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TECHNICAL  FIELD 

This   i n v e n t i o n   r e l a t e s   to  h o l l o w   c r i m p e d  

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

p i l l o w s ,   i n s u l a t e d   g a r m e n t s ,   s l e e p i n g   bags   a n d  

r e l a t e d   a r t i c l e s   of  m a n u f a c t u r e .   I t   a l s o   r e l a t e s   t o  

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

BACKGROUND  ART 

U . S .  P a t e n t   3 , 7 7 2 , 1 3 7   to  T o l l i v e r   c o n c e r n s  

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

h a v i n g   a  c e r t a i n   h o l l o w   c r o s s - s e c t i o n a l   c o n f i g u r a t i o n  
and  c r i m p   type   which  t o g e t h e r   p r o v i d e   a  h igh   i n i t i a l  

f i l l i n g   power  as  we l l   as  good  s u p p o r t   bu lk   u n d e r  

l o a d ,   both   of  which   r ema in   d u r a b l e   in  u s e .   I n  

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

is  p r o v i d e d   by  t h e s e   f i b e r s   is  p r e f e r r e d .   Some 

i m p r o v e m e n t   in  t h e i r   s o f t n e s s   can  be  r e a l i z e d   t h r o u g h  
the  use  of  known  p o l y s i l o x a n e   s l i c k e n i n g   a g e n t s   a s  

t a u g h t   for  e x a m p l e   by  Ryan  in  U.S.  P a t e n t   3 , 4 8 8 , 2 1 7  
and  by  Mead  in  U.S.  P a t e n t   3 , 4 5 4 , 4 2 2 ,   but   even  m o r e  
s o f t n e s s   c o m b i n e d   wi th   h igh   bulk   r e m a i n s   d e s i r a b l e .  

U.S.  P a t e n t   4 , 1 4 6 , 6 7 4   to  Sa lamon  et   a l .  

c o n c e r n s   a  f i l l i n g   m a t e r i a l   of  c r i m p e d   p o l y e s t e r  
f i b e r s   of  a  s p e c i f i c   c o n f i g u r a t i o n   to  which  has  b e e n  

a p p l i e d   a  c e r t a i n   d u r a b l e   s i l i c o n e / d i e p o x i d e  
s l i c k e n e r .   Such  f i l l i n g   is  s t a t e d   to  r e m a i n   m o r e  

s e r v i c e a b l e   a f t e r   w a s h i n g   and  to  have  " s e r v i c e  

p r o p e r t i e s "   s u b s t a n t i a l l y   c o m p a r a b l e   w i th   a  n a t u r a l  

down  f i l l i n g .   However ,   such  s o l i d   f i b e r s   do  n o t  

p r o v i d e   the  h igh   bulk   and  bulk   d u r a b i l i t y   p r o v i d e d   by  

h o l l o w   f i b e r s   as  d e s c r i b e d   a b o v e .  



An  o b j e c t   of  the   p r e s e n t   i n v e n t i o n   is  a  
f i b e r   for  use  as  a  f i l l i n g   m a t e r i a l   which   p r o v i d e s  

h igh   bulk   and  h igh   bu lk   d u r a b i l i t y   bu t   w i th   i m p r o v e d  
s o f t n e s s   more  l i k e   t h a t   of  n a t u r a l   down  f i l l i n g .  

BRIEF  DESCRIPTION  OF  THE  DRAWING 

The  F i g u r e   c o n s i s t s   of  e n l a r g e d   f i b e r  

s e c t i o n a l   v iews   t a k e n   from  a  p h o t o m i c r o g r a p h   o f  

c r o s s - s e c t i o n s   of  p r e f e r r e d   p o l y e s t e r   f i b e r s   of  t h e  

i n v e n t i o n .  

DISCLOSURE  OF  THE  INVENTION 

This   i n v e n t i o n   p r o v i d e s   an  i m p r o v e d   h o l l o w  

p o l y e s t e r   f i b e r   for  use  as  a  f i l l i n g   m a t e r i a l   w h i c h  

f i b e r   has  a  c o n t i n u o u s   void   t h r o u g h o u t   i t s   l e n g t h ,   a  
s a w - t o o t h e d   t y p e   of  c r imp   c o n f i g u r a t i o n ,   and  c o n t a i n s  

a  t e x t i l e   s l i c k e n i n g   a g e n t ,   w h e r e i n   t he   i m p r o v e m e n t  

c o m p r i s e s   s a i d   f i b e r   h a v i n g   a  n o n r o u n d   c r o s s - s e c t i o n ,  

a  void   c o n t e n t   w i t h i n   the  r ange   of  15  to  35% 

r e s u l t i n g   from  f o u r ,   c o n t i n u o u s ,   p a r a l l e l ,  

s u b s t a n t i a l l y   e q u i s i z e d   v o i d s   which  a r e   s u b s t a n t i a l l y  

e q u i s p a c e d   a r o u n d   a  s o l i d   a x i a l   c o r e ,   a  d e n i e r   p e r  
f i b e r   w i t h i n   the  r ange   of  4  to  10,  p r e f e r a b l y   4  to  7 

for  p i l l o w s   and  i n s u l a t e d   g a r m e n t s ,   and  a  c r i m p  

f r e q u e n c y   w i t h i n   the  r ange   of  4  to  10  c r i m p s   per  i n c h  

(1 .57   to  3 .94  c r i m p s / c m . ) .  
The  f i b e r   is  c o m p r i s e d   of  a  f i b e r - f o r m i n g  

p o l y e s t e r   p o l y m e r   composed   of  at  l e a s t   85%  by  w e i g h t  

of  an  e s t e r   of  a  s u b s t i t u t e d   a r o m a t i c   c a r b o x y l i c   a c i d  

i n c l u d i n g   bu t   no t   r e s t r i c t e d   to  t e r e p h t h a l a t e   u n i t s  

and  p a r a - s u b s t i t u t e d   h y d r o x y   b e n z o a t e   u n i t s .   The  

