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©  Polypropylene  filament  yarn  and  process  for  making  same. 

A  process  for  making  filament  yarn  products  is  disclosed 
in  which  polypropylene,  having  a  molecular  weight  distribu- 
tion  of  less  than  about  7  and  a  melt  index  between  about  20 
and  about  60  is  melt  spun  to  produce  an  as-spun  product  or 
additionally  interlaced  before  take-up,  twist-drawn,  heat  set, 
draw-textured  by  false-twisting,  simultaneously  draw- 
textured,  sequentially  draw-textured,  draw-twisted,  draw- 
Taslan  textured,  stuffer  box  crimped  and  cut  into  staple  fibers, 
or  a  plurality  of  yarns  are  simultaneously  draw-textured  by 
false-twisting  while  reversing  the  direction  of  twist  of  alter- 
nate  yarns  and  thereafter  interlacing.  Products  of  improved 
tenacity,  improved  birefringence  and  low  elongation  are  pro- 
duced. 



Background  of  the  I n v e n t i o n  

The  p r e s e n t   i n v e n t i o n   r e l a t e s   to  a  p rocess   for  making  f i b r o u s  

p o l y o l e f i n   p roduc t s   by  melt  sp inn ing   and  p r o d u c t s   t h e r e o f .  

While  f i b r o u s   p o l y o l e f i n s ,   p a r t i c u l a r l y   p o l y p r o p y l e n e ,   have 

been  found  to  possess   c e r t a i n   c h a r a c t e r i s t i c s   s u p e r i o r   to  o t h e r  

s y n t h e t i c   f i b r o u s   m a t e r i a l s ,   i t   is  g e n e r a l l y   r ecogn ized   that   f i b r o u s  

p o l y o l e f i n s   have  p e c u l i a r i t i e s   not  p o s s e s s e d   by  o ther   s y n t h e t i c   f i b e r s ,  

which  o f t en   l i m i t   the  p r o c e s s a b i l i t y   of  such  m a t e r i a l s   and  l imi t   the  end 

uses  to  which  the  p roduc t s   can  be  a p p l i e d .   For  example,  t h e  

p r o c e s s a b i l i t y   l i m i t a t i o n s   r e s u l t   in  r e l a t i v e l y   low  e x t r u s i o n ,   s p i n n i n g  
and  wind-up  speeds .   Often  high  b r eakou t   r a t e s   are  exper ienced   and 

f u r t h e r   p r o c e s s i n g   of  the  spun  f i b e r s   is  l i m i t e d ,   to  the  extent   t h a t  

i n c o n s i s t e n t   t e x t u r e ,   broken  f i l a m e n t s ,   lack  of  color   cont ro l   and 

d i f f i c u l t y   in  k n i t t i n g   and  weaving  are  o f t en   e n c o u n t e r e d .   The  p r o d u c t s  

produced  by  melt  sp inn ing   p o l y o l e f i n s   a lso   have  r e l a t i v e l y   high  spun 

den i e r ,   low  t e n a c i t y ,   low  b i r e f r i n g e n c e ,   high  e l o n g a t i o n ,   high  b o i l i n g  

water  s h r i n k a g e ,   low  modulus  of  e l a s t i c i t y ,   as  well  as  other   l i m i t a t i o n s  

which  l i m i t   the  uses  to  which  the  f i b r o u s   m a t e r i a l s   can  be  appl ied .   I t  

is  also  r e c o g n i z e d   tha t   p o l y o l e f i n   f i b e r s   cannot  g e n e r a l l y   be  u t i l i z e d   in  

t h e i r   as - spun   s t a t e ,   i . e . ,   with  l i t t l e   or  no  f u r t h e r   p r o c e s s i n g .  

It  is  t h e r e f o r e   an  ob jec t   of  the  p r e s e n t   i nven t ion   to  p r o v i d e  

an  improved  p rocess   for  p roduc ing   f i b r o u s   p o l y o l e f i n   products   which 

overcomes  the  above-ment ioned   and  o ther   d i s a d v a n t a g e s   of  p r io r   a r t  

p roces se s   and  improved  f i b r o u s   p o l y o l e f i n   p r o d u c t s   which  overcome  t h e  

above -men t ion fd   and  o ther   d i s a d v a n t a g e s   of  p r i o r   art  p roduc t s .   Another  

object   of  the  p r e s e n t   i n v e n t i o n   is  to  p rov ide   a  p rocess   for  p r o d u c i n g  
melt  spun,  f i b rous   p o l y o l e f i n   p roduc t s   and  f i b r o u s   p o l y o l e f i n   p r o d u c t s  



which  can  be  u t i l i z e d   with  l i t t l e   or  no  a d d i t i o n a l   p r o c e s s i n g .   Ano the r  

ob jec t   of  the  p r e s e n t   i n v e n t i o n   is  to  provide  an  improved  p rocess   f o r  

producing   f ib rous   p o l y o l e f i n   p roduc t s   which  can  be  c a r r i ed   out  a t  

r e l a t i v e l y   high  speeds ,   p a r t i c u l a r l y   h igher   speeds  of  e x t r u s i o n ,  

sp inn ing   and  wind-up.  Another  and  f u r t h e r   ob jec t   of  the  p r e s e n t  

i n v e n t i o n   is  to  p rov ide   an  improved  process   for  producing  f i b r o u s  

p o l y o l e f i n   p roduc ts   which  r e s u l t   in  p roduc ts   of  a  low  spun  den ie r   w i t h  

consequent   lower  draw  r a t i o s   and  improved  p roduc t s   t he r eo f .   Yet  a n o t h e r  

ob j ec t   of  the  p r e s e n t   i n v e n t i o n   is  to  provide  an  improved  process   f o r  

producing   f ib rous   p o l y o l e f i n   p roduc t s   of  improved  p r o c e s s a b i l i t y ,  

p a r t i c u l a r l y   reduced  b r e a k o u t ,   h igher   draw  r a t i o s ,   higher   and  more 

c o n s t a n t   tw i s t   l e v e l s   dur ing  f a l s e   tw i s t   t e x t u r i n g ,   b e t t e r   ease  o f  

hand l ing   in  k n i t t i n g ,   weaving,   e t c . ,   improved  color  cont ro l   and  improved 

p roduc t s   t h e r e o f .   A  s t i l l   f u r t h e r   ob jec t   of  the  p resen t   i n v e n t i o n   is  t o  

p rov ide   f i b rous   p o l y p r o p y l e n e   p roduc t s   having  a  low  spun  den i e r ,   h i g h  

t e n a c i t y ,   high  b i r e f r i n g e n c e ,   low  e l o n g a t i o n ,   low  b o i l i n g   w a t e r  

s h r i n k a g e ,   high  modulus  of  e l a s t i c i t y   and/or   high  break  s t r e n g t h .   A 

s t i l l   f u r t h e r   ob jec t   of  the  p r e s e n t   i n v e n t i o n   is  to  provide  f i b r o u s  

p o l y o l e f i n   p roduc t s   of  improved  coherency  and/or   b u l k i n e s s .   These  and 

o t h e r  o b j e c t s   of  the  p r e s e n t   i n v e n t i o n   will   be  apparent   from  t h e  

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

Summary  of  the  I n v e n t i o n  

In  accordance  with  the  p re sen t   i n v e n t i o n ,   novel  p o l y o l e f i n  

f i l amen t   p roduc ts   are  produced  by  melt  s p i n n i n g  a   p o l y o l e f i n   having  a 

molecu la r   weight  d i s t r i b u t i o n   of  l e s s ' t h a n   about  7  (a  MW/MN  r a t i o  

determined  by  gel  pe rmea t ion   chromatography)   and  a  melt  flow  of  be tween  

about  20  and  about  60  which  are  useful   in  t h e i r   as-spun  cond i t ion   w i t h o u t  

f u r t h e r   p r o c e s s i n g   and  have   high  t e n a c i t y ,   high  b i r e f r i n g e n c e   and  low 

e l o n g a t i o n .   In  o ther   a s p e c t s ,   the  novel  p roduc ts   can  be  conver ted   t o  

o ther   useful   p roduc t s   by  one  or  more  a d d i t i o n a l   p r o c e s s i n g   s t e p s ,  

i n c l u d i n g   improving  the  coherency  and/or   b u l k i n e s s   by  heat  s e t t i n g ,  

t e x t u r i n g ,   j e t   t e x t u r i n g   such  as  using  a  Taslan  j e t ,   p ly ing ,   e n t a n g l i n g ,  

and  c u t t i n g   into  s t a p l e .   S t i l l   another   aspect   of  t h e  p r o c e s s   i n c l u d e s  

drawing  the  melt  spun  f i b e r s ,   t w i s t - d r a w i n g ,   d r a w - t e x t u r i n g ,   d raw-  

t w i s t i n g ,   draw-winding,   and/or   d r a w - e n t a n g l i n g .  

D e t a i l e d   D e s c r i p t i o n  

The  process   of  the  p re sen t   i n v e n t i o n   comprises  p r o d u c i n g  

p o l y o l e f i n ,   p a r t i c u l a r l y   p o l y p r o p y l e n e ,   f i l amen t   products   by  m e l t  



sp inn ing   a  po lyp ropy lene   having  a  molecular   weight  d i s t r i b u t i o n   of  l e s s  

than  about  7  and  a  melt  flow  between  about  20  and  about  60 .  

