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duces  manufacturing  costs  and  eliminates  an  environmental 
pollution  problem  created  in  the  discharge  of  spinning  baths 
containing  modifiers. 



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

c e l l u l o s e   or   v i s c o s e   r a y o n   f i b e r s   and  f i l a m e n t s .   More  s p e c i f i -  

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

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

B e c a u s e   of   t h e i r   s t r e n g t h ,   l u s t e r ,   s o f t n e s s   and  h a n d ,   v i s c o s e  

:  r a y o n   f i b e r s   and  f i l a m e n t s   h a v e   had  a  w i d e   a c c e p t a n c e .   L o w - w e t  

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

as  r e g u l a r   r a y o n ,   a r e   c h a r a c t e r i z e d   in   f a b r i c   form  by  e x c e s s i v e  

s h r i n k a g e   when  we t   and  t h e n   d r i e d ,   and  by  a  r e l a t i v e l y   low  m o d u l u s  

in  t h e   we t   s t a t e .   Such   f i b e r s   h a v e   a  we t   m o d u l u s   of  a b o u t   2 . 5   t o  

3 . 0   g m . / d e n i e r .   On  t h e   o t h e r   h a n d ,   t h e   u s e   of  h i g h   we t   m o d u l u s  

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

ed  f a b r i c   y i e l d   and  in  o v e r a l l   f a b r i c   p e r f o r m a n c e   as  i t   r e l a t e s   t o  

c o n s u m e r   u s e .  

Such   f i b e r s   h a v e   a  wet  m o d u l u s   of  5  to   15  g m . / d e n i e r   and  t h i s  

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

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

f i l a m e n t s   f o r   u se   as  r e i n f o r c e m e n t   in   m o l d e d   r u b b e r   a r t i c l e s ,   s u c h  

as  t i r e s ,   h o s e   and  t h e   l i k e ,   and  in   t h e   p r o d u c t i o n   of  h i g h   w e t  

m o d u l u s   v i s c o s e   r a y o n   f i b e r s   and  f i l a m e n t s ,   i t   has  b e e n   g e n e r a l l y  

a c c e p t e d   p r a c t i c e   t o   u t i l i z e   c e r t a i n   m o d i f y i n g   a g e n t s   in   t h e   v i s -  

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

f a t t y   a l c o h o l s   or  f a t t y   e s t e r s   and  e t h o x y l a t e d   h i g h e r   a l i p h a t i c  

a m i n e s .   In  g e n e r a l ,   t h e   u se   of  t h e   m o d i f y i n g   a g e n t s   has   r e s u l t e d  

in   i n c r e a s e s   in   t h e   t e n a c i t y   and  a b r a s i o n   r e s i s t a n c e   of   t h e   f i b e r s  

and  f i l a m e n t s .  

The  u s e   of   t h e s e   m o d i f y i n g   a g e n t s   or  a d d i t i v e s   has   s i g n i f i -  

c a n t l y   i n c r e a s e d   t h e   c o s t   of  t h e   raw  m a t e r i a l s   in  t h e   p r o d u c t i o n  

o f   t h e s e   f i b e r s .   In  s p i n n i n g ,   t h e   a d d i t i v e s   a r e   r e m o v e d   f r o m  

t h e   v i s c o s e   by  t h e   s p i n n i n g   b a t h .   No  p r a c t i c a l   me thod   has   b e e n  



d e v i s e d   f o r   t he   r e c o v e r y   of  t h e s e   a d d i t i v e s   f rom  t h e   s p i n n i n g  b a t h  

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

t h e   a d d i t i v e   r e a c t i o n   p r o d u c t s   in  t h e   s p i n n i n g   b a t h .   Whi l e   t h e  

i n o r g a n i c   s a l t s   may  be  r e c o v e r e d   f rom  t h e   b a t h s ,   t h e   m o d i f y i n g  

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

w a t e r s   r o u t e d   to   w a s t e   t r e a t m e n t .   T h i s   i s   h i g h l y   u n d e s i r a b l e   b e -  

c a u s e   t h e y   add  a p p r e c i a b l y   to   t h e   b i o l o g i c a l   o x y g e n   demand  (BOD) 

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

m o s t   G o v e r n m e n t   a g e n c i e s .   The  d i s c h a r g e   of   t h i s   c l a s s   o f  

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

s i g n i f i c a n t   e n v i r o n m e n t a l   p r o b l e m   w h i c h   can   o n l y   be  r e s o l v e d   b y  

c o n s i d e r a b l e   e x p e n s e   in   w a s t e   t r e a t m e n t   f a c i l i t i e s   and  o p e r a t i o n  

of   s a m e .  

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

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

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

a g e   in   f a b r i c   fo rm  b u t   w i t h o u t   t h e   use   o f   v i s c o s e   m o d i f i e r s .  

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

w e t   and  c o n d i t i o n e d   m o d u l i   and  h i g h   we t   and  c o n d i t i o n e d   s t r e n g t h s .  

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

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

I t   a l s o   r e d u c e s   BOD  l o a d i n g   in  w a s t e   t r e a t m e n t   f rom  t h e   w a s h  

w a t e r   o f   t h e   p r o c e s s .  

O t h e r   a d v a n t a g e s   o f   t h e   i n v e n t i o n   w i l l   b e c o m e   a p p a r e n t   f r o m  

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

In  t he   d r a w i n g s :  

F i g .   1  i s   an  e n l a r g e d   ( a b o u t   1000X)  c r o s s - s e c t i o n a l   v i e w   o f  

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

by  t h e   m e t h o d   d i s c l o s e d   in   U.S .   P a t e n t   3 , 2 7 7 , 2 2 6 .  

F i g .   2  i s   an  e n l a r g e d   ( a b o u t   1000X)  c r o s s - s e c t i o n a l   v i e w   o f  

f i b e r s   f o r m e d   by  t h e   m e t h o d   of  U .S .   P a t e n t   4 , 1 2 1 0 1 2 .  



.  F i g .   3  i s   an  e n l a r g e d   ( a b o u t   1000X)  c r o s s - s e c t i o n a l   v i e w   o f   o n e  

e m b o d i m e n t   of   t h e   v i s c o s e   r a y o n   f i b e r s   of   t h i s   i n v e n t i o n .  

F i g .   4  i s   an  e n l a r g e d   ( a b o u t   1000X)  c r o s s - s e c t i o n a l   v i e w s   o f  

a n o t h e r   e m b o d i m e n t   of  t h e s e   f i b e r s   p r o d u c e d   by  E x a m p l e   6  of  t h i s  

d i s c l o s u r e .  

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

h i g h   s t r e n g t h ,   h i g h   wet   m o d u l u s   v i s c o s e   r a y o n   f i b e r s   by  u t i l i z i n g  

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

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

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

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

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

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

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

s t a p l e .   The  t e r m   " f i b e r "   w i l l   be  u s e d   in  t h e   s p e c i f i c a t i o n   a n d  
a l s o  

i t   i s   to   be  u n d e r s t o o d   t h a t   t he   t e r m / r e f e r s   to   s t a p l e   f i b e r s .  

In  t h e   U.S .   P a t e n t   No.  4 , 1 2 1 , 0 1 2   to   B o c k n o ,   t h e r e   i s   d i s c l o s e d  

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

f o u n d   c o m m e r c i a l   a c c e p t a n c e .   A  u n i q u e   c h a r a c t e r i s t i c   of  t h e   f i b e r  

i s   i t s   h i g h   t e n s i l e   s t r e n g t h   in   b o t h   w e t   a n d   c o n d i t i o n e d   s t a t e s .  

The  f i b e r s   of  t h i s   i n v e n t i o n   may  be  u s e d   as  a  r e p l a c e m e n t   f o r  

c o t t o n   in  many  t e x t i l e   c o n s t r u c t i o n s .   They   a l s o   may  be  b l e n d e d  

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

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

f i n i s h i n g ,   and  m o i s t u r e   r e g a i n .   B o t h   b r i g h t   and  d e l u s t e r e d   f i b e r s  

c a n   be  made .   F a b r i c s   p r o d u c e d   f r o m   t h e s e   f i b e r s   a r e   f i r m   a n d  

c o t t o n - l i k e   w i t h   r e s p e c t   to  h a n d .   T h i s   e n h a n c e m e n t   of  f a b r i c   h a n d  

r e s u l t s   f rom  t h e   u n i q u e   c o m b i n a t i o n   of   f i b e r   c r o s s - s e c t i o n a l   s h a p e  

and  f i b e r   m o d u l u s .  



F i b e r s   of  t h i s   i n v e n t i o n   may  be  a d v a n t a g e o u s l y   e m p l o y e d   i n  

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

w h e r e i n   t h e   r a y o n   c o n t e n t   may  be  f r o m   1  t o   9 9 % .  

The  wet   m o d u l u s ,   e x p r e s s e d   as  g r a m s   p e r   d e n i e f ,   as  u s e d   h e r e -  

i n   i s   an  a v e r a g e   i n i t i a l   we t   m o d u l u s   w h i c h   i s   d e f i n e d   a s  

s t r e s s   in   g / d   a t   5 %  e l o n g a t i o n  
w e t   m o d u l u s   ( g / d )  =   0 . 0 5  

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

t o   s t r e t c h i n g   when  s u b j e c t e d   to   t e n s i o n .  

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

s t r e t c h i n g   in  a  f i b e r   p l a c e d   u n d e r   t e n s i o n   as   p e r c e n t a g e  o f   o r i g i -  

n a l   f i b e r   l e n g t h   a t   t h e   b r e a k   p o i n t .  

M e a s u r e m e n t s   of  we t   m o d u l u s   and  %  e l o n g a t i o n   of   s i n g l e   f i b e r s  

may  be  made   on  an  I n s t r o n   T e n s i l e   T e s t e r .   The   w e t   m o d u l u s   of   t h e  

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

5 . 0   and   12  g / d ,   w h e r e a s   low  we t   m o d u l u s   r a y o n   h a s   a  wet  m o d u l u s  

of   a b o u t   2 .5   to   3  g / d .   The  %  e l o n g a t i o n  o f   t h i s   f i b e r   i s   g e n e r -  

a l l y   w i t h i n   t h e   r a n g e   of  f r o m   14%  to   27%  when   w e t ,   and  a b o u t   11% 

to   22%  in   t h e   c o n d i t i o n e d   s t a t e .  

