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ACTORUM  AG 

  Water-dispersible  synthetic  fiber  of  scalloped-oval  cross- 
section  to  promote  dispersibility,  and  so  better  uniformity,  soft- 
er feel  and  more  opacity to  the  resulting  wet-laid  fabrics. 



TECHNICAL  F I E L D  

T h i s   i n v e n t i o n   c o n c e r n s   new  s y n t h e t i c   p o l y m e r i c  

w a t e r - d i s p e r s i b l e   f i b e r ,   p a r t i c u l a r l y   of  p o l y ( e t h y l e n e  

t e r e p h t h a l a t e ) ,   and  i t s   p r e p a r a t i o n .  

BACKGROUND  OF  INVENTION 

T h e r e   has   b e e n   i n c r e a s e d   i n t e r e s t   in  r e c e n t   y e a r s  
in  w a t e r - d i s p e r s i b l e   s y n t h e t i c   f i b e r ,   e s p e c i a l l y   o f  

p o l y e s t e r   f i b e r .   Such  w a t e r - d i s p e r s i b l e   f i b e r   i s   u s e d   i n  

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

w e t - l a i d   n o n - w o v e n   f a b r i c s ,   s o m e t i m e s   as  p a r t   of  a  b l e n d ,  
o f t e n   w i t h   l a r g e   a m o u n t s   of  wood  p u l p ,   or  f i b e r g l a s s ,   b u t  

a l s o   in  a p p l i c a t i o n s   r e q u i r i n g   o n l y   p o l y e s t e r   f i b e r ,   i . e . ,  

u n b l e n d e d   w i t h   o t h e r   f i b e r .   T h i s   u s e ,   and  t h e  

r e q u i r e m e n t s   t h e r e f o r ,   a r e   e n t i r e l y   d i f f e r e n t   f r o m  

p r e v i o u s   more  c o n v e n t i o n a l   use   as  tow  or  s t a p l e   f i b e r   f o r  

c o n v e r s i o n   i n t o   t e x t i l e   y a r n s   f o r   e v e n t u a l   u se   in  woven   o r  
k n i t t e d   f a b r i c s ,   b e c a u s e   of  t h e   n e e d   to   d i s p e r s e   t h i s  

f i b e r   in   w a t e r   i n s t e a d   of  to  c o n v e r t   t h e   f i b e r   i n t o   y a r n s ,  

e . g . ,   by  p r o c e s s e s   s u c h   as  c a r d i n g ,   e . g .   in  t h e   c o t t o n  

s y s t e m .   I t   i s   t h i s   r e q u i r e m e n t   f o r   w a t e r - d i s p e r s i b i l i t y  

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

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

Most   s u c h   w a t e r - d i s p e r s i b l e   p o l y e s t e r   f i b e r   i s   o f  

p o l y ( e t h y l e n e   t e r e p h t h a l a t e ) ,   and  i s   p r e p a r e d   i n  

e s s e n t i a l l y   t h e   same  g e n e r a l   way  as  c o n v e n t i o n a l   t e x t i l e  

p o l y e s t e r   s t a p l e   f i b e r ,   e x c e p t   t h a t   m o s t   w a t e r - d i s p e r s i b l e  

p o l y e s t e r   f i b e r   i s   n o t   c r i m p e d ,   w h e r e a s   any  p o l y e s t e r  

s t a p l e   f i b e r   f o r   use   in  t e x t i l e   y a r n s   i s   g e n e r a l l y   c r i m p e d  
w h i l e   in  t h e   fo rm  of  tow,   b e f o r e   c o n v e r s i o n   i n t o   s t a p l e  



f i b e r .   T h u s ,   w a t e r - d i s p e r s i b l e   p o l y e s t e r   f i b e r   h a s  

g e n e r a l l y   b e e n   p r e p a r e d   by  m e l t - s p i n n i n g   the   p o l y e s t e r  
i n t o   f i l a m e n t s ,   c o m b i n i n g   t h e   f i l a m e n t s   to  f o rm  a  t o w ,  

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

w a t e r - d i s p e r s i b l e   p r o p e r t i e s ,   g e n e r a l l y   in   t h e   same  way  a s  

a  f i n i s h   i s   a p p l i e d   to  a  tow  of  c o n v e n t i o n a l   t e x t i l e  

f i l a m e n t s ,   and  t h e n ,   g e n e r a l l y   w i t h o u t   any  c r i m p i n g   ( o r  

w i t h   i m p a r t i n g   o n l y   some  m i l d   wavy  u n d u l a t i o n s   in   s o m e  

c a s e s   to   p r o v i d e   e x t r a   b u l k   and  a  t h r e e - d i m e n s i o n a l  

m a t r i x ) ,   c o n v e r t i n g   t h e   tow  i n t o   s t a p l e .   Some  p r i o r  

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

f o r m ,   e . g .   f o r   u s e   as  f l o c k   in  p i l e   f a b r i c s ,   b u t   f o r   s u c h  

u s e ,   w a t e r - d i s p e r s i b i l i t y   has   n o t   b e e n   r e q u i r e d .  

P o l y e s t e r   f i b e r s   a r e   n a t u r a l l y   h y d r o p h o b i c ,   so  i t  

i s   n e c e s s a r y   to   a p p l y   to  t h e   p o l y e s t e r   a  s u i t a b l e   c o a t i n g ,  

as   d i s c l o s e d   by  R i n g   e t   a l .   in   U .S .   P a t e n t   No.  4 , 0 0 7 , 0 8 3 ,  

H a w k i n s   in   U . S .   P a t e n t   Nos .   4 , 1 3 7 , 1 8 1 ,   4 , 1 7 9 , 5 4 3   a n d  

4 , 2 9 4 , 8 8 3 ,   and  V i s c o s e   S u i s s e   in  B r i t i s h   P a t e n t   N o .  

9 5 8 , 3 5 0 ,   to   o v e r c o m e   t h e   i n h e r e n t   h y d r o p h o b i c   c h a r a c t e r   o f  

t h e   p o l y e s t e r   f i b e r   w i t h o u t   c r e a t i n g   foam  or  c a u s i n g   t h e  

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

d i s t i n g u i s h e d   w a t e r - d i s p e r s i b l e   p o l y e s t e r   f i b e r   f rom  m o r e  

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

or   of   i t s   s h a p e ,   s u c h   as  t h e   c r o s s - s e c t i o n .   H e r e t o f o r e ,  

so  f a r   as  i s   knonw,   t h e   c r o s s - s e c t i o n   of  a l l   c o m m e r c i a l  

w a t e r - d i s p e r s i b l e   p o l y e s t e r   f i b e r   has   b e e n   r o u n d .   I n d e e d  

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

p r e f e r r e d .  