The  term  "molecu la r   weight  d i s t r i b u t i o n " ,   as  u t i l i z e d   h e r e i n ,  

r e f e r s   to  the  r a t i o   of  the  weight  average  molecular   weight  to  the  number 

average  molecu la r   weight .   The  term  "melt  flow",  as  u t i l i z e d   h e r e i n ,  

r e f e r s   to  the  weight  in  grams  of  the  polymer  which  can  be  ext ruded  w i t h i n  

a  p a r t i c u l a r   time  under  a  cons tan t   dead  weight  load  at  a  g i v e n  

t e m p e r a t u r e   as  determined  by  ASTM-D-1238,  Condi t ion  "L".  The  term  " a s -  

spun"  as  used  he re in ,   r e f e r s   to  the  f i lament   products   of  the  i nven t ion   i n  

t h e i r   c o n d i t i o n   when  taken  up  on  the  f i r s t   wind  up  package  a f t e r   h a v i n g  

been  melt  spun.  Various  terms  have  been  used  in  the  a r t   to  d e s i g n a t e  

t r e a t m e n t s   of  a  p l u r a l i t y   of  c o l l e c t e d   f i l amen t s   or  a  yarn  and  a 

p l u r a l i t y   of  yarns  to  improve  the  coherency  of  the  f i l a m e n t s   a n d / o r  

improve  the  bulk  of  the  yarn.  A  process  in  which  the  yarn  or  yarns  a r e  

hea t ed ,   t w i s t e d ,   cooled  and  then  untwis ted   is  g e n e r a l l y   r e f e r r e d   to  as  

" f a l s e - t w i s t   t ex ' t u r ing"   or  simply  " t e x t u r i n g " .   This  t e rmino logy   i s  

almost  u n i v e r s a l l y   accepted   and  wi l l   be  u t i l i z e d   as  above  def ined  in  t h e  

p r e s e n t   a p p l i c a t i o n .   By  c o n t r a s t ,   where  a  yarn  or  yarns  is  tw i s t ed   b u t  

not  s u b s e q u e n t l y   u n t w i s t e d ,   the  u n i v e r s a l l y   accepted  terms  which  wil l   b e  

used  h e r e i n   are  " t rue   t w i s t "   or  simply  " t w i s t " .   Some  confus ion   e x i s t s  

however  in  the  terms  used  to  desc r ibe   other  such  t r e a t m e n t s ,   p a r t i c u l a r l y  

where  the  yarn  or  yarns  are  sub jec ted   to  a  je t   or  j e t s   of  a i r   u n d e r  

p r e s s u r e .   In  the  l a t t e r   i n s t a n c e ,   the  r e s u l t s   produced  and  t h e  

t e rmino logy   appl ied   depends  upon  the  condi t ion   of  t r e a t m e n t ,   such  as  a i r  

p r e s s u r e ,   the  d i r e c t i o n   of  the  air   je t   r e l a t i v e   to  the  path  of  y a r n  

t r a v e l   and  the  r e l a t i v e   t en s ion   being  appl ied   to  the  yarn  d u r i n g  

t r e a t m e n t .   The  term  "Taslan  t e x t u r i n g "   (Taslan  is  a  t rademark  o f  

E . I . d u P o n t   de  Nemours  and  Company)  as  used  here in   is  meant  to  r e f e r   to  a 

p rocess   and  product   in  which  a  je t   or  j e t s   of  air   are  d i r e c t e d   a g a i n s t  

the  yarn ,   u sua l l y   in  the  d i r e c t i o n   of  t r ave l   of  the  yarn,   forming  a 

t u r b u l e n t   r eg ion ,   the  speed  or  tens ion  on  the  yarn  is  g r e a t e r   at  t h e  

en t r ance   to  the  j e t   than  at  the  exit  (net  overfeed)   and  the  f i l aments   o f  

the  r e s u l t a n t   product   have  a  mul t i tude   of  r i n g - l i k e   loops,   co i l s   and 

whorls  at  random  i n t e r v a l s   along  t he i r   l eng ths .   The  term  " en t ang l i ng"   o r  

" i n t e r m i n g l i n g " ,   sometimes  ca l l ed   " i n t e r l a c i n g "   as  used  he re in ,   r e f e r s  

to  a  p rocess   and  product   in  which  a  jet   or  j e t s   of  a i r   are  d i r e c t e d  

a g a i n s t   the  yarn  or  ya rns ,   u sua l ly   at  a  90°  angle  to  the  yarn  path,   t h e  

speed  or  t en s ion   on  the  yarn  is  s u b s t a n t i a l l y   the  same  at  the  e n t r a n c e  



and  ex i t   of  the  i n t e r m i n g l e r   and  the  r e s u l t a n t   p roduc t   has  a  high  d e g r e e  
of  i n t e r m i n g l i n g   or  e n t a n g l i n g   of  the  f i l amen t s   but  is  s u b s t a n t i a l l y   f r e e  

o f .  loops ,   c o i l s   and  whorls .   F i n a l l y ,   "p ly ing"   is  used  to  r e f e r   to  a 

process   and  p roduc ts   in  which  two  or  more  yarns  are  formed  into  a  s i n g l e  

yarn  by  t w i s t i n g   or  i n t e r m i n g l i n g   in  a  j e t .   The  terms  "cold  draw"  o r  

simply  "draw"  r e fe r s   to  a  p rocess   in  which  f i l a m e n t s   or  yarns  are  drawn 

or  s t r e t c h e d   (with  or  wi thout   heat  and  during  or  a f t e r   windup)  a f t e r   t h e  

spun  f i l a m e n t s   have  s o l i d i f i e d   as  opposed  to  drawing  which  occurs  d u r i n g  

the  sp inn ing   of  the  f i l a m e n t s   and  before  the  s o l i d i f i c a t i o n   t h e r e o f .  

S t r e t c h i n g   which  occurs  while  s p i n n i n g  a n d   before   the  f i l a m e n t s   have  

s o l i d i f i e d   wi l l   be  r e f e r r e d   to  as  "melt  drawing"  and  the  p roduc ts   t h e r e o f  

as  " p a r t i a l l y   o r i e n t e d "   p r o d u c t s .   The  term  " f i n i s h "   i n d i c a t e s   a  l i q u i d  

composi t ion   appl ied   to  the  yarn  during  melt  sp inn ing   tha t   acts   as  a 

l u b r i c a n t   and  imparts  d e s i r a b l e   c h a r a c t e r i s t i c s   to  the  y a r n .  
In  a  p r e f e r r e d   embodiment,  melt  sp inning   is  c a r r i e d   out  at  a 

take-up  speed  within  the  range  of  about  1200  to  5000  meters  per  m i n u t e  

and  s t i l l   more  p r e f e r a b l y   between  about  1500  and  4000  meters  per  m i n u t e .  

In  another   embodiment  unique  p roduc ts   are  ob ta ined   by  m e l t  

sp inn ing ,   c a r r i e d   out  at  t ake -up   speeds  in  the  range  of  800-1200  m e t e r s  

per  minute ,   d r a w - t e x t u r i n g   at  l e a s t   three  of  the  yarns  as  spun  with  t h e  

d i r e c t i o n   of  twis t   for  two  yarns  being  d i f f e r e n t   from  the  t h i r d ,   t h e n  

plying  the  yarns  in  an  i n t e r l a c i n g   j e t .   The  product   of  th i s   embodiment 

is  s i m u l t a n e o u s l y   d r a w - t e x t u r e d   at  a  draw  r a t i o   of  4.0  to  1  to  2.0  to  1. 

The  p roduc ts   produced  in  accordance  with  the  p r e s e n t   i n v e n t i o n  

have  a  number  of  advantageous   c h a r a c t e r i s t i c s   not  h e r e t o f o r e   p r e s e n t   i n  

melt  spun  p o l y o l e f i n s .   S p e c i f i c a l l y ,   the  p o l y o l e f i n   f i l a m e n t s   have  a 

spun  den ie r   below  about  25  per  f i l amen t .   In  the  as -spun  c o n d i t i o n ,   t h e  

products   have  a  high  b i r e f r i n g e n c e ,   usua l ly   in  excess  of  about  0 . 0 1 5 .  

The  p roduc t s   also  have  low  e l o n g a t i o n s   between  about  100  and  350  p e r c e n t  

as  measured  by  ASTM  Method  2256  and  p r e f e r a b l y   in  the  range  of  about  100 

to  250  p e r c e n t .   In  the  a l t e r n a t i v e ,   drawn  f i l amen t   m a t e r i a l s   can  be  

produced  having  conven t iona l   spun  deniers   but  which  are  drawn  at  l o w e r  

draw  r a t i o s .   The  as-spun  p roduc t s   also  have  a  high  t e n a c i t y   above  a b o u t  

2.4  g r a m s / d e n i e r   and,  to  the  extent   that  the  f i l amen t   m a t e r i a l s   a r e  

f u r t h e r   p roces sed   by  drawing  or  t w i s t i n g ,   h igher   cold  draw  r a t i o s   may  be 

u t i l i z e d .   For  example,  draw  r a t i o s   wi th in   the  range  of  2.0/1  to  4 . 0 / 1  

can  be  u t i l i z e d .  



