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*y  Process  and  apparatus  for  melt  spinning  filaments  in  which  quench  gas  is  introduced  to  the  filaments  through  the  fibre 
pack  and  spinneret. 

rocess  and  apparatus  for  melt  spinning  filaments,  the 
process  comprising  extruding  molten  polymer  downwardly 
through  a  fibre  pack  (12)  and  a  spinneret  (14)  and  quenching 
the  filaments  (16)  with  a  gas,  in  which  the  quenching  gas  for 
cooling  the  filaments  (16)  is  supplied  through  a  conduit  (24) 
extending  through  the  pack  (12)  and  the  spinneret  (14).  In  a 
preferred  process,  a  finish  substance  is  applied  to  the 
quenched  filaments,  such  finish  substance  having  been  sup- 
plied  through  a  conduit  (40)  located  within  the  conduit  (24). 





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  the  manufac tu re   o f  

melt  spun  p o l y m e r i c   f i l a m e n t s   and,  in  p a r t i c u l a r ,   to  t h e  

quenching  of  spun  f i l a m e n t s   emerging  from  the  s p i n n e r e t . .   One 

aspec t   of  the  i n v e n t i o n   is  also  concerned  with  the  a p p l i c a t i o n  

of  a  f i n i s h i n g   l i q u i d   to  t h e  s p u n   f i l amen t s   a f t e r   they  have .  

been  q u e n c h e d .  

The  manufac tu re   of  melt  spun  polymeric   f i l a m e n t s  

i s  t y p i c a l l y   ach ieved   by  e x t r u d i n g   a  molten  polymer,   s u c h  

as  p o l y e s t e r   or  polyamide  th rough  a  s p i n n e r e t   and  then  c o o l i n g  

the  f i l a m e n t s   thus  formed.  Therebelow,   the  f i l a m e n t s   a r e  

converged  and  g a t h e r e d   at  a  guide  and  d e l i v e r e d   to  a  bobbin   o r  
f u r t h e r   t r e a t m e n t   s t a t i o n .   A  f i n i s h i n g   l i q u i d   is  a p p l i e d   t o  

the  f i l a m e n t s  b e l o w   the  quench  zone.  The  f i n i s h i n g   l i q u i d   may 
comprise  a  s u b s t a n c e   s u i t a b l e   for  impar t ing   a  d e s i r e d   p r o p e r t y  
to  the  f i l a m e n t s ,   such  as  smoothness ,   drape,  l u s t r e ,   w a t e r  

r e p e l l a n c y ,   flame  r e t a r d a n c y ,   or  c rease   r e s i s t a n c e ,   f o r  

example .  

The  manner  in  which  the  f i l amen t s   are  cooled  h a s  

a  s i g n i f i c a n t   impact   on  the  r e s u l t i n g   q u a l i t y   of  the  f i l a m e n t s .  

A  t y p i c a l   coo l i ng   t e c h n i q u e   i n v o l v e s   a  gas  quench  in  w h i c h  

cool  a i r   is   blown  ac ross   the  f i l a m e n t s   as  they  emerge  from  t h e  

s p i n n e r e t .   In  i n s t a n c e s   where  the  f i l a m e n t s   are  e x t r u d e d  

in  the  form  of  a  c i r c u l a r   a r r a y ,   i t   is  common  to  u t i l i z e   an  

outf low  quench  - technique   in  which  the  f i l a m e n t s   are  p a s s e d  

downwardly  in  s u r r o u n d i n g   r e l a t i o n   to  an  upwardly  e x t e n d i n g  

a i r   p ipe ,   the  l a t t e r   be ing   a r r anged   g e n e r a l l y   c o i n c i d e n t  

with  the  c e n t r a l   axis   of  the  group  of  f i l a m e n t s .   Quench  a i r  

is  d i r e c t e d   r a d i a l l y   or  l a t e r a l l y   outwardly  through  t h e  

f i l a m e n t   group  from  an  upper ,   a p e r t u r e d   end  of  the  p ipe,   t h e  

a i r   p r e f e r a b l y   d i s p e r s e d   by  a  porous  shea th ing   s u r r o u n d i n g  

the  a p e r t u r e s .   There  is  thus  produced  a  c o n t r o l l e d   c o o l i n g  

of  the  f i l a m e n t s .   Fo r  examp le ,   see  US  P a t e n t s  3   135  811;  

3  259  681;  3  858  3s6;  and  3  969  462 .  



In  F i g u r e s   1A,  1B  t h e r e   is  d e p i c t e d   a  c o n v e n t i o n a l  

m e l t - s p i n n i n g   a p p a r a t u s   10  where in   a  c o n v e n t i o n a l   f i l t e r  

pack  12  c a r r i e s   a  c o n v e n t i o n a l   s p i n n e r e t   14  th rough   w h i c h  

a  mol ten   polymer,   such  as  p o l y e s t e r   or  polyamide  is   downward ly  

e x t r u d e d   to  form  f i l a m e n t s .   The  s p i n n e r e t   is  of  a  c o n v e n t i o n a l  

type  c o m p r i s i n g   holes   a r r anged   in  an  annu l a r   p a t t e r n   so  t h a t   a  

group  15  of  c i r c u l a r l y   a r r anged   f i l a m e n t s   1 6  i s   formed.  The 

ho les   of  the  s p i n n e r e t   are  p r e f e r a b l y   a r r a n g e d   in   a  s e r i e s  

of  c i r c u l a r   rows  having   a  common  c e n t r a l   ax i s .   The  spun  f i l a m e n t s  

are  s p l i t   i n to   two  groups  and  t r a v e l   downwardly  to  two  t u r n i n g  

g a i d e s . 9 ,   or  godets   or  r o l l s ,   at  which  they  are  g a t h e r e d  

and  r e d i r e c t e d ,   in  c o n v e n t i o n a l   f a s h i o n .  