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

t e r e p h t h a l a t e )  .  
The  c o m b i n a t i o n   of  f i b e r   p r o p e r t i e s   of  t h i s  

i n v e n t i o n   is  p r o v i d e d   by  f i b e r s   of  n o n r o u n d  

c r o s s - s e c t i o n   h a v i n g   four   c o n t i n u o u s   p a r a l l e l   v o i d s  

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



a  n o n r o u n d   p e r i p h e r a l   c o n t o u r ,   and  more  p r e f e r a b l y  

a d j a c e n t   s i d e s   of  a d j a c e n t   v o i d s   a re   s u b s t a n t i a l l y  
f l a t   and  p a r a l l e l .   For  e x a m p l e ,   one  p r e f e r r e d   v o i d  

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

j o i n e d   at  the  o u t e r   ends  by  a  t h i r d   c u r v e d   s i d e  

( e . g . ,   as  in  a  s e g m e n t   of  a  c i r c l e ) ,   the  apex  o f  

which  is  o r i e n t e d   toward   the  f i b e r   a x i s .   Four  s u c h  

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

s u b s t a n t i a l l y   q u a d r i l a t e r a l   f i b e r   c r o s s - s e c t i o n  

h a v i n g   f o u r   f l a t t e n e d   s i d e s   c o n n e c t e d   by  four   r o u n d e d  

c o r n e r s   o r  l o b e s .   Such  a  c r o s s - s e c t i o n   is  c o m m o n l y  
r e f e r r e d   to  as  a  t e t r a l o b a l   c r o s s - s e c t i o n .  

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

s u b s t a n t i a l l y   e q u i s . i z e d   and  e q u i s p a c e d   in  a 

s u b s t a n t i a l l y   s q u a r e   t e t r a l o b a l   f i b e r   s u b j e c t   t o  
n o r m a l   v a r i a t i o n s   t h e r e i n   common  to  m e l t   s p i n n i n g .  
Such  c r o s s - s e c t i o n s   p lus   a  s l i c k e n i n g   a g e n t   on  t h e  
f i b e r   s u r f a c e s   p r o v i d e   f i b e r s   g i v i n g   s u r p r i s i n g l y  

h igh   bu lk   and  good  bulk  d u r a b i l i t y   a l o n g   wi th   a 
s u r p r i s i n g l y   i m p r o v e d   s o f t n e s s ,   when  c o m p a r e d  a t   t h e  

same  c r i m p   l e v e l ,   w i th   known  round  s l i c k e n e d   h o l l o w  
f i b e r f i l l   f i b e r s   w i th   a  s i n g l e   v o i d .  

The  t e rm  " n o n r o u n d "   as  used  h e r e i n   means  a  
d e v i a t i o n   from  c i r c u l a r   such  t h a t   the  m o d i f i c a t i o n  

r a t i o ,   MR,  is  a t   l e a s t   1 . 05 ,   p r e f e r a b l y   at   l e a s t  

1 . 1 .   M o d i f i c a t i o n   r a t i o ,   as  known  in  the  a r t ,   is  t h e  
r a t i o   of  the  r a d i u s   of  the  c i r c u m s c r i b i n g   c i r c l e  
a r o u n d   the  c r o s s - s e c t i o n   to  t h a t   of  the  i n s c r i b e d  

c i r c l e ,   both   h a v i n g   a  common  c e n t e r .   The  f i b e r  

c r o s s - s e c t i o n   is  t a k e n   at  r i g h t   a n g l e s   to  the  f i b e r  

a x i s   and  m e a s u r e d   as  known  in  the  a r t .  

F i b e r   c r o s s - s e c t i o n s   of  t h i s   i n v e n t i o n   c a n  
be  p r e p a r e d   as  d e s c r i b e d   for  example   in  U.S.  P a t e n t  

3 , 7 4 5 , 0 6 1 .  



F i b e r s   h a v i n g   such  m u l t i v o i d   c r o s s - s e c t i o n s  

as  c a l l e d   for  in  t h i s   i n v e n t i o n   can  be  p r e p a r e d   u s i n g  
known  p o s t - c o a l e s c e n t   s p i n n i n g   t e c h n i q u e s .  

T e c h n i q u e s   for  f o r m i n g   s p i n n e r e t   c a p i l l a r i e s   f o r  

s p i n n i n g   such  f i l a m e n t s   a re   d e s c r i b e d   fo r   e x a m p l e   by  
H a w k i n s   in  U.S.   P a t e n t   3 , 8 3 4 , 2 5 1 ,   p a r t i c u l a r l y   i n  

r e f e r e n c e   to  F i g u r e s   1  and  12  t h e r e o f .   To  f a c i l i t a t e  

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

a  s p i n n e r e t   c o n f i g u r a t i o n   of  the  t ype   shown  in  s a i d  

F i g u r e   12  is  p r e f e r r e d   bu t   w i th   s q u a r e d   r a t h e r   t h a n  

p o i n t e d   i n n e r   ends  o n  t h e   r a d i a l   s l o t s .   The  use  o f  

e n l a r g e d   t i p s   on  a d j a c e n t   s l o t   ends  for   b e t t e r  

c o a l e s c e n c e   is  known  for   example   a l s o   f rom  Hodge  i n  

U.S .   P a t e n t   3 , 9 2 4 , 9 8 8 .   Of  c o u r s e ,   as  known  in  t h e  

a r t ,   the   e x a c t   s p i n n e r e t   c o n f i g u r a t i o n   and  d i m e n s i o n s  

s e l e c t e d   for  making   a  p a r t i c u l a r   f i b e r   s i z e   a n d  

c o n t o u r   d e p e n d s   among  o t h e r   t h i n g s   upon  the  n a t u r e   o f  

t he   p o l y m e r ,   and  the  s p i n n i n g   and  q u e n c h i n g  

c o n d i t i o n s   e m p l o y e d ,   which  can  be  r e a d i l y   d e t e r m i n e d  

by  one  s k i l l e d   in  the  a r t .  