A l t h o u g h ,   h i t h e r t o ,   m o s t   s y n t h e t i c   p o l y m e r i c  

w a t e r - d i s p e r s i b l e   f i b e r   has   b e e n   f o r m e d   of  p o l y e s t e r ,  

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

p o l y o l e f i n s   and  p o l y a m i d e s   a r e   b e g i n n i n g   to  be  u s e d   f o r  

w a t e r - d i s p e r s i b l e   f i b e r s ,   and  so  t h e   i n v e n t i o n   i s   n o t  



l i m i t e d   o n l y   to  p o l y e s t e r s ,   b u t   c o v e r s   o t h e r   s y n t h e t i c  

p o l y m e r s .  

SUMMARY  OF  INVENTION 

A c c o r d i n g   to  t he   p r e s e n t   i n v e n t i o n ,   t h e r e   i s  

p r o v i d e d   new  s y n t h e t i c   p o l y m e r i c   w a t e r - d i s p e r s i b l e   f i b e r ,  

e s p e c i a l l y   p o l y e s t e r   f i b e r ,   c h a r a c t e r i z e d   in  t h a t   t h e  

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

A  s c a l l o p e d - o v a l   c r o s s - s e c t i o n   has   b e e n   u s e d  

h e r e t o f o r e   f o r   o t h e r   p o l y e s t e r   f i b e r s ,   as  d e s c r i b e d  

h e r e i n .   O t h e r   t h a n   t he   c r o s s - s e c t i o n ,   t h e  

w a t e r - d i s p e r s i b l e   f i b e r   of  t he   i n v e n t i o n   may  b e  

e s s e n t i a l l y   s i m i l a r   to  p r i o r   w a t e r - d i s p e r s i b l e   p o l y e s t e r  

or  o t h e r   s y n t h e t i c   p o l y m e r   f i b e r s ,   a l t h o u g h   t h e   a d v a n t a g e s  
d e s c r i b e d   h e r e i n a f t e r   may  p r o v i d e   t he   o p p o r t u n i t y   f o r  

a d d i t i o n a l   m o d i f i c a t i o n s .   The  i n v e n t i o n   w i l l   be  d e s c r i b e d  

h e r e i n a f t e r   w i t h   s p e c i a l   r e f e r e n c e   to  p o l y e s t e r   f i b e r ,  

a l t h o u g h   i t   w i l l   be  r e c o g n i z e d   t h a t   o t h e r   s y n t h e t i c  

p o l y m e r s ,   s u c h   as  p o l y a m i d e s   and  p o l y o l e f i n s ,   may  a l s o   b e  

u s e d .  

The  f i b e r s   of  t he   i n v e n t i o n   may  be  m a d e  

c o n v e n i e n t l y   by  m e l t - s p i n n i n g   and  d r a w i n g   p o l y e s t e r  
f i l a m e n t s   of  a p p r o p r i a t e   d e n i e r   p e r   f i l a m e n t   ( d p f ) ,   a n d  

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

w a t e r - d i s p e r s i b l e   c h a r a c t e r i s t i c s .   The  f i l a m e n t s   a r e   t h e n  

g e n e r a l l y   c u t   i n t o   s t a p l e   of  w h a t e v e r   l e n g t h   i s   d e s i r e d  

f o r   t h e   e n d - u s e   c o n t e m p l a t e d .  
The  u se   of  a  s c a l l o p e d - o v a l   c r o s s - s e c t i o n   f o r   t h e  

w a t e r - d i s p e r s i b l e   f i b e r   of  t he   i n v e n t i o n   h a s ,  

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

c o m p a r i s o n   w i t h   a  r o u n d   c r o s s - s e c t i o n ,   and  t h i s   i m p a r t s   t o  

t h e   r e s u l t i n g   w e t - l a i d   f i b e r s   b e t t e r   u n i f o r m i t y ,   a  s o f t e r  

f e e l ,   more  o p a c i t y   and  good  p e r m e a b i l i t y ,   as  w i l l   be  s e e n  
in  t he   E x a m p l e .  



BRIEF  DESCRIPTION  OF  DRAWINGS 

F i g u r e   1  shows   a  s c a l l o p e d - o v a l   c r o s s - s e c t i o n   f o r  

a  s t y l i z e d   f i b e r   a c c o r d i n g   to  t h e   i n v e n t i o n .  

F i g u r e   2  shows   a  t y p i c a l   s p i n n e r e t   o r i f i c e   f o r  

s p i n n i n g   f i l a m e n t s   of  t he   i n v e n t i o n .  

DISCLOSURE  OF  THE  INVENTION 

As  i n d i c a t e d   a b o v e ,   a  s c a l l o p e d - o v a l   c r o s s - s e c t i o n  

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

s t a p l e   f i b e r ,   t h a t   has   b e e n   spun   i n t o   f i l a m e n t s   and  d r a w n ,  

c u t ,   c o n v e r t e d   i n t o   s p u n   y a r n ,   and  u s e d   in  woven   o r  
k n i t t e d   f a b r i c s .   Such   f i b e r   has   n o t   had  t h e  

w a t e r - d i s p e r s i b l e   c h a r a c t e r i s t i c s   r e q u i r e d   f o r   t h i s  

i n v e n t i o n .   S i m i l a r l y ,   p o l y e s t e r   f i l a m e n t s   h a v i n g   a  

s c a l l o p e d - o v a l   c r o s s - s e c t i o n   a r e   a l r e a d y   known  f r o m  

G o r r a f a   U.  S.  P a t .   No.  3 , 9 1 4 , 4 8 8 ,   w h i c h   s u g g e s t e d   u s e   i n  
f u r - l i k e   f a b r i c s .   O r i e n t e d   p o l y e s t e r   f i l a m e n t s   o f  

s c a l l o p e d - o v a l   c r o s s - s e c t i o n   have   a l s o   b e e n   d e s c r i b e d   b y  
F r a n k f o r t   e t   a l .   in   U.  S.  P a t .   Nos .   4 , 1 3 4 , 8 8 2   a n d  

4 , 1 9 5 , 0 5 1 ,   h a v i n g   b e e n   p r e p a r e d   by  s p i n n i n g   a t   a  v e r y   h i g h  

s p e e d   ( 6 , 0 0 0   y p m ) ,   w h i c h   h i g h   s p e e d s   c o u l d   a l s o   be  u s e d   t o  

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

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

w a t e r - d i s p e r s i b l e   c h a r a c t e r i s t i c s ,   and  t h e r e b y   o b t a i n  

w a t e r - d i s p e r s i b l e   f i b e r   a c c o r d i n g   to  t h e   i n v e n t i o n .   A l s o ,  

F r a n k l i n ,   USSN  6 6 4 , 8 0 3   f i l e d   O c t o b e r   25,   1 9 8 4 ,   s u g g e s t s  

p a r t i a l l y   o r i e n t e d   f i l a m e n t s   of  s c a l l o p e d - o v a l  
c r o s s - s e c t i o n   f o r   u se   as  d r a w - t e x t u r i n g   f e e d   y a r n s .   N o n e  
of   t h i s   a r t   c o n c e r n s   t h e   f i e l d   of  t h e   p r e s e n t   i n v e n t i o n .  