The  pack  12  is   mounted  on  a  c o n v e n t i o n a l   s u p e r -  
s t r u c t u r e   20,  and  the  f i l a m e n t s   t r a v e l   downwardly  w i t h i n  

a  c a b i n e t   22  c losed   at  l e a s t   on  th ree   s ides   and  p o s s i b l y   o p e n  
a t  t h e   f o u r t h   side  for   o p e r a t o r   m o n i t o r i n g   p u r p o s e s .  

Quench  gas  in  the  form  of  a i r   is   p r o v i d e d   to  c o o l  

the  f i l a m e n t s   16  emerging  from  the  s p i n n e r e t .   The  q u e n c h  

gas  is  d e l i v e r e d   th rough  an  upwardly   e x t e n d i n g   quench  g a s  
c o n d u i t   1  which  i n c l u d e s   a  gas  supply  p o r t i o n   2  and  a  g a s  

d i s c h a r g e   p o r t i o n   3,  which  compr ises   a  p e r f o r a t e d   hole  p a t t e r n  

to  o b t a i n  a   r e q u i r e d   p r o f i l e .   The  gas  supply   p o r t i o n   e x t e n d s  

h o r i z o n t a l l y   in to   the  group  of  f i l a m e n t s   and  forms  an  elbow  4 .  

Openings  are  p rov ided   in  the  gas  d i s c h a r g e   p o r t i o n   to  d i s c h a r g e  

quench  a i r   r a d i a l l y   o u t w a r d l y ,   with  the  d e s i r e d   p r o f i l e ,  

t h r o u g h   the  s u r r o u n d i n g   f i l a m e n t s .   A  porous  shea th   5  s u r r o u n d s  

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

a i r .  

The  upper  end  of  the  condu i t   1  i n c l u d e s   a  pin  6  wh ich  

is  r e c e i v e d   in  an  opening  of  the  s p i n n e r e t   14  to  p r even t   l a t e r a l  

d i s p l a c e m e n t   of  the  condui t   1 .  

As  is  apparen t   from  F igure   1B,  the  f i l a m e n t s   16  a r e  

s e p a r a t e d   i n to   two  bunches  7,  8  to  avoid  c o n t a c t i n g   the  e lbow 



p o r t i o n   of  the  condu i t   1.  The  s e p a r a t e   f i l a m e n t   b u n c h e s  

are  g a t h e r e d   and  r e d i r e c t e d   at  a  p a i r   of  t u r n i n g   guides  9 .  

In  o p e r a t i o n ,   quench  a i r   is  d e l i v e r e d   v ia   t h e  

condui t   1  and  is   d i s c h a r g e d   r a d i a l l y   ou tward ly   from  w i t h i n  

the  group  of  f i l a m e n t s   emerging  from  the  s p i n n e r e t .   The 

quenched  f i l a m e n t s   are  s e p a r a t e d   i n to   bunches  7,8  and  a r e  

g a t h e r e d   and  r e d i r e c t e d   at  the  guides   9  for   c o l l e c t i o n ,   o r  

f u r t h e r   t r e a t m e n t .   - 

I t   w i l l   be  a p p r e c i a t e d   t h a t   the  condu i t   1  is  o f t e n  

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

of  the  machine  and  r e n d e r i n g   i t   d i f f i c u l t   to  m a i n t a i n   t h e  

condui t   in  a l i gnmen t   with  the  l o n g i t u d i n a l   axis   de f ined   b y  

the  f i l a m e n t   group.  This  a r rangement   a lso  r ende r s   i t   d i f f i c u l t  

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

uppermost   quench  a i r   s t ream.  Air  gaps  16A  are  formed  b e t w e e n  

the  f i l a m e n t   bunches  7,  8  which  gaps  promote  u n d e s i r a b l e   a i r  

t u r b u l e n c e .   To  l i m i t   the  a b i l i t y   of  the  f i l a m e n t s   to  c o n t a c t  

the  elbow,  the  d i ame te r   of  the  condu i t   1  is  minimized,   b u t  

t h i s   r e s t r i c t s   the  q u a n t i t y   of  a i r   flow  t h a t   can  be  c o n d u c t e d  

a n d   a lso  i n c r e a s e s   the  p r e s s u r e   d r o p .  

As  p r e v i o u s l y   i n d i c a t e d ,   the  lower  p o r t i o n   of  the  a i r  

pipe  forms  an  elbow  and  passes   h o r i z o n t a l l y   through  the  g r o u p  
of  f i l a m e n t s   above  the  t u r n i n g   guide .   In  order   to  p r e v e n t  

the  downwardly  converg ing   group  of  f i l a m e n t s   from  r u b b i n g  

a g a i n s t   the  elbow,  the  pipe  d i ame te r   is  minimized  and  t h e  

f i l a m e n t   group  is  d iv ided   in to   two  b u n c l e s ,   each  bundle  fed  t o  

a  s e p a r a t e   t u r n i n g   guide,   as  d e p i c t e d   h e r e i n   in  Figure   1B  f o r  

example .  