The  f i b e r s   of  the   i n v e n t i o n   can  be  s p u n ,  
d r a w n ,   c r i m p e d   and  h e a t   r e l a x e d   by  m e t h o d s   known  i n  

the   a r t .  

C r i m p i n g   of  the  f i b e r s   is  p e r f o r m e d  

p r e f e r a b l y   by  means  of  a  s t u f f e r - b o x   c r i m p e r   at  a n  
e l e v a t e d   t e m p e r a t u r e .   The  yarn   t e m p e r a t u r e   s h o u l d   b e  

a b o u t   35°  to  130°C  which  may  be  o b t a i n e d   for   e x a m p l e  

by  r u n n i n g   the  c r i m p e r   w i th   hot   ( e . g .   90°C)  f i n i s h   o r  

s t e a m .   The  c r i m p e d   f i l a m e n t s   can  be  d r i e d   a n d  

r e l a x e d   in  an  oven  at  1 3 0 ° - 2 0 0 ° C   to  y i e l d   a  c r i m p  
c h a r a c t e r   w i t h i n   the  d e s i r e d   r a n g e .  

Whereas   the  o v e r a l l   b e h a v i o r   of  the  f i b e r s  

of  t h i s   i n v e n t i o n   is  not   f u l l y   u n d e r s t o o d ,   i t   i s  

b e l i e v e d   t h a t   the  f i b e r   c r o s s - s e c t i o n   and  t h e  

p r e s e n c e   of  the   s l i c k e n i n g   a g e n t   a re   p r i m a r i l y  



f u n d a m e n t a l   to  p r o v i d i n g   the   c o m b i n a t i o n   of  i n i t i a l  

b u l k ,   bulk   d u r a b i l i t y   and  s o f t n e s s   of  the  i n v e n t i o n .  

As  used  h e r e i n   c r i m p s   per  inch  is  the  n u m b e r  

of  c r i m p s   i m p a r t e d   to  each  inch  o f  u n c r i m p e d   f i b e r  

w h e r e i n   a  " c r i m p "   is  one  c y c l e   of  d e f o r m a t i o n   of  t h e  

f i b e r ,   s i m i l a r   to  one  c y c l e   of  a  s i n e   wave.   The 

c r i m p s   have  p e a k s   in  a  s a w - t o o t h e d   type   o f  

c o n f i g u r a t i o n   common  to   s t u f f e r - b o x   c r i m p i n g .   I n  

d e t e r m i n i n g   c r i m p s   ( i . e . ,   c y c l e s )   per   i n c h ,   the  t o t a l  

number   of  c r i m p s   in  a  f i b e r   is  found  and  the  f i b e r  

l e n g t h   m e a s u r e d   when  the  f i b e r   is  e x t e n d e d   j u s t  

enough   to  s t r a i g h t e n   out   the   c r i m p s .   The  c r i m p s   p e r  
i nch   of  e x t e n d e d   f i b e r   is  t h e n   c a l c u l a t e d .   The  v a l u e  

as  r e p o r t e d   in  the   f o l l o w i n g   Example   is  an  a v e r a g e   o f  

a t   l e a s t   ten  such  m e a s u r e m e n t s .  

The  d e n i e r   of  the   f i b e r s   is  a l s o   i m p o r t a n t  

to  t h i s   i n v e n t i o n .   F i b e r s   h a v i n g   a  d e n i e r   p e r  
f i l a m e n t   above  a b o u t   10,  p r o v i d e   s i g n i f i c a n t l y  

r e d u c e d   s o f t n e s s   and  below  a b o u t   4  g ive   l e s s   f i l l i n g  

p o w e r .   The  f i b e r s   most  p r e f e r a b l y   have  a  d e n i e r   p e r  
f i l a m e n t   w i t h i n   the  r ange   of  5.0  to  6.0  for  the  m o s t  

d e s i r a b l e   c o m b i n a t i o n s   of  s o f t n e s s   and  b u l k  

p r o p e r t i e s .   F i b e r   l e n g t h s   ( e x t e n d e d )   w i t h i n   t h e  

r a n g e   of  0.7  to  3 . 0 ,   most  p r e f e r a b l y   2.0  to  3 . 0  

i n c h e s   (1 .90   to  7 .62   and  5 .08   to  7 .62   cm,  

r e s p e c t i v e l y )   are  p r e f e r r e d   for  the  b e s t   p e r f o r m a n c e  
in  p i l l o w s .  

The  f i b e r s   of  t h i s   i n v e n t i o n   may  be  

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

c o n v e n t i o n a l   ways  known  in  the   a r t   for  p r o d u c i n g   l o w  

d e n s i t y   s t r u c t u r e s ,   i . e . ,   webs  and  b a t t i n g s   t h e r e o f ;  

for  example   as  by  f o r m i n g   a  web  by  g a r n e t t i n g   and  

c r o s s - l a p p i n g   the  web  on to   a  moving  a p r o n   to  form  a 
b a t t .  



To  o b t a i n   the  d e s i r e d   more  d o w n - l i k e  

s o f t n e s s ,   the   f i b e r s   of  t h i s   i n v e n t i o n   a re   t r e a t e d  

w i t h   an  e f f e c t i v e   amount   ( e . g . ,   0 .1   to  1.0%  o f  
s i l i c o n   by  w e i g h t   of  f i b e r )   of  a  t e x t i l e  

s i l i c o n e - b a s e d   s l i c k e n i n g   a g e n t   to  p r o v i d e   a  d u r a b l e ,  

s o f t ,   s l i c k   h a n d l e   t h e r e t o .   S u i t a b l e   s i l i c o n e  

c o m p o s i t i o n s   a r e   d e s c r i b e d   by  Ryan  in  U.S .   P a t e n t  