H o w e v e r ,   t h e   p o l y e s t e r   f i l a m e n t a r y   s u b s t r a t e s   f o r   m a k i n g  
t h e   w a t e r - d i s p e r s i b l e   f i b e r   of  t h e   i n v e n t i o n   may  b e  

p r e p a r e d   by  t h e   t e c h n i q u e s   d e s c r i b e d   t h e r e i n ,   or  b y  

a p p r o p r i a t e   m o d i f i c a t i o n s   of  t h e s e   or  o t h e r   k n o w n  

t e c h n i q u e s   of  m a k i n g   p o l y e s t e r   f i l a m e n t s   of  n o n - r o u n d  

c r o s s - s e c t i o n .  



G o r r a f a   U .S .   P a t .   No.  3 , 9 1 4 , 4 8 8   and  F r a n k l i n   USSN 

6 6 4 , 8 0 3   d i s c l o s e   p a r a m e t e r s   f o r   a  s c a l l o p e d - o v a l  
c r o s s - s e c t i o n   and  F i g u r e   1  i s   e s s e n t i a l l y   as  s h o w n  

t h e r e i n .   T h u s ,   a  s c a l l o p e d - o v a l   i s   of  e s s e n t i a l l y   o v a l  

s h a p e ,   w i t h   a  s i g n i f i c a n t   d i f f e r e n c e   b e t w e e n   t h e   l e n g t h s  
of  m a j o r   and  m i n o r   a x e s ,   and  d i f f e r s   s i g n i f i c a n t l y   f r o m  

p r i o r   a r t   r o u n d   and  m u l t i - l o b a l   f i l a m e n t s   in   t h i s   r e s p e c t ,  

so  t h a t   i t   w o u l d   be  m i s l e a d i n g   h e r e i n   to  c o n s i d e r   a l l   f o u r  

r o u n d e d   p o r t i o n s   of  t h e   s c a l l o p e d - o v a l   as  l o b e s   ( a s   d i d  

G o r r a f a )   in  v i e w   of  t h e   t e r m i n o l o g y   u s e d   in   o t h e r   p r i o r  

a r t   f o r   s y m m e t r i c a l   m u l t i - l o b a l   c r o s s - s e c t i o n s .   H o w e v e r ,  

p r e f e r r e d   d i m e n s i o n s ,   e s s e n t i a l l y   as  d e s c r i b e d   by  G o r r a f a  

and  by  F r a n k l i n ,   may  be  c h a r a c t e r i z e d   as  f o l l o w s :  

C o n s i d e r i n g   F i g u r e   1,  t h e   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   of  f i b e r s   may  be  d e t e r m i n e d   f rom  a  

p h o t o m i c r o g r a p h   of  t he   f i b e r   c r o s s - s e c t i o n .  

The  l e n g t h   of  c r o s s - s e c t i o n   a l o n g   t he   m a j o r   a x i s   X 

i s   i n d i c a t e d   by  A,  w h i c h   i s   a l s o   2R,  t h e   c i r c u m s c r i b i n g  
r a d i u s   f o r   t he   c r o s s - s e c t i o n .   The  w i d t h   of  t h e  

c r o s s - s e c t i o n   a l o n g   t h e   m i n o r   a x i s   Y  i s   i n d i c a t e d   by  B .  

The  r a t i o   of  l e n g t h   to  w i d t h   of  t h e   c r o s s - s e c t i o n   i s   A / B .  

In  t h e   m e l t - s p i n n i n g   of  f i l a m e n t s ,   t h e   p o l y m e r  
t e n d s   to  f l o w   so  as  to  p r o d u c e   s m o o t h   c u r v e s   o r  
c o m b i n a t i o n s   of  s m o o t h   c u r v e s   and  s t r a i g h t   l i n e s   in  t h e  

p e r i p h e r y   of  t he   c r o s s - s e c t i o n .   For  t h e   p u r p o s e   o f  

m e a s u r e m e n t ,   t h e   p e r i p h e r y   may  be  c o n s i d e r e d   to  b e  

c o m p o s e d   of  s t r a i g h t   l i n e s   and  a r c s   of  c i r c l e s .   U s i n g  
t h i s   c o n c e p t ,   f i l a m e n t s   of  t he   i n v e n t i o n   have   a  l o b e  

l o c a t e d   a t   e a c h   end  of  t h e   m a j o r   c r o s s - s e c t i o n a l   a x i s ,   t h e  

e x t r e m e   p o r t i o n   of  t he   l o b e   b e i n g   an  a r c   of  a  c i r c l e ,   a n d  

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

e a c h   l o b e   t i p   i s   i n d i c a t e d   by  r1 .   L i k e w i s e ,   a t   e a c h   e n d  

of  t h e   m i n o r   a x i s   Y  of  t h e   c r o s s - s e c t i o n ,   t h e r e   i s   a n o t h e r  

a r c ,   whose   r a d i u s   i s   i n d i c a t e d   by  r2 .   W h i l e   F i g u r e   1 

shows   t he   c e n t e r s   of  c u r v a t u r e   f o r   b o t h   a r c s   a t   t h e   s a m e  



p o i n t   on  t h e   m i n o r   a x i s ,   t h i s   i s   n o t   e s s e n t i a l .   T h e  

c e n t e r s   of   c u r v a t u r e   may  be  s e p a r a t e d ,   f o r   e x a m p l e ,   a s  
d e s c r i b e d   by  G o r r a f a .   The  t i p   r a d i u s   r a t i o   f o r   t h e   l o b e s  

on  t h e   m a j o r   a x i s   i s   r 1 / R   and  f o r   t he   e x t r e m i t i e s   of  t h e  

m i n o r   a x i s   i s   r 2 / R .  
A n o t h e r   f e a t u r e   of  t h e   c r o s s - s e c t i o n   i s   t h e  

d i s t a n c e   d  w h i c h   i s   t h e   d i s t a n c e   b e t w e e n   two  s c a l l o p i n g s  
m e a s u r e d   a c r o s s   t h e   m a j o r   a x i s   of  t he   f i b e r   c r o s s - s e c t i o n ,  

as  d e s c r i b e d   by  G o r r a f a   and  by  F r a n k l i n .  

P r e f e r a b l y ,   d i m e n s i o n s   a r e   in   a p p r o x i m a t e l y   t h e  

f o l l o w i n g   p r o p o r t i o n s :  -   t h e   r a t i o   of  l e n g t h   to  w i d t h   A / B  
of   t h e   c r o s s - s e c t i o n   f rom  1 .4   to  2 . 4 ,   t i p   r a d i u s   r a t i o  

r l / R   f o r   t h e   l o b e s   on  t h e   m a j o r   a x i s   b e t w e e n   0 . 2 0   a n d  

0 . 4 5 ,   and  t h e   t i p   r a d i u s   r a t i o   r 2 / R   on  t h e   m i n o r   a x i s   f r o m  

0 . 8   to   2 . 1   t i m e s   t h e   t i p   r a d i u s   r a t i o   r 1 / R .   T h e  

c r o s s - s e c t i o n   m u s t   be  p r o p e r l y   s c a l l o p e d   to   p r o v i d e   t h e  

d e s i r a b l e   p r o p e r t i e s   of  t h e   i n v e n t i o n ;   f o r   t h i s   r e a s o n ,  
t h e   r a t i o   d / 2 r 1 ,   i s   p r e f e r a b l y   f rom  a b o u t   0 .6   to   1 . 0 .  