The  m i n i m i z a t i o n   of  the  a i r   pipe  d iameter   at  low 

p r e s s u r e s   below  0.3515  Kg/cm2  r e s u l t s   in  the  q u a n t i t y   of  a i r   f l o w  

being   l e s s   than  tha t   normal ly   d e s i r e d   for   optimum  c o o l i n g  

pe r fo rmance .   In  a d d i t i o n ,   en l a rged   a i r   gaps  are  formed  b e t w e e n  

the  s e p a r a t e d   bund les ,   which  gaps  promote  a i r   t u r b u l e n c e ,   n o n -  

uniform  quenching   of  the  f i l a m e n t s ,   and  i n c r e a s e d   drag  a c t i o n  

on  the  f i l a m e n t s .   Also,  the  ex t r a   h a n d l i n g   of  t h e  " f i l a m e n t s  



i nc r ea se s   the  o v e r a l l   wear  and  t e a r   to  which  they  are  s u b j e c t e d .  

As  r e g a r d s   the  a i r   pipe  i t s e l f ,   the  elbow  must  b e  

placed  at  a  l e v e l   s u f f i c i e n t l y   below  the  quench  zone  t o  

allow  the  f i l a m e n t s   to  be  e f f e c t i v e l y   d i v i d e d   in to   s e p a r a t e  

bundles .   This  r e s u l t s   in  a  r e l a t i v e l y   long  a i r   pipe  h e i g h t  

which  i n c r e a s e s   the  o v e r a l l   machine  h e i g h t  a n d   r e n d e r s   i t  

d i f f i c u l t   to  m a i n t a i n   the  pipe  a l i g n e d   w i t h  t h e   c e n t r a l   a x i s  

of  the  f i l a m e n t   group  to  a ssure   t h a t   un i fo rm  quenching   a c t i o n  

is  a c h i e v e d .  

I t   w i l l   be  u n d e r s t o o d   t h a t   the  v e r t i c a l   d i s t a n c e  

between  the  e x t r u s i o n   ho les   of  the  s p i n n e r e t   and  the  u p p e r m o s t  

stream  of  c o o l i n g   a i r   is  of  c r i t i c a l   i m p o r t a n c e   r e g a r d i n g  

the  q u a l i t y   of  f i l a m e n t s   be ing   produced.   I t   is  thus   r e q u i r e d  

tha t   a  p r e d e t e r m i n e d   d i s t a n c e   be  m a i n t a i n e d   at  a l l   t imes ,   a  

fea t   not  e a s i l y   a c c o m p l i s h e d   wi th   an  a i r   pipe  of  r e l a t i v e l y  

great   h e i g h t   which  i s   anchored  somewhere  at  i t s   lower  e n d  

remote  from  the  s p i n n e r e t .  

I t   w i l l   a l so   be  a p p r e c i a t e d   t h a t   the  s p l i t t i n g   o f  

the  f i l a m e n t   group  i n to   bundles   c o n s i d e r a b l y   l i m i t s   t h e  

a v a i l a b l e   f r ee   a rea   around  the  f i l a m e n t   t r a v e l   pa th   a n d  

thus  r e s t r i c t s   the  o p e r a t o r ' s  a c c e s s .  

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

been  a c c o m p l i s h e d ,   f o r   example,  by  means  o f   a  s t a t i o n a r y  

a p p l i c a t o r   w i t h i n   w h i c h - t h e   f i l a m e n t s   are  g a t h e r e d .   F i n i s h i n g  

f lu id   is  caused   to  f low  across   the  a p p l i c a t o r   s u r f a c e   a n d  

onto  the  g a t h e r e d   f i l a m e n t s .   Another   t e c h n i q u e   i n v o l v e s   s p r a y i n g  

the  f i n i s h i n g   l i q u i d   onto  the  f i l a m e n t s   which  have  been  g a t h e r e d  

at  the  t u r n i n g   gu ide .   I t   w i l l   be  a p p r e c i a t e d   t h a t   the  q u a l i t y   o f  

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

a p p l i c a t i o n   of  the  f i n i s h i n g   l i q u i d .   The  a p p l i c a t i o n   of  t h e  

l iqu id   to  the  f i l a m e n t s   when  the  l a t t e r   are  in  a  g a t h e r e d   o r  

bunched-up  c o n d i t i o n '  i s   d i f f i c u l t   to  ach ieve   with  the  d e s i r e d  

u n i f o r m i t y .  

A c c o r d i n g   to  t h e  p r e s e n t   i n v e n t i o n   we  p rov ide   a  m e l t -  

s p i m i n g   p r o c e s s   in  which  molten  polymer  is  ex t ruded   downward ly  



through  a  f i b r e   pack  and  through  an  annu l a r   a r r a y   of  h o l e s  

in  a  s p i n n e r e t   to  form  a  c i r c u l a r l y   a r r anged   group  o f  

f i l a m e n t s ,   quench  gas  is  d i r e c t e d   ac ross   the  f i l a m e n t s  

emerging  from  the  s p i n n e r e t ,   and  the  f i l a m e n t s   are  g a t h e r e d  

and  r e d i r e c t e d   at  a  s t a t i o n a r y   or  r o t a t i n g   gu ide ,   c h a r a c t e r i s e d  

in  tha t   quench  gas  is  d e l i v e r e d   downwardly  t h rough '  t he   p a c k  
and  s p i n n e r e t   c o a x i a l l y   r e l a t i v e   to  the  a r r a y   of  ho les   a n d  

then  r e d i r e c t e d   ou tward ly   through  the  group  of  f i l a m e n t s   above  

the  g u i d e .  

