
(19 J )  
Europaisch.es  Patentamt 

European  Patent  Office  ©  Publication  number:  0 1 7 3   5 2 8  
A ?  

Office  europeen  des  brevets  ^  

©  EUROPEAN  PATENT  APPLICATION 

©  Application  number:  85305877.4  ©  Int  CI.4:  D  06  M  15/333,  C  08  L  2 9 / 0 4  

(22)  Date  of  filing:  19.08.85 

(§)  Priority  :  20.08.84  US  642435  ©  Applicant:  E.I.  DU  PONTDE  NEMOURS  AND  COMPANY, 
1007  Market  Street,  Wilmington  Delaware  19898  (US) 

@  Inventor:  Vassalio,  Donald  Arthur,  5  Aldham  Court, 
©  Date  of  publication  of  application:  05.03.86  Wilmington  Delaware  19803  (US) 

n..u«.*i„  oe/m  Inventor:  Zunker,  David  William,  5440  Crestline  Road, Bulletin  86/1  0  Wilmington  Delaware  1  9808  (US) 

@  Representative:  Jones,  Alan  John  et  al,  CARPMAELS  & 
RANSFORD  43  Bloomsbury  Square,  London,  WC1  A  2RA 

@  Designated  Contracting  States:  DEFRGB  IT  (GB) 

(54)  Polyvinyl  alcohol  based  wax-free  size  composition. 

  Polyvinyl  alcohol  based  sizing  solution  containing  a  small 
amount  of  low  ethylene  oxide  adduct  of  branched  alcohol  pro- 
vides  superior  operability  during  sizing  and  weaving,  and  yields 
fabric  that  exhibits  improved  finishing  performance. 



BACKGROUND  OF  THE  INVENTION 

F i e l d   of  t h e   I n v e n t i o n  

T h i s   i n v e n t i o n   r e l a t e s   to  s i z e   c o m p o s i t i o n s  

and  more  s p e c i f i c a l l y   i t   r e l a t e s   to  p o l y v i n y l   a l c o h o l  

b a s e d   s i z e   c o m p o s i t i o n s   c o n t a i n i n g   low  e t h y l e n e   o x i d e  

a d d u c t   a d d i t i v e s .  

D e s c r i p t i o n   of  the   P r i o r   A r t  

Spun  warp   y a r n   mus t   be  s i z e d   w i t h   a  

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

p r o t e c t i v e   s u r f a c e   c o a t i n g ;   t he   l a t t e r   is   r e q u i r e d  

d u r i n g   t h e   w e a v i n g   of  t he   y a r n   i n t o   f a b r i c .   A f t e r  

w e a v i n g   the   g r e i g e   f a b r i c   p r o d u c e d   mus t   be  s t r i p p e d  

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

be  s u b j e c t e d   to  v a r i o u s   f i n i s h i n g   o p e r a t i o n s   and  i n  

p a r t i c u l a r   to  d y e i n g .   S i z e s   b a s e d   on  p o l y v i n y l  

a l c o h o l   or  c o m b i n a t i o n s   of  p o l y v i n y l   a l c o h o l   a n d  

s t a r c h   mus t   g e n e r a l l y   be  u s e d   w i t h   a  wax  a d d i t i v e  

p r e s e n t   in  t he   f o r m u l a t i o n   to  m i n i m i z e   d r i e r   d r u m  

s t i c k i n g   in  t he   s l a s h e r   d u r i n g   a p p l i c a t i o n   of  t h e  

s i z e .   T h e s e   wax  a d d i t i v e s   a r e   d i f f i c u l t   to  r e m o v e  

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

r e q u i r i n g   e x t r a c t i o n   by  s p e c i a l   s o l v e n t s   as  w e l l   a s  

h i g h e r   d e s i z e   b a t h   t e m p e r a t u r e s .   As  a  c o n s e q u e n c e  
the   f i n i s h i n g   m i l l   i s   f a c e d   w i t h   h i g h e r   p r o d u c t i o n  

c o s t s   due  to  g r e a t e r   p r o c e s s   c o m p l e x i b i l i t y ,   h i g h e r  

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

q u a l i t y   g r e i g e   f a b r i c .  