The  b r e a k i n g   t e n a c i t y   ( h e r e a f t e r ' t e n a c i t y )   o f   t h e   f i b e r   i s  

g e n e r a l l y   w i t h i n   t h e   r a n g e   of  f rom  1 . 5   t o   2 . 7   g r a m s   p e r   d e n i e r   w h e n  

w e t ,   and   a b o u t   2.R  to   4 . 0   g r a m s   p e r   d e n i e r   in   t h e   c o n d i t i o n e d  s t a t e .  

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

d a n c e   w i t h   P a t e n t   No.  4 , 1 2 1 , 0 1 2   h a v e   h i g h l y   d e s i r a b l e   p h y s i c a l  

p r o p e r t i e s   and  c h a r a c t e r i s t i c s .   The  n e c e s s i t y   of   u t i l i z i n g   t h e  

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

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

t o   m e e t   e n v i r o n m e n t a l   w a t e r   q u a l i t y   s t a n d a r d s .  

The   f i b e r s - p r o d u c e d   in   a c c o r d a n c e   w i t h   t h a t   p a t e n t   a r e  

c h a r a c t e r i z e d   in   h a v i n g   a  s u b s t a n t i a l l y   o v a t e   s e c t i o n  



w i t h   f rom  a b o u t   25  t o   30%  s k i n .   On  t h e   o t h e r   h a n d ,   f i b e r s   m a d e  

in  a c c o r d a n c e   w i t h   t h e   p r e s e n t   i n v e n t i o n   do  no t   r e q u i r e   t h e   u s e  

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

of   s u c h   a g e n t s   and  t h e   a t t e n d a n t   p o l l u t i o n   p r o b l e m . *  

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

s y m m e t r i c a l ,   m u l t i l o b u l a r ,   s k i n - c o r e   t y p e   c r o s s - s e c t i o n   w h i c h   p r o -  

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

f i r m e r   ( c r i s p e r )   h a n d .   The  s k i n   w h i c h   i s   i n t e r r u p t e d   or   d i s c o n -  

t i n u o u s   as  i l l u s t r a t e d   in   F i g .   3,  c o n s t i t u t e s   from  a b o u t   20%  t o  

a b o u t   35%  of  t h e   c r o s s - s e c t i o n .   The  f i b e r s   have   f rom  10  t o   3 0  

c r i m p s   p e r   i n c h   ( c p i ) .  

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

ed  by  p r o p e r   a d j u s t m e n t   of  t h e   i n t e r r e l a t e d   p a r a m e t e r s   of   t h e   v i s -  

c o s e   p r o c e s s ,   n a m e l y   t h e   v i s c o s e   c o m p o s i t i o n ,   t he   m e t n o d   of   p r e p a r a -  

t i o n ,   t h e   s p i n n i n g   b a t h   c o m p o s i t i o n ,   and  t h e   s p i n n i n g   c o n d i t i o n s .  

In  g e n e r a l ,   t h e   v i s c o s e   c o n t a i n s   f rom  6%  to  10%  c e l l u l o s e   and  f r o m  

4%  to  9%  c a u s t i c   s o d a .   The  c e l l u l o s e   x a n t h a t e   of  t h e   v i s c o s e   i s  

p r e p a r e d   by  a d d i t i o n   of   f rom  a b o u t   28%  to   45%  ( p r e f e r a b l y   30%  t o  

32%)  c a r b o n   d i s u l f i d e ,   b a s e d   upon  t h e   w e i g h t   of  t h e   c e l l u l o s e   t o  

t h e   a l k a l i   c e l l u l o s e .  

A l k a l i   c e l l u l o s e   i s   p r e p a r e d   by  s t e e p i n g   c o m m e r c i a l l y   a v a i l -  

a b l e   h i g h   q u a l i t y   d i s s o l v i n g   g r a d e  w o o d   p u l p   in  s t e e p i n g   p r e s s e s  

or   in  c o n t i n u o u s   s t e e p i n g   e q u i p m e n t   u s i n g   a q u e o u s   s o l u t i o n   o f  

c a u s t i c   soda   f o r   up  t o   a b o u t   one  h o u r   a t   a m b i e n t   t e m p e r a t u r e s .  

The  a l k a l i   c e l l u l o s e   i s   p r e s s e d   to   a  p r e s s   w e i g h t   r a t i o   of   a b o u t  

2 .8   to   2 . 9  :   1.  The  p r e s s e d   a l k a l i   c e l l u l o s e   i s   s h r e d d e d   and   m e r -  

c e r i z e d   in  t h e   u s u a l   m a n n e r .   I t   i s   t h e n   x a n t h a t e d   by  t h e   a d d i t i o n  

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

t h a t e d   a l k a l i   c e l l u l o s e   i s   d i s s o l v e d   in   a  c a u s t i c   soda   s o l u t i o n  

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



s t e p .   The  s t e p - w i s e   a d d i t i o n   of  c a r b o n   d i s u l f i d e   c o m m o n l y   r e f e r r e d  

to   as  s p l i t   x a n t h a t i o n   i s   n o t   e s s e n t i a l ,   i t   i s   m e r e l y   an  a l t e r n a t e  

p r o c e d u r e   f o r   a c c o m p l i s h i n g   the  degree   of  x a n t h a t i o n   d e s i r e d .  

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

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

9°C.  and  2 2 ° C .   f o r   up  t o   a b o u t   30  h o u r s   ( i n c l u d i n g   t h e   m i x i n g   a n d  

h o l d i n g   p e r i o d s ) .   V i s c o s e   f o r m e d   as  d e s c r i b e d   w i l l   e x h i b i t   a  s a l t  

t e s t   of  f r o m   a b o u t   5 . 5   to   15  ( p r e f e r a b l y   6 . 0   to   8 . 5 )   and   a  s p i n n i n g  

b a l l   f a l l   v i s c o s i t y   of   60  to   110  s e c o n d s .   The  t o t a l   s u l f u r   c o n -  

t e n t   w i l l   v a r y   f r o m   a b o u t   2 .1   t o   a b o u t   3.4%  and  t h e   x a n t h a t e   s u l -  

f u r   w i l l   v a r y   f r o m   a b o u t   1 .4   t o   a b o u t   3 . 4 % .  

The  s p i n n i n g   b a t h   s h o u l d   c o n t a i n   b e t w e e n   4%  and  8%  s u l f u r i c  

a c i d ,   0 . 5   t o   3%  z i n c   s u l f a t e   and   f r o m   16%  to   22%  s o d i u m   s u l f a t e .  

D u r i n g   s p i n n i n g ,   t h e   t e m p e r a t u r e   of   t h e   b a t h   s h o u l d   be  m a i n t a i n e d  
p r e f e r a b l y   40°C  and  6 0 ° C , /  

b e t w e e n   a b o u t   40°  and   6 5 ° C ,   land  t h e   s p i n n i n g   s p e e d ,   as   m e a s u r e d  

a t   t h e   tow  r o l l ,   s h o u l d   be  a b o u t   25  t o   60  m e t e r s   p e r   m i n u t e   w h i c h  

r e s u l t s   in   a  c a l c u l a t e d   r e s i d e n c e   t i m e   of  t h e   tow  in   t h e   s p i n   b a t h  

of  0 . 66   t o   7 . 5   s e c o n d s .   From  t h e   s p i n n i n g   b a t h ,   t h e   f i l a m e n t s ,  

p r i o r   to   w a s h i n g ,   a r e   p a s s e d   t h r o u g h   a  s e c o n d   b a t h   or   s t r e t c h  

b a t h   m a i n t a i n e d   a t   a  t e m p e r a t u r e   b e t w e e n   a b o u t   8 0 ° C .   and  9 8 ° C . ,  

p r e f e r a b l y   b e t w e e n   90  and  9 5 ° C ,   and   t h e   f i l a m e n t s   a r e   s t r e t c h e d  

f r o m   a b o u t   65%  t o   a b o u t   120%  ( p r e f e r a b l y   7 3  -   100%)  d u r i n g   t h e  

t r a v e l   t h r o u g h   t h i s   b a t h .   As  i s   w e l l   known,   t h e   r e s i d e n c e   t i m e  

of   t h e   tow  in   t h e   s p i n   b a t h   c an   be  c o n t r o l l e d   t o   o b t a i n   t h e   d e -  

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

The  s t r e t c h   b a t h   may  be  a  h o t   w a t e r   b a t h ,   a  v e r y   d i l u t e  

s o l u t i o n   of  s u l f u r i c   a c i d ,   or   i t   may  be  a  d i l u t e d   s p i n n i n g   b a t h  

c o n t a i n i n g   f r o m   0 . 5   t o   4.0%  s u l f u r i c   a c i d ,   0 .1   t o   2.0%  z i n c   s u l -  

f a t e   and  3  to 12%  s o d i u m   s u l f a t e .   The  f i b e r s   p r o d u c e d   a r e  



s u b s e q u e n t l y   s u b j e c t e d   to   t h e   n o r m a l   a f t e r - t r e a t m e n t s   s u c h   as   w a s h -  

i n g ,   d e s u l f u r i z i n g   and  b l e a c h i n g   by  wel l   known  m e t h o d s .  

The  f o l l o w i n g   e x a m p l e   i s   s e t   f o r t h   i l l u s t r a t i n g   t h e   p r e p a r a -  

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

a c c o r d a n c e   w i t h   P a t e n t   No.  4 , 1 2 1 , 0 1 2 .   The  f i b e r s   p r o d u c e d   t h e r e -  

f rom  a r e   u s e d   as  a  c o n t r o l   f o r   t h e   f i b e r s   p r e p a r e d   in   a c c o r d a n c e  

w i t h   t h e   p r e s e n t   i n v e n t i o n .  