Accord ing   to  one  aspec t   of  such  a  m e l t - s p i n n i n g  

process   a  f i n i s h   subs t ance   is  a p p l i e d   to  the  f i l a m e n t s ,   t h e  

f i n i s h   s u b s t a n c e   hav ing   been  conducted  th rough   the  pack  a n d  

through  the  s p i n n e r e t   and  at  l e a s t   p a r t l y   i n t e r n a l l y   of  the  f l o w  

of  quench  gas  and  be ing   d i scha rged   ou tward ly   from  w i t h i n  

the  group  of  f i l a m e n t s   at  a  l e v e l   below  the  d i s c h a r g e   of  q u e n c h  

g a s .  
We  a lso   p rov ide   an  appa ra tu s   for   the  manufac tu re   o f  

me l t - spun   f i l a m e n t s   in  which  molten  polymer  is   e x t r u d e d  

downwardly  th rough   a  f i b r e   pack  and  through  an  annu la r   a r r a y  
of  holes   in  a  s p i n n e r e t   to  form  a  c i r c u l a r l y   a r r anged   group  o f  

f i l a m e n t s ,   the  a p p a r a t u s   i n c l u d i n g   quenching   means  f o r  

d i r e c t i n g   quenching   gas  across   the  f i l a m e n t s   emerging  from  t h e  

s p i n n e r e t   and  a  s t a t i o n a r y   or  r o t a t i n g   guide  t he rebe low  at  w h i c h  

the  f i l a m e n t s   are  ga the red   and  r e d i r e c t e d ,   c h a r a c t e r i s e d   i n  t h a t  

the  quenching  means  comprises   a  gas  supply   condu i t   e x t e n d i n g  

downwardly  th rough  the  pack  and  the  s p i n n e r e t   be ing   p o s i t i o n e d  

c o a x i a l l y   r e l a t i v e   to  the  ar ray  of  h o l e s ,  t h e   condu i t   i n c l u d i n g  

gas  d i s c h a r g e   means  d i sposed   above  the  guide  for   d i s c h a r g i n g  

quench  gas  ou tward ly   through  the  group  of  f i l a m e n t s .  

Accord ing   to  one  aspect   of  the  a p p a r a t u s ,   a  means  i s  

provided  for   a p p l y i n g   a  f i n i s h   subs t ance   on  to  the  f i l a m e n t s ,  

such  f i n i s h   app ly ing   means  compr i s ing   a  f i n i s h   supply  c o n d u i t  

ex tending   downwardly  through  the  pack  and  the  s p i n n e r e t   w i t h i n  

the  quench  gas  supply  condui t ,   the  f i n i s h   supply   c o n d u i t  

p r o j e c t i n g   below  the  gas  d i s cha rge   means  c o a x i a l l y   wi th in   t h e  

group  of  f i l a m e n t s   and  i n c l u d i n g   a  means  for   d i s c h a r g i n g   f i n i s h  



on  to  the  f i l a m e n t s .  

The  o b j e c t s   and  a d v a n t a g e s   of  the  i n v e n t i o n  w i l l  

become  a p p a r e n t   from  the  f o l l o w i n g   d e t a i l e d   d e s c r i p t i o n  

of  p r e f e r r e d   embodiments  t h e r e o f   in  connec t ion   with  t h e  

accompanying  drawings  in  which  l i k e   numerals   d e s i g n a t e   l i k e  

e l emen t s ,   and  in  w h i c h .  

F igure   1A  is   a  f r o n t   view  in  v e r t i c a l   s e c t i o n   o f  

a  m e l t - s p i n n i n g   a p p a r a t u s   a c c o r d i n g   to  the  p r i o r   a r t ;  

F igure   1B  is   a  view  s i m i l a r   to  F igure   1A  b u t  

obse rved   from  the  s ide   to  i l l u s t r a t e   the  s e p a r a t i o n   o f  

f i l a m e n t s   i n to   bunches ;   a n d  

F igure   2  is   a  v e r t i c a l   s e c t i o n a l   view  through  a  

m e l t - s p i n n i n g   a p p a r a t u s   a c c o r d i n g   to  the  p r e s e n t   i n v e n t i o n .  

F igure   3  is   a  v e r t i c a l   s e c t i o n a l   view  through  a  

modi f i ed   m e l t - s p i n n i n g   a p p a r a t u s   a c c o r d i n g   to  the  p r e s e n t  

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

to  the  f i l a m e n t s .  

An  a p p a r a t u s   a c c o r d i n g   to  t h i s   i n v e n t i o n   is  d e p i c t e d   i n  

F igure   2.  Quench  gas  is  d e l i v e r e d   by  a  quenching  condu i t   24 

which  i n c l u d e s   a  gas  supply   p o r t i o n   26  and  a  gas  d i s c h a r g e  

p o r t i o n   28.  The  gas  supply   p o r t i o n   26  extends  downwardly  t h r o u g h  

the  pack  12  and  s p i n n e r e t   14  in  coax i a l   r e l a t i o n s h i p   wi th   the  a x i s  

de f i ned   by  the  c i r c u l a r   a r r a y s   of  s p i n n e r e t   ho les .   Thus,  i n  

c o n t r a s t   to  the  p r i o r   a r t ,   the  p re sence   of  an  elbow  below  t h e  

quench  i s   e l i m i n a t e d .  