3 , 4 8 8 , 2 1 7 ,   but   for  the  p r e s e n t   use  in  f i l l i n g s   i t   i s  

u n n e c e s s a r y   to  i n c l u d e   any  p o l y e p o x i d e   r e s i n   a s  
d e s c r i b e d   t h e r e i n .   C u r i n g   can  be  p r o v i d e d   by  o t h e r  

m e a n s ,   as  w i t h   a  c a t a l y s t .   A l t h o u g h   no t   e s s e n t i a l ,   a  
s u i t a b l e   c a t a l y s t   can  be  used  to  f a c i l i t a t e   c u r i n g   o f  

the   s i l i c o n e   r e s i n .   U s e f u l   c a t a l y s t s   i n c l u d e   a m i n e  

s a l t s   of  a  v o l a t i l e   weak  a c i d ,   e . g .   a c e t i c ,   f o r m i c   o r  

c a r b o n i c   a c i d .   S u i t a b l e   a m i n e s   i n c l u d e   d i e t h a n o l  

a m i n e ,   t r i e t h a n o l   amine  and  2 , 4 , 6 - t r i s ( d i m e t h y l a m i n o -  

m e t h y l )  p h e n o l :  

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

i n v e n t i o n   a r e   p o l y s i l o x a n e s   made  from  mono- ,   d i - ,   a n d  

t r i c h l o r o s i l a n e s   which  bea r   s u b s t i t u e n t s   of  t h e  

g r o u p s   c o n s i s t i n g   of  an  a l k y l   of  1  to  8  c a r b o n   a t o m s ,  

an  a r y l   g r o u p   of  6  to  8  c a r b o n   a t o m s ,   or  m i x t u r e s   o f  

such  s i l a n e s .   P r e f e r a b l y ,   at   l e a s t   one  of  t h e  

s u b s t i t u e n t s   is  m e t h y l   or  e t h y l .   In  a l l   c a s e s ,   t h e  

s i l a n e   monomers   employed   s h o u l d   c o n s i s t   p r e d o m i n a n t l y  
of  d i c h l o r o s i l a n e s ;   m o n o c h l o r o s i l a n e s   a re   d e s i r a b l e  

in  minor   q u a n t i t i e s   to  ac t   as  c h a i n   s t o p p e r s ;  
t r i c h l o r o s i l a n e s   have  a  c r o s s - l i n k i n g   e f f e c t   and  c a n  
be  p r e s e n t   o n l y   in  a  minor   p r o p o r t i o n .   The  m o l e c u l a r  

w e i g h t   of  the   p o l y m e r s   p r e f e r a b l y   is  no  l e s s   than   500  

and  no  g r e a t e r   than   a b o u t   1 0 0 , 0 0 0 ;   and  m o r e  

p r e f e r a b l y   from  1 ,000   to  5 0 , 0 0 0 .  

S u i t a b l e   s i l i c o n e s   a re   c o m m e r c i a l l y  
a v a i l a b l e   u n d e r   v a r i o u s   t r a d e n a m e s   such  as  " S y l - m e r , "  



" S y l - s o f t , "   " L E - 4 8 , "   "L-31"   ( m e t h y l h y d r o g e n   s i l i c o n e )  

and  " D e c e t e x "   1 0 4 .  

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

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

i n t e r m i n g l e d   f i b e r s   of  the  i n v e n t i o n   as  d e f i n e d   j u s t  

a b o v e .  

S t i l l  a n o t h e r   e m b o d i m e n t   of  the  i n v e n t i o n   i s  

an  i m p r o v e d   p o l y e s t e r   f i b e r   for   use  as  a  f i l l i n g  
m a t e r i a l   and  h a v i n g   a  c o n t i n u o u s   vo id   t h r o u g h o u t   i t s  

l e n g t h ,   a  s a w - t o o t h e d   type   of  c r imp  c o n f i g u r a t i o n ,  

and  c o n t a i n i n g   a  t e x t i l e   s l i c k e n i n g   a g e n t   c o m p r i s e d  

of  a  p o l y s i l o x a n e   r e s i n   and  a  void  c o n t e n t  w i t h i n   t h e  

r a n g e   of  15  to  30%  ( p r e f e r a b l y   17  to  25%),  w h e r e i n  

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

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

e q u i s i z e d   v o i d s   which  a re   s u b s t a n t i a l l y   e q u i s p a c e d  
a r o u n d   a  s o l i d   a x i a l   c o r e ,   a  d e n i e r   per   f i b e r   w i t h i n  

the  r a n g e   of  4  to  7  and  s a i d   f i b e r   in  bu lk   p r o v i d i n g  

a  T o t a l   Bulk  Range  M e a s u r e m e n t   (TBRM)  as  d e f i n e d  

h e r e i n   under   a  load   of  0 .2   l b s . / s q u a r e   inch   ( 0 . 0 1 4  

k i l o g r a m s / s q u a r e   c e n t i m e t e r )   w i t h i n   the  r ange   of  0 . 4 5  

to  0 .60   and  a t   l e a s t   5.7  at  0 .001   p s i .   When  t e s t e d  

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

f i b e r s   p r o v i d e   a  s l i g h t l y   lower   TBRM  bu lk   under   t h e  

same  load   w i t h i n   the  r a n g e   of  a b o u t   0 .40  to  0 . 5 5 .  

Such  f i b e r s   can  be  used  as  a  f i l l i n g   m a t e r i a l   f o r  

p i l l o w s   to  p r o v i d e   a  s o f t n e s s   as  d e f i n e d   h e r e i n  

w i t h i n   the   r ange   of  5.7  to  6 . 5 .  

The  h igh  i n i t i a l   bu lk   and  s o f t n e s s   r e a l i z e d  

from  the  f i b e r s   of  t h i s   i n v e n t i o n   r e m a i n   d u r a b l e   i n  

use  as  r e f l e c t e d   in  good  r e t e n t i o n   of  p r o p e r t i e s  

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

e x a m p l e   by  the  stomp  t e s t   d e s c r i b e d   h e r e i n .  

