  m i c r o n .  

EXAMPLE  1 

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   hav ing   an  i n t r i n s i c   v i s c o s i t y  

(IV)  (measured  in  o r t h o - c h l o r o - p h e n o l )   of  0.73  was  dried  at  1650C 

for  4  hours  and  blended  with  3%  by  we igh t   of  Imper i a l   Chemica l  

I n d u s t r i e s   PLC.  SGS  grade  nylon  66  on  a  GKN  s i n g l e   screw  e x t r u d e r  

with  an  L/D  r a t i o   of  26:1.   The  b a r r e l   t e m p e r a t u r e   was  290°C  and  t h e  

screw  was  r o t a t e d   at  50  rpm.  A  l ace   of  0.1  inch  d iameter   was  e x t r u d e d  

in to   a  water  bath  and  then  passed  to  a  lace  c u t t e r .   The  a v e r a g e  

output   r a t e   was  100  grams  per  m i n u t e .   As  a  c o n t r o l ,   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   alone  was  ex t ruded   in  a  s i m i l a r   manner .  

The  chips  from  the  lace   c u t t e r   were  then  dr ied  at  165°C 

for  4  hours  and  made  in to   c and le s   at  240°C  for  8  mins.  The  c a n d l e s  

were  then  spun  on  a  rod  s p i n n e r .   The  s p i n n i n g   t empera tu re   was  293°C 

and  the  th roughput   per  hole  was  96  g m / h r / h o l e   in to   ambient  a i r   w i t h  

no  d e l i b e r a t e   quenching  a p p a r a t u s ,   u s i n g   35  thou  s p i n n e r e t   h o l e s .  

Af te r   coo l ing ,   the  f i l a m e n t s   so  formed  were  wound  up  at  a  wind  up 

speed  (WUS)  of  200  mpm  to  1000  mpm  w i t h o u t   ad jus tmen t   of  s p i n n i n g  

r a t e   so  tha t   h igher   speeds  y i e l d e d   f i n e r   f i l a m e n t s .   The  i n t r i n s i c  

v i s c o s i t y   of  the  c o n t r o l   f i b r e   a f t e r   s p i n n i n g   was  0 . 7 0 .  

C o n s i d e r a b l e   wind-up  s u p p r e s s i o n   was  ob ta ined   with  the  b l e n d  

as  demons t r a t ed   by  h igher   e x t e n s i o n s   and  lower  b i r e f r i n g e n c e s .   T h e s e  

lower  b i r e f r i n g e n c e s   are  an  example  of  o r i e n t a t i o n   s u p p r e s s i o n ,   t h e  

degree  of  which  depends  on  the  c o m b i n a t i o n   of  the  melt  v i s c o s i t y   o f  



the  polymer  and  the WUS . 

The  wind  up  speed  s u p p r e s s i o n   produced  a  p o t e n t i a l   i n c r e a s e  

in  p r o d u c t i v i t y   t h a t   can  be  c a l c u l a t e d   from  the  e x t e n s i b i l i t y   of  t h e  

spun  f i l a m e n t s   as  d e t e r m i n e d   on  an  I n s t r o n .   The  gauge  l e n g t h   u s e d  

was  10  cms  and  the  s t r a i n   r a t e   was  200%  per  m i n u t e .  

If  a  spun  f i l a m e n t   has  a  p e r c e n t   e x t e n s i o n - t o - b r e a k   of  E, 

then  the  maximum  draw  r a t i o   to  which  i t   can  s u b s e q u e n t l y   be  s u b j e c t e d  

is  roughly   (1  +  E / 1 0 0 ) .   If  a  second  spun  f i l amen t   has  a  l a r g e r  

e x t e n s i o n - t o - b r e a k   E'  then  i t   can  be  s u b j e c t e d   to  a  l a r g e r   draw  r a t i o ,  

roughly  (1  +  E ' / 1 0 0 ) .   To  nake  drawn  f i l a m e n t s   of  equal  d e c i t e x   d 

at  these   maximum  draw  r a t i o s   the  spun  f i l a m e n t s   mist  t h e r e f o r e   h a v e  

d e c i t e x e s   of  d(1  +  E/100)  and  d(1  +  E ' / 100 )   r e s p e c t i v e l y .   If  b o t h  

f i l a m e n t s   are  spun  a t   the  same  speed  t h e i r   p r o d u c t i o n   r a t e s   a r e  

p r o p o r t i o n a l   to  t h e s e   d e c i t e x e s   and  the  p e r c e n t a g e   i n c r e a s e   i n  