W h i l e   t h e   a b o v e   f e a t u r e s   may  a p p e a r   to  b e  

c o m p l i c a t e d ,   t h e y   a r e   q u i t e   s i m p l e   to  m e a s u r e   on  e n l a r g e d  

p h o t o m i c r o g r a p h s   of  c r o s s - s e c t i o n a l   v i e w s .  

The  p r e p a r a t i o n   of  t h e   p o l y e s t e r   s t a p l e   f i b e r   i s  

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

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

f i l a m e n t s   i n t o   a  t ow,   d r a w i n g   t h e   t ow,   and  a p p l y i n g   a  
s u i t a b l e   w a t e r - d i s p e r s i b l e   c o a t i n g   to   i m p a r t  
c h a r a c t e r i s t i c s .   I f   low  s h r i n k a g e   i s   d e s i r e d ,   t h e   d r a w n  

f i l a m e n t s   a r e   g e n e r a l l y   a n n e a l e d .  

S e l e c t i o n   of   an  a p p r o p r i a t e   c o a t i n g   to   p r o m o t e  

w a t e r - d i s p e r s i b i l i t y   i s   i m p o r t a n t ,   and  more  of  s u c h  

c o a t i n g   i s   g e n e r a l l y   r e q u i r e d   t h a n   f o r   c o m p a r a b l e   w e i g h t s  
of   f i b e r   of   r o u n d   c r o s s - s e c t i o n   of  s i m i l a r   d p f ,   b e c a u s e   o f  

t h e   l a r g e r   s u r f a c e   a r e a   of  t h e   p e r i p h e r y   of  t h e  

s c a l l o p e d - o v a l   c r o s s - s e c t i o n .   I t   i s   e s p e c i a l l y   i m p o r t a n t  

to   p r o v i d e   good   b o u n d a r y   l u b r i c a t i o n   p r o p e r t i e s .   For  t h i s  

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



S u i t a b l e   c o a t i n g s   a r e   d i s c l o s e d   in  H a w k i n s ,   U.  S .  

P a t .   Nos.   4 , 1 3 7 , 1 8 1 ,   4 , 1 7 9 , 5 4 3   and  4 , 2 9 4 , 8 8 3   and  a l s o   i n  

c o p e n d i n g   USSN  7 2 1 , 3 4 4 ,   f i l e d   s i m u l t a n e o u s l y   h e r e w i t h   i n  

t h e   names   of  van  I s s u m   and  S c h l u t e r ,   d i s c l o s i n g   t he   u se   o f  

a  s y n t h e t i c   c o p o l y e s t e r   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 )  
u n i t s   and  p o l y ( o x y a l k y l e n e )   of  g r o u p s   d e r i v e d   f rom  a  

p o l y ( o x y a l k y l e n e )   g l y c o l   h a v i n g   an  a v e r a g e   m o l e c u l a r  

w e i g h t   in  t he   r a n g e   of  300  to  6 , 0 0 0 ,   as  d i s c l o s e d ,   e . g .   i n  

M c I n t y r e ,   e t   a l .   U .S .   P a t .   Nos .   3 , 4 1 6 , 9 5 2 ,   3 , 5 5 7 , 0 3 9   a n d  

3 , 6 1 9 , 2 6 9 ,   r e f e r r e d   to  t h e r e i n ;   o t h e r   u s e f u l   s e g m e n t e d  

c o p o l y e s t e r s   a r e   d i s c l o s e d   in  R a y n o l d s ,   U . S .   P a t e n t   N o .  

3 , 9 8 1 , 8 0 7 ;   a l l   t h e s e   d i s c l o s u r e s   a r e   i n c o r p o r a t e d   h e r e i n  

by  r e f e r e n c e .  

Such  p o l y e s t e r   f i b e r   i s   g e n e r a l l y   p r e p a r e d   f i r s t  

in  t h e   fo rm  of  a  c o n t i n u o u s   f i l a m e n t a r y   u n c r i m p e d   tow  o r ,  
i f   e x t r a   b u l k   i s   r e q u i r e d ,   and  a  more  t h r e e - d i m e n s i o n a l  

m a t r i x ,   t he   f i l a m e n t s   may  be  p r o v i d e d   w i t h   m i l d   w a v e - l i k e  

u n d u l a t i o n s   by  a  m i l d   c r i m p i n g - t y p e   p r o c e s s ,   and  t h e  

u n c r i m p e d   or  m i l d l y   w a v e - l i k e   f i l a m e n t s   a r e   c u t   to  t h e  

d e s i r e d   c u t   l e n g t h ,   i . e .   to  fo rm  t he   w a t e r - d i s p e r s i b l e  

f i b e r ,   w h i c h   i s   g e n e r a l l y   s o l d   in  t he   fo rm  of  b a l e s ,   o r  
o t h e r   p a c k a g e s   of  c u t   f i b e r .   S u i t a b l e   c u t   l e n g t h s   a r e  

g e n e r a l l y   f rom  a b o u t   5  to  a b o u t   90  mm  ( 1 / 4   to  3  i n c h e s ) ,  

g e n e r a l l y   up  to  60  mm  ( 2 - 1 / 2   i n c h e s ) ,   and  o f  

l e n g t h / d i a m e t e r   (L/D)   r a t i o   f rom  a b o u t   1 0 0 : 1   to   a b o o u t  

2 0 0 0 : 1 ,   p r e f e r a b l y   a b o u t   1 5 0 : 1   to  a b o u t   2 0 0 0 : 1 ,   i t   b e i n g  

an  a d v a n t a g e   of  t h e   i n v e n t i o n   t h a t   good  p e r f o r m a n c e   h a s  

b e e n   o b t a i n a b l e   w i t h   p r e f e r r e d   w a t e r - d i s p e r s i b l e   f i b e r   o f  

t h e   i n v e n t i o n   w i t h   an  L/D  r a t i o   h i g h e r   t h a n   we  h a v e  

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

p o l y e s t e r   f i b e r .   For  i n s t a n c e ,   m a c h i n e   m a n u f a c t u r e r s   h a v e  

g e n e r a l l y   r e c o m m e n d e d   t h a t   t he   L/D  r a t i o   n o t   e x c e e d   5 0 0 : 1 ,  

and  many  o p e r a t o r s   have   c o n s i d e r e d   e v e n   t h i s   f i g u r e  

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

g e n e r a l l y   f rom  a b o u t   0 .5   to  a b o u t   20.  The  c o a t i n g   i s  



g e n e r a l l y   p r e s e n t   in  a m o u n t   a b o u t   0 . 0 4   to  a b o u t   1.0%  o f  

t h e   w e i g h t   of   f i b e r   (OWF%),  i t   b e i n g   an  a d v a n t a g e   t h a t  

s m a l l e r   a m o u n t s   may  g e n e r a l l y   be  u s e d   t h a n   we  h a v e  

c o n s i d e r e d   s a t i s f a c t o r y   a c c o r d i n g   to   t h e   p r i o r   a r t .  