EXAMPLE  1  (Control  Example) 

V i s c o s e   was  p r e p a r e d   by  t r e a t m e n t   of   p u l p   s h e e t s   (98% 

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

t h e   r e s u l t i n g   a l k a l i   c e l l u l o s e ,   x a n t h a t i n g   t h e   a l k a l i   c e l l u l o s e  

and  d i s s o l v i n g   i t   in  a  c a u s t i c   s o d a   s o l u t i o n .   The  v i s c o s e   s o  

p r e p a r e d   c o n t a i n e d   7.5%  c e l l u l o s e ,   7.5%  c a u s t i c   s o d a   and  34%  c a r -  

bon  d i s u l f i d e ,   b a s e d   on  t h e   w e i g h t   of  t h e   c e l l u l o s e .   D i m e t h y l -  

a m i n e   ( 1 . 7 5 % )   and  3.5%  of  p o l y o x y e t h y l e n e   g l y c o l   e t h e r   of  p h e n o l  

c o n t a i n i n g   an  a v e r a g e   of  15  e t h y l e n e   o x i d e   u n i t s   p e r   m o l e   of  p h e n o l ,  

was  i n c o r p o r a t e d   in  t h e   v i s c o s e   d u r i n g   t h e   m i x i n g   o p e r a t i o n .   T h e  

v i s c o s e   was  t h e n   aged  in  t h e   c o n v e n t i o n a l   m a n n e r   a t   18°C .   f o r  

14  h o u r s .  

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

s a l t   t e s t   o f   a b o u t   8 . 5 ,   and  a  b a l l - f a l l   v i s c o s i t y   of   70  to   8 0  

s e c o n d s .   B a l l - f a l l   v i s c o s i t y   i s   o b t a i n e d   by  m e a s u r i n g   t h e   t i m e  

in  s e c o n d s   r e q u i r e d   f o r   a  s o l i d   s t e e l   b a l l   of  1 /8   i n c h   d i a m e t e r  

.  to   f a l l   8  i n c h e s   in  a  c o l u m n   of   v i s c o s e   of  3/4  i n c h   d i a m e t e r   a t  

-  1 8 ° C .  

The  d i m e t h y l a m i n e   and  p h e n o l   e t h e r   m o d i f i e r s   may  be  a d d e d  

a t   any   s t a g e   in   t h e   p r e p a r a t i o n   of  t h e   v i s c o s e   t o   s e r v e   as  a  

r e g e n e r a t i o n   r e t a r d a n t .  

The  v i s c o s e   was  spun   to   f o rm  a  1 . 5   d p f ,   1 2 , 0 0 0   f i l a m e n t  

t o w  b y   e x t r u s i o n   of  t h e   v i s c o s e   t h r o u g h   o r i f i c e s   a b o u t   0 . 0 0 2 5  



i n c h   in   d i a m e t e r   i n t o   a  s p i n n i n g   b a t h   c o n t a i n i n g   5%  s u l f u r i c   a c i d ,  

17%  s o d i u m   s u l f a t e   and  3%  z i n c   s u l f a t e ,   t h e   s p i n n i n g   b a t h   b e i n g  

m a i n t a i n e d   a t   a  t e m p e r a t u r e   of   a b o u t   48°C.   The  f i l a m e n t s   w e r e  

w i t h d r a w n   f rom  t he   b a t h ,   p a s s e d   o v e r   a  f i r s t   g o d e t ,   t h r o u g h   a  h o t  

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

t r e a t e d ,   and  d r i e d .   The  s e c o n d   b a t h   was  f o r m e d   by  d i l u t i n g   s o m e  

of   t h e   s p i n n i n g   b a t h   and  c o n t a i n e d   a b o u t   2.5%  s u l f u r i c   a c i d ,   a b o u t  

1.5%  z i n c   s u l f a t e   and  a b o u t   8%  s o d i u m   s u l f a t e ,   and  was  m a i n t a i n e d  

a t   a  t e m p e r a t u r e   of   a b o u t   9 5 ° C .   D u r i n g   p a s s a g e   of   t h e   f i l a m e n t s  

t h r o u g h   t h e   h o t   b a t h ,   t h e y   w e r e   s t r e t c h e d   a p p r o x i m a t e l y   1 1 5 % .  

The  s p i n n i n g   s p e e d   was  a b o u t   25  m e t e r s   p e r   m i n u t e .   The  w e t   y a r n  

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

b a t h   m a i n t a i n e d   a t   a b o u t   9 0 ° C .   The  s t a p l e   f i b e r s   f o r m e d   f r o m  

25  t o   30  c r i m p s   p e r   i n c h   in   t h e   s l u i c e   b a t h .   The  c r i m p e d   s t a p l e  

was  t h e n   w e t   p r o c e s s e d   and  d r i e d .  

The  c r i m p e d   f i b e r   had  a  c o n d i t i o n e d   t e n a c i t y   of  a b o u t   4  g r a m s  

p e r   d e n i e r ,   a  wet  t e n a c i t y   of   a b o u t   2 .7   g r a m s   p e r   d e n i e r ,   a  c o n -  

d i t i o n e d   e x t e n s i b i l i t y   of  a b o u t   14  p e r c e n t ,   a  we t   e x t e n s i b i l i t y  

of   a b o u t   19  p e r c e n t ,   an  i n i t i a l   w e t   m o d u l u s   of  a b o u t   1 0 . 0 ,   a n d  

was  a  s u b s t a n t i a l l y   n o n - f i b r i l l a t a b l e   f i b r o u s   p r o d u c t .   In  c r o s s -  

s e c t i o n ,   a  r e p r e s e n t a t i v e   f i l a m e n t   had  a  s m o o t h ,   b r o k e n   s k i n   w h i c h  

c o m p r i s e d   a b o u t   25%  of   t h e   c r o s s - s e c t i o n a l   a r e a   and  e n c o m p a s s e d  

a b o u t   65%  of   t h e   p e r i p h e r y   o f   t h e   c r o s s - s e c t i o n .   The  c o r e   w a s  

" b r o k e n - o u t "   of  t he   f i l a m e n t   c r o s s - s e c t i o n   to  p r o v i d e   an  u n b a l a n c e d  

s h a p e .  

EXAMPLE  2  ( C o n t r o l   E x a m p l e )  

V i s c o s e   was  p r e p a r e d   as   d e s c r i b e d   in  E x a m p l e   1  w i t h   t h e   e x -  

c e p t i o n   t h a t   1%  d ime thy lamine   and  2%  of  the  p o l y o x y e t h y l e n e  

g l y c o l   e t h e r   of  p h e n o l   w e r e   i n c o r p o r a t e d   i n to   the   v i s c o s e .   At  t h e  



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

8 .7   and  a  b a l l   f a l l   v i s c o s i t y   of   8 0  -   90  s e c o n d s .   The  t o t a l   s u l -  

f u r   c o n t e n t   was  a b o u t   1 .9%  and  t h e   x a n t h a t e   s u l f u r   was  a b o u t  

1 . 5 % .   The  v i s c o s e   c o n t a i n e d   7.5%  c e l l u l o s e ,   and  7.5%  c a u s t i c   s o d a .  

A  t o t a l   of  31%  c a r b o n   d i s u l f i d e   b a s e d   upon   t h e   w e i g h t   of  t h e   c e l l u -  

l o s e   was  a d d e d   d u r i n g   x a n t h a t i o n   and  d i s s o l v i n g .   The  v i s c o s e   w a s  

r i p e n e d   a t   1 8 ° C .   to   o b t a i n   a t   t i m e   of   s p i n n i n g   a  s o d i u m   c h l o r i d e  

s a l t   t e s t   of   8 . 0   t o   9 . 0 ,   and  a  b a l l   f a l l   v i s c o s i t y   o f   75  s e c o n d s .  

The  v i s c o s e   was  spun   to   f o r m   a  1 2 , 0 0 0   f i l a m e n t   tow  by  e x t r u -  

s i o n   of   t h e   v i s c o s e   t h r o u g h   o r i f i c e s   0 . 0 0 2 5   i n .   in   d i a m e t e r .   T h e  

s p i n n i n g   b a t h   c o n t a i n e d   5 . 6  -   6.0%  s u l f u r i c   a c i d ,   2 . 6  -   2.7%  z i n c  

s u l f a t e   and  1 7 . 3  -   17.9%  s o d i u m   s u l f a t e   and  was  m a i n t a i n e d   a t   a  

t e m p e r a t u r e   of  48°C.   A f t e r   an  i m m e r s i o n   of  21  i n c h e s   (53  c m . ) ,  

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

g o d e t   to   a  c a s c a d e   b a t h ,   t h e   b a t h   t e m p e r a t u r e   b e i n g   a b o u t   9 5 ° C . ,  

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

( 9 5 ° C . ) ,   a f t e r - t r e a t e d   and  d r ied .   The  second  bath  was  formed  by  d i l u t i n g  

the  s p i n n i n g   b a t h   and  c o n t a i n e d   a b o u t   2.5%  s u l f u r i c   a c i d ,  

a b o u t   1.5%  z i n c   s u l f a t e   and  a b o u t   8%  s o d i u m   s u l f a t e .   D u r i n g  

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

a p p r o x i m a t e l y   105%.  The  s p i n n i n g   s p e e d   was  30  m e t e r s   p e r   m i n u t e .  

The  f i b e r s   when  s l u i c e d   in   h o t   w a t e r   f o r m e d   2 1  -   25  c r i m p s   p e r  

i n c h   ( c p i ) .   The  f i b e r s   had  a  l i n e a r   d e n s i t y   of  1 . 5   d e n i e r .  

A  r e p r e s e n t a t i v e   f i l a m e n t   of   t h e   p r e s e n t   i n v e n t i o n   w a s  

f o r m e d   in   a c c o r d a n c e   w i t h   t h e   f o l l o w i n g   e x a m p l e .  