While  the  p o l y o l e f i n   f i l ament   products   of  the  p r e s e n t  
inven t ion   are  use fu l   in  t h e i r   as-spun  c o n d i t i o n ,   these  p roduc ts   can  be 

f u r t h e r   p r o c e s s e d   by  a  wide  v a r i e t y   of  t r e a tmen t s   to  form  the  same  i n t o  

yarns  of  d e s i r e d   c h a r a c t e r i s t i c s   for  use  in  a  v a r i e t y   of  t e x t i l e  

p roduc t s ,   such  as  woven  or  nonwoven  m a t e r i a l ,   t u f t ed   products   and  t h e  

l ike .   For  example,  the  p roduc ts   may  be  heat  set  and  en t ang led .   Such 

p rocesses   to  improve  the  coherency  may  be  performed  during  the  s p i n n i n g  

o p e r a t i o n   ( p r i o r   to  winding  up)  or  a f t e r   c o l l e c t i n g   the  f i b e r s   and 

winding  the  same.  E x c e l l e n t   p roduc ts   can  also  be  produced  by  c r i m p i n g ,  

such  as  steam  c r imping ,   or  s t u f f e r   box  crimping  and  c u t t i n g   the  c r imped 

m a t e r i a l s   into  s t a p l e .   The  as-spun  products   of  the  p re sen t   i nven t ion   can 

also  be  f u r t h e r   improved  by  s u b j e c t i n g   the  same  to  f u r t h e r   p r o c e s s i n g  

which  i nc ludes   cold  drawing.  Such  p r o c e s s i n g   can  involve  s p i n - d r a w i n g ,  

t w i s t - d r a w i n g ,   f a l s e - t w i s t   t e x t u r i n g ,   d r a w - t e x t u r i n g ,   d r a w - t w i s t i n g ,   and 

draw-Taslan  t e x t u r i n g .  

The  p r e f e r r e d   p o l y o l e f i n ,   f i b e r - f o r m i n g   m a t e r i a l s   for  use  i n  

accordance  with  the  p r e s e n t   i n v e n t i o n   are  homopolymers  of  p o l y p r o p y l e n e .  

However,  a  f i b e r - f o r m i n g   res in   compris ing  a  copolymer  of  p r o p y l e n e  

with  a  small  amount  ( l e s s   than  15%)  of  an  o l e f i n i c   monomer,  such  as  

e t hy l ene ,   butene  or  a  diene  monomer,  such  as  bu t ad i ene ,   i sop rene ,   e t c ,  

may  be  employed.  If  d e s i r e d ,   a  f i b e r - f o r m i n g   res in   blend  composed  of  a 

predominant   amount  of  a  propylene   polymer  and  a  small  amount  ( less   t h a n  

15%)  of  at  l e a s t   one  polymer  of  the  above  mentioned  o l e f i n i c   or  d i e n e  

compound  may  be  used.  There fore   the  term  "po lyp ropy lene"   as  used  h e r e i n  

is  in tended  to  inc lude   the  p ropylene   homopolymers,  polymer  blends  and 

copolymers  mentioned  above.  As  for  the  f i be r   forming  r e s in ,   it  i s  

p r e f e r a b l e   to  employ  a  c r y s t a l l i n e   po lypropy lene   homopolymer  having  a 

molecular   weight  d i s t r i b u t i o n   of  less   than  about  7  and  a  melt  flow  o f  

between  about  20  and  about  60.  

The  p r e sen t   i nven t ion   wil l   be  more  r ead i ly   unders tood  by 

re fe rence   to  the  d r a w i n g s .  

Br ief   D e s c r i p t i o n   of  the  Drawings 

FIGURE  I  s c h e m a t i c a l l y   i l l u s t r a t e s   a  m e l t - s p i n n i n g   process   f o r  

producing  an  as-spun  p r o d u c t ;  

FIGURE  2  s c h e m a t i c a l l y   i l l u s t r a t e s   an  embodiment  in  which  a 

yarn  is  t w i s t - d r a w n ;  

FIGURE  3  s c h e m a t i c a l l y   i l l u s t r a t e s   severa l   t echniques   f o r  

improving  the  coherency  and/or   bu lk ing   a  y a r n ;  



FIGURE 4  s c h e m a t i c a l l y   i l l u s t r a t e s   an  embodiment  in  which  a 

yarn  is  s e q u e n t i a l l y   d r a w - t e x t u r e d ;  

FIGURE  5  s c h e m a t i c a l l y   i l l u s t r a t e s   an  embodiment  in  which  a 

yarn  is  s i m u l t a n e o u s l y   d r a w - t e x t u r e d ;  

FIGURE  6,  s c h e m a t i c a l l y   i l l u s t r a t e s   in  s l i g h t l y   g r e a t e r  

d e t a i l   a  f a l s e - t w i s t   t e x t u r i n g   o p e r a t i o n ;  

FIGURE  7  s c h e m a t i c a l l y   i l l u s t r a t e s   a  spin-draw  embodiment ;  

FIGURE  8  s c h e m a t i c a l l y   i l l u s t r a t e s   an  embodiment  in  which  a 

yarn  is  d r a w - t w i s t e d ;  

FIGURE  9  s c h e m a t i c a l l y   i l l u s t r a t e s   an  embodiment  in  which  two 

yarns  are  d raw-Tas lan   t e x t u r e d ;  

FIGURE  10  s c h e m a t i c a l l y   i l l u s t r a t e s   an  embodiment  i n c l u d i n g  

crimping  and  c u t t i n g   in to   s t a p l e ;   and 

FIGURE  11  s c h e m a t i c a l l y   i l l u s t r a t e s   an  embodiment  in  which  a 

p l u r a l i t y   of  yarns  are  d r a w - t e x t u r e d   and  i n t e r l a c e d .  

In  r e f e r r i n g  t o   the  drawings  it   should  be  r ecogn ized   t h a t   t h e  

s p a t i a l   r e l a t i o n s h i p s   of  the  e lements   are  not  n e c e s s a r i l y   those  which 

would  be  u t i l i z e d   in  a  commercial  o p e r a t i o n   and  tha t   c e r t a i n   e lements   and 

items  of  equipment  have  been  en la rged   with  r e spec t   to  o ther   e lements   o r  

items  of  equipment   so  t ha t   the  c h a r a c t e r   t he reo f   can  be  i l l u s t r a t e d   i n  

somewhat  g r e a t e r   d e t a i l .  

In  accordance   with  FIGURE  1,  which  i l l u s t r a t e s   one  embodiment 

of  the  p r e s e n t   i n v e n t i o n ,   a  p l u r a l i t y   of  f i l amen t s   are  melt  spun  from 

s p i n n e r e t   10.  The  f i l a m e n t s   12  then  pass  through  a  quench  zone  14  where  

they  are  cooled  by  blowing  a i r   t h e r e t h r o u g h .   A p p l i c a t o r   56  app l i e s   a 

f i n i s h   to  the  yarn .   The  f i l a m e n t s   12  then  pass  through  c o n v e r g i n g  

guide  16  where  they  are  c o l l e c t e d   to  form  a  yarn  18.  Converging  g u i d e  

16,  as  wi l l   appear   h e r e i n a f t e r ,   may  be  a  p i g t a i l   type  e y e l e t ,   a  s l o t t e d  

r o l l e r ,   or  any  c o n v e n t i o n a l   converg ing   or  c o l l e c t i n g   means.  The  yarn  18 

then  passes  to  a  c o n v e n t i o n a l   winder  wherein  t r a v e r s i n g   guide  20  moves 

l a t e r a l l y   to  wind  the  yarn  and  form  a  package  22.  The  drawing  t h a t  

occurs  between  the  s p i n n e r e t   10  and  the  take-up  package  22  p r o v i d e s  

p a r t i a l   o r i e n t a t i o n   of  the  yarn.   As  has  been  poin ted   out  p r e v i o u s l y ,  

f i l amen t s   and  yarn  made  in  accordance   with  the  p r e s e n t   i n v e n t i o n   a r e  
useful   for  va r ious   purposes   in  t h e i r   as-spun  cond i t i on   with  no  s u b s e q u e n t  

p r o c e s s i n g   or  t r e a t m e n t   o ther   than  tha t   shown  in  FIGURE  1.  
FIGURE  2  of  the  drawings  shows  another   embodiment  of  t h e  

p resen t   i n v e n t i o n   wherein  yarn ,   produced  in  accordance  with  FIGURE  1,  i s  



f u r t h e r   p roces sed   by  t w i s t - d r a w i n g .   In  accordance  with  FIGURE  2,  a  y a r n  
package  22,  such  as  that   produced  in  FIGURE  1  is  mounted  on  t w i s t e r   24.  

The  yarn  is  drawn  off  package  22  and  passes   through  p r e t e n s i o n   gate  26,  

thence  through  the  core  of  package  22  and  through  r o t a t a b l e   sp ind le   28.  

R o t a t a b l e   sp ind le   28  is  a t t ached   to  shaft   30  which  is  d r iven  by   be l t   32. 

Twis ter   24  is  r e f e r r e d   to  as  a  " t w o - f o r - o n e   t w i s t e r "   in  that   i t   i n s e r t s  

two  turns   of  true  twis t   for  each  r o t a t i o n   of  sp indle   28.  The  t w i s t e d  

yarn  then  passes   through  guide  elements  34  and  36.  The  yarn  is  wrapped 

seve ra l   times  about  feed  r o l l s   42  and  severa l   times  about  draw  r o l l s   46 

which  opera te   at  speed  g r e a t e r   than  r o l l s   42  and  thus  draw  or  s t r e t c h   t h e  

yarn  in  the  zone  between  the  r o l l s .   O p t i o n a l l y ,   the  drawn yarn  can  p a s s  
over  h e a t e r   44  to  r o l l s   46  to  heat  the  yarn  during  drawing,  or  t h e  

r o l l s   42  and  46  can  be  hea ted ,   e l i m i n a t i n g   the  need  for  hot  p l a t e  

hea t e r   44.  From  draw  r o l l s   46  the  yarn  passes  over  s t a t i o n a r y   guide  48 

and  thence  through  t r a v e r s e   guide  50  of  a  winder,   which  u l t i m a t e l y   forms 

package  52.  A  more  d e t a i l e d   d e s c r i p t i o n   of  the  ope ra t i on   shown  i n  

FIGURE  2  can  be  found  in  U.S.  Pa ten t   4 , 1 2 2 , 6 6 7 .  