The  gas  d i s c h a r g e   p o r t i o n   28  is  d i sposed   i m m e d i a t e l y  

below  the  s p i n n e r e t   14  and  i n c l u d e s   a  p l u r a l i t y   of  o u t l e t  

openings   fo r   d i s c h a r g i n g   the  quench  a i r   l a t e r a l l y   o u t w a r d l y  

with  the  d e s i r e d   p r o f i l e ,   t h rough   the  s u r r o u n d i n g   f i l a m e n t s  

16.  I t   w i l l ,   of  cou r se ,   be  a p p r e c i a t e d   t h a t   the  hole  a r r a n g e m e n t  

for  a  given  p r o f i l e  w i t h   t h i s   i n v e n t i o n   is  n e c e s s a r i l y   d i f f e r e n t  

from  the  hole   a r r angement   of  the  p r i o r   a r t .   P r e f e r a b l y ,   a  

shea th   of  porous  foam  30  su r rounds   the  condui t   d i s c h a r g e  

p o r t i o n   to  u n i f o r m l y   d i s p e r s e   the  quench  a i r .   A  c o l l a r   31 

may  be  l o c a t e d   on  the  condu i t   24  to  p o s i t i o n   the  s h e a t h .  



I t   w i l l   be  a p p r e c i a t e d   t h a t   quench  a i r   passes   t h r o u g h  

the  f i l a m e n t s ,   b e l l o w i n g   them  r a d i a l l y   o u t w a r d l y .  

The  s e c t i o n   of  the  gas  supply  p o r t i o n   26  e x t e n d i n g  

through  the  pack  12  i s   p r e f e r a b l y   su r rounded   by  an  a i r   gap  

32  to  minimize  heat   exchange  between  the  quench  gas  a n d  

molten  polymer  w i t h i n   the  pack  12.  A l t e r n a t i v e l y ,   or  i n  

a d d i t i o n ,   t ha t   s e c t i o n   of  the  gas  supply  p o r t i o n   26  could  b e  

covered  with  thermal   i n s u l a t i o n .  

The  gas  supp ly   condu i t   24  i n c l u d e s   a  f i x e d   stop  c o l l a r  

34  which  r e s t s   upon  a  s top  shou lde r   36  on  the  pack  to  s u p p o r t  

the  supply  condu i t   24  and  f i x e d l y   l o c a t e   the  l a t t e r   r e l a t i v e  

to  the  s p i n n e r e t .   In  t h i s   f a s h i o n ,   the  s p a c i a l   r e l a t i o n s h i p  

between  the  s p i n n e r e t   h o l e s   and  the  uppermost   s t ream  of  quench  

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

quenching  a c t i o n   and  r educe   b i r e f r i n g e n c e   v a r i a n c e   in  t h e  

f i l a m e n t s   p roduced .   T h e s e   improvements  occur   w i t h i n   a n d  

between  m e l t - s p i n n i n g   p o s i t i o n s .  

Ex tend ing   downwardly  from  the  lower  end  of  t h e  

d i s cha rge   p o r t i o n   28  of  the  condu i t   is  a  gas  s t r e a m l i n i n g  

member  38  in  the  form  of  a  downwardly  c o n v e r g i n g   cone.  The 

cone  occupies   a  c o n s i d e r a b l e   p o r t i o n   of  the  space  bounded  

by  the  converg ing   f i l a m e n t s   16.  Air  n o r m a l l y   drawn  downwardly 

by  the  r a p i d l y   t r a v e l l i n g   f i l a m e n t s   is  c o n s t r a i n e d   by  the  cone  

to  flow  in  a  smoother   n o n - t u r b u l e n t   f a s h i o n   to  m i n i m i z e  

u n d e s i r e d   v i b r a t i o n   of  the  f i l a m e n t s .   The  cone  38  can  b e  

secured   to  the  lower  end  of  the  condui t   28  in  any  s u i t a b l e  

manner,  p r e f e r a b l y   in  a  r e l e a s a b l e   manner,  such  as  by  s c r e w s ,  

bayonet   coup l ing ,   e t c .  

I t   is  p r e f e r a b l y   t ha t   the  d iamete r   de f i ned   by  t h e  

innermost   c i r c u l a r   row  of  holes   in  the  s p i n n e r e t   be  at  l e a s t  

5"  to  allow  s u f f i c i e n t   room  for  the  gas  supply   condui t   26 

to  pass  t h e r e t h r o u g h .   Smal le r   d iamete r s   could  be  employed,  

but  t h e   gas  condu i t   would  then  p robably   be  s m a l l e r   than  n e e d e d  

to  conduct  an  optimum  gas  flow  q u a n t i t y .  

If   d e s i r e d ,   a  f i n i s h i n g   l i q u i d   may  be  a p p l i e d   in  à  



c o n v e n t i o n a l   manner  to  the  f i l a m e n t s   in  the  v i c i n i t y   of  a  

c o n v e n t i o n a l   s t a t i o n a r y   or  r o t a t i n g   guide  46  at  which  t h e  

f i l a m e n t s   are  ga the red   and  r e d i r e c t e d .  

The  appa ra tu s   d e p i c t e d   in  F i g u r e  3   is   s i m i l a r   to  t h a t  

d e p i c t e d   in  F igure   2  apar t   from  c e r t a i n   m o d i f i c a t i o n s   w h i c h  

are  now  d e s c r i b e d .  

E x t e n d i n g   downwardly  t h r o u g h   t h e  q u e n c h   c o n d u i t  

24  and  t h rough   the  a i r   s t r e a m l i n i n g   cone  38  i s   a  f i n i s h   s u p p l y  

condui t   40  which  conducts  a  s u i t a b l e  f i n i s h i n g   l i q u i d .   The 

lower  end  of  condui t   40  p r o j e c t s   beyond  the  b o t t o m  o f   the  cone  

38  and  c a r r i e d   a  spray  nozz le   42.  The  s p r a y  n o z z l e   42  is  f i x e d  

by  a  c o l l a r   44  and  is  o r i e n t e d  t o   sp ray   the  f i n i s h   l i q u i d ,   i n  

mist  form,  in  a  downward  and  l a t e r a l l y   outward  d i r e c t i o n ,   so  

tha t   the  l i q u i d   passes   ou tward ly   t h rough   the  group  of  f i l a m e n t s  

16  a f t e r   the  l a t t e r   have  been  q u e n c h e d .  