EXAMPLE  3 

A l k a l i   c e l l u l o s e   was  p r e p a r e d   by  s t e e p i n g   a  98%  a l p h a   c e l l u -  

l o s e   r a y o n   g r a d e   d i s s o l v i n g   p u l p   in   19%  a q u e o u s   c a u s t i c   s o d a ,   a n d  

p r e s s i n g   t h e   s t e e p e d   s h e e t s   t o   a  p r e s s   w e i g h t   r a t i o   of   2 .8   to  1,  



f o l l o w e d   by  s h r e d d i n g   and  m e r c e r i z i n g   t h e   r e s u l t i n g   a l k a l l i  c e l l u -  

l o s e .   T w o - s t a g e   x a n t h a t i o n   was  e f f e c t e d   by  i n t r o d u c i n g   a b o u t   85% 

of  t h e   c a r b o n   d i s u l f i d e   to   t h e   a l k a l i   c e l l u l o s e   in  t h e   x a n t h a t o r  

and   t h e   b a l a n c e   of  t h e   c a r b o n   d i s u l f i d e   was  a d d e d   to   t h e   m i x e r  

d u r i n g   d i s s o l v i n g   of   t h e   x a n t h a t e   in   t h e   c a u s t i c   s o d a   s o l u t i o n .  

The  v i s c o s e   t h u s   p r e p a r e d   c o n t a i n e d   7.5%  c e l l u l o s e ,   and 7.5%  c a u s t i c .  

s o d a .   A  t o t a l   of  31%  c a r b o n   d i s u l f i d e   b a s e d   u p o n   t h e   w e i g h t   o f  

t h e   c e l l u l o s e   was  a d d e d   d u r i n g   x a n t h a t i o n   and   d i s s o l v i n g .   T h e  

v i s c o s e   was  r i p e n e d   a t   10°C .   f o r   a b o u t   22  h o u r s .   At  t h e   t i m e   o f  

s p i n n i n g ,   t h e   v i s c o s e   had  a  s o d i u m   c h l o r i d e   s a l t   t e s t   of  8 .4   a n d  

a  b a l l   f a l l   v i s c o s i t y   of  67  s e c o n d s .   The  t o t a l   s u l f u r   c o n t e n t  

was   1 .96%  and  t h e   x a n t h a t e   s u l f u r   was  1 . 4 9 % .  

The  v i s c o s e  w a s   s p u n   to   f o rm  a  1 2 , 0 0 0   f i l a m e n t   tow  by  e x t r u -  

s i o n   t h r o u g h   o r i f i c e s   a b o u t   0 . 0 0 2 5   i n .   in   d i a m e t e r   i n t o   a  s p i n n i n g  

b a t h   c o n t a i n i n g   6.1%  s u l f u r i c   a c i d ,   2.6%  z i n c   s u l f a t e   and  2 0 . 9 %  

s o d i u m   s u l f a t e ,   t h e   b a t h   b e i n g   a t   a  t e m p e r a t u r e   of  a b o u t   4 8 ° C .  

The  f i l a m e n t s   a f t e r   21  i n .   (53  cm.)   i m m e r s i o n   w e r e   w i t h d r a w n   f r o m  

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

b a t h ,   w r a p p e d   o v e r   a  s e c o n d   g o d e t ,   and  c o l l e c t e d .   The  tow  w a s  

t h e n   c u t   i n t o   s t a p l e   l e n g t h s ,   s l u i c e d   in   h o t   w a t e r   ( 9 5 ° C . )  

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

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

c o n t a i n e d   a b o u t   2.5%  s u l f u r i c   a c i d ,   a b o u t   1.5%  z i n c   s u l f a t e   a n d  

a b o u t   8%  s o d i u m   s u l f a t e   and  w a s  m a i n t a i n e d   a t   t e m p e r a t u r e  o f   95°C. 

D u r i n g   p a s s a g e   of   t h e   f i l a m e n t s   t h r o u g h   t h e   ho t   b a t h ,   t h e y  

w e r e   s t r e t c h e d   a p p r o x i m a t e l y   99%.  The  s p i n n i n g   s p e e d   was  30  m e t e r s  

p e r   m i n u t e .   The  f i l a m e n t s   w e r e   c u t   i n t o   s t a p l e   l e n g t h s   and  t h e n  

s l u i c e d   in   h o t   w a t e r   f o r m i n g   2 2  -   25  c r i m p s   p e r   i n c h   ( c p i ) .   T h e  

s t a p l e   f i b e r s   w e r e   p u r i f i e d   by  w a s h i n g ,   d e s u l f u r i z i n g ,   f i n i s h -  

i n g   w i t h   a  l u b r i c a n t ,   and  d r i e d   by  u s u a l   m e t h o d s .   L i n e a r   d e n s i t y  



of  t h e   f i b e r   was  1 . 5   d e n i e r .   The  a v e r a g e   d e g r e e   of   p o l y m e r i z a t i o n  

( D . P . )   o f   t h e s e   c e l l u l o s e   f i b e r s   i s   485  ( r a n g e   of   4 5 0  -   5 2 5 ) .  

F i b e r s   of  t h i s   e m b o d i m e n t   p r e f e r a b l y   h a v e   a  wet   t e n a c i t y   o f  

b e t w e e n   2 . 0   and  2 . 3 ,   a  c o n d i t i o n e d   t e n a c i t y   of  b e t w e e n   3 . 6   a n d  

3 . 8   g r a m s   p e r   d e n i e r ,   a  wet %  e l o n g a t i o n   b e t w e e n   25  and  27%,  a  

c o n d i t i o n e d   %  e l o n g a t i o n   b e t w e e n   17  and  20%,  and  a  wet   m o d u l u s  

b e t w e e n   6 . 0   and  7 . 0 .  

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

f o r m e d   in   a c c o r d a n c e   w i t h   E x a m p l e s   2  and  3  a r e   s e t   f o r t h   in  T a b l e  

I .  

The  Wet  S t i f f n e s s   F a c t o r   as   r e p o r t e d   in   T a b l e   I  i s   t h e   w e t  

s t r e n g t h   in   g r ams   p e r   d e n i e r   d i v i d e d   by  t h e   p e r c e n t   e l o n g a t i o n  

in  t h e   w e t   s t a t e .  

U s i n g   a  v i s c o s e   and  s p i n n i n g   c o n d i t i o n s   as  d e s c r i b e d   i n  

E x a m p l e   3,  f i b e r s   h a v i n g   n o m i n a l   d e n i e r s   of  (a)  1 . 2 5 ,   (b)  2 . 2 5 ,  

and  (c)  3 . 0 0   were   p r o d u c e d .   T a b l e   I I   p r e s e n t s   a  l i s t i n g   of  t h e  

tow  f i l a m e n t s ,   j e t   o r i f i c e   d i m e n s i o n ,   s p i n n i n g   b a t h   c o m p o s i t i o n  

and  t e m p e r a t u r e   u s e d   f o r   t h e   r e s p e c t i v e   d e n i e r s .   T a b l e   I I I  

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

p a r t s   ( a ) ,   ( b ) ,   and  (c)  o f   E x a m p l e   3 .  

The  f o r e g o i n g   E x a m p l e   3  i n c l u d e s   p r e f e r r e d   v i s c o s e   a n d  

s p i n n i n g   b a t h   c o m p o s i t i o n s   and  s p i n n i n g   c o n d i t i o n s .   The  f i b e r s  

f o r m e d   as  d e s c r i b e d   a r e   r e p r e s e n t a t i v e   of  f i b e r s   f o r m e d   w i t h i n  

t h e   r a n g e   s e t   f o r t h   h e r e i n b e f o r e .   T h i s   i s   d e m o n s t r a t e d   by  t h e  

d a t a   i n   T a b l e   IV  t h a t   s u m m a r i z e s   c o m p o s i t i o n s   and  c o n d i t i o n s  

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

p r e p a r e d   as   d e s c r i b e d   in   E x a m p l e   3  and  had  t h e   c o m p o s i t i o n s   a s  

s e t   f o r t h   in   T a b l e   IV.  Each   v i s c o s e   was  s p u n   i n t o   t h e   s t a t e d  

s p i n n i n g   b a t h   to   form  a  1 2 , 0 0 0   f i l a m e n t   tow  a t   a  s p i n n i n g   s p e e d  

of   30  m e t e r s   pe r   m i n u t e .   The  f i b e r s   had  a  l i n e a r   d e n s i t y   of   1 . 5 .  



The  s t r e t c h   b a t h s   had  a p p r o x i m a t e l y   t h e  s a m e   c o m p o s i t i o n   and  w e r e  

a t   t h e   same  t e m p e r a t u r e   as  t h a t   u s e d   in   E x a m p l e   3.  E x a m p l e   3  i s  

i n c l u d e d   in   T a b l e   I I   f o r   p u r p o s e s   o f   c o m p a r i s o n .  

F a b r i c s   f o r m e d   of   f i b e r s   of   t h e   p r e s e n t   i n v e n t i o n   e x h i b i t  

s i g n i f i c a n t l y   e n h a n c e d   f a b r i c   h a n d ,   b e i n g   f i r m   a n d  l a c k i n g   t h e  

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

b u t   t h i s   i s   n o t   t r u e   of   t h e   f a b r i c s   made   f rom  f i b e r s   of   E x a m p l e s  

1  and   2.  F a b r i c   f o r m e d   of  f i b e r s   o f   t h e   p r e s e n t   i n v e n t i o n   a l s o  

e x h i b i t   a  d i s t i n c t   i m p r o v e m e n t   in   c o v e r ,   as  j u d g e d   by  t h i s   o p a c i t y  

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

l i g h t   t r a n s m i t t a n c e   i n a s t a n d a r d i z e d   t e s t   c o n d u c t e d   on  an  O z a l i d  

p r i n t e r .   T h e s e   i m p r o v e m e n t s   in  h a n d   and  c o v e r   a r e   i m p a r t e d   b y  

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

and  t h e   h i g h e r   m o d u l u s .   T h e s e   p h y s i c a l   a t t r i b u t e s   l e a d   t o   a  l o w  

p a c k i n g   f a c t o r   in   y a r n s   p r e p a r e d   f r o m   t h e   f i b e r s .  