The  bulk  p r o p e r t i e s   of  b a t t s   made  f r o m  

f i b e r s   and  f i l l i n g   m a t e r i a l s   of  t h i s   i n v e n t i o n   a r e  



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

on  an  I n s t r o n   t e s t e r   and  d e t e r m i n i n g   the  h e i g h t   u n d e r  

a  s p e c i f i c   l o a d .   The  t e s t   r e f e r r e d   to  h e r e i n   as  t h e  

T o t a l   Bulk  Range  M e a s u r e m e n t   (TBRM)  is  p e r f o r m e d   on  a  
s a m p l e   of  f i b e r s   t a k e n   from  b a l e d   s t o c k .   The  t e s t   i s  

c a r r i e d   ou t   by  c u t t i n g   6 - i n c h   ( 1 5 . 2 5 - c m . )   s q u a r e s  
f rom  a  6 - i n c h   ( 1 5 . 2 5   cm.)  wide  c a r d e d   web  t h e r e o f   a n d  

f o r m i n g   a  s t a c k   in  a  c r i s s - c r o s s   manner   u n t i l  t h e i r  

t o t a l   w e i g h t   is  20  g r a m s .   The  web  is  o b t a i n e d   f rom  a  

w o r s t e d   c a r d   m a c h i n e   s e t   to  g i v e   a  w e i g h t   of  100  

g r a i n s / y d .   ( 7 . 0 9   g m s . / m e t e r ) .   The  e n t i r e   a r e a   i s  

t hen   c o m p r e s s e d   under   a  l oad   of  50  l b s .   ( 2 2 . 7  

k i l o g r a m s ) .   The  s t a c k   h e i g h t  i s   r e c o r d e d   ( a f t e r   o n e  

c o n d i t i o n i n g   c y c l e   b r i e f l y   unde r   a  l oad   of  2  l b s . ,  

907  gms)  for  h e i g h t s   and  l o a d s   of  0 . 0 0 1   (H.)  a n d  

0.2  (H )  l b s . / s q u a r e   inch  0 . 0 0 0 0 7   and  0 . 0 1 4  

k i l o g r a m s   per   s q u a r e  c m .   g a u g e .   H i  i s   the  i n i t i a l  

h e i g h t   and  is  a  m e a s u r e   of  f i l l i n g   power ;   H g  i s   t h e  

h e i g h t   under   l oad   and  is  a  m e a s u r e   of  s u p p o r t   bu lk   o r  

c o n v e r s e l y   s o f t n e s s .  

In  the   Example   t h a t   f o l l o w s ,   p i l l o w s   a r e  

p r e p a r e d   from  the   f i l l i n g ,   and  s u b j e c t e d   to  t e s t s   f o r  

d e t e r m i n a t i o n   of  t h e i r   bu lk   p r o p e r t i e s .   The  p i l l o w s  

a r e   p r e p a r e d   by  p r o d u c i n g   a  b a t t   of  a  c r o s s - l a p p e d  

web.  The  b a t t   i s  c u t   to  s u i t a b l e   l e n g t h   f o r  

p r o v i d i n g   the  d e s i r e d   w e i g h t   (20  o z . ,   567  gms.)  a n d  

r o l l e d   and  p l a c e d   i n t o   a  c o t t o n  t i c k i n g   m e a s u r i n g   20 

X  26  i n c h e s   ( 5 0 . 8   X  66 .0   cm.)  when  f l a t .   The  v a l u e s  

for   m e a s u r e m e n t s   of  the  f i l l i n g   s t r u c t u r e s   r e p o r t e d  
in  the  e x a m p l e   a re   a v e r a g e d   v a l u e s .  

P i l l o w s   f a b r i c a t e d   from  a  f i l l i n g   m a t e r i a l  

h a v i n g   the  most  e f f e c t i v e   bulk   or  f i l l i n g   power  w i l l  

have   the  g r e a t e s t   c e n t e r   h e i g h t .   The  c e n t e r   h e i g h t  
of  the  p i l l o w   u n d e r   no  l o a d ,   H0,  is  d e t e r m i n e d   b y  

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



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

l o a d - s e n s i t i v e   t a b l e   of  an  I n s t r o n   t e s t e r   a n d  

m e a s u r i n g   i t s   h e i g h t   at   0  l o a d .   The  I n s t r o n   t e s t e r  

is  e q u i p p e d   w i th   a  m e t a l   d i s c   p r e s s e r   f o o t   t h a t  i s  

4  i n c h e s   ( 1 0 . 2   cm.)  in  d i a m e t e r .   The  p r e s s e r   f o o t   i s  

t hen   c a u s e d   to  a p p l y   a  load   of  10  l b s .   ( 4 . 5 4  

k i l o g r a m s )   to  the  c e n t e r   s e c t i o n   of  the   p i l l o w   a n d  

the  h e i g h t   of  the   p i l l o w   at   t h i s   p o i n t   is  r e c o r d e d   a s  
the  l oad   h e i g h t ,   HL.  B e f o r e   the  a c t u a l   HO  a n d  

HL  m e a s u r e m e n t s ,   the  p i l l o w   is  s u b j e c t e d   to  1  c y c l e  

of  20  p o u n d s   (9 .08   k i l o g r a m s )   c o m p r e s s i o n   and  l o a d  

r e l e a s e   for   c o n d i t i o n i n g .   A  load   of  10  pounds   ( 4 . 5  

k i l o g r a m s )   is  used  for  the  HL  m e a s u r e m e n t   b e c a u s e  

i t   a p p r o x i m a t e s   a  load   a p p l i e d   to  a  p i l l o w   u n d e r  

n o r m a l   c o n d i t i o n s   of  a c t u a l   u se .   P i l l o w s   h a v i n g   t h e  

h i g h e r   HL  v a l u e s   are   more  r e s i s t i v e   to  d e f o r m a t i o n  

and  t h u s   p r o v i d e   the  g r e a t e r   s u p p o r t   b u l k ;   bu t   f o r  

d o w n - l i k e   s o f t n e s s   a  lower   HL  is  p r e f e r r e d .  