I t   w i l l   be  unde r s tood   t h a t   the  l o c a t i o n   of  the  s p r a y  

nozz le   r e l a t i v e l y  c l o s e   to  the  quench  zone  and  h igh   above  t h e  

usual   guide  46,  or  godet  or  r o l l ,   a d v a n t a g e o u s l y   a f f e c t s   t h e  

u n i f o r m i t y   of  the  f i n i s h   a p p l i c a t i o n .   At  such  l o c a t i o n   t h e  

f i l a m e n t s   are  not  g a t h e r e d   too  c l o s e l y   t o g e t h e r   to  i n h i b i t   a  u n i f o r m  

t r a v e l   of  the  f i n i s h   subs t ance ,   and  are  spaced  s u f f i c i e n t l y   n e a r  

the  c e n t r a l   axis   of  the  group  to  r e c e i v e   a  c o n c e n t r a t e d   q u a n t i t y  

of  the  sp rayed   f i n i s h .  

The  p resence   of  the  s t r e a m l i n i n g   cone  38  a ids   i n  

smoo th ing -ou t   the  flow  of  a i r   in  t h e  v i c i n i t y   of  t h e  n o z z l e ,  

t he reby   m i n i m i z i n g   u n d e s i r e d   t u r b u l e n t   s w i r l i n g   a c t i o n s   w h i c h  

could  a d v e r s e l y   a f f e c t   the  s p r a y i n g   a c t i o n . -  

As  a  r e s u l t ,   the  f i l a m e n t s   r e c e i v e   a  s u b s t a n t i a l l y  

uni form  a p p l i c a t i o n   of  the  f i n i s h   s u b s t a n c e .  

Sp ray ing   of  the  f i n i s h i n g   s u b s t a n c e   th rough  the  f i l a m e n t s  

while  they  are  in  a  s e p a r a t e d   c o n d i t i o n   a ids   not  only  i n  

a c h i e v i n g   a  uni form  a p p l i c a t i o n   of  f i n i s h   but  a lso  in  a u g m e n t i n g  

the  f i l a m e n t   coo l ing   step  because   the  f i n i s h   subs t ance   is  t y p i c a l l y  

of  a   lower  t empera tu re   than  are  the  f i l a m e n t s   at  the  d i s c l o s e d  

r eg ion   of  f i n i s h   a p p l i c a t i o n .  



By  l o c a t i n g   the  f i n i s h   supply  condu i t   w i t h i n   t h e  

quench  gas  condu i t   24,  the  f i n i s h   a p p l i c a t i o n   can  b e  

ach ieved   w i thou t   r e d u c i n g   access   space  w i t h i n   t h e  

c a b i n e t   22  and  w i thou t   i n h i b i t i n g   the  t r a v e l   of  the  f i l a m e n t s .  

In  o p e r a t i o n ,   the  f i l a m e n t s   16  are  formed  in  c i r c u l a r  

a r r ays   in  c o n v e n t i o n a l   f a s h i o n .   Quench  a i r   is   c o n d u c t e d  

downwardly  th rough   the  pack  12  via   the  condu i t   24  a n d  

d i s c h a r g e d   r a d i a l l y   o u t w a r d l y   through  the  group  of  f i l a m e n t s  

to  cool  the  l a t t e r .   Air  c u r r e n t s   immed ia t e ly   below  the  c o n d u i t  

24  are  guided  in  s t r e a m l i n e d   f a s h i o n   by  the  s t r e a m l i n i n g   cone  

38  toward  the  f i n i s h   spray  nozz le   42.  F i n i s h   s u b s t a n c e   i s  

sprayed  ou tward ly   from  the  nozz le   and  u n i f o r m l y   covers   t h e  

cooled ,   s t i l l   s e p a r a t e d   f i l a m e n t s  1 6 .   The  smooth  a i r   f l o w  

e s t a b l i s h e d   by  the  cone  a c h i e v e s   a  low  t u r b u l e n c e   sp ray   p a t t e r n  

to  the  f i l a m e n t s .   A p p l i c a t i o n   of  the  f i n i s h   sp ray   a lso  a i d s  

in  f u r t h e r   coo l ing-down  the  f i l a m e n t s .   T h e r e a f t e r ,   t h e  

f i l a m e n t s   are  g a t h e r e d   and  r e d i r e c t e d   at  the  guide  4 6 .  

I t   w i l l   be  a p p r e c i a t e d   tha t   the  a p p l i c a t i o n   o f  

f i n i s h   spray  from  w i t h i n   t h e  f i l a m e n t   group  and  at  a  l e v e l  

above  the  midpoin t   of  the  d i s t a n c e   between  the  s p i n n e r e t   and  

the  t u r n i n g   guide  promotes  a  u n i f o r m i t y   of  the  a p p l i c a t i o n  

because   of  the  p r o x i m i t y   of  the  f i l a m e n t s   to  the  l o n g i t u d i n a l  

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

.to  one  a n o t h e r .   The  a i r   s t r e a m l i n i n g   cone  min imizes   t u r b u l e n c e   i n  

.the  spray  p a t t e r n   to  aid  in  a c h i e v i n g   such  u n i f o r m i t y .   T h e r e  

is  also  ach ieved   a  f i n a l   c o o l i n g   of  the  f i l a m e n t s .  