The  d a t a   p r e s e n t e d   in  T a b l e   I  i l l u s t r a t e s   t h a t   t h e   f i l a m e n t s  

and  f i b e r s   p r e p a r e d   in  a c c o r d a n c e   w i t h   t h e   p r e s e n t   i n v e n t i o n   h a v e  

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

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

U.  S.  P a t e n t   No.  3 , 2 7 7 , 2 2 6   and  U.  S.  P a t e n t   No.  4 , 1 2 1 , 0 1 2 .   T h e  

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

T a b l e   1  i s ,   t h a t   w h i l e   t h e   f i b e r s   p r e p a r e d   in  a c c o r d a n c e   w i t h   t h e  

U.  S.  P a t e n t   No.  3 , 2 7 7 , 2 2 6   ( s u b s t a n t i a l l y   c i r c u l a r   i n   c r o s s - s e c t i o n  

as   shown  by  F i g u r e   1 ) ,   and  U.  S.  P a t e n t   No.  4 , 1 2 1 , 0 1 2   ( o v a t e   i n  

c r o s s - s e c t i o n   as   shown   in  F i g u r e   2 ) ,   t h e   f i b e r s   of   t h e   p r e s e n t  

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

c r o s s - s e c t i o n ,   a s   i l l u s t r a t e d   by  F i g u r e   3 .  

The  p r e s e n t   i n v e n t i o n   may  a l s o   be  r e p r e s e n t e d   by  a  f i b e r  

f o r m e d   in   an  a l t e r n a t e   e m b o d i m e n t   i n   a c c o r d a n c e   w i t h   t h e   f o l l o w -  

i n g   e x a m p l e .  



EXAMPLE  4 

A l k a l i   c e l l u l o s e   was  p r e p a r e d   by  s t e e p i n g   a  93%  a l p h a   c e l l u l o s e  

r a y o n   g r a d e   d i s s o l v i n g   p u l p   in  an  18%  c a u s t i c   s o d a   s o l u t i o n   a n d  

p r e s s i n g   to   a  p r e s s   w e i g h t   r a t i o   of  2 . 8 t o l .   By  t h e . u s u a l   t e c h n i -  

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

and  was  r e s e r v e d   f o r   u s e   in   v i s c o s e   m i x i n g .  

The  r e s u l t i n g   a l k a l i   c e l l u l o s e   was  s h r e d d e d   and  m e r c e r i z e d  

a t   18°C .   f o r   18  h o u r s .   X a n t h a t i o n   was  a c c o m p l i s h e d   by  one   s t e p  

a d d i t i o n   of  c a r b o n   d i s u l f i d e .   V i r g i n   c a u s t i c   s o d a   m i x e d   w i t h  

h e m i - r i c h   r e j e c t   s o d a   and  w a t e r   was  u s e d   to   d i s s o l v e   t h e   x a n t h a t e d  

c r u m b .   The  v i s c o s e   t h u s   p r e p a r e d   c o n t a i n e d   9.2%  c e l l u l o s e   a n d  

6 .0   c a u s t i c   s o d a .   I t   was  p r e p a r e d   by  t h e   a d d i t i o n   of  30%  c a r b o n  

d i s u l f i d e ,   b a s e d   u p o n   t h e   w e i g h t   of  t h e   c e l l u l o s e .   The  v i s c o s e  

was  r i p e n e d   a t   1 8 . 5 ° C .   f o r   a b o u t   21  h o u r s .   At  t h e   t i m e   of  s p i n n i n g  

t h e   v i s c o s e   had  a  s o d i u m   c h l o r i d e   s a l t   i n d e x   of  6 . 0   and  an  a v e r -  

age   b a l l   f a l l   v i s c o s i t y   of  70  s e c o n d s .   The  t o t a l   s u l f u r   c o n t e n t  

was  2.3%  and  t h e   x a n t h a t e   s u l f u r   was  1.4%. 

The  v i s c o s e   was  s p u n   t r   form  1 2 , 0 0 0   f i l a m e n t   tow  by  e x t r u -  

s i o n   t h r o u g h   o r i f i c e s   of   0 . 0 0 2 5   i n .   in   d i a m e t e r   i n t o   a  s p i n n i n g  

b a t h   c o n t a i n i n g   5.7%  s u l f u r i c   a c i d ,   0.9%  z i n c   s u l f a t e ,   and  20% 

s o d i u m   s u l f a t e ,   t h e   b a t h   b e i n g   a t   a  t e m p e r a t u r e   of   60°C .   T h e  

f i l a m e n t s   w e r e   w i t h d r a w n   f rom  t h e   b a t h ,   a f t e r   a  tow  i m m e r s i o n   o f  

24  i n c h e s ,   and  w r a p p e d   on  a  g o d e t   and  t h e n   p a s s e d   t h r o u g h   a  h o t  

r e g e n e r a t i o n   b a t h ,   w r a p p e d   on  a  tow  r o l l ,   c o l l e c t e d   and  a f t e r -  

t r e a t e d .   The  h o t   r e g e n e r a t i o n   b a t h   was  p r e p a r e d   by  d i l u t i n g   s o m e  

o f   t h e   s p i n n i n g   b a t h   and  c o n t a i n e d   2.5%  s u l f u r i c   a c i d ,   a b o u t   0 . 4 %  

z i n c   s u l f a t e   and  a b o u t   8.0%  s o d i u m   s u l f a t e   and  m a i n t a i n e d   a t   a  

t e m p e r a t u r e   of   9 3 ° C .   D u r i n g   p a s s a g e   of  t h e   f i l a m e n t s   t h r o u g h  

t h e   h o t   b a t h ,   t h e y   w e r e   s t r e t c h e d   73%.  The  s p i n n i n g   s p e e d   w a s  



60  m e t e r s   p e r   m i n u t e .   A f t e r   c o l l e c t i n g   t h e   f i l a m e n t s ,   t h e y   w e r e  

w a s h e d ,   d e s u l f u r i z e d ,   f i n i s h e d   w i t h   a  l u b r i c a n t ,   and  d r i e d   b y  

u s u a l   m e t h o d s .   T h e s e   f i b e r s   had  an  a v e r a g e   degree   of  p o l y m e r i z a t i o n  

(D.P.)  range  of  375  to   400 .  

F i b e r s   of   t h i s   e m b o d i m e n t   h a v e   a  we t   t e n a c i t y  b e t w e e n   1 . 7  

and  1 . 8   g r a m s   p e r   d e n i e r ,   a  c o n d i t i o n e d   t e n a c i t y   b e t w e e n   3 . 2   a n d  

3 .3   g r a m s   p e r   d e n i e r ,   a  w e t   %  e l o n g a t i o n   b e t w e e n   15  and  18%,  a  

c o n d i t i o n e d   %  e l o n g a t i o n   b e t w e e n   12  and  14%,  a  w e t   m o d u l u s   b e -  

t w e e n   8 . 0   and   1 0 . 0 ,   and  10  to   12  c r i m p s   p e r   i n c h .  

A n o t h e r   e m b o d i m e n t   of  t h e   p r e s e n t   i n v e n t i o n   was  f o r m e d   i n  

a c c o r d a n c e   w i t h   t h e   f o l l o w i n g   e x a m p l e .  

EXAMPLE  5 

A l k a l i   c e l l u l o s e   was  p r e p a r e d   by  s t e e p i n g   96%  a l p h a   c e l l u l o s e ,  

r a y o n   g r a d e   d i s s o l v i n g   p u l p ,   in  an  18%  c a u s t i c   s o d a   s o l u t i o n   a n d  

p r e s s i n g   t o   a  p r e s s   w e i g h t   r a t i o   of  2 .85  to  1 .  By  t h e   u s u a l   t e c h n i q u e s  

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

and  was  r e s e r v e d   f o r   u s e   in  v i s c o s e   m i x i n g .  

The  r e s u l t i n g   a l k a l i   c e l l u l o s e   was  s h r e d d e d   and  m e r c e r i z e d  

a t   18°C.   f o r   20  h o u r s .   X a n t h a t i o n   was  a c c o m p l i s h e d   by  one   s t e p  

a d d i t i o n   of   c a r b o n   d i s u l f i d e .   V i r g i n   c a u s t i c   s o d a   m i x e d   w i t h  

h e m i - r i c h   r e j e c t   s o d a   a n d  w a t e r   was  u s e d   to   d i s s o l v e   t h e   x a n t h a t e d  

c r u m b .   A f t e r   f i n a l   m i x i n g ,   t h e   v i s c o s e   had   a  c o m p o s i t i o n   o f   7 . 5 %  

c e l l u l o s e ,   7 .5%  c a u s t i c   s o d a .   I t   was  p r e p a r e d   by  t h e   a d d i t i o n  

of  32.5%  c a r b o n   d i s u l f i d e   ( b a s e d   on  w e i g h t   of   c e l l u l o s e ) .  

The  v i s c o s e   was   r i p e n e d   a t   23°C.   f o r   a b o u t   20  h o u r s .   At  t h e  

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

8 .2   and  a  b a l l   f a l l   o f   76  s e c o n d s .   The  t o t a l   s u l f u r   c o n t e n t   w a s  

1.99%  and  t h e   x a n t h a t e   s u l f u r   was  1 . 5 0 % .  

The  v i s c o s e   was   s p u n   to   form  a  2 8 , 5 0 0   f i l a m e n t   tow  by  e x t r u -  

s i o n   t h r o u g h   o r i f i c e s   h a v i n g   0 . 0 0 2 0   d i a m e t e r   in   a  s p i n n i n g   b a t h  



c o n t a i n i n g   5.9%  s u l f u r i c   a c i d ,   21.4%  z i n c   s u l f a t e ,   and  18.2%  s o d i u m  

s u l f a t e ,   t h e   b a t h   b e i n g   a t   a  t e m p e r a t u r e   of  a b o u t   47°  C.  The  f i l a -  

m e n t s   a f t e r   23  i n c h e s   (58  cm)  i m m e r s i o n   w e r e   w i t h d r a w n   f rom  t h e   b a t h  

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

and   f i n a l l y   w r a p p e d   on  a  tow  r o l l .   The  r e g e n e r a t i o n   was  f o r m e d   b y  

d i l u t i n g   some  of  t h e   s p i n   b a t h   and  c o n t a i n e d   2.2%  s u l f u r i c   a c i d ,   0 . 8 5 %  

z i n c   s u l f a t e ,   and  6.6%  s o d i u m   s u l f a t e   and   was  m a i n t a i n e d   a t   a  t e m p e r a -  

t u r e   of   9 0  -   92°  C.  The  tow  f i l a m e n t s   w e r e   s t r e t c h e d   92%  b e t w e e n   t h e  

g o d e t   and  t h e   tow  r o l l   w i t h   t h e   tow  r o l l   d e l i v e r i n g   s t r e t c h e d   tow  a t  

2 9 . 3   m e t e r s   p e r   m i n u t e .   The  tow  was  t h e n   f e d   to   a  c u t t e r   to   p r o d u c e  

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

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

m e t h o d s .  