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

This  is  the  f u n c t i o n   l i s t e d   in  Table  1  as  the  p o t e n t i a l   i n c r e a s e   i n  

p r o d u c t i v i t y .  



I t   is  e v i d e n t   from  the  t a b l e   t h a t   the  degree  of  w i n d - u p  

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

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

At  1000  mpm,  the  a d d i t i o n   of  3%  nylon,   a f f o r d s   as  much  a s  

53%  i n c r e a s e   in  p r o d u c t i v i t y   and  at  2000  mpm  as  much  as  90%  i n c r e a s e  

in  p r o d u c t i v i t y .  

EXAMPLE  2 

This  example  gives  r e s u l t s   for   o t h e r   c o n c e n t r a t i o n s   o f  

nylon  and  d e m o n s t r a t e s   that   even  very  smal l   amounts  of  nylon  are  v e r y  
e f f e c t i v e   in  p roduc ing   o r i e n t a t i o n   s u p p r e s s i o n .   The  same  b l e n d i n g  

and  s p i n n i n g   c o n d i t i o n s   were  used  as  in  Example  1  except   t h a t   t h e  

s p i n n e r e t   hole   used  was  15  t h o u .  

EXAMPLE  3 

This  example  demons t r a t e s   t h a t   b e t t e r   t e n s i l e   p r o p e r t i e s  

are  o b t a i n e d   at  the  same  WUS  by  the  use  of  a  nylon  b lend.   The  

improvement  shown  is  in  the  i n i t i a l   modulus  a f t e r   drawing.   The 

.  polymers   were  b lended   and  spun  as  in  Example  1  at  9 6 g / h r / h o l e   and  

800  mpm.  They  were  then  drawn  to  a  range   of  f i n a l   e x t e n s i o n s ,   us ing  a  

hot  pin  at  85°C,  a  hot  p l a t e   at  170°C  and  a  draw  speed  of  20  mpm. 

A  s p e c i a l   t e c h n i q u e   was  used  on  the  I n s t r o n   to  measure  the  i n i t i a l  

modulus  very  p r e c i s e l y .   The  gauge  l e n g t h   was  50  cm,  the  c ros s   h e a d  



speed  was  5  cm  per  minute  and  the  c h a r t   speed  was  100  cm  per  m i n u t e .  

This  gave  a  l o a d - s t r a i n   curve  which  was  l i n e a r   up  to  2%  s t r a i n   and  

from  which  the   i n i t i a l   modulus  could  be  very  a c c u r a t e l y   m e a s u r e d .  

For  a  g iven   f i n a l   e x t e n s i o n   the re   was  a  small  s c a t t e r   of  a  few 

p e r c e n t ,   and  a l l   the  r e s u l t s   o b t a i n e d   are  given  in  Table   3 .  



When  smooth  curves   are  drawn  th rough  t hese   r e s u l t s ,   t h e  

modulus  of  the  1%  and  3%  nylon  b l e n d s   is   about   20%  h ighe r   then  t h e  

c o n t r o l   at  10%  drawn  e x t e n s i o n .   The  draw  r a t i o   of  the  c o n t r o l   f o r  

10%  e x t e n s i o n   was  3.9,  while  t ha t   of  the  1%  blend  was  4.9,   g i v i n g  

a  p r o d u c t i v i t y   i n c r e a s e   of  26%. 