FIGURE  3  i l l u s t r a t e s   a  m o d i f i c a t i o n   of  the  p r e sen t   i n v e n t i o n  

in  which  one  or  more  t r e a t m e n t s   are  given  to  the  as-spun  yarn  18  t o  

improve  the  coherency  and/or   b u l k i n e s s   of  the  f i l amen t s   of  the  y a r n .  
These  t r e a t m e n t s   inc lude  e n t a n g l i n g   the  yarn  and/or  heat  s e t t i n g   t h e  

yarn.   S p e c i f i c a l l y ,   the  p l u r a l i t y   of  f i l amen t s   12  pass  over  ce ramic  

guide  54  where  they  are  c o l l e c t e d   or  converged,   in  the  same  manner  as  i n  

e y e l e t - t y p e   converging  guide  16  of  FIGURE  1,  to  form  the  yarn  18.  The 

yarn  18  may  then  be  passed  over  a p p l i c a t o r   56  which  app l i e s   a  f i n i s h   t o  

the  yarn  and  thereby  improves  the  coherency  of  the  f i l amen t s   of  the  y a r n  

and  acts  as  a  l ub r i can t   during  p r o c e s s i n g .   F in i sh   a p p l i c a t o r   56,  as  

shown  in  the  drawing,  is  what  is  known  as  a  "kiss   r o l l " .   The  yarn  18  t h e n  

passes   over  ceramic  guide  58  and  thence  to  godet  r o l l s   60.  From  godet  

r o l l s   60  the  yarn  passes   through  a  jet  tyre  e n t a n g l e r   62.  Entangler   62 

may  be  of  the  type  shown  and  desc r ibed   in  U.S.  Patent   2 ,783,609.   In  t h i s  

type  of  e n t a n g l e r   the  f i l amen t s   of  the  yarn  are  i n t e r m i n g l e d ,   but  have  no 

s i g n i f i c a n t   c o i l s ,   loops  or  whor ls ,   by  a  high  v e l o c i t y   air  j e t .   Th is  

t r e a t m e n t   improves  the  coherency  of  the  f i l amen t s   of  the  yarn  for  windup. 

The  en tang led   yarn  then  pass rs   to  winder  64  where  it  is  wound  on  package  

66.  It  should  be  recognized  at  th i s   point  that   the  f i n i s h   a p p l i c a t o r   56 

and  e n t a n g l e r   62  may  be  used  alone  or  in  combinat ion  and  that   e i t h e r   or  

both  may  be  placed  in  any  of  a  number  of  d i f f e r e n t   p o s i t i o n s   between 



converg ing   guide  54  and  winder  64.  In  an  a l t e r n a t i v e   form  of  i m p r o v i n g  

the  coherency  of  the  f i l a m e n t s   of  the  yarn,   the  yarn  package  66  may  be  

placed  in  an  a u t o c l a v e   68  where  the  yarn  is  heat  set   at  about  120°C.  The 

b e a t - s e t   yarn  a lso  has  improved  coherency  of  the  f i l amen t s   when  u sed  

alone  or  i t   may  be  used  in  combinat ion  with  the  a p p l i c a t i o n   of  a  f i n i s h  

and/or   e n t a n g l i n g .  

FIGURE  4  of  the  drawings  i l l u s t r a t e s   yet  another   embodiment  o f  

the  p r e s e n t   i n v e n t i o n   wherein  the  yarn  18,  as  produced  in  FIGURE  1,  i s  

s u b j e c t e d   to  a  subsequent   t r e a t m e n t   i nvo lv ing   d r a w - t e x t u r i n g .   I n  

accordance  with  the  embodiment  of  FIGURE  4,  the  yarn  18  passes   a r o u n d  

input   r o l l s   70  thence  about  hot  pin  72  or  across   an  a p p r o p r i a t e   hot  p l a t e  

and  f i n a l l y   around  draw  r o l l s   74  which  are  r o t a t e d   at  a  speed  g r e a t e r  

than  input   r o l l s   70  to  the reby   s t r e t c h   or  draw  the  yarn.  The  drawn  y a r n  

then  passes   over  a  p l a t e - t y p e   f i r s t   s tage  h e a t e r   76.  From  h e a t e r   76  t h e  

yarn  passes   through  a  d i s c - t y p e ,   f a l s e - t w i s t   sp ind le   78.  From  d i s c - t y p e  

f a l s e - t w i s t   sp ind le   78  the  yarn  passes   between  i n t e r m e d i a t e   r o l l s   80  and 

thence  to  second  s tage   h e a t e r   82.  From  second  s tage  hea te r   82  the  y a r n  

passes   through  output   r o l l s   84  and  thence  to  takeup  package  86  which  i s  

dr iven  by  package  dr ive  ro l l   88.  It  should  be  noted  tha t   a  c o n v e n t i o n a l  

f a l s e   t w i s t   sp ind l e   could  be  s u b s t i t u t e d   for  the  disc  type  i l l u s t r a t e d  

here  and  in  the  o ther   embodiments .  

FIGURE  5  of  the  drawings  i l l u s t r a t e s   an  a l t e r n a t i v e   form  of  t h e  

method  of  FIGURE  4  which  is  r e f e r r e d   to  in  the  a r t   as  s imul taneous   draw-  

t e x t u r i n g .   It  is  to  be  observed  t ha t   the  p rocess   of  FIGURE  5  d i f f e r s  

from  tha t   of  FIGURE  4  only  to  the  ex ten t   t ha t   hot  pin  72  and  r o l l s   80  a r e  

e l i m i n a t e d   and  the  yarn  is  heated  and  drawn  s i m u l t a n e o u s l y   with  t h e  

i n s e r t i o n   of  f a l s e   tw i s t   to  the  yarn  by  p o s i t i o n i n g   draw  r o l l s   74 

downstream  of  d i s c - t y p e   f a l s e - t w i s t   sp ind le   78 .  

FIGURE  6  o f  t h e   drawings,   a l though  schematic   in  n a t u r e ,   shows 

in  somewhat  g r e a t e r   d e t a i l   the  f a l se   tw i s t   t e x t u r i n g   ope ra t i on   and 

g r a p h i c a l l y   i l l u s t r a t e s   why  i t   is  r e f e r r e d   to  as  " f r i c t i o n "   f a l s e  

t w i s t i n g .   S p e c i f i c a l l y ,   the  yarn  18  passes   over  f i r s t   stage  hea t e r   76 

and  thence  to  d i s c - t y p e   f a l s e - t w i s t   sp ind le   78,  i l l u s t r a t e d   as  an  a r r a y  
of  r o t a t i n g   f r i c t i o n   d i scs   that   impart  f a l se   twis t   to  the  yarn.  In  t h e  

zone  c o n t a i n i n g   f i r s t   s tage  hea te r   76  to  d i s c - t y p e   f a l s e - t w i s t  

sp indle   78,  tw i s t   is  i n s e r t e d   and  heat  set  in  the  yarn.  From  the  l o w e r  
end  of  hea t e r   76  to  d i s c - t y p e   f a l se   twis t   sp ind le   78  a  cool ing  zone  makes 

up  the  lower  or  downstream  p o r t i o n   of  the  t w i s t - h e a t - s e t   zone.  A f t e r  



pass ing   through  d i s c - t y p e   f a l se   t w i s t   s p i n d l e  7 8   and  thence  t o  

i n t e r m e d i a t e   feed  ro l l s   80,  the  yarn  is  un twis t ed .   Since  the  p r e v i o u s  

t r ea tmen t   tw i s t ed   the  yarn  and  heat  set   th is   twis t   the  u n t w i s t i n g   w i l l  

not  s t r a i g h t e n   the  elements  or  f i l a m e n t s   but  i n s t ead   r e s u l t s   in  a  y a r n  
whose  coherency  and  bu lk ines s   are  improved  by  the  f a l se   t w i s t i n g .  

FIGURE  7  of  the  drawings  i l l u s t r a t e s   yet  another   embodiment  o f  

the  p r e s e n t   i n v e n t i o n   wherein  a  yarn  is  formed  by  a  simple  s p i n - d r a w  

o p e r a t i o n .   In  accordance  with  FIGURE  7  the  yarn  18,  formed  by  p a s s a g e  

over  converging  guide  54,  passes  over  feed  r o l l s   90,  thence  to  hea te r   92 

and  draw  r o l l s   94,  ope ra t i ng   at  a  h igher   speed  than  ro l l s   90.  