By  c o n d u c t i n g   the  f i n i s h   subs tance   t h rough   the  quench  

gas  condu i t ,   o p e r a t o r   a c c e s s i b i l i t y   w i th in   the  c a b i n e t  

is  not  a f f e c t e d   and  no  h i n d r a n c e   to  f i l amen t   t r a v e l   is  p r o d u c e d .  

I t   w i l l   be  a p p r e c i a t e d   tha t   the  p r e s e n t   i n v e n t i o n  

e l i m i n a t e s   the  need  for   an  elbow  in  the  quench  gas  s u p p l y  

condui t   below  the  quench  zone,  and  thereby   e l i m i n a t e s   t h e  

need  for  d i v i d i n g   the  f i l a m e n t s   in to   s e p a r a t e   b u n d l e s .   As 

a  r e s u l t ,   i t   is  g e n e r a l l y   u n n e c e s s a r y   to  r e s t r i c t   the  s i z e  

of  the  gas  supply  condu i t   and  thus  an, optimum  amount  of  q u e n c h  



gas  flow  can  be  p r o v i d e d .   Since  i t   is  u n n e c e s s a r y   to  p r o v i d e  

a  quenching  gas  condu i t   of  s u b s t a n t i a l   h e i g h t   below  t h e  

s p i n n e r e t ,   the  o v e r a l l   machine  he igh t   is   r educed ,   and  i t  

is  also  e a s i e r   to  a l i g n   the  quench  condu i t   with  the  a x i s  

of  the  f i l a m e n t   g r o u p .  
Because  the  quench  gas  condui t   i s  m o u n t e d   on  t h e  

pack,  a  c o n s t a n t   un i form  d i s t a n c e   between  the  s p i n n e r e t  

holes   and  the  uppermost   quench  a i r   s t ream  may  e a s i l y   b e  

ma in t a ined ,   t h e r e b y   a s s u r i n g   uniform  q u a l i t y   and  m i n i m a l  

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

The  f i l a m e n t s   are  not   s u b j e c t e d   to  e x t r a   wear  a n d  

t e a r   by  rubbinb   a g a i n s t   u n l u b r i c a t e d   s u r f a c e s   such  as  quench  

elbows.  Also,   s ince   the  f i l a m e n t s   need  no  l o n g e r   b e  

s e p a r a t e d   i n to   b u n d l e s ,   a i r   gaps  p r e v i o u s l y   formed  b e t w e e n  

the  bundles ,   and  which  promoted  a i r   t u r b u l e n c e   around  t h e  

f i l a m e n t s ,   no  l onge r   e x i s t .   Turbulence   is   f u r t h e r   r e d u c e d  

by  the  p resence   of  the  s t r e a m l i n i n g   cone  which  ex tends   be low 

the  o u t l e t   of  the  quench  gas  d u c t . .  

Although  the  i n v e n t i o n   has  been  d e s c r i b e d   in  c o n n e c t i o n  

with  p r e f e r r e d   embodiments  t h e r e o f ,   i t   w i l l   be  a p p r e c i a t e d   b y  

those  s k i l l e d   in  the  a r t   t h a t   a d d i t i o n s ,   s u b s t i t u t i o n s ,  

m o d i f i c a t i o n s ,   and  d e l e t i o n s   not  s p e c i f i c a l l y   d e s c r i b e d   may  b e  

made  wi thout   d e p a r t i n g   from  the  s p i r i t   or  scope  of  the  i n v e n t i o n  

as  de f ined   in  the  appended  c l a i m s .  



1.  A  m e l t - s p i n n i n g   p roce s s   in  which  mol ten  p o l y m e r  

is  ex t ruded  downwardly  th rough   a  f i b r e   pack  (12)  and  t h r o u g h  

an  annula r   a r r a y   of  ho les   in  a  s p i n n e r e t   (14)  to  form  a  

c i r c u l a r l y   a r r a n g e d   group  of  f i l a m e n t s   (16) ,   quench  gas  i s  

d i r e c t e d   ac ross   the  f i l a m e n t s   (16)  emerging  from  the  s p i n n e r e t  

(14),   and  the  f i l a m e n t s   (16)  are  g a t h e r e d   and  r e d i r e c t e d   a t  

a  s t a t i o n a r y   or  r o t a t i n g   guide  ( 4 6 ,   c h a r a c t e r i s e d   in  t h a t  

quench  gas  i s . d e l i v e r e d   downwardly  (24 ,26)   through  the  p a c k  
(12)  and  s p i n n e r e t   (14)  c o a x i a l l y   r e l a t i v e   to  the  a r r a y   of  h o l e s  

and  then  r e d i r e c t e d   o u t w a r d l y   (28,30)   th rough  the  group  o f  

f i l a m e n t s   (16)  above  the  guide  ( 4 6 ) .  

2.  A  m e l t - s p i n n i n g   p r o c e s s   a c c o r d i n g   to  Claim  1  w h e r e i n  

molten  polymer  is  passed   th rough   a  p l u r a l i t y   of  c o a x i a l   c i r c u l a r  

rows  of  ho les   in  the  s p i n n e r e t   ( 1 4 ) .  

3 .  A   m e l t - s p i n n i n g   p roces s   a c c o r d i n g   to  e i t h e r   Claim  1  o r  
Claim  2  in  which  a  f i n i s h   s u b s t a n c e   is  a p p l i e d   to  the  f i l a m e n t s  

' (16),   such  f i n i s h   s u b s t a n c e   having   been  conducted   (40)  th rough   t h e  

pack  (12)  and  th rough   the  s p i n n e r e t   (14)  and  at  l e a s t   p a r t l y   i n -  

t e r n a l l y   of  the  flow  of  quench  gas  and  be ing   d i s c h a r g e d  

outwardly   (42)  from  w i t h i n   the  group  of  f i l a m e n t s   (16)  at  a  

l e v e l   below  the  d i s c h a r g e   of  quench  g a s .  