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

c o m p r e s s i o n   and  load   r e l e a s e .   Such  r e p e a t e d   c y c l e s ,  

or  w o r k i n g s ,   of  the  p i l l o w s   are  c a r r i e d   ou t   by  

p l a c i n g   a  p i l l o w   on  a  t u r n t a b l e   a s s o c i a t e d   wi th   2 

p a i r s   of  4  X  12  inch  (10 .2   X  30 .5   cm.)  a i r   p o w e r e d  
w o r k e r   f e e t   which  a re   moun ted   above   the  t u r n t a b l e   i n  

such  a  f a s h i o n   t h a t   d u r i n g   one  r e v o l u t i o n   e s s e n t i a l l y  
the   e n t i r e   c o n t e n t s   a re   s u b j e c t e d   to  c o m p r e s s i o n   a n d  

r e l e a s e .   C o m p r e s s i o n   is  a c c o m p l i s h e d   by  p o w e r i n g   t h e  

w o r k e r   f e e t   w i th   80  pounds   p e r  s q u a r e   inch  ( 5 . 6 2  

k i l o g r a m s / s q u a r e   cm.)  gauge  a i r   p r e s s u r e   such  t h a t  

t h e y   e x e r t   a  s t a t i c   load   of  a p p r o x i m a t e l y   125  l b s .  

(56 .6   k i l o g r a m s )   when  in  c o n t a c t   wi th   the  t u r n t a b l e .  

The  t u r n t a b l e   r o t a t e s   at  a  speed   of  one  r e v o l u t i o n .  

per   110  s e c o n d s   and  each  of  the  worke r   f e e t  

c o m p r e s s e s   and  r e l e a s e s   the  f i l l i n g   m a t e r i a l   17  t i m e s  



per   m i n u t e .   A f t e r   b e i n g   r e p e a t e d l y   c o m p r e s s e d   for  a 

s p e c i f i e d   p e r i o d   of  t i m e ,   the  p i l l o w   is  r e f l u f f e d   b y  

m a s h i n g   in  the  o p p o s i t e   c o r n e r s   s e v e r a l   t i m e s .   As 

b e f o r e ,   the   p i l l o w   is  s u b j e c t e d   to  a  c o n d i t i o n i n g  

c y c l e   and  the  H0  and  HL  v a l u e s   are  d e t e r m i n e d .  

The  d i f f e r e n c e   b e t w e e n   t h e s e   v a l u e s   is  a  m e a s u r e   o f  

s o f t n e s s .  

EXAMPLE 

This   example   shows  the  s u r p r i s i n g  

i m p r o v e m e n t   in  s o f t n e s s   which  is  o b t a i n e d   wi th   f i b e r s  

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

c r o s s - s e c t i o n   as  c o m p a r e d   to  s i m i l a r   f i b e r s   of  r o u n d  

c r o s s - s e c t i o n   wi th   a  s i n g l e   c e n t r a l   c o n t i n u o u s   v o i d .  

A  tow  of  h o l l o w   f i l a m e n t s   is  p r e p a r e d   b y  

s p i n n i n g   p o l y ( e t h y l e n e   t e r e p h t h a l a t e )   f rom  a  

s p i n n e r e t   c o n t a i n i n g   265  o r i f i c e s   h a v i n g   a  

s y m m e t r i c a l   c o n f i g u r a t i o n   of  the  t ype   as  shown  i n  

F i g u r e   12  of  U.S.  P a t e n t   3 , 8 3 4 , 2 5 1   e x c e p t   t h a t   t h e  

i n n e r   ends  of  t h e  r a d i a l   s l o t s   a re   s q u a r e d   r a t h e r  

t h a n   p o i n t e d   as  shown  t h e r e i n .   This   o r i f i c e  

c o n f i g u r a t i o n   is  c o m p r i s e d   of  4  a r c u a t e   s l o t s  

a r r a n g e d   to  form  a  c i r c l e   w i t h   each  b e i n g   i n t e r s e c t e d  

at   i t s   m i d p o i n t   by  a  r a d i a l   s l o t   e x t e n d i n g   t o w a r d s  

the  c e n t e r   but   e n d i n g   b e f o r e   i n t e r s e c t i n g   any  of  t h e  

o t h e r   r a d i a l   s l o t s .   The  i n n e r   edge  of  the  a r c u a t e  

s l o t s   is  e n l a r g e d   at   each  end  to  f a c i l i t a t e  

c o a l e s c e n c e   in  the  g e n e r a l   manner  t a u g h t   by  Hodge  i n  

U.S.   P a t e n t   3 , 9 2 4 , 9 8 8 .   The  p o l y m e r   has  a  r e l a t i v e  

v i s c o s i t y   (LRV)  of  20.3  m e a s u r e d   at   25°C  u s i n g   a  
4.75%  by  w e i g h t   s o l u t i o n   of  p o l y m e r   i n  

h e x a f l u o r o i s o p r o p a n o l   c o n t a i n i n g   100  ppm  of  s u l f u r i c  

a c i d .   The  f i l a m e n t s   a re   spun  at  a  t e m p e r a t u r e   o f  

2 8 4 - 2 8 8 ° C   u s i n g   a  windup  speed   of  1482  y d s . / m i n .  