FIGURE  8  of  the  drawings  shows  yet  another   a f t e r - t r e a t m e n t   t o  

which  the  as-spun  yarn  of  FIGURE  1  can  be  s u b j e c t e d .   S p e c i f i c a l l y ,   t h e  

o p e r a t i o n   of  FIGURE  8  is  what  is  g e n e r a l l y   r e f e r r e d   to  as  d r a w - t w i s t .   I n  

accordance  with  FIGURE  8  the  yarn  18  from  package  22  passes  over  f e e d  

r o l l s   96,  over  hea te r   98  and  thence  over  draw  r o l l s   100.  The  l a t t e r ,   o f  

course,   are  opera ted   at  a  speed  h igher   than  the  speed  of  feed  r o l l s   96  t o  

thereby  s t r e t c h   or  draw  the  yarn.  The  drawn  yarn  then  passes   t h r o u g h  

guide  102  and  thence  to  r o t a t a b l e   f l y e r   104  which  winds  the  yarn  up  on 

pirn  106.  As  f lye r   104  r o t a t e s ,   i t   i n s e r t s   t rue  twis t   in  the  yarn.  I t  

should  be  recognized  at  th is   point   t ha t   a  spin-drawn  yarn,  prepared  i n  

accordance  with  FIGURE  7,  or  a  d r a w - t w i s t e d   yarn  prepared  in  a c c o r d a n c e  

with  FIGURE  8  may  t h e r e a f t e r   be  s u b j e c t e d   to  a  f a l se   t w i s t - t e x t u r i n g  

o p e r a t i o n ,   as  performed  in  the  double  h e a t e r ,   f a l s e - t w i s t   t e x t u r i n g  

machines  i l l u s t r a t e d   in  FIGURES  5  and  6  of  the  d r a w i n g s .  

FIGURE  9  i l l u s t r a t e s   an  a f t e r   t r e a t m e n t   of  the  as-spun  y a r n  

produced  in  FIGURE  1  wherein  the  yarn  18  is  draw-Taslan  t ex tu red   as  an 

e f f e c t   yarn  and  combined  with  a  core  yarn  19.  In  accordance  w i t h  

FIGURE  9  the  yarn  18  from  package  22  is  passed  through  a  draw  zone 

comprising  feed  ro l l s   108,  hea te r   110  and  draw  r o l l s   112  and  feed  r o l l s  

113.  From  the  draw  zone  the  yarn  18  is  passed  to  a  Taslan  je t   114.  Core 

yarn  19  from  package  23  is  passed  by  feed  ro l l s   115  ope ra t i ng   at  a  s l o w e r  

speed  than  r o l l s   113  to  Taslan  je t   114.  As  p r e v i o u s l y   i n d i c a t e d ,   t h e  

yarns  in  pass ing   through  Taslan  je t   114  are  sub jec t ed   to  t u rbu lence   in  a 

high  v e l o c i t y   air   stream  and  s e p a r a t e d   from  the  a i r   stream  by  b e i n g  

j e t t e d   aga ins t   b a f f l e   116  and  then  turned  in  a  g e n e r a l l y   p e r p e n d i c u l a r  

path.   Due  to  the  overfeed  of  yarn  18,  i t   becomes  the  e f f ec t   y a r n .  

Passage  through  the  j e t   114  r e s u l t s   in  the  f i l amen t s   of  the  yarn  fo rming  

loops,   r ings  and  whorls  t h e r e i n   and  e f f e c t i n g   some  i n t e r m i n g l i n g   of  t h e  



f i l a m e n t s .   G e n e r a l l y ,   the  yarns  are  under  t en s ion   as  they  en te r   T a s l a n  

j e t   114  and  as  the  core  and  e f f e c t   yarn  119  ex i t s   Taslan  j e t   114  i t   i s  

t r a v e l i n g   at  a  reduced  speed  and  th i s   r e d u c t i o n   in  t ens ion   during  t h e  

t u r b u l e n c e   c o n t r i b u t e s   to  the  format ion   of  the  loops ,   e tc .   The  yarn  119 

then  passes   through  guide  118  to  takeup  r o l l s   120,  thence  t h r o u g h  

t r a v e r s e   guide  122  of  a  winder  and  onto  a  package  124.  Taslan  j e t   114  i s  

of  the  type  well  known  in  the  art   and  wil l   not  be  f u r t h e r   d e s c r i b e d  

h e r e i n .  

The  embodiment  of  the  p r e s e n t   i n v e n t i o n   shown  in  FIGURE  10 

s u b j e c t s   the  yarn  18,  produced  in  accordance  with  FIGURE  1,  to  a 

subsequent   t r e a t m e n t   i n v o l v i n g   crimping  of  the  yarn  and,  o p t i o n a l l y ,  

c u t t i n g   the  crimped  yarn  in to   s t a p l e .   S p e c i f i c a l l y ,   the  yarn  18  is  f e d  

to  crimper  126  which  comprises   feed  r o l l s   128  and  s t u f f e r   box  130.  The 

s p e c i f i c   crimper  shown  is  a  steam  crimper  and  a  p r e f e r r e d   steam  c r i m p e r  

is  shown  and  d e s c r i b e d   in  U.S.  Pa ten t   3 ,911 ,539 .   From  the  s t u f f e r   box 

130  the  crimped  yarn  passes   to  J-box  132,  over  t e n s i o n i n g   r o l l s   134  and 

thence  to  s t a p l e   c u t t e r   136.  S taple   c u t t e r   136  cuts  the  crimped  y a r n  

in to   shor t   f i b e r s   or  s t a p l e   which  are  then  passed  to  b a i l e r   138.  At  t h i s  

po in t   it  should  be  r e cogn ized   tha t   a d d i t i o n a l   f i n i s h   may  be  appl ied   t o  

the  yarn  p r i o r   to  passage   through  crimper  126  and  the  yarn  may  be  c o l d  

drawn  p r i o r   to  the  cr imping  o p e r a t i o n .  

FIGURE  11  of  the  drawings  i l l u s t r a t e s   a  novel  t echnique   f o r  

forming  a  p l i e d   and  i n t e r l a c e d   yarn  f rom  a  p l u r a l i t y   of  d r a w - t e x t u r e d  

yarns  produced  in  accordance   with  the  d r a w - t e x t u r i n g   o p e r a t i o n s  

i l l u s t r a t e d   in  FIGURES  4,  5,  and  6.  P r e f e r a b l y ,   a  p l u r a l i t y   of  yarns  a r e  

s i m u l t a n e o u s l y   d r a w - t e x t u r e d   as  i l l u s t r a t e d   in  FIGURE  5.  S p e c i f i c a l l y ,  

t h r ee   s e p a r a t e   yarns  18A,  18B  and  18C,  r e s p e c t i v e l y ,   are  s i m u l t a n e o u s l y  

d r a w - t e x t u r e d   by  p a s s i n g   the  same  through  d i s c - t y p e   f a l s e - t w i s t   s p i n d l e s  

78A,  78B  and  78C,  draw  r o l l s   74A,  74B  and  74C,  second  stage  hea te r s   82A, 

82B  and  82C  and  output   r o l l s   84A,  84B  and  84C.  4,'hile  the  d r a w - t e x t u r i n g  

devices   are  shown  as  o f f s e t   in  FIGURE  11,  for  c l a r i t y   of  i l l u s t r a t i o n  

only,   i t   is  to  be  unde r s tood   tha t   un i t s   A,  B and  C  would  be  in  s i d e - b y -  

s ide  r e l a t i o n s h i p   in  ac tua l   o p e r a t i o n .   The  d r a w - t e x t u r e d   yarns  18A,  18B 

and  18C  are  t h e r e a f t e r   passed  through  an  e n t a n g l i n g   or  i n t e r l a c i n g   d e v i c e  

140  which  p l i e s   the  yarns  t o g e t h e r .   The  i n t e r l a c e r   140  is  the  same  t y p e  

e n t a n g l e r   or  i n t e r l a c e r   as  62,  r e f e r r e d   to  in  the  d e s c r i p t i o n   of  FIGURE  3 

for  a  s ing le   yarn.   I n t e r l a c e r   140  gene ra l ly   comprises   a  tube  t h r o u g h  

which  a  p l u r a l i t y   of  yarns  are  fed.  The  tube  through  which  the  y a r n s  



pass  is  p rovided  with  a i r   from  an  annular   plenum  zone  supp l i ed   with  a i r  

by  means  of  a i r   supply  142.  To  aid  in  s t r i ngup   of  the  yarns  i n  

i n t e r l a c e r   140,  the  i n t e r l a c e r   is  provided  with  a  s lo t   144,  which  i s  

p r e f e r a b l y   at  an  angle  so  as  to  aid  in  r e t e n t i o n   of  the  yarns  in  the  y a r n  

tube.  The  i n t e r l a c e d   yarn  then  is  wound  up  on  takeup  package  146  d r i v e n  

by  package  dr ive   ro l l   148.  It  has  been  found  in  accordance  with  t h e  

p r e s e n t   i n v e n t i o n   tha t   the  system  of  FIGURE  11  is  p a r t i c u l a r l y   useful   i n  

the  p r o d u c t i o n   of  a  h e a t h e r - t y p e   yarn,  in  which  three  d i f f e r e n t   co lors   o f  

yarn  are  p l i ed   by  i n t e r l a c i n g .   S p e c i f i c a l l y ,   i t   has  been  found,  i n  

accordance  with  the  p r e sen t   i n v e n t i o n ,   t h a t ,   in  a  system  such  as  tha t   o f  

FIGURE  11,  if  a  p l u r a l i t y   of  yarns  to  be  i n t e r l a c e d   are  a l l   tw i s t ed   i n  

the  same  d i r e c t i o n   th i s   r e s u l t s   in  a  high  torque  being  app l ied   to  t h e  

yarns .   However,  it  was  d i scovered   tha t   if  a l t e r n a t e   ones  of  t h e  

p l u r a l i t y   of  yarns  were  fa l se   twis ted   in  the  oppos i te   d i r e c t i o n ,   t h i s  

undue  torque  was  e s s e n t i a l l y   e l i m i n a t e d   and  a  h e a t h e r - t y p e   yarn  o f  

s u b s t a n t i a l l y   improved  c h a r a c t e r i s t i c s   was  produced.   This  i s  

i l l u s t r a t e d   in  FIGURE  11  by  the  r o t a t i o n a l   d i r e c t i o n   arrows  app l i ed   t o  

f a l s e - t w i s t   s p i n d l e s   78A,  78B  and  78C.  In  th i s   p a r t i c u l a r   i l l u s t r a t i o n ,  

where  th ree   yarns  are  i n t e r l a c e d ,   the  middle  yarn  or  18B  would  be  f a l s e  

twi s t ed   in  the  oppos i t e   d i r e c t i o n   to  yarns  18A  and  18C.  It  should  be  

recognized   however  tha t   more  than  three   yarns  could  be  i n t e r l a c e d ,   i n  

fact   as  many  as  e ight   could  be  i n t e r l a c e d .   where  more  than  three   y a r n s  

are  i n t e r l a c e d ,   as  p r e v i o u s l y   i n d i c a t e d ,   a l t e r n a t e   f a l s e - t w i s t   s p i n d l e s  

would  be  ope ra ted   in  a  reverse   d i r e c t i o n .  