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

s t e p s   of   m e l t - s p i n n i n g   t h e   p o l y e s t e r   i n t o   f i l a m e n t s   o f  

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

f i l a m e n t s ,   d r a w i n g ,   and  t h e n   c o a t i n g   t h e   f i l a m e n t s   in  t h e  

tow  w i t h   s u c h   s y n t h e t i c   c o p o l y e s t e r ,   a n d ,   a t   a n  

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

s t a p l e   f i b e r .  

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

by  h e a t i n g   t h e   c o a t e d   f i l a m e n t s ,   or  t h e   r e s u l t i n g   s t a p l e  

f i b e r ,   i f   d e s i r e d ,   to  a  t e m p e r a t u r e   of  a b o u t   100°  to   a b o u t  

190°   to   i m p r o v e   d u r a b i l i t y .  
The  i n v e n t i o n   i s   f u r t h e r   i l l u s t r a t e d   in  t h e  

f o l l o w i n g   E x a m p l e ,   in   w h i c h   a l l   p a r t s   and  p e r c e n t a g e s   a r e  

by  w e i g h t ,   u n l e s s   o t h e r w i s e   i n d i c a t e d ,   and  OWF  i s   ( s o l i d s )  

" o f   w e i g h t   of  f i b e r " .   R e f e r e n c e   i s   made  to  s e v e r a l  

m e a s u r e m e n t s   of   y a r n   p r o p e r t i e s ,   s u c h   as  t e n s i l e  

p r o p e r t i e s   ( t e n a c i t y   and  e l o n g a t i o n - t o   b r e a k ) ,   w h i c h   a r e  
m e a s u r e d   a c c o r d i n g   to   t h e   m e t h o d s   d e s c r i b e d   in  F r a n k f o r t  

e t   a l .   U . S .   P a t e n t   No.  4 , 1 3 4 , 8 8 2 .   I t   w i l l   be  u n d e r s t o o d  

t h a t   o t h e r   c o n d i t i o n s   can  be  u s e d   e . g . ,   o t h e r   d e s i g n s   o f  

o r i f i c e ,   s u c h   as  a r e   shown  by  G o r r a f a ,   U . S .   P a t e n t   N o .  

3 , 9 1 4 , 4 8 8 .  

E x a m p l e  
The  f o l l o w i n g   f i b e r s ,   F i b e r   A,  a  c o m p a r i s o n   o f  

r o u n d   c r o s s   s e c t i o n ,   and  F i b e r   X,  a  f i b e r   of  t h e   i n v e n t i o n  

of   s c a l l o p e d - o v a l   c r o s s   s e c t i o n ,   we re   b o t h   spun   f r o m  

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 )   of  i n t r i n s i c   v i s c o s i t y   0 . 6 4 ,  

c o n t a i n i n g   0.3%  T i02   as  a  d e l u s t e r a n t .  

F i b e r   A  was  spun   a t   1600  ypm  i n t o   f i l a m e n t s   w i t h  

c o n v e n t i o n a l   r a d i a l   a i r   q u e n c h i n g   u s i n g   a  900  h o l e  



s p i n n e r e t ,   w i t h   r o u n d   h o l e s   0 . 0 1 5   i n c h e s   in  d i a m e t e r   a n d  

c a p i l l a r y   l e n g t h   of  0 . 0 3 0   i n c h e s ,   a  270°C  b l o c k ,   a n d  

p o l y m e r   t h r o u g h p u t   6 8 . 2   p o u n d s / h o u r .   D e n i e r   p e r   f i l a m e n t  

was  3 . 6 7 .   F i b e r   A  was  t h e n   o r i e n t e d   by  r u n n i n g   o v e r   a  s e t  

of  f e e d   r o o l s   a t   2 9 . 3   ypm,  f o l l o w e d   by  a  s e t   of  d raw  r o l l s  

a t   8 0 . 0   ypm,  and  d e l i v e r e d   to  a  c o n v e y e r   by  p u l l e r   r o l l s  

a t   8 0 . 1   ypm.  B e t w e e n   f e e d   r o l l   s e c t i o n s   t he   f i l a m e n t s  

we re   t r e a t e d   in  a  45°C  w a t e r   b a t h .   B e t w e e n   f e e d   and  d r a w  

r o l l s   t he   r o p e   was  s p r a y e d   w i t h   w a t e r   a t   98°C .   B e t w e e n  

d r a w   and  p u l l e r   r o l l s   a  c o m m e r c i a l   w a t e r - d i s p e r s i b l e  

c o a t i n g   ( 5 0 / 5 0   m i x t u r e   of  p o t a s s i u m   s a l t   of  mono  a n d  

d i a c i d   p h o s p h a t e   e s t e r s   of  l a u r y l   a l c o h o l / t a l l o w   a l c o h o l  

e t h o x y l a t e d   w i t h   25  m o l e s   of  e t h y l e n e   o x i d e )   was  a p p l i e d .  
The  f i l a m e n t s   were   t h e n   r e l a x e d   f r e e   in  an  oven   a t   1 5 0 ° C  

f o r   6  m i n u t e s .  

F i b e r   X  was  p r o d u c e d   in  a  s i m i l a r   m a n n e r   to  i t e m   A 

e x c e p t   t h a t   1054  f i l a m e n t s   of  2 . 9 8   dp f   and  s c a l l o p e d - o v a l  
c r o s s - s e c t i o n   we re   spun   t h r o u g h   c a p i l l a r i e s   as  shown  i n  

F i g u r e   2,  w i t h   b l o c k   t e m p e r a t u r e   2 7 4 ° C ,   and  t h r o u g h p u t   6 7  

p o u n d s / h o u r .   R o l l   s p e e d s   f o r   t he   o r i e n t a t i o n   we re   f e e d  

r o l l s   3 4 . 1   ypm,  d raw  r o l l s   8 0 . 2   ypm  and  p u l l e r   r o l l s   7 9 . 1  

ypm,  and  a  h i g h e r   l e v e l   of  w a t e r - d i s p e r s i b l e   c o a t i n g   w a s  
u s e d   to  o f f s e t   t he   s c a l l o p e d   o v a l ' s   a p p r o x i m a t e l y   13% 

h i g h e r   s u r f a c e   a r e a .  
F i b e r   X  c r o s s - s e c t i o n s   had  d i m e n s i o n s   in  t h e  

f o l l o w i n g   a v e r a g e   p r o p o r t i o n s :   A / B  -   1 . 5 7 ,   r l / R  -   0 . 3 8 ,  

r 2 / R  -   0 . 4 2   and  d / 2 r 1  -   0 . 8 3 .  