4.  A  m e l t - s p i n n i n g   p roce s s   a c c o r d i n g   to  Claim  3  i n  

which  the  f i n i s h   s u b s t a n c e   is  conducted  (40)  wholly  i n t e r n a l l y  

of  the  quench  gas  d e l i v e r e d   through  the  pack  (12)  and  

s p i n n e r e t   ( 1 4 ) .  

5.  An  a p p a r a t u s   for   the  manufac tu re   of  m e l t - s p u n   f i l a m e n t s  

in  which  molten  polymer  is  ex t ruded   downwardly  through  a  f i b r e  

pack  (12)  and  th rough  an  annu l a r   a r ray   of  ho les -  in   a  s p i n n e r e t  

(14)  to  form  a  c i r c u l a r l y   a r r anged   group  of  f i l a m e n t s   (16),   t h e  

appara tus   i n c l u d i n g   quenching   means  (24,  26,  28,  30)  for   d i r e c t i n g  

quenching  gas  ac ross   the  f i l a m e n t s   (16)  emerging  from  the  s p i n n e r e t  

(14)  and  a  s t a t i o n a r y   or  r o t a t i n g   guide  (46)  t he rebe low  at  w h i c h  

the  f i l a m e n t s   (16)  are  g a t h e r e d   and  r e d i r e c t e d ,   c h a r a c t e r i s e d  i n  

tha t   the  quenching   means  (24,  26,  28,  30)  comprises   a  gas  s u p p l y  

condui t   (24)  e x t e n d i n g   downwardly  through  the  pack  (12):  and  



the  s p i n n e r e t   (14)  and  the  s p i n n e r e t   ( 1 4 )  b e i n g   p o s i t i o n e d  

c o a x i a l l y   r e l a t i v e   to  the  a r r a y   of  ho le s ,   the  c o n d u i t  

(24)  i n c l u d i n g   gas  d i s c h a r g e   means  (28,  3 0 ) .  

6.  An  appa ra tu s   for   the  manufac tu re   of  m e l t - s p u n   f i l a m e n t s  

as  claimed  in  Claim  5  i n c l u d i n g   means  for   a p p l y i n g   a  f i n i s h  

subs tance   on  to  the  f i l a m e n t s   (16) ,   such  f i n i s h   a p p l y i n g  

means  (40,  42)  c o m p r i s i n g   a  f i n i s h   supply  condu i t   ( 4 0 )  

ex t end ing   downwardly  t h r o u g h   the  pack  (12)  and  the  s p i n n e r e t  

( 1 4 )  w i t h i n   the  quench  gas  supply   condui t   (24) ,   the  f i n i s h   s u p p l y  

condui t   (40)  p r o j e c t i n g   below  the  gas  d i s c h a r g e   means  (28,  30)  

c o a x i a l l y   w i t h i n   the  group  of  the  f i l a m e n t s   (16)  and  i n c l u d i n g  

a  means  (42)  for   d i s c h a r g i n g   f i n i s h   on  to  the  f i l a m e n t s   ( 1 6 ) .  

7.  An  a p p a r a t u s   as  c l a imed   in  Claim  5  or  Claim  6  i n  

which  means  (34,  36)  are  p r o v i d e d   to  f i x e d l y   l o c a t e   the  g a s  

supply  condu i t   (24)  r e l a t i v e   to  the  s p i n n e r e t   (14)   to  m a i n t a i n  

a  f i xed   d i s t a n c e   from  the  s p i n n e r e t   (14)  to  an  u p p e r m o s t  

s t ream  of  the  quench  g a s .  

8.  An  a p p a r a t u s   as  c l a imed   in  any  one  of  C l a i m s   5 

to  7  in  which  an  a i r   gap  (32)  is   p rovided   between  the  g a s  

supply  condui t   (24)  and  the  i n t e r i o r   of  the  pack  (12)  in  o r d e r  

to  minimize  heat   exchange  between  the  pack  (12)  and  the  quench 

g a s .  

9.  An  a p p a r a t u s   as  c l a imed   in  any  one  of  Claims  5  to  8 

in  which  the  means  (42)  fo r   d i s c h a r g i n g   f i n i s h   on  to  t h e  

f i l a m e n t s   (16)  compr i ses   a  n o z z l e   (42)  for   s p r a y i n g   the  f i n i s h  

ou tward ly   on  to  the  f i l a m e n t s   ( 1 6 ) .  

10.  An  a p p a r a t u s   as  c la imed   in  any  one  of  Claims  6  to  9 

i n c l u d i n g   a  downwardly  c o n v e r g i n g   s t r e a m l i n i n g   member  (38)  

l o c a t e d   between  the  gas  d i s c h a r g e   means  (28 ,30)   and  the  means 

(42)  for  d i s c h a r g i n g   f i n i s h   on  to  the  f i l a m e n t s   ( 1 6 ) .  

1 1 .  A n   a p p a r a t u s   as  c la imed  in  any  one  of  Claims  6  to  9 

where in   the  means  (42)  fo r   d i s c h a r g i n g   f i n i s h   is  d i s p o s e d  

above  the  midpoint   of  the  d i s t a n c e   between  the  s p i n n e r e t   (14)  

and  the  guide  ( 4 6 ) .  
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