The  fo l lowing   examples  i l l u s t r a t e   the  nature   and  advantages   o f  

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

EXAMPI,E  I  

A  comparison  was  made  of  the  as-spun  p r o p e r t i e s   of  a 

conven t iona l   melt  spun  po lypropy lene   having  a  broad  Molecular   Weight 

D i s t r i b u t i o n   =  12.1  and  a  low  res in   Melt  Flow =  10-12  (Resin  A);  two 

p o l y p r o p y l e n e s   having  a  broad  Molecular   Weight  D i s t r i b u t i o n   =  12  and  a 

high  r e s in   Melt  Flow  =  30  and  44,  (Resins  E  and  K,  r e s p e c t i v e l y ) ,   a 

po lyp ropy lene   having  a  broad  Molecular   Weight  D i s t r i b u t i o n   =  12  and  a  low 

res in   Melt  Flow  =  3  ( r e s i n   L)  and  a  p l u r a l i t y   of  d i f f e r e n t   r es ins   h a v i n g  

narrow  Molecular   Weight  D i s t r i b u t i o n s   (4.2  to  7.5)  and  high  res in   Melt  

Flows  (21  to  57).  The  l e t t e r   d e s i g n a t i o n s   in  Table  I  i n d i c a t e   t h e  

i n d i v i d u a l   r e s in s   u t i l i z e d .   Runs  1  to  12,  19,  20,  22  and  25  u t i l i z e d   a 
12x48  mil  s p i n n e r e t t e   with  325  mesh  sc reen .   Runs  1  to  12  u t i l i z e d   a  s p i n  



t e m p e r a t u r e   of  293°C  and  runs  19,  20,  22  and  25  a  spin  t e m p e r a t u r e  

of  246°C.  Since  some  d i f f i c u l t i e s   in  sp inning  and  quenching  were  

encounte red   and  i t   appeared  d e s i r a b l e   to  spin  res in   B  at  lower  s p i n  

speeds  for  comparison  runs  13  through  18,  21,  23,  24  and  26 were  spun  a t  

254°C  spin  t e m p e r a t u r e   through  a  3 2 - h o l e  -   0 .012x0.048  inch  s p i n n e r e t t e  

and  u t i l i z i n g   quench  a i r   at  80  f t /m in .   Some  d i f f i c u l t i e s   were  a g a i n  

expe r i enced   at  spin  speeds  above  2400  me te r s /minu te   and  runs  36  t h r o u g h  

43  were  spun  through  a  s p i n n e r e t t e   with  0 .03x0.090  inch  ho les .   Runs  44 

through  57  were  spun,  u t i l i z i n g   a  s p i n n e r e t t e   having  0 .012x0.048  i n c h  

holes  at  a  spin  t empera tu re   of  312°C.  Runs  27  through  35  were  run  at  a 

spin  t e m p e r a t u r e   of  250°C,  a  nominal  godet  speed  (spin  speed  of  2500 

m e t e r s / m i n u t e )   and  u t i l i z i n g   quench  air   at  80  f t /m in .   A  f i n i s h   h e r e i n  

des igna t ed   f i n i s h   C  as  in  Table  V  was  appl ied   to  the  c o l l e c t e d   f i l a m e n t s  

at  a  ra te   of  1%  by  weight  and  comprised  86.63%  Nopcolube  2152P  (Diamond 

Shamrock,  Morr i s town,   N.Y.) ,   13.32%  e t h o x y l a t e d   c e t y l / s t e a r y l   a l c o h o l  

(25  moles  e t h y l e n e   oxide  per  molecule)   and  0.05%  of  Givgard  DXN  (sold  by  

Givaudin  Corp.  of  C l i f t o n ,   N . J . )   an  a n t i m i c r o b i a l   p r e s e r v a t i o n   agent .   I t  

is  to  be  noted  tha t   the  melt  flow  l i s t e d   in  Table  I  is  "melt  spun  m e l t  

flow"  or  the  melt  flow  as  measured  a f t e r   melt  sp inn ing .   Genera l ly ,   t h e  

res in   melt  flow  of  r e l a t i v e l y   low  res in   melt  flow  polymers  wi l l   d i f f e r  

s i g n i f i c a n t l y   from  the  melt  spun  melt  flow  but  with  r e l a t i v e l y   high  r e s i n  

melt  flow  polymers  the  melt  spun  melt  flow  will   not  change  a p p r e c i a b l y .  







Table  1 

Obse rva t ion   of  the  r e s u l t s   set  forth  in  Table  1  show  that   t h e  

narrow  Molecular   Weight  D i s t r i b u t i o n  -   high  Melt  Flow  r e s i n s   e x h i b i t e d   a 

number  of  improved  p r o p e r t i e s ,   i nc lud ing   low  e l o n g a t i o n ,   h i g h  

b i r e f r i n g e n c e ,   high  t e n a c i t y   and  low  spun  den ie r ,   p a r t i c u l a r l y   at  h i g h  

spin  speeds  above  about  1500  m e t e r s / m i n u t e s .   From  the  p r o p e r t i e s   shown 

it  is  c l ea r   tha t   the  narrow  Molecular   Weight  D i s t r i b u t i o n  -   high  Me l t  

Flow  p roduc t s   of  the  p r e s e n t   i nven t ion   can  be  u t i l i z e d   for  numerous  

commercial  purposes   in  t h e i r   as-spun  condi t ion   wi thout   f u r t h e r   t r e a t m e n t  

or  l i t t l e   a d d i t i o n a l   t r e a t m e n t .  

Since  the  l a r g e s t   volumes  of  samples  at  the  fu l l   range  of  s p i n  

speeds  and  the  as-spun  phys ica l   p r o p e r t i e s   of  yarns  produced  from  Resin  L 

approached  those  of  the  p r e f e r r e d   narrow  Molecular  Weight  D i s t r i b u t i o n  -  

high  Melt  flow  r e s i n s ,   samples  of  yarns  produced  in  runs  44  through  57 

were  cold  drawn  wi thout   t w i s t i n g   to  determine  whether  f u r t h e r   t r e a t m e n t  

would  be  b e n e f i c i a l .   In  these  t e s t s ,   the  yarns  were  drawn  at  a  speed  o f  

314  me te r s /min .  ,   with  7  and  6-1/2  wraps  about  the  feed  r o l l s   and  the  draw 

r o l l s ,   r e s p e c t i v e l y ,   and  with  t empe ra tu r e s   of  80  and  125°C  on  the  f e e d  

r o l l s   and  draw  r o l l s ,   r e s p e c t i v e l y .  

The  phys ica l   p r o p e r t i e s   of  the  drawn  yarns  are  set  f o r th   i n  

Table  11  be low.  





I t  i s   to  be  observed  that  improvement  in  p r a y c r t i r s   r e q u i r e d  
cold  drawing  at  high  draw  r a t i o s .  

Polymer  B  was  melt  spun  using  a  70  hole  0.020  x  0.020  inch  h o l e  

s p i n n e r e t t e   and  a  360  mesh  screen  in  an  e f fo r t   to  make  yarn  having  a 

to t a l   den ie r   of  300.  Quench  a i r   was  80  f t /min .   A  f i n i s h   C  was  app l i ed   t o  

the  yarn  at  a  ra te   of  1%  by  weight  and  comprised  86.63%  Nopcolube  2152P 

(Diamond  Shamrock,  Morr i s town,   N . J . )   13.32%  E t h o x y l a t e d   c e t y l / s t e a r y l  

alcohol  (25  moles  e thy lcne   oxide  per  molecule)   and  0.05%  Givgard  DXN. 

The  yarns  were  a lso  heat  set  for  5  hours  at  the  t e m p e r a t u r e   i n d i c a t e d .  

These  runs  and  the  phys i ca l   p r o p e r t i e s   of  the  yarn  are  set  f o r t h   in  T a b l e  

III  be low.  

Run  63  is  r a t h e r   h e a n i n g l e s s   since  the  supply  of  polymer  began  

to  run  out  at  the  end  of  the  run.  Also  problems  of  l o s t   f i l a m e n t s  

occurred  in  the  sp inn ing   at  3500  m/min.  However,  the  data  c l e n l y  

i n d i c a t e s   tha t   heat  s e t t i n g   does  reduce  the  e l o n g a t i o n   and  s h r i n k a g e  

s i g n i f i c a n t l y .   In  s p i t e   of  the  sp inn ing   problems  at  3500  m/min.  it  can 

also  be  seen  tha t   the  h igher   speed  (3500  m/min.)  p roduces   a  yarn  o f  

higher  t e n a c i t y   and  lower  e l o n g a t i o n   than  sp inning   at  the  lower  speed  

(2500  m / m i n . ) .  