The  p r o p e r t i e s   of  t he   d r a w n   c o a t e d   f i l a m e n t s   a r e  

c o m p a r e d   in  T a b l e   1 .  



B o t h   t y p e s   we re   c u t   to  f o rm  w a t e r - d i s p e r s i b l e  
f i b e r   of   1 / 4 ,   3 / 8 ,   1 /2   and  3 /4   i n c h   c u t   l e n g t h s   and  w e r e  
t e s t e d   on  an  i n c l i n e d   w i r e   F o u r d r i n i e r   m a c h i n e .   F i b e r s  

w e r e   d i s p e r s e d   f o r   t h r e e   m i n u t e s   in  a  s m a l l   p u l p e r   a t  

0 .75%  c o n s i s t e n c y   ( l b s .   f i b e r   p e r   100  l b s .   s l u r r y ,   o r  

f u r n i s h ) .   The  c y l i n d r i c a l   p u l p e r   was  a p p r o x i m a t e l y   3  f e e t  

in   d i a m e t e r   by  6  f e e t   d e e p .   F i b e r s   were   t h e n   m i x e d   w i t h  

u n r e f i n e d   s u l p h i t e   p u l p   to  fo rm  a  50%  p o l y e s t e r   b l e n d   a n d  

d i l u t e d   to   0.1%  c o n s i s t e n c y   in   a  10  c u b i c   m e t e r   s t o c k  

t a n k .   T h i s   s t o c k   was  f u r t h e r   d i l u t e d   in  t he   h e a d b o x   o f  

t h e   m a c h i n e   to   0 . 0 1 4 3 %   c o n s i s t e n c y   and  f o r m e d   i n t o   a  0 . 5  

m e t e r   w i d e   we t   l a y   n o n w o v e n   f a b r i c   a t   20  m e t e r s / m i n u t e .   A 

s p r a y   of   an  a c r y l i c   b i n d e r ,   A c r o n y l   240D  was  s p r a y   a p p l i e d  

a t   t h e   end  of   t h e   F o u r d r i n i e r   w i r e .   The  f a b r i c   was  t h e n  

c u r e d   in   a  t h r o u g h   a i r   d r i e r   a t   1 5 0 ° C .   F i n i s h e d   f a b r i c  

w e i g h t   a v e r a g e d   40  g r a m s / s q u a r e   m e t e r .  

D i s p e r s i o n   q u a l i t y   can   be  j u d g e d   by  t h e   u n i f o r m i t y  
of   t h e   f a b r i c   p r o d u c e d   f rom  a  g i v e n   s a m p l e .   As  c u t   l e n g t h  

i n c r e a s e s ,   t h e   u n i f o r m i t y   of   t h e   f a b r i c   can  g e n e r a l l y   b e  

e x p e c t e d   to   s u f f e r   s i g n i f i c a n t l y .   H o w e v e r ,   g r e a t  

a d v a n t a g e s   can   r e s u l t   f r om  u s i n g   a  l o n g e r   f i b e r   b e c a u s e  

t h e   f a b r i c   t e a r   s t r e n g t h   i n c r e a s e s ,   f o r   e x a m p l e .   I n  

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



to  u se   t he   l o n g e s t   f i b e r   t h a t   w i l l   mee t   h i s   u n i f o r m i t y  
s t a n d a r d s .   T h u s ,   a  l o n g e r   f i b e r   w i t h   i m p r o v e d ,   o r  

e q u i v a l e n t   u n i f o r m i t y   w o u l d   be  p r e f e r r e d .   F a b r i c   s a m p l e s  
f r o m   F i b e r s   A  and  X  were   i n d e p e n d e n t l y   shown  to  a  p a n e l   o f  

10  p e r s o n s   ( w h i c h   was  e v e n l y   d i v i d e d   b e t w e e n   men  a n d  

w o m e n ) ,   who  we re   a s k e d   to  r ank   t he   f a b r i c s   in  t e r m s   o f  

v i s u a l   u n i f o r m i t y   w i t h   t he   r e s u l t s   shown  in  T a b l e   2,  t h e  

m o s t   u n i f o r m   b e i n g   r a n k e d   a t   1,  i . e .   t he   l o w e s t   s c o r e .  

As  can  be  s e e n ,   e a c h   s c a l l o p e d - o v a l   f a b r i c   (X)  

s c o r e d   b e t t e r ,   i . e .   was  p r e f e r r e d   f o r   f a b r i c   u n i f o r m i t y  

o v e r   i t s   r o u n d   c o u n t e r p a r t   a t   t he   same  c u t   l e n g t h .  

I n d e e d ,   t he   1 /2   i n c h   I t e m   X  was  a c t u a l l y   p r e f e r r e d ,   by  a  

n a r r o w   m a r g i n ,   o v e r   i t s   s i g n f i c a n t l y   s h o r t e r   3 /8   i n c h   I t e m  

A  c o u n t e r p a r t .  
A  common  d e f e c t   in  wet   l a y   n o n w o v e n   f a b r i c s   i s   t w o  

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

T h e s e   d e f e c t s   a r e   c a l l e d   d u m b b e l l s ,   o r ,   i f   s i n g l e   e n d e d ,  

c l u m p s .   The  n u m b e r   of  s u c h   d e f e c t s   was  d e t e r m i n e d   f o r  

known  w e i g h t s   of  f a b r i c   f o r   a l l   c u t   l e n g t h s   of  b o t h  

f i b e r s .   On  t he   a v e r a g e ,   I t e m   X,  t h e   s c a l l o p e d - o v a l ,   h a d  

44%  f e w e r   d e f e c t s / 1 0 0   g r ams   f a b r i c   t h a n   t h e   c o n t r o l .   T h i s  

may  p o s s i b l y   be  c a u s e d   by  t h e   a s s y m e t r i c   n a t u r e   of  t h e  

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

s c a l l o p e d - o v a l   l o n g   f i b e r s   to  r e s p o n d   to  s w i r l s   in  t h e  

w h i t e   w a t e r .  



S t a n d a r d   p h y s i c a l   p r o p e r t i e s   were   m e a s u r e d   f o r   t h e  

s e t   of  f a b r i c s   a t   H e r t y   F o u n d a t i o n ,   S a v a n n a h ,   GA. 

C o m p a r e d   e a c h   t i m e   to  F i b e r   A  as  100%,  F i b e r   X  had  t h e  

f o l l o w i n g   a v e r a g e   p r o p e r t i e s :  

On  b a l a n c e ,   I t e m   X  e x h i b i t e d   a d v a n t a g e s   in  t h e  

i m p o r t a n t   a r e a s   of  h i g h e r   o p a c i t y   and  h i g h e r   t e n s i l e  

s t r e n g t h ,   w i t h   m i n o r   s a c r i f i c e s   in   t e n s i l e   s t r e t c h   a n d  

b u l k .   The  f a b r i c s   of  I t e m   X  a l s o   have   a  p l e a s a n t   s o f t  

h a n d .  