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

f o r m e d   in  a c c o r d a n c e   w i t h   E x a m p l e s   4  and  5  a r e   a l s o   s e t   f o r t h   i n  

T a b l e   1 .  

EXAMPLE  6 

A l k a l i   c e l l u l o s e   was  p r e p a r e d   by  s t e e p i n g   96%  a l p h a   C e l l u l o s e ,  

r a y o n   g r a d e   d i s s o l v i n g   p u l p ,   in   an  19%  c a u s t i c   soda   s o l u t i o n   a n d  

p r e s s i n g   to   a  p r e s s   w e i g h t   r a t i o   of  2 . 8 0   to   1.  By  t h e   u s u a l   t e c h n i q u e s  

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

was   r e s e r v e d   f o r   use   in   v i s c o s e   m i x i n g .  

The  r e s u l t i n g   a l k a l i   c e l l u l o s e   was  s h r e d d e d   a t   33°  C.  a n d  

m e r c e r i z e d   a t   31°  C.  f o r   18  h o u r s .   X a n t h a t i o n   was  a c c o m p l i s h e d   b y  

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

w i t h   h e m i - r i c h   r e j e c t   s o d a   and  w a t e r   was  u s e d   to   d i s s o l v e   t h e   x a n t h a t e d  

c r u m b .   A f t e r   f i n a l   m i x i n g ,   t h e   v i s c o s e   had  a  c o m p o s i t i o n   of  7 . 5 5 %  

c a u s t i c   s o d a .   I t   was  p r e p a r e d   by  t h e   a d d i t i o n   of  30%  c a r b o n   d i s u l f i d e  

( b a s e d   on  w e i g h t   of  c e l l u l o s e ) .  

The  v i s c o s e   was  r i p e n e d   a t   an  a v e r a g e   o f  2 0 ° C .   f o r   a b o u t   26  h o u r s .  

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



of  5 .7   and   a  b a l l   f a l l   of   85  s e c o n d s .   The  t o t a l   s u l f u r  c o n t e n t  w a s  

1.85%  and   t h e   x a n t h a t e   s u l f u r   was  1 . 3 8 % .  

The  v i s c o s e   was  spun   to   f o r m   a  2 8 , 5 0 0   f i l a m e n t   tow  by  e x t r u s i o n  

t h r o u g h   o r i f i c e s   h a v i n g   0 . 0 0 2 0   i n c h   d i a m e t e r   i n   a  s p i n n i n g   b a t h   c o n -  

t a i n i n g   5.5%  s u l f u r i c   a c i d ,   2 .85%  z i n c   s u l f a t e ,   and   16 .5%  s o d i u m  

s u l f a t e ,   t h e   b a t h   b e i n g   a t   a  t e m p e r a t u r e   o f   a b o u t   4 1 ° C .   The  f i l a m e n t s  

a f t e r   21  i n c h e s   (53  cm)  i m m e r s i o n   w e r e   w i t h d r a w n   f r o m   t h e   b a t h ,   w r a p p e d  

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

w r a p p e d   on  a  tow  r o l l .   The  r e g e n e r a t i o n   b a t h   was   f o r m e d   by  d i l u t i n g  

some  of   t h e   s p i n   b a t h   and  c o n t a i n e d   2.5%  s u l f u r i c   a c i d ,   0.90%  z i n c  

s u l f a t e ,   and  8.0%  s o d i u m   s u l f a t e   and  was  m a i n t a i n e d   a t   a  t e m p e r a t u r e  

of  9 0  -   9 2 ° C .   The  tow  f i l a m e n t s   w e r e   s t r e t c h e d   an  a v e r a g e   92% 

b e t w e e n   t h e   g o d e t   and  t h e   t ow  r o l l   w i t h   t h e   tow  r o l l   d e l i v e r i n g   s t r e t h -  

ed  tow  a t   2 9 . 3   m e t e r s   p e r   m i n u t e .   The  tow  was  t h e n   f e d   to   a  c u t t e r  

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

w i t h   a  l u b r i c a n t .   The  s t a p l e   was  t h e n   d r i e d   by  c o m m e r c i a l   r a y o n  

m a n u f a c t u r i n g   m e t h o d s .  

The  p h y s i c a l   p r o p e r t i e s   and  c h a r a c t e r i s t i c s   o f   t h e   f i l a m e n t   f o r m e d  

in  a c c o r d a n c e   w i t h   E x a m p l e   6  a r e   a l s o   s e t   f o r t h   i n   T a b l e   I ,   l a s t  

v e r t i c a l   c o l u m n ,   and  d e p i c t e d   in   F i g .   4 .  

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

a  w e t   t e n a c i t y   of   a t   l e a s t   a b o u t   1 . 5   g r a m s   p e r   d e n i e r ,   in   g e n e r a l  

v a r y i n g .   up  t o   a b o u t   2 .7   g r a m s   p e r   d e n i e r .   In   t h e   c o n d i t i o n e d   s t a t e ,  

t h a t   i s ,   a f t e r   t h e   f i b e r s   h a v e   b e e n   i n i t i a l l y   d r i e d   and   t h e n   h e l d   i n  

an  a t m o s p h e r e   h a v i n g   a  t e m p e r a t u r e   of  7 5 ° F .   ( 2 4 ° C )   and   a  r e l a t i v e  

h u m i d i t y   o f   58%  f o r   t w e n t y - f o u r   h o u r s ,   t h e   f i b e r s   h a v e   a  t e n a c i t y   o f  

b e t w e e n   a b o u t   2 . 8   and  4 . 0   g r a m s   p e r   d e n i e r .   The  f i b e r s   have   a  w e t  

m o d u l u s   o f   b e t w e e n   5 . 0   and   12,   a  wet   %  e l o n g a t i o n   o f   b e t w e e n   a b o u t  

14%  and   26%  a n d   a  c o n d i t i o n e d   %  e l o n g a t i o n   of   b e t w e e n   a b o u t   11%  a n d  

22%.  The  f i b e r s   a r e   f u r t h e r   c h a r a c t e r i z e d   in   h a v i n g   a  s k i n - c o r e  



s t r u c t u r e ,   w h e r e i n   t h e   c o r e   i s   s u r r o u n d e d   by  a  d i s c o n t i n u o u s ,   b r o k e n  

s k i n   and  b e i n g   m u l t i l o b u l a r   in  c r o s s - s e c t i o n .  

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

f i e r - f r e e   v i s c o s e   c o n t a i n i n g   f rom  6%  to   10%  c e l l u l o s e ,   f r o m   4%  to  9% 

c a u s t i c   s o d a   and  f rom  28%  to  45%  c a r b o n   d i s u l f i d e ,   b a s e d   on  t h e  

w e i g h t   of  t h e   c e l l u l o s e ,   r i p e n e d   a t   a  t e m p e r a t u r e   of  f r o m   9°C.  t o  

22°C.   f o r   up  t o   a b o u t   30  h o u r s   and  h a v i n g   a  s a l t   t e s t   of   f rom  a b o u t  

5 .5   to   15,  s u c h   a s ,   f o r   e x a m p l e ,   7.5%  c e l l u l o s e ,   r i p e n e d   a t   18°C.   f o r  

22  h o u r s   and  h a v i n g   a  s a l t   t e s t   of  8 . 0   to   8 . 5 .   The  v i s c o s e   i s   s p u n  

a t   a  s p i n n i n g   s p e e d   of   20  to  60  m e t e r s   p e r   m i n u t e   i n t o   a  s p i n n i n g  

b a t h   c o n t a i n i n g   4%  to  8%  s u l f u r i c   a c i d ,   0.5%  to  3.0%  z i n c   s u l f a t e   a n d  

17%  to  22%  s o d i u m   s u l f a t e   m a i n t a i n e d   a t   a  t e m p e r a t u r e   of  b e t w e e n  

40°C.   and  6 5 ° C . ,   s u c h   a s ,   f o r   e x a m p l e ,   6.2%  s u l f u r i c   a c i d ,   2.5%  z i n c  

s u l f a t e   and  17 .5%  s o d i u m   s u l f a t e   m a i n t a i n e d   a t   a b o u t   48°C .   T h e  

f i l a m e n t s   a r e   s t r e t c h e d   f rom  a b o u t   65%  to  120%  in  a  h o t ,   d i l u t e   a c i d  

b a t h ,   88°C.   t o   9 5 ° C . ,   c o n s i s t i n g   of   f rom  1%  to  4%  s u l f u r i c   a c i d ,  

f rom  .3%  to   12%  s o d i u m   s u l f a t e ,   and  f rom  0.3%  to  1.2%  z i n c   s u l f a t e ,  

e . g .   3.4%  H2S04 ,   1 .75%  ZnSO  and  5.4%  Na2So4  a t   a  t e m p e r a t u r e   of  9 0 ° C .  

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

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

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

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

r e d u c e s   c o s t s   w i t h   r e s p e c t   to   t h e   c o s t   of  t he   m o d i f i e r s   and  of  r e -  

d u c i n g   BOC  l o a d i n g   of   p l a n t   e f f l u e n t   w a s t e   w a t e r s .   The  e c o n o m i c  

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

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

in  f a b r i c s   a c h i e v a b l e   w i t h   t h e   f i b e r s   of  t h i s   i n v e n t i o n .  