In  order  to  de termine   what  e f f ec t   f a l s e - t w i s t   d r a w - t e x t u r i n g  

during  sp inn ing   would  have  on  p roduc t s   of  the  p r e s e n t   i n v e n t i o n ,   t h r e e  

p o l y p r o p y l e n e s   were  run  under  va ry ing   cond i t ions   of  draw  r a t i o   and  t w i s t  

r a t io s   to  produce  600,  700,  800  and  900  denier  yarns  from  each  p o l y m e r .  

In  these  runs  the  polymers  were  each  run  on  a  34  hole ,   0 .012x0 .048   i n c h  

hole  s p i n n e r e t t e   with  a  325  mesh  screen.   A  polymer  p r e s s u r e   of  2000 

psig,   a  sp inn ing   speed  of  800  m/min.  and  a quench  a i r   ra te   of  80  f t / m i n .  

were  u t i l i z e d   in  al l   runs.  Polymer  t empera tu res   (°C)  at  each  of  f o u r  

ex t ruder   zones  and  the  polymer  p r o p e r t i e s   were  as  f o l l o w s :  



0.5%  by  weight  of  a  f i n i s h ,   he re in   de s igna t ed   f i n i s h   B  as  in  Table  V, 

compr is ing   a  10%  emulsion  of  a  r e a c t i v e   p o l y s i l o x a n e   (Dow  Corning  1111 

Emulsion,   sold  by  Dow  Corning  Corp.)   was  app l ied   to  the  y a r n s .  
A  Scragg,   12  ceramic  disc  f r i c t i o n   t e x t u r i n g   machine  was 

u t i l i z e d ,   with  t e m p e r a t u r e s   of  150°C  at  both  the  f i r s t   and  s e c o n d  

h e a t e r s .   Twist  and  c o n t r a c t i o n   f a c t o r   were  measured  on  snatched  s a m p l e s .  

Overfeed  was  12%  to  the  s e t t i n g   zone.  Denier  was  c a l c u l a t e d   at  the  draw 

ro l l   using  the  f o r m u l a :  

Undrawn  D e n i e r  
Draw  R a t i o  

The  speed  of  the  draw  r o l l   was  297  m/min.  at  D/Y  1.56  and  272  m/min.  a t  

D/Y  1 . 7 1 .  

Table  IV  below  sets   f o r th   the  r e s u l t s   of  these   r u n s .  



Symbols  above  r e p r e s e n t   the  f o l l o w i n g :  

DR  =  Draw  r a t i o  

D/Y  =  Sur face   speed  of  d i s c s / l i n e a r   speed  of  y a r n  

SD  =  Spun  D e n i e r  

t1  =  t e n s i o n   in  grams  as  measured  above  f a l s e   t w i s t   s p i n d l e  

-  t2  =   t e n s i o n   in  grams  as  measured  below  f a l s e   t w i s t   s p i n d l e  

FD  =  Denier   at  draw  r o l l  -   Undrawn  Denier /Draw  R a t i o  

CF  =  C o n t r a c t i o n   F a c t o r  -   u n t w i s t e d   l e n g t h / t w i s t e d   l e n g t h  

tpi  =  tu rns   per  i n c h  

600  spun  den ie r   yarn  of  polymer  N  had  broken  f i l a m e n t s   at  a 

draw  r a t i o   of  2.622  and  D/Y  of  1.56  and  would  not  run  at  h ighe r   draw 

r a t i o s   and  D / Y ' s .  

It  was  concluded  dur ing   the  above  runs  and  from  an  a n a l y s i s   o f  

the  data ,   i n c r e a s e d   D/Y  d e c r e a s e s   t2  but  has  l i t t l e   e f f e c t   on  t w i s t ,   t h e  

low  melt  flow  polymer  did  not  run  well  under  any  c o n d i t i o n s   as  compared 

with  the  high  melt  flow  polymers  and  tpi  is  a  f u n c t i o n   of  d e n i e r   and  i s  

l i t t l e   a f f e c t e d   by  draw  r a t i o s ,   D/Y  and  t e n s i o n .  

Based  on  the  good  pe r fo rmance   a t t a i n e d   in  the  p r e v i o u s   t e s t s ,  

polymer  M  was  f a l s e - t w i s t ,   d r a w - t e x t u r e d   in  a  v a r i e t y   of  c o l o r s   t o  

produce  250  den ie r   through  the  34-hole   s p i n n e r e t t e .   All  samples  were  

spun  at  800  as -shun  denier   and  at  800  m/minute.   D r a w - t e x t u r i n g  



c o n d i t i o n s   were  at  a  draw  r a t i o   of  3 .413 ,   D/Y  of  1 . 7 1 ,  2 7 2  m / m i n .   h e a t e r  

t e m p e r a t u r e s   of  150°C  and  an  o v e r f e e d   ac ross   the  second  h e a t e r   ( t o  

s e t t i n g   zone)  of  12%.  Two  d i f f e r e n t   f i n i s h e s ,   namely,  the  p r e v i o u s l y  

d e s c r i b e d   f i n i s h e s   B and  C,  were  a p p l i e d   in  some  r u n s .  

Table  V  l i s t s   the  a s - spun   p r o p e r t i e s .  

The  p r o p e r t i e s   of  the  f i n i s h e d   yarns  a f t e r   d r a w - t e x t u r i n g   a r e  

set  f o r t h   in  Table  VI .  

syarn  proke  o u t  

All  samples  in  the  above  t e s t   spun  wi thout   i n c i d e n t .   However,  

the  yarns   to  which  f i n i s h  B   was  a p p l i e d   fused  during  t e x t u r i n g   and  t h e  

yarn  of  run  113  broke  out.  in  a t t e m p t i n g   to  s n a t c h .  

In  order   to  p repare   3-ply   yarns   the  sp inn ing   and  f a l s e - t w i s t  

d r a w - t e x t u r i n g   of  the  p rev ious   runs  were  r epea ted   except  for  t h o s e  

i n s t a n c e s   where  f i n i s h   B  had  been  u t i l i z e d .   Opera t ion   of  an  e n t a n g l e r   o f  

the  type  r e f e r r e d   to  in  FIGURE  3  was  t r i e d   but  found  to  produce  too  much 

e n t a n g l e m e n t .   T h e r e a f t e r ,   an  i n t e r l a c e r   of  the  type  s p e c i f i c a l l y  

r e f e r r e d   to  in  the  d i s c u s s i o n   of  FIGURE  11  was  used  with  each  p o s i t i o n   o f  

the  d i sc   type  f a l s e - t w i s t e r s   a l l   r o t a t i n g   in  the  same  d i r e c t i o n   but  t h e  

composi te   yarn  produced  was  of  high  t o rque .   F i n a l l y ,   the  l a s t   m e n t i o n e d  



i n t e r l a c e r   was  used  with  the  f a l s e - t w i s t  p o s i t i o n s   a l t e r n a t i n g   d i r e c t i o n  

of  t w i s t   and  the  air  to  the  i n t e r l a c e r   or  e n t a n g l i n g  j e t   at  30  pa i .   Two 

composi te   yarns  of  three   yarns  cach  in  accordance  with  the  method 

d e s c r i b e d   with  r e f e r e n c e   to  FIGURE  11.  This  procedure   e l i m i n a t e d   t h e  

excess  torque   and  produced  a c c e p t a b l e   composite  y a r n s .  
Table  VII  sets  for th   the  p r o p e r t i e s   of  the  i n d i v i d u a l   yarns  and 

the  two  composi te   y a r n s .  

It  was  de termined  from  the  above  data  that   the  e n t a n g l i n g  

p rocedure   u t i l i z e d   he re in   ( e n t a n g l i n g   dur ing  sp inning  and  p r io r   t o  

windup)  also  i nc r ea sed   the  den ie r   above  what  would  t h e o r e t i c a l l y   be  

expected  by  a  conven t iona l   e n t a n g l i n g   p rocedure   ( e n t a n g l i n g   i n d i v i d u a l  

yarns  a f t e r   windup).  It  should  be  r ecogn ized   that   as  many  as  6  to  8  y a r n s  

could  be  s i m i l a r l y   i n t e r l a c e d   to  produce  composite  yarns  of  1500  to  2000 

d e n i e r .  

The  composite  yarns  were  also  knit  and  woven  into  f a b r i c s  

without  d i f f i c u l t y .   The  knit   sample  was  bo i led   off  and  developed  good 

bulk  and  p l e a s i n g   hand.  The  composi te   yarns  conld  be  used  in  hand  k n i t  

i tems,   u p h o l s t e r y   f a b r i c s ,   e t c .  

This  t es t   was  c a r r i e d   out  to  e v a l u a t e   the  Taslan  t e x t u r i n g   o f  

yarns  produced  in  accordance   with  the  present   inven t ion   which  have  b e e n  

tw i s t ed   but  not  drawn.  Polymer  B  was  spun  at  2500  n/min.  and  in  the  same 

manner  and  under  the  same  c o n d i t i o n s   as  the  p rev ious   example  except  t h a t  

it  was  wound  at  40  grams  t e n s i o n .   The  yarn  was  twis ted   on  a  S i n g l e  

Spindle   Dienes  Twister   at  465  m/min. ,   and  5500  rpm  sp ind le   speed  t o  

produce  0.3  twis t   l e v e l .   The  p r o p e r t i e s   of  the  un twis ted   and  t w i s t e d  

yarns  are  set  fo r th   in  Table  VIII  b e l o w .  