(1355  mpm)  w i th   a  t h r o u g h p u t   in  each  c a p i l l a r y   o f  

0 . 2 3 2   l b s . / h r   (0 .105   k g / h r . ) .   Groups  of  f i l a m e n t s  



are   c o m b i n e d   to  p r o v i d e   a  t o t a l   rope   d e n i e r   o f  

8 3 8 , 0 0 0 .   The  rope   of  f i l a m e n t s   is  drawn  in  a  
c o n v e n t i o n a l   manner   u s i n g   a  draw  r a t i o   of  2 .71  in  a 

h o t - w e t   s p r a y   draw  zone  m a i n t a i n e d   a t   98°C.  The  

drawn  f i l a m e n t s   a re   c r i m p e d   in  a  c o n v e n t i o n a l   s t u f f e r  

box  c r i m p e r   of  a  c a n t i l e v e r   t ype   (3 .5   i n c h ,  8 . 8 9   c m . ,  

s i z e )   and  the  c r i m p e d   tow  is  r e l a x e d   in  an  oven  a t  

170°C.   A  s l i c k e n i n g   f i n i s h   c o n t a i n i n g   a  p o l y s i l o x a n e  

as  d e s c r i b e d   be low  is  a p p l i e d   to  the  f i l a m e n t s   at   t h e  

c r i m p e r   to  g i v e   a  p e r c e n t   s i l i c o n   on  f i b e r   of  a b o u t  

0.3  by  w e i g h t   of  f i b e r .   A  c o n v e n t i o n a l  

a n t i s t a t i c / l u b r i c a t i n g   o v e r l a y   f i n i s h   of  a b o u t   0 .05% 

by  w e i g h t   is  a p p l i e d   to  the   s l i c k e n e d   f i b e r s   t o  

f a c i l i t a t e   s u b s e q u e n t   p r o c e s s i n g .   The  f i b e r s   a re   c u t  

in  a  c o n v e n t i o n a l   manner   to  a  l e n g t h   of  2.5  i n c h e s  

(6 .35   c m . ) .   The  f i b e r s   a re   found  to  have  an  a v e r a g e  
t o t a l   vo id   c o n t e n t   of  a b o u t   20%  and  a  d e n i e r   p e r  
f i b e r   of  a b o u t   5 . 3 .   The  f i b e r s   have  a  c r o s s - s e c t i o n  

c o n t a i n i n g   four   c o n t i n u o u s   v o i d s   which  a re   p a r a l l e l ,  

s u b s t a n t i a l l y   e q u a l   s i z e   and  s u b s t a n t i a l l y   e q u i s p a c e d  
a r o u n d   a  s o l i d   a x i a l   c o r e .   The  p e r i p h e r a l   c o n t o u r   o f  

the  f i b e r   c r o s s - s e c t i o n   is  of  a  s u b s t a n t i a l l y  

q u a d r i l a t e r a l   ( t e t r a l o b a l )   shape   wi th   four   f l a t t e n e d  

s i d e s   and  four   r o u n d e d   c o r n e r s   g i v i n g   a  c r o s s - s e c t i o n  

m o d i f i c a t i o n   r a t i o   of  a b o u t   1 . 1 4 .  

The  F i g u r e   h e r e i n   is  t a k e n   f r o m  

c r o s s - s e c t i o n s   of  f i b e r s   at   a  m a g n i f i c a t i o n   of  770X 

of  I t em  B  be low  which  c r o s s - s e c t i o n s   a r e  

r e p r e s e n t a t i v e   of  I t ems   A - D .  

A  s e r i e s   of  four   t e s t   i t ems   (A-D)  i s  

p r e p a r e d   by  a d j u s t i n g   the  g a t e   p r e s s u r e   of  t h e  

c r i m p e r   to  p r o v i d e   four   d i f f e r e n t   l e v e l s   of  c r i m p .  

C o n t r o l   f i b e r s   r e p r e s e n t a t i v e   of  the  p r i o r  

a r t   are  p r e p a r e d   as  d e s c r i b e d   in  U.S.   P a t e n t  

3 , 7 7 2 , 1 3 7   which  have  a  s i n g l e   c e n t r a l   c o n t i n u o u s   v o i d  



of  a b o u t   14.5%  t h r o u g h o u t   the  f i b e r   l e n g t h   and  a  

round  f i b e r   c r o s s - s e c t i o n   from  p o l y ( e t h y l e n e  

t e r e p h t h a l a t e )   h a v i n g   an  LRV  of  2 0 . 4 ,   and  which   a r e  
drawn  and  c r i m p e d   in  a  manner   s i m i l a r   to  t h a t   a b o v e  

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

of  c r i m p   and  b u l k .  

The  s l i c k e n e r   c o m p o s i t i o n   as  a p p l i e d   in  e a c h  

c a s e   c o n s i s t s   of  a  w a t e r   b a s e d   e m u l s i o n   c o n t a i n i n g  

two  p o l y s i l o x a n e   r e s i n s .   One  of  the  r e s i n s   i s  

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

t r i m e t h y l c h l o r o   s i l a n e   to  g i v e   a  t r i m e t h y l   s i l o x y  

e n d - b l o c k e d   m e t h y l h y d r o g e n   p o l y s i l o x a n e .   The  o t h e r  

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

p r o v i d e   an  h y d r o x y - e n d e d   d i m e t h y l p o l y s i l o x a n e   w i t h   a  

v i s c o s i t y   of  a b o u t   8 ,000   c e n t i s t o k e s .   The  two  r e s i n s  

a re   c o m b i n e d   in  a  r a t i o   of  20  p a r t s   of  t h e  f o r m e r   a n d  

80  p a r t s   of  the  l a t t e r .   A  w a t e r   e m u l s i o n   is  p r e p a r e d  

by  a d d i n g   a  s o l u t i o n   of  the   r e s i n s   to  w a t e r  

c o n t a i n i n g   an  e m u l s i f i e r   c o n s i s t i n g   of  a  l i n e a r  

s e c o n d a r y   a l c o h o l   c o n t a i n i n g   from  1 1  t o   15  c a r b o n  

atoms  c o n d e n s e d   wi th   a b o u t   12  u n i t s   of  e t h y l e n e  
o x i d e .   The  e m u l s i o n   a l s o   c o n t a i n s   an  amine  s a l t  

c a t a l y s t   for  the  r e s i n .  

C o m p a r a t i v e   d a t a   for  the  t e s t   and  c o n t r o l  

i t e m s   a re   s u m m a r i z e d   in  the  f o l l o w i n g   T a b l e s .  