A  c r i m p   m e a s u r e m e n t   f o r   s t a p l e   f i b e r s   is   made  by  r e m o v i n g   s m a l l  

b u n d l e s   of  f i b e r s   ( a p p r o x i m a t e l y   10  f i b e r s )   f rom  w h e r e   t h e   c r i m p   o f  

t he   f i b e r s   a p p e a r s   to   be  in  p h a s e .   The  f i b e r   a r e   l a i d   on  a  b l a c k  

f e l t   in  a  l i n e a r   r e l a t i o n s h i p .   The  number   of  c r i m p s   a r e   c o u n t e d  



o v e r   a  one   i n c h   l i n e a l   d i m e n s i o n   w i t h o u t   e x t e n d i n g   t h e  

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

s i g n a t e d   as   a  c h a n g e   in  d i r e c t i o n   of  t h e   f i b e r s .  











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

a b o u t   1 .5   to   2 .7   g r ams   p e r   d e n i e r ,   a  c o n d i t i o n e d   t e n a c i t y   o f  

a b o u t   2 .8   to   4 .0   g rams   p e r   d e n i e r ,   a  w e t  %   e l o n g a t i o n   b e t w e e n  

a b o u t   14%  and  27%,  a  c o n d i t i o n e d   %  e l o n g a t i o n   b e t w e e n   11%  a n d  

22%,  and  h a v i n g   a  wet   m o d u l u s   b e t w e e n   5 . 0   and   12 .0   and  b e i n g  

f u r t h e r   c h a r a c t e r i z e d   in  h a v i n g   a  m u l t i l o b u l a r ,   s k i n   c o r e   c r o s s -  

s e c t i o n   w h e r e i n   t h e   c o r e   i s   s u r r o u n d e d   by  a  d i s c o n t i n u o u s   b r o -  

ken   s k i n ,   and  a  c r i m p   l e v e l   of  10  to   30  c r i m p s   pe r   i n c h   a n d  

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

(a)  p r e p a r i n g   a  m o d i f i e r - f r e e   v i s c o s e   c o n t a i n i n g   f r o m  

a b o u t   6%  to  10%  c e l l u l o s e ,   f r o m   a b o u t   4%  to  9% 

c a u s t i c   s o d a , a n d   f rom  28%  to   45%  c a r b o n   d i s u l f i d e  

b a s e d   upon  t h e   w e i g h t   of  c e l l u l o s e ,  

(b)  r i p e n i n g   t h e   v i s c o s e   to   a  s o d i u m   c h l o r i d e   s a l t   i n d e x  

of  5 .5   to   15  and  a  s p i n n i n g   b a l l   f a l l   of  60  to   1 1 0  

s e c o n d s ,  

(c)  e x t r u d i n g   t h e   r i p e n e d   v i s c o s e   i n t o   an  a q u e o u s  

s p i n n i n g   b a t h   c o n t a i n i n g   f r o m   a b o u t   4%  to  8% 

s u l f u r i c   a c i d ,   f rom  a b o u t   0 .5%  to   3.0%  z i n c  

s u l f a t e   and  f rom  a b o u t   16%  t o   22%  s o d i u m   s u l -  

f a t e ,   m a i n t a i n e d   a t   a  t e m p e r a t u r e   b e t w e e n   4 0  a n d   6 5 ° C ,  

(d)  w i t h d r a w i n g   t h e   f i l a m e n t s   f r o m   t h e   s p i n n i n g   b a t h ,  

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

m a i n t a i n e d   a t   a  t e m p e r a t u r e   b e t w e e n   85  and  98°C,   a n d  



(e)  c o n t r o l l i n g   r e s i d e n c e   t i m e   in   t h e   s p i n   b a t h   s o  

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

b a t h   f r o m   a b o u t   65%  to   1 2 0 % .  

2.  The  f i b e r   as  d e f i n e d   in  c l a i m   1  w h e r e i n   t he   v i s c o s e   a t   t h e  

t i m e   of  e x t r u s i o n   was  r i p e n e d   a t   a  t e m p e r a t u r e   b e t w e e n   9  a n d  

2 2  ° C   f o r   up  to   30  h o u r s ,   and  s a i d   s t r e t c h  b a t h   c o n t a i n s   f r o m  

1.0%  to   4%  s u l f u r i c   a c i d ,   f r o m   0.3%  to   1 .2   %  z i n c   s u l f a t e   a n d  

f r o m   3%  to   12%  s o d i u m   s u l f a t e .  

3.  The  f i b e r   as  d e f i n e d   in  c l a i m s   1  and   2,  w h e r e i n   t h e   v i s -  

c o s e   c o n t a i n s   a b o u t   7 . 5  %   c e l l u l o s e ,   a b o u t   7.5%  c a u s t i c   s o d a ,  

a n d   a b o u t   31%  c a r b o n   d i s u l f i d e   b a s e d   u p o n   t h e   w e i g h t   of  t h e  

c e l l u l o s e ,   and  t h e   v i s c o s e   a t   t h e   t i m e   o f   e x t r u s i o n   has   a  s a l t  

t e s t   of  b e t w e e n   8 . 0   and   8 . 5 .  

4.  The  f i b e r   as  d e f i n e d   in   any  of  c l a i m s   1  to   3,  w h e r e i n   t h e  

s p i n n i n g   b a t h   c o n t a i n s   a b o u t   6.1%  s u l f u r i c   a c i d ,   a b o u t   2 . 6 %  

z i n c   s u l f a t e   and  a b o u t   20.9%  s o d i u m   s u l f a t e .  

5.  The  f i b e r   as  d e f i n e d   in  c l a i m   1,  w h e r e i n  

(a)  t h e   v i s c o s e   c o n t a i n s   a b o u t   7.5%  c e l l u l o s e ,   a b o u t  

7.5%  c a u s t i c   s o d a   and   a b o u t   30%  t o   32%  c a r b o n  

d i s u l f i d e   and   h a s   a  s a l t   t e s t   o f   b e t w e e n   6 . 0   a n d  

8 . 5 ,   a  s p i n n i n g   b a l l   f a l l   o f   b e t w e e n   65  and  8 0  

s e c o n d s ;  

(b)  t h e   s p i n n i n g   b a t h   c o n t a i n s   b e t w e e n   5.8%  and  6 . 5 %  

s u l f u r i c   a c i d ,   b e t w e e n   2.0%  and   3.0%  z i n c   s u l f a t e ,  

b e t w e e n   16%  and  22%  s o d i u m   s u l f a t e   and  i s   m a i n -  

t a i n e d   a t   a  t e m p e r a t u r e   b e t w e e n   40  and  55  d e g r e e s  

c e n t i g r a d e ;   a n d  



(c)  t h e   s t r e t c h   b a t h   c o n t a i n s   b e t w e e n   1.0%  and  4 . 0 %  

s u l f u r i c   a c i d ,   b e t w e e n   0.3%  and  1.8%  z i n c   s u l -  

f a t e ,   a n d   b e t w e e n   3  and  12%  sodium  s u l f a t e   and  

i s   m a i n t a i n e d   b e t w e e n  8 5   and  95  d e g r e e s   c e n t i g r a d e  

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

90  t o   1 2 0 % .  

6.  The  f i b e r   as   d e f i n e d   in  c l a i m s   1  and  5,  w h e r e i n  

(a)  t h e   v i s c o s e   c o n t a i n s   a b o u t   7.5%  c e l l u l o s e ,   a b o u t  

7.5%  c a u s t i c   soda   and  a b o u t   31%  c a r b o n   d i s u l f i d e ,  

and  t h e   v i s c o s e   a t   t h e   t i m e   of  e x t r u s i o n   h a s   a  

s a l t   t e s t   of   8 . 0   to   8 . 5   and  a  b a l l   f a l l   v i s c o s i t y  

of  75  s e c o n d s ;  

(b)  t h e   s p i n n i n g   b a t h   c o n t a i n s   a b o u t   6.1%  s u l f u r i c   a c i d ,  

a b o u t   2.6%  z i n c   s u l f a t e   and  a b o u t   20.9%  s o d i u m   s u l -  

f a t e ,   and  i s   m a i n t a i n e d   a t   a  t e m p e r a t u r e   of  a b o u t  

48  d e g r e e s   c e n t i g r a d e ;  

(c)  t h e   s t r e t c h   b a t h   c o n t a i n s   a b o u t   2.5%  s u l f u r i c   a c i d ,  

a b o u t   1.5%  z i n c   s u l f a t e   and  a b o u t   .8%.  s o d i u m   s u l -  

f a t e   and  i s   m a i n t a i n e d   a t   a b o u t   90  d e g r e e s   c e n t i -  

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

s t r e t c h   b a t h   a b o u t   95%  to   1 0 0 % .  

7.  The  f i b e r   as  d e f i n e d   in  any  of  c la ims  1 to  6  having  a  wet  t e n a -  

c i t y   b e t w e e n   2 . 0   and  2 .3   g r a m s   p e r   d e n i e r ,   a  c o n d i t i o n e d   t e n a c i t y  

b e t w e e n   3 .6   and  3 .8   g r a m s   p e r   d e n i e r ,   a  wet  %  e l o n g a t i o n   b e t w e e n  

25  and  27%,  a  c o n d i t i o n e d   %  e l o n g a t i o n   b e t w e e n   17  and  20%,  a  

wet   m o d u l u s   b e t w e e n   6 .0   and  7 . 0 ,   22  to   25  c r i m p s   p e r   i n c h ,   a n d  

an  a v e r a g e   d e g r e e   of  p o l y m e r i z a t i o n   of   4 5 0  -   5 2 5 .  



8.  The  f i b e r   as  d e f i n e d   in  c l a ims   1  and  2,  w h e r e i n   t h e   v i s c o s e  

c o n t a i n s   a b o u t   9.2%  c e l l u l o s e ,   a b o u t   6.0%  c a u s t i c  s o d a   a n d  a b o u t  

30%  c a r b o n   d i s u l f i d e ,   b a s e d   upon   t h e   w e i g h t   o f   t h e   c e l l u l o s e ,  

and  t h e   v i s c o s e   a t   t h e   t i m e   of  e x t r u s i o n   h a s   a  "sodium  c h l o r i d e  

s a l t   index"  of  b e t w e e n   5 . 7   and  6 . 3 .  