When  u s e d   w i t h   t h e   a p p r o p r i a t e   w a t e r - d i s p e r s i b l e  

c o a t i n g   in   a p p r o p r i a t e   a m o u n t ,   t he   s c a l l o p e d - o v a l  
c r o s s - s e c t i o n   f i b e r   of  t he   i n v e n t i o n   has   g i v e n   a  f a b r i c  

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

h a n d .  

F a b r i c s   made  f rom  80%/20%  b l e n d s   of  c r a f t   w o o d  

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

w i t h   a  d i f f e r e n t   c o a t i n g ,   have   d e m o n s t r a t e d   c o n s i s t e n t l y  

b e t t e r   o p a c i t y   t h a n   f a b r i c s   of  v a r i o u s   w e i g h t s   o f  

p o l y e s t e 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 .  

From  t h e o r e t i c a l   c o n s i d e r a t i o n s ,   w a t e r - d i s p e r s i b l e  

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

e x p e c t e d   to   g i v e   more  u n i f o r m   d i s p e r s i o n s ,   a n d ,   t h e r e f o r e ,  

more   u n i f o r m   w e t - l a i d   f a b r i c s .   T h i s   i s   b e c a u s e   t h e  

s u r f a c e   e n e r g y   r e q u i r e d   to  d i s p e r s e   a  f i b e r   ( o r   o t h e r  

a r t i c l e s )   i s   g i v e n   b y :  

E n e r g y  -   ( S u r f a c e   T e n s i o n )   X  ( D i s p e r s e d   s u r f a c e   a r e a  -  

U n d i s p e r s e d   s u r f a c e   a r e a ) .  



The  u n d i s p e r s e d   f i b e r   e x i s t s   in  l o g s   or  c l u m p s   o f  

many  h u n d r e d s   of  f i b e r s ,   mos t   of  w h i c h   a r e   on  t he   i n s i d e  

of  t h e   l o g s .   T h e r e f o r e   t he   u n d i s p e r s e d   s u r f a c e   a r e a   i s  

n e g l i g i b l e   c o m p a r e d   to  t he   d i s p e r s e d   a r e a ,   and  t h e   e n e r g y  

t e r m   can   be  e x p r e s s e d   a p p r o x i m a t e l y   a s :  

E n e r g y  -   ( S u r f a c e   T e n s i o n )   X  (Number   of  f i b e r s )   X 

( S u r f a c e   a r e a   of  a  f i b e r ) .  

T h i s   e n e r g y   t e r m   d e s c r i b e s   b o t h   t he   e n e r g y  

r e q u i r e d   to  d i s p e r s e   t he   f i b e r ,   and  t he   f r e e   e n e r g y  

d r i v i n g   f o r c e   f o r   r e a g g l o m e r a t i o n .   T h e r e f o r e ,   f o r   a n y  

g i v e n   c o a t i n g ,   and  f i b e r   d p f ,   f i b e r s   w i t h   l o w e r   a r e a   w o u l d  

be  e x p e c t e d   to  p r o v i d e   a  more  u n i f o r m   d i s p e r s i o n ,   h e n c e  

more  u n i f o r m   f a b r i c .   The  minimum  s u r f a c e   a r e a   p e r   u n i t  

w e i g h t   f o r   a  g i v e n   f i b e r   o c c u r s   when  t he   c r o s s - s e c t i o n   i s  

r o u n d ,   w h i c h   w o u l d   be  e x p e c t e d ,   t h e r e f o r e ,   to  b e  

p r e f e r r e d .  

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

f i b e r s ,   in  s p i t e   of  a b o u t   15%  g r e a t e r   s u r f a c e   a r e a   g a v e  
more  u n i f o r m   f a b r i c s .   W i t h o u t   l i m i t i n g   t he   i n v e n t i o n   t o  

any  t h e o r y ,   t h i s   may  r e s u l t   f rom  t he   f i b e r ' s   h y d r o d y n a m i c  

s h a p e ,   w h i c h   may  more  e f f e c t i v e l y   use   t he   e n e r g y   a v a i l a b l e  

in  t h e   m i x e r   s h e a r   f i e l d .  



1.  W a t e r - d i s p e r s i b l e   s y n t h e t i c   p o l y m e r   f i b e r ,  

c h a r a c t e r i z e d   in  t h a t   t he   f i b e r s   a r e   of  s c a l l o p e d - o v a l  

c r o s s - s e c t i o n .  

2.  F i b e r   as  c l a i m e d   in   C l a i m   1,  of  c u t   l e n g t h  
f r o m   a b o u t   5  to  a b o u t   90mm,  and  w h e r e i n   t h e  

l e n g t h / d i a m e t e r   r a t i o   i s   f rom  a b o u t   1 0 0 : 1   to  a b o u t   2 0 0 0 : 1 .  

3.  P o l y m e r   f i l a m e n t s   e s s e n t i a l l y   as  c l a i m e d   i n  

C l a i m   1,  e x c e p t   t h a t   t h e y   a r e   in   t h e   f o rm  of  a  c o n t i n u o u s  

f i l a m e n t a r y   u n c r i m p e d   t o w .  

4.  W a t e r - d i s p e r s i b l e   p o l y e s t e r   f i b e r ,  

c h a r a c t e r i z e d   in  t h a t   t h e   f i b e r s   a r e   of  s c a l l o p e d - o v a l  
c r o s s - s e c t i o n .  

5.  F i b e r   as  c l a i m e d   in  C l a i m   4,  w h e r e i n   t h e  

d e n i e r   i s   f r om  a b o u t   0 .5   to  a b o u t   2 0 .  

6.  F i b e r   as  c l a i m e d   in  C l a i m   4,  of  c u t   l e n g t h  
f r o m   a b o u t   5  to  a b o u t   90mm. 

7.  F i b e r   as  c l a i m e d   in  C l a i m   6,  w h e r e i n   t h e  

l e n g t h / d i a m e t e r   r a t i o   i s   f rom  a b o u t   1 0 0 : 1   to  a b o u t   2 0 0 0 : 1 .  

8.  W a t e r - d i s p e r s i b l e   f i b e r   as  c l a i m e d   in  C l a i m   7 ,  

in   t h e   f o r m   of  a  p a c k a g e   of  c u t   f i b e r .  

9.  W a t e r - d i s p e r s i b l e   f i b e r   as  c l a i m e d   in  C l a i m   1 ,  
in   t h e   f o r m   of  a  p a c k a g e   of  c u t   f i b e r .  