1.  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   po lymer   h a v i n g  

a  high  v i s c o s i t y ,   more  p a r t i c u l a r l y   high  v i s c o s i t y   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   or  nylon,   in  which  be fo re   melt  s p i n n i n g ,   t h e r e   is  added  

to  the  f i b r e -   f o rming   polymer  between  0.1%  and  10%  by  we igh t   o f  

ano the r   po lymer   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  

polymer  and  which  has  an  average   p a r t i c l e   s ize   l e s s   than   3  m i c r o n s  

in  the  melt   i m m e d i a t e l y   p r i o r   to  s p i n n i n g .  

2.  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   po lymer ,   more  

p a r t i c u l a r l y   e i t h e r   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   having  an  i n t r i n s i c  

v i s c o s i t y   g r e a t e r   than  0.70  or  nylon  having  a  r e l a t i v e   v i s c o s i t y  

g r e a t e r   than  45  and  more  p r e f e r a b l y   g r e a t e r   than  55,  in  which  b e f o r e  

melt   s p i n n i n g ,   t h e r e   is  added  to  the  f i b r e - f o r m i n g   polymer   b e t w e e n  

0.1%  and  10%  by  we igh t   of  ano the 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 -   forming  polymer  and  which  has  an  a v e r a g e   p a r t i c l e  

s i z e   less   than  3  microns   in  the  melt  immedia te ly   p r i o r   to  s p i n n i n g  

and  t ak ing   up  the  spun  f i b r e   at  a  wind  up  speed  l e s s   than  1 

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

3.  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   po lymer ,   more  

p a r t i c u l a r l y   e i t h e r   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   having  an  i n t r i n s i c  

v i s c o s i t y   g r e a t e r   than  0.70  or  nylon  having  a  r e l a t i v e   v i s c o s i t y  

g r e a t e r   than   45  and  more  p r e f e r a b l y   g r e a t e r   than  55,  in  which  b e f o r e  

melt  s p i n n i n g ,   t h e r e   is   added  to  the  f i b r e - f o r m i n g   polymer   be tween  

0.1%  and  10%  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 -   forming  polymer  and  which  has  an  a v e r a g e   p a r t i c l e  

s i ze   l ess   than  3  microns   in  the  melt   immedia te ly   p r i o r   to  s p i n n i n g  

and  t ak ing   up  the  spun  f i b r e   at  a  minimum  wind  up  speed  of  1 

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

4.  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   polymer   a s  

claimed  in  a n y  o n e   of  Claims  1  to  3  in  which  the  a d d i t i v e   p o l y m e r  

has  an  a v e r a g e   p a r t i c l e   s i ze   in  the  melt  of  s u b s t a n t i a l l y   l e s s   t h a n  

3  microns   and  more  p a r t i c u l a r l y   of  the  order   of  1  m i c r o n .  

5.  A  p r o c e s s   of  melt  s p i n n i n g   nylon  as  c la imed  in  a n y  o n e  

of  the  p r e c e d i n g   Claims  in  which  the  i n m i s c i b l e   polymer  i s   a  

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



6.  A  p rocess   of  melt   s p i n n i n g   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   a s  

c la imed  in  any one  of  the  p r e c e d i n g   Claims  in  which  the  i m i s c i b l e  

polymer  is  a  p o l y o l e f i n e ,   p o l y e t h y l e n e   g lycol   or  nylon  66 .  

7.  Melt  spun  f i b r e s   of  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   made  f rom 

polymer  having  an  i n t r i n s i c   v i s c o s i t y   g r e a t e r   than  0.70  c o n t a i n i n g  

between  0.1%  and  10%  by  we igh t   of  nylon  66  which  is  p r e s e n t   in  t h e  

melt   spun  f i b r e s   as  m i c r o f i b r i l s .  

8.  Melt  spun  f i b r e s   of  nylon  made  from  a  polymer  having  a  

r e l a t i v e   v i s c o s i t y   g r e a t e r   than  45  and  more  p r e f e r a b l y   g r e a t e r   t h a n  

55  c o n t a i n i n g   between  0.1%  and  10%  of  a  p o l y o l e f i n e ,   a  p o l y e s t e r  

or  p o l y e t h y l e n e   g l y c o l .  
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