This  yarn,   a  tw i s t -d rawn   yarn  from  polymer  A  and  a  core  y a r n  

irom  polymer  A  were  Taslan  t e x t u r e d   at  a  core  feed  ra te   of  187  m/min.,   an  

e f f e c t i v e   feed  ra te   of  337  m/min.  and  a  take-up  speed  of  182  m/min.  The 

yarn  was  a lso   run  s i d e - b y - s i d e   with  a  commercial  yarn  with  the  speed  

being  the  maximum  to  get  a c c e p t a b l e   bonding  with  the  core  in  t h e  

commercial  yarn .   I n s p e c t i o n   of  the  yarns  i n d i c a t e d   tha t   the  yarn  of  t h e  

p r e s e n t   i n v e n t i o n   t ang led   with  the  core  yarn  b e t t e r   than  the  commercial  

y a r n .  

In  order   to  eva lua te   draw-Taslan  Lex tu r ing   of  the  yarns  of  t h e  

p r e s e n t   i n v e n t i o n   a  s e r i e s   of  runs  were  made  comparing  yarns  p r e p a r e d  

from  Polymer  C  and  from  Polymer  N  at  d i f f e r e n t   spin  speeds  and  i n  

d i f f e r e n t   c o l o r s .   A  34-ho le ,   round,  0.015  x  0.019  inch  s p i n n e r e t t e   was 

used.  Sp inn ing   t e m p e r a t u r e s   (°C)  were  250°C  for  polymer  C  and  292°C  f o r  

polymer  N. 

The  quench  air  ra te   was  <80  f t /min .   and  1.1%  by  weight  o f  

l i n i s h   B  was  a p p l i e d .   Table  IX  below  sets   fo r th   the  as-spun  d c n i e r s  

o b t a i n e d .  

Samples  of  Polymer  C  spun  well  at  a l l   speeds  but  d i f f i c u l t i e s  

were  encoun te r ed   in.  quenching  Polymer  N  at  1500  and  2200  m/min.  due  t o  

the  p r e sence   of  wild  f i l a m e n t s .   
BAD  O R I G I N A I  



The  yarns  produced  were  then  drawn  on  the  appa rau t s   of  FIGUKE  2 

under  v a r i e d   heat  cond i t i ons   dur ing  draw,  namely,  u t i l i z i n g   heated  draw 

r o l l s ,   cold  draw  r o l l s   and  a  hot  10- inch  p la te   o p e r a t i n g   at  e i t h e r   140°C 

or  120°C,  and  cold  draw  r o l l s   with  no  hea t ing   of  any  type.  Drawing  was 

conducted  at  a  speed  of  800  m/min.  and  with  7  and  6-1/2  wraps  around  t h e  

ieed  r o l l s   and  draw  r o l l s ,   r e s p e c t i v e l y .   Table  X  se ts   fo r th   t h e  

p r o p e r t i e s   of  the  yarns  p r o d u c e d .  









It  is  c l e a r ,   from  the  r e s u l t s   set  fo r th   in  Table  X  that   t h e  

drawing  e f f i c i e n c y   (lack  of  broken  f i l a m e n t s ,   e t c . )   is  much  b e t t e r   f o r  

the  narrow  molecu la r   weight  d i s t r i b u t i o n   Polymer  C  than  for  the  b r o a d  

molecu la r   weight  d i s t r i b u t i o n   ( c o n v e n t i o n a l )   Polymer  N,  both  with  t h e  

heated  p l a t e   and  with  no  b e a t i n g .   The  actual   draw  was  a lso  h igher   f o r  

Polymer  C  than  for  Polymer  N  and  i nc reased   as  draw  t e n s i o n   d e c r e a s e d .  

The  color   data  shows  a  g r e a t e r   color  e f f e c t   on  Polymer  N,  when  it   is  c o l d  

drawn,  than  on  Polymer  C.  The  hot  p l a t e   and  lower  draw  t e n s i o n s   a p p e a r  

to  improve  the  color  d i f f e r e n c e s   of  Polymer  C  samples .   The  u n u s u a l  

r e s u l t  ( l o w   WE)  observed  in  run  142  when  the  sample  of  Polymer  N  spun  a t  

2200  m/min.  was  cold  drawn  r e s u l t e d   from  the  sample  c o n t i n u i n g   to  s h r i n k  

a f t e r   windup.  In  gene ra l ,   the  low  WL  values   with  cold  draw  i n d i c a t e   t h a t  

l i g h t   co lor   r e s u l t s ,   but  t h i s   can  be  remedied  by  co lor   a d j u s t m e n t s .  

Ana lys i s   of  the  above  runs  lead  to  the  conc lus ion   t ha t   Polymer  C  can  be  

cold  drawn  (with  a  hot  p l a t e )   during  sp inn ing   at  1400  to  1800  m/min.  and 

at  fu l l   e x t r u d e r   output   (380#/hr )   with  only  minimal  color   a d j u s t m e n t .  

While  s p e c i f i c   examples  and  items  of  equipment  have  been  s e t  

fo r th   h e r e i n ,   it  is  to  be  unders tood   tha t   such  r e c i t a t i o n s   a r e  

i l l u s t r a t i v e   only  and  are  not  to  be  l i m i t i n g .  



1.  A  p rocess   for  making  i i l ament   yarn;  compr i s ing ,   m e l t -  

sp inn ing   a  p o l y p r o p y l e n e   having  a  molecular   weight  d i s t r i b u t i o n   of  l e s s  

than  about  7  and  a  r e s i n   melt  flow  between  about  20  and  about  60 ,  

apply ing   a  f i n i s h ,   and  t ak ing   up  the  f i l amen t   yarn  at  a  speed  above  a b o u t  

1200  meters   per  m i n u t e .  

2.  A  p roces s   in  a c c o r d a n c e   with  claim  1  wherein  the  f i l a m e n t s  

are  i n t e r l a c e d   be fo re   t a k e u p .  

3.  A  p roce s s   a c c o r d i n g   to  claim  2  wherein  the  f i l a m e n t s   a r e  

a d d i t i o n a l l y   t w i s t - d r a w n .  

4.  A  p rocess   a c c o r d i n g   to  claim  2  wherein  the  f i l a m e n t s   a r e  

a d d i t i o n a l l y   heat  s e t .  

5.  A  p roces s   a c c o r d i n g   to  claim  2  wherein  the  f i l a m e n t s   a r e  

a d d i t i o n a l l y   s e q u e n t i a l l y   d r a w - t e x t u r e d   by  f a l se   t w i s t i n g .  

6.  A  p roces s   a c c o r d i n g   to  claim  2  wherein  the  f i l a m e n t s   a r e  

a d d i t i o n a l l y   s i m u l t a n e o u s l y   d r a w - t e x t u r e d .  

7.  A  p rocess   a c c o r d i n g   to  claim  2  wherein  the  f i l a m e n t s   a r e  

a d d i t i o n a l l y   d r a w - t w i s t e d .  

8.  A  p roce s s   a c c o r d i n g   to  claim  2  wherein  the  f i l a m e n t s   a r e  

a d d i t i o n a l l y   d raw-Tas lan   t e x t u r e d .  

9.  A  p roce s s   a c c o r d i n g   to  claim  2  wherein  the  f i l a m e n t s   a r e  

a d d i t i o n a l l y   s t u f f e r   box  crimped  and  cut  into  s t a p l e   f i b e r s .  

10.  A  p roce s s   for  making  f i l amen t   yarn;   compr i s ing ,   m e l t -  

sp inn ing   a  p o l y p r o p y l e n e   having  a  mo lecu la r   weight  d i s t r i b u t i o n   of  l e s s  

than  about  7  and  a  r e s i n   melt   flow  between  about  20  and  about  60 ,  

apply ing   a  f i n i s h ,   and  t a k i n g   up  the  f i l amen t   yarn  at  a  speed  b e t w e e n  

about  800  and  about  1200  meters   per  minute.   - 

11.  A  p roce s s   a c c o r d i n g   to  claim  10  wherein  a  p l u r a l i t y   of  t h e  

yarns  are  s i m u l t a n e o u s l y   d r a w - t e x t u r e d   by  f a l se   t w i s t i n g   while  r e v e r s i n g  
the  d i r e c t i o n   of  t w i s t   of  a l t e r n a t e   yarns  and  t h e r e a f t e r   the  said  y a r n s  

are  p l i ed   in  an  i n t e r l a c i n g   j e t .  

12.  A  p rocess   a c c o r d i n g   to  claim  11  wherein  the  p l u r a l i t y   o f  

yarns  are  s i m u l t a n e o u s l y   d r a w - t e x t u r e d   at  a  draw  r a t i o   between  about  2 

to  1  and  about  4  to  1 .  

13.  A  p o l y p r o p y l e n e   f i l amen t   yarn  product   melt  spun  from  a 

p o l y p r o p y l e n e   having  a  m o l e c u l a r   weight  d i s t r i b u t i o n   of  less   t h a n  

about  7  and  a  melt  flow  between  about  20  and  about  60,  said  f i l a m e n t s  

having  a  b i r e f r i n g e n c e   above  about   0 .15,   a  t e n a c i t y   above  about  2.4  grams 

per  d e n i e r ,   an  e l o n g a t i o n   between  about  100  and  about  350  p e r c e n t ,   and  a  

den i e r   per  f i l a m e n t   of  l e s s   than  about   25 .  

14.  A  p o l y p r o p y l e n e   f i l a m e n t   yarn   produced  according   to  a  p rocess   o f  

one  of  c la ims  1  to  12. 
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