9.  The  f i b e r   as  d e f i n e d   in  any  of  c la ims  1  to  3',  whe re in   the  s p i n n i n g  

b a t h   c o n t a i n s   a b o u t   5 .7%  s u l f u r i c   a c i d ,   a b o u t   0.9%  z i n c   s u l f a t e  

and   a b o u t   20%  s o d i u m   s u l f a t e .  

10 .   The  f i b e r   as   d e f i n e d   in  c l a i m   1  w h e r e i n  

(a)  t h e   v i s c o s e   c o n t a i n s   a b o u t   9.2%  c e l l u l o s e ,  

a b o u t   6 .0%  c a u s t i c   s o d a   and  a b o u t   29%  to   31% 

c a r b o n   d i s u l f i d e   and  has   a  s a l t  i n d e x   of  b e -  

t w e e n   5 . 7   and  6 . 3 ,   and  a  s p i n n i n g   b a l l   f a l l   o f  

b e t w e e n   65  and  70  s e c o n d s ;  

(b)  t h e   s p i n n i n g   b a t h   c o n t a i n s   b e t w e e n   5.3%  a n d  

6.0%  s u l f u r i c   a c i d ,   b e t w e e n   0.9%  and   2% 

z i n c   s u l f a t e ,   b e t w e e n   17%  and  22%  s o d i u m  

s u l f a t e   and   i s   m a i n t a i n e d   a t   a  t e m p e r a t u r e  

b e t w e e n   50  and  60  d e g r e e s   c e n t i g r a d e ;   a n d  

(c)  t h e   s t r e t c h   b a t h   c o n t a i n s   b e t w e e n   1.0%  a n d  

4.0%  s u l f u r i c   a c i d   and  i s   m a i n t a i n e d   b e t w e e n  

90  and  95  d e g r e e s   c e n t i g r a d e   and   t h e   f i l a m e n t s  

a r e   s t r e t c h e d   in  t h e   b a t h   a b o u t   65  t o   85%.  

1 1 . '   The  f i b e r   as   d e f i n e d   in  c l a i m   1  w h e r e i n  

(a)  t h e   v i s c o s e   c o n t a i n s   a b o u t   9.2%  c e l l u l o s e ,  

a b o u t   6 .0%  c a u s t i c   s o d a   and   a b o u t   30%  c a r -  



bon  d i s u l f i d e ,   and  t h e   v i s c o s e   a t   t h e   t i m e   o f  

e x t r u s i o n   h a s   a  s a l t   index  of  5 .7   to   6 .3   a n d  

a  b a l l   f a l l   v i s c o s i t y   of  70  s e c o n d s ;  

(b)  t h e   s p i n n i n g   b a t h   c o n t a i n s   a b o u t   5.7%  s u l f u r i c  

a c i d ,   a b o u t   0.9%  z i n c   s u l f a t e   and   a b o u t   20% 

s o d i u m   s u l f a t e ,   and  i s   m a i n t a i n e d   a t   a  t e m -  

p e r a t u r e   of  a b o u t   60  d e g r e e s   c e n t i g r a d e ;   a n d  

(c)  t h e   s t r e t c h   b a t h   c o n t a i n s   a b o u t   2.5%  s u l f u r i c  

a c i d ,   a b o u t   0.4%  z i n c   s u l f a t e   and   a b o u t   8 . 0 %  

s o d i u m   s u l f a t e   and  i s   m a i n t a i n e d   a t   a b o u t   9 3  

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

s t r e t c h e d   i n   t h e   s t r e t c h   b a t h   a b o u t  7 0 %   to   7 5 % .  

12.  The  f i b e r   as  d e f i n e d   in  any  of  c l a i m s   1  to   6  h a v i n g   a  w e t  

t e n a c i t y   b e t w e e n   1 .7  and  1 .8  g rams   p e r   d e n i e r ,   a  c o n d i t i o n e d  

t e n a c i t y   b e t w e e n   3 .2   and  3 .3   g rams  p e r   d e n i e r ,   a  wet   %  e l o n g a -  
t i o n   b e t w e e n   15  and  18%,  a  c o n d i t i o n e d  %   e l o n g a t i o n   b e t w e e n  

12  and  14%,  a  wet   m o d u l u s   b e t w e e n   8 .0   and  1 0 . 0 ,   10  t o  

12  c r i m p s   p e r   i n c h ,   and  an  a v e r a g e   d e g r e e   of  p o l y m e r i z a t i o n  

of  375  to  4 0 0 .  

13.  The  f i b e r   as  d e f i n e d   in  any  of  c l a i m s   1  to   12,  w h e r e i n  

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

p u l p   r a n g i n g   f rom  93  t o   99%  a l p h a   c e l l u l o s e   c o n t e n t .  

14.  A  m e t h o d   of  p r o d u c i n g   c r i m p e d   r e g e n e r a t e d   c e l l u l o s e  

f i b e r s   w i t h   an  u n s y m m e t r i c a l ,   m u l t i l o b u l a r ,   s k i n - c o r e   c r o s s -  

s e c t i o n   w h e r e i n   t h e   c o r e   i s   s u r r o u n d e d   by  a  d i s c o n t i n u o u s  

b r o k e n   s k i n   a c c o r d i n g   to   any  of  c l a i m s   1  to   13,  w h i c h   c o m -  

p r i s e s  



(a)  p r e p a r i n g   a  m o d i f i e r - f r e e   v i s c o s e   c o n t a i n i n g  

f r o m   a b o u t   6%  to   10%  c e l l u l o s e ,   f r o m   a b o u t   4% 

t o   9%  c a u s t i c   s o d a , a n d   f r o m   28%  to   45%  c a r b o n  

d i s u l f i d e   b a s e d   u p o n   t h e   w e i g h t   of   c e l l u l o s e ;  

(b)  r i p e n i n g   t h e   v i s c o s e   t o   a  s o d i u m   c h l o r i d e  

s a l t   i n d e x   of  5 . 5   t o   15  and  a  s p i n n i n g   b a l l  

f a l l   v i s c o s i t y   of  60  t o   110  s e c o n d s ;  

(c)  e x t r u d i n g   t h e   r i p e n e d   v i s c o s e   i n t o   an  a q u e o u s  

s p i n n i n g   b a t h   c o n t a i n i n g   f rom  a b o u t   4%  t o   8% 

s u l f u r i c   a c i d ,   f r o m   a b o u t   0.5%  to   3%  z i n c  

s u l f a t e   and  f r o m   a b o u t   16%  to   22%  s o d i u m   s u l -  

f a t e , m a i n t a i n e d   a t   a  t e m p e r a t u r e   b e t w e e n   4 0  

and  6 5 ° C ;  

(d)  w i t h d r a w i n g   t h e   f i l a m e n t s   f rom  t h e   s p i n n i n g  

b a t h ,   p a s s i n g   t h e   f i l a m e n t s   t h r o u g h   an  a q u e o u s  

s t r e t c h   b a t h   m a i n t a i n e d   a t   a  t e m p e r a t u r e   b e -  

t w e e n   85°C  and   9 8 ° C  ;   a n d  

(e)  c o n t r o l l i n g   r e s i d e n c e   t i m e   in   t h e   s p i n   b a t h   s o  

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

s t r e t c h   b a t h   f r o m   a b o u t   65%  to   120%,  s a i d  

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

5  and   1 2 .  



15.  The  m e t h o d   as  d e f i n e d   in   c l a i m   14,  w h e r e i n   t h e   s t r e t c h e d  

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

f i b e r s   a r e   s l u i c e d   in  w a t e r   h a v i n g   a  t e m p e r a t u r e   of   f rom  7 5 ° C  

to   100°C  f o r m i n g   24  to   28  c r i m p s   p e r   i n c h .  

16.  The  m e t h o d   as  d e f i n e d   in  c l a i m s   14  and  15,   w h e r e i n   t h e  

r i p e n i n g   o c c u r s   a t   a  t e m p e r a t u r e   b e t w e e n   9°C  and   22°C  f o r   u p  

to   30  h o u r s .  

17.  The  m e t h o d   as  d e f i n e d   in   any  of  c l a i m s   14  to   16,   w h e r e i n  

t h e   v i s c o s e   c o n t a i n s   a b o u t   7 . 5  %   c e l l u l o s e ,   a b o u t   7 . 5   % 

c a u s t i c   s o d a ,   and  a b o u t   31 %  c a r b o n   d i s u l f i d e   b a s e d   upon   t h e  

w e i g h t   of  t h e   c e l l u l o s e ,   and  t h e   v i s c o s e   a t   t h e   t i m e   of  e x -  

t r u s i o n   h a s   a  s a l t   t e s t   b e t w e e n   8 .0   and  8 . 5 .  

18.  The  m e t h o d   as  d e f i n e d   in   any  of  c l a i m s   14  to   17,  w h e r e i n  

t h e   s p i n n i n g   b a t h   c o n t a i n s   a b o u t   6.1  %  s u l f u r i c   a c i d ,   a b o u t  

2 .6   %  z i n c   s u l f a t e   and  a b o u t   2 0 . 9   %  s o d i u m   s u l f a t e .  

19.  The  m e t h o d   as  d e f i n e d   in  any  of  c l a i m s   14  to   18,  w h e r e -  

in  t h e   s t r e t c h   b a t h   c o n t a i n s   f rom  1  %  to  4 %  s u l f u r i c   a c i d ,  

f rom  0 .3   %  to   1.2  %  z i n c   s u l f a t e   and  f rom  3  %  to   12  %  s o d i u m  

s u l f a t e .  

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

d e f i n e d   in   any  of  c l a i m s   1  to   1 3 .  

21.  A  f a b r i c   f o r m e d   of  c o t t o n   and  f rom  1  %  t o   99  %  by  w e i g h t  

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

any  of  c l a i m s   1  to   1 3 .  

22.  A  f a b r i c   f o r m e d   of  p o l y e s t e r   and  f rom  1  %  to   99 %  b y  

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

f i n e d   in   any  o f  c l a i m s   1  to   1 3 .  
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