10.   P o l y e s t e r   f i b e r   a c c o r d i n g   to  C l a i m   4 ,  

c o n s i s t i n g   e s s e n t i a l l y   of  p o l y ( e t h y l e n e   t e r e p h t h a l a t e ) .  
11.   W a t e r - d i s p e r s i b l e   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 i b e r   as  c l a i m e d   in  C l a i m   4,  w h e r e i n   t h e   f i b e r   i s  

e s s e n t i a l l y   u n c r i m p e d ,   of  c u t   l e n g t h   a b o u t   5  to  a b o u t  

90mm,  of   l e n g t h / d i a m e t e r   r a t i o   a b o u t   1 0 0 : 1   to  a b o u t  

2 0 0 0 : 1 ,   and  of  d e n i e r   a b o u t   0 .5   to  a b o u t   20,   and  a n  

e t h o x y l a t e d   w a t e r - d i s p e r s i b l e   c o a t i n g   i s   p r e s e n t   in  a m o u n t  

a b o u t   0 . 0 4   to   a b o u t   1.0%  of  t h e   t o t a l   w e i g h t   of  t h e   f i b e r .  

12.  W a t e r   d i s p e r s i b l e   f i b e r   as  c l a i m e d   i n  

C l a i m   11,   in  t h e   f o r m   of  a  p a c k a g e   of  c u t   f i b e r .  



13.  P o l y e s t e r   f i l a m e n t s   e s s e n t i a l l y   as  c l a i m e d   i n  

C l a i m   11,  e x c e p t   t h a t   t h e y   a r e   in  t h e   fo rm  of  a  c o n t i n u o u s  

f i l a m e n t a r y   u n c r i m p e d   t o w .  

14.  P o l y e s t e r   f i b e r   a c c o r d i n g   to  c l a i m   4,  c o a t e d  

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

a  s e g m e n t e d   c o p o l y e s t e r   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 )  

r e p e a t   u n i t s   and  p o l y ( o x y a l k y l e n e )   g r o u p s   d e r i v e d   f rom  a  

p o l y ( o x y a l k y l e n e )   g l y c o l   h a v i n g   an  a v e r a g e   m o l e c u l a r  

w e i g h t   in  t he   r a n g e   of  300  to  6 0 0 0 .  

15.   P o l y e s t e r   f i l a m e n t s   e s s e n t i a l l y   as  c l a i m e d   i n  

C l a i m   14,  e x c e p t   t h a t   t h e y   a r e   in  t he   fo rm  of  a  c o n t i n u o u s  

f i l a m e n t a r y   t o w .  

16.  W a t e r - d i s p e r s i b l e   f i b e r   a c c o r d i n g   to  C l a i m   1 ,  
w h e r e i n   t he   s c a l l o p e d - o v a l   c r o s s - s e c t i o n   i s   c h a r a c t e r i z e d  

as  f o l l o w s : -  

a.  by  m a j o r   and  m i n o r   a x e s   of  s y m m e t r y   w h i c h  

a r e   p e r p e n d i c u l a r   to  e a c h   o t h e r ;  

b.  by  a  r a t i o   of  l e n g t h   A  to  w i d t h   B,  m e a s u r e d  

a l o n g   t h e   a x e s   of  s y m m e t r y ,   of  f rom  1 .4   t o  

2 . 4 ;  

c.  by  a  l o b e   l o c a t e d   on  e a c h   e x t r e m i t y   of  t h e  

m a j o r   a x i s   w h i c h   has   a  t i p   r a d i u s   r a t i o   r 1 / R  
of  0 . 2 0   to  0 . 4 5 ,   w h e r e   r1  i s   t he   r a d i u s   o f  

t he   l o b e   t i p   and  R  is   t he   r a d i u s   of  a  c i r c l e  

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

s e c t i o n ;  

d.  by  a  t i p   r a d i u s   r a t i o   r 2 / R   a t   e a c h   e x t r e m i t y  
of  t he   m i n o r   a x i s   of  0 .8   to  2 .1   t i m e s   t h e  

t i p   r a d i u s   r a t i o   r 1 / R   of  t he   l o b e s   on  t h e  

m a j o r   a x i s ;  

e.  by  i n d e n t a t i o n s   b e t w e e n   the   e x t r e m i t i e s   o f  

t h e   m a j o r   and  m i n o r   a x e s ,   a n d ;  

f .   by  the   s h o r t e s t   d i s t a n c e   d  b e t w e e n   t w o  

i n d e n t a t i o n s   on  o p p o s i t e   s i d e s   of  t he   m a j o r  

a x i s   b e i n g   f rom  1 .2   to  2 .0   t i m e s   t he   r a d i u s  

r1  of  t he   l o b e s   on  the   m a j o r   a x i s .  



17.  A  p r o c e s s   f o r   p r e p a r i n g   w a t e r - d i s p e r s i b l e  

p o l y e s t e r   f i b e r ,   c o m p r i s i n g   t he   s t e p s   of  m e l t - s p i n n i n g   t h e  
p o l y e s t e r   i n t o   f i l a m e n t s   of  s c a l l o p e d - o v a l   c r o s s - s e c t i o n ,  
f o r m i n g   a  tow  of  s u c h   f i l a m e n t s ,   d r a w i n g   t he   tow,   c o a t i n g  
t h e   f i l a m e n t s   in  t h e   tow  w i t h   a  s e g m e n t e d   s y n t h e t i c  
c o p o l y e s t e r   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 )   r e p e a t   u n i t s  
and  p o l y ( o x y -   a l k y l e n e )   g r o u p s   d e r i v e d   f rom  a  

p o l y ( o x y a l k y l e n e )   g l y c o l   h a v i n g   an  a v e r a g e   m o l e c u l a r  

w e i g h t   in   t h e   r a n g e   of  300  to  6 , 0 0 0 ,   and  c o n v e r t i n g   t h e  

c o a t e d   f i l a m e n t s   to   f i b e r   of  c u t   l e n g t h   f rom  a b o u t   5  t o  
a b o u t   90mm. 

-18.  A  p r o c e s s   as  c l a i m e d   in  C l a i m   17,  w h e r e i n   t h e  
f i l a m e n t s   a r e   c o a t e d   w i t h   t h e   c o p o l y e s t e r   in  a m o u n t   a b o u t  
0 . 0 4   to   a b o u t   1.0%  of  t h e i r   w e i g h t .  

19.   A  p r o c e s s   as  c l a i m e d   in  C l a i m   17,   w h e r e i n   t h e  

c o a t i n g   i s   c u r e d   on  t he   f i l a m e n t s   by  h e a t i n g   t h e   c o a t e d  

f i l a m e n t s   to  a  t e m p e r a t u r e   of  a b o u t   100°C  to  a b o u t   1 9 0 ° C .  

20.   A  p r o c e s s   as  c l a i m e d   in  C l a i m   19,   w h e r e i n   t h e  
f i l a m e n t s   a r e   c o a t e d   w i t h   t he   c o p o l y e s t e r   in  a m o u n t   a b o u t  

0 . 0 4   to  a b o u t   1.0%  of  t h e i r   w e i g h t .  
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