T a b l e   I  s u m m a r i z e s   c r i m p   and  TBRM  d a t a   for  t h e  

i t e m s .   And  T a b l e   II  s u m m a r i z e s   the  p e r f o r m a n c e   o f  

the  i t e m s   in  p i l l o w s   b e f o r e   and  a f t e r   a  2  hour   s t o m p  
t e s t   for   d u r a b i l i t y .  





From  T a b l e   II  i t   is  r e a d i l y   a p p a r e n t  t h a t  

a l l   of  the   i t ems   have  s u b s t a n t i a l l y   the  same  f i l l i n g  

power  as  shown  by  the   p i l l o w   h e i g h t s   unde r   ze ro   l o a d  

(H0);   however   i t e m s   of  the  i n v e n t i o n   show  a  

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

l e v e l .   This   i m p r o v e d   s o f t n e s s   is  most  s i g n i f i c a n t  
fo r   I t e m s   A  and  B  a t   the  l ower   c r i m p   l e v e l .   T h e  

i m p r o v e d   s o f t n e s s   of  A  and  B  is  r e a d i l y   a p p a r e n t   i n  

s u b j e c t i v e , e v a l u a t i o n s   of  the   p i l l o w s   when  g i v e n   to  a 

r a n d o m l y   s e l e c t e d   p a n e l   of  p e o p l e   who  are   a sked   t o  

f e e l   the   p i l l o w s   and  d e t e r m i n e   for   t h e m s e l v e s   w h i c h  

one  is  the  s o f t e s t .   The  h igh   s o f t n e s s   for  I t ems   A 

and  B  is  p a r t i c u l a r l y   s u r p r i s i n g   in  t h a t   the  TBRM 

h e i g h t s   for  t h e s e   i t ems   are   c o m p a r a b l e   to  t h a t   o f  

C o n t r o l   I  bu t   ye t   t hey   have  a  r e a d i l y   d e t e c t a b l e  

d i f f e r e n c e   in  s u b j e c t i v e   s o f t n e s s .   The  s o f t n e s s  

c o u p l e d   w i th   h igh   bulk  r e m a i n s   d u r a b l e   in  use  a s  
shown  b y  t h e   p r o p e r t i e s   in  T a b l e   II   a f t e r   s u b j e c t i o n  
to  a  2  hour   s tomp  t e s t .  



1.  An  i m p r o v e d   h o l l o w   p o l y e s t e r   f i b e r   f o r  

use  as  a  f i l l i n g   m a t e r i a l   which   f i b e r   has   a  

c o n t i n u o u s   v o i d   t h r o u g h o u t   i t s   l e n g t h ,   a  s a w - t o o t h e d  

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

s l i c k e n i n g   a g e n t ,   w h e r e i n   t he   i m p r o v e m e n t   c o m p r i s e s  

s a i d   f i b e r   h a v i n g   a  n o n r o u n d   c r o s s - s e c t i o n ,   a  v o i d  

c o n t e n t   w i t h i n   t he   r a n g e   of  15  to  35%  r e s u l t i n g   f r o m  

f o u r ,   c o n t i n u o u s ,   p a r a l l e l ,   s u b s t a n t i a l l y   e q u i s i z e d  

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

c o r e ,   a  d e n i e r   pe r   f i b e r   w i t h i n   the   r a n g e   of  4  to  10 

and  a  c r i m p   f r e q u e n c y   w i t h i n   the  r a n g e   of  4  to  10 

c r i m p s   per   i n c h .  

2.  A  f i b e r   of  c l a i m   1  w h e r e i n   the  p o l y e s t e r  

is  c o m p r i s e d   of  p o l y ( e t h y l e n e   t e r e p h t h a l a t e ) ,   t h e  

v o i d s   have   s u b s t a n t i a l l y   n o n r o u n d   c r o s s - s e c t i o n a l  

p e r i p h e r a l   c o n t o u r s   and  the   f i b e r   c r o s s - s e c t i o n   has   a  

q u a d r i l a t e r a l   p e r i p h e r a l   c o n t o u r   d e f i n e d   by  f o u r  

f l a t t e n e d   s i d e s   and  f o u r   r o u n d e d   c o r n e r s   w i th   a  
m o d i f i c a t i o n   r a t i o   of  at  l e a s t   1 . 1 .  

Claim  1  or  
3.  A  f i b e r   o f / c l a i m   2  w h e r e i n   the  p e r c e n t  

v o i d   is  w i t h i n   t he   r a n g e   of  17  to  25%,  the  d e n i e r   p e r  
f i b e r   is  w i t h i n   the   r a n g e   of  5.0  to  6 . 0 ,   t he   c r i m p  

f r e q u e n c y   is  w i t h i n   the   r a n g e   of  5  to  7,  the   f i b e r  

l e n g t h   is  w i t h i n   the   r a n g e   of  2•.0  to  3 .0   i n c h e s   a n d  

the   f i b e r   c o n t a i n s   from  0.1  to  1.0%  by  w e i g h t   o f  

s i l i c o n   as  a  s i l i c o n e   s l i c k e n i n g   a g e n t .  

4.  A  f i b e r   of  claim 1, 2, or 3, wherein  a d j a c e n t  

s i d e s   of  a d j a c e n t   v o i d s   a r e   s u b s t a n t i a l l y  f l a t   a n d  

p a r a l l e l .   
any one  of  t o  4  

5.  A  f i b e r   o f / c l a i m s l / w h e r e i n   the  f i b e r  

p r o v i d e s   a  TBRM  u n d e r   0.2  p s i   w i t h i n   the   r ange   o f  

0 .45   to  0 .60   and  at   l e a s t   5.7  at  0 . 0 0 1   p s i .  



6.  A  f i b r o u s   f i l l i n g   m a t e r i a l   c o n s i s t i n g  

e s s e n t i a l l y   of  i n t e r m i n g l e d   f i b e r s   of  c l a i m   1,  2,  3 ,  

4  or  5 .  