The  use  of  p o l y v i n y l   a l c o h o l - b a s e d   s i z i n g  

s o l u t i o n   c o n t a i n i n g   a  s m a l l   a m o u n t   of  q u a t e r n a r y  

ammonium  s a l t   or  a  q u a t e r n a r y   i m i d a z o l i n i u m   s a l t   i s  

d i s c l o s e d   in  U.S .   P a t e n t   No.  4 , 3 8 3 , 0 6 3 ;   t h e s e  

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

wax  and  r e s u l t   in  f a b r i c   e x h i b i t i n g   i m p r o v e d  



f i n i s h i n g   p e r f o r m a n c e .   H o w e v e r ,   such   f o r m u l a t i o n s  

have   t h e   s e r i o u s   d e f i c i e n c y   of  f r e q u e n t l y   e x h i b i t i n g  

a  n o n - r e p r o d u c i b l e   s i z i n g   p e r f o r m a n c e ;   t he   l a t t e r   i s  

due  to  an  e r r a t i c   and  u n p r e d i c t a b l e   r e m o v a l   of  t h e  

c a t i o n i c   a d d i t i v e   by  i n t e r - a c t i o n   w i t h   a n i o n i c  

c o n t a m i n a n t s   which   t e n d   to  a c c u m u l a t e   in  t he   s i z i n g  
s o l u t i o n .   The  p r i m a r y   s o u r c e   of  t h e s e   a n i o n i c  

c o n t a m i n a n t s   is   t he   spun   y a r n   b e i n g   s i z e d .  

The  i n c o r p o r a t i o n   i n t o   p o l y v i n y l  

a l c o h o l - b a s e d   s i z e s   of  v e r y   low  l e v e l s   (maximum  o f  

0 .05   wt .   %  b a s e d   on  p o l y v i n y l   a l c o h o l )   of  l o w  

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

a g e n t s   is   d i s c l o s e d   in  U.S .   P a t e n t   No.  4 , 2 5 1 , 4 0 3 ;  

such   m a t e r i a l s   have   been   f o u n d   to  be  i n e f f e c t i v e   a s  

wax  s u b s t i t u t e s   and  t h e r e f o r e   a r e   no t   u s e d   a s  

s u b s t i t u t e s   fo r   wax  in  w a x - f r e e   warp   s i z i n g  

c o m p o s i t i o n s .  

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

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   a  c o m p o s i t i o n   c o n s i s t i n g   e s s e n t i a l l y   of  ( a )  

f rom  a b o u t   4 5 . 5   to  a b o u t   99.9%  by  w e i g h t   of  v i n y l  

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

p o l y v i n y l   a l c o h o l ,   v i n y l   a l c o h o l / m e t h y l   m e t h a c r y l a t e  

c o p o l y m e r ,   and  p o l y v i n y l   a l c o h o l   c o n t a i n i n g  

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

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

s a p o n i f i c a t i o n   number   of  f rom  a b o u t   1  to  a b o u t   160  

and  a  4  p e r c e n t   s o l u t i o n   v i s c o s i t y   of  f r o m  

a b o u t   3  to  a b o u t   70  mPa · s   a t   2 0 ° C ;  

(b)  f rom  a b o u t   0 .1   to  a b o u t   3  p e r c e n t   by  

w e i g h t   of  l i q u i d   n o n i o n i c   low  e t h y l e n e   o x i d e   a d d u c t  

of  b r a n c h e d   a l c o h o l   or  m i x t u r e   of  b r a n c h e d   a l c o h o l s  

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

a b o u t   1  to  a b o u t   7  u n i t s   and  t he   a l c o h o l   has   a n  

a v e r a g e   c a r b o n   c o n t e n t   of  from  a b o u t   8  to  a b o u t   18 

c a r b o n   a t o m s ;  



(c)  from  0  to  4 9 . 9   p e r c e n t   by  w e i g h t   o f  

s t a r c h ;  

(d)  f rom  0  to  a b o u t   5  p e r c e n t   by  w e i g h t   o f  

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

(number   a v e r a g e )   of  f rom  a b o u t   200  to  a b o u t   800  a n d  

(e)  from  0  to  a b o u t   4 9 . 9   p e r c e n t   by  w e i g h t  

of  c a r b o x y m e t h y l   c e l l u l o s e ,  

( f f   f rom  0  to  a b o u t   1  p e r c e n t   by  w e i g h t   o f  

a t   l e a s t   one  a u x i l i a r y   e t h y l e n e   o x i d e   a d d u c t   s e l e c t e d  

f rom  t he   g r o u p   c o n s i s t i n g   of  low  e t h y l e n e   o x i d e  

a d d u c t   ( c o n t a i n i n g   an  a v e r a g e   e t h y l e n e   o x i d e   c o n t e n t  

of  f rom  a b o u t   1  to  a b o u t   7  u n i t s )   of  a  l i n e a r   a l c o h o l  

or  of  a  m i x t u r e   of  l i n e a r   a l c o h o l s   ( h a v i n g   an  a v e r a g e  

c a r b o n   c o n t e n t   of  f rom  a b o u t   8  to  a b o u t   18  u n i t s )   a n d  

medium  to  h i g h   e t h y l e n e   o x i d e   a d d u c t   ( c o n t a i n i n g   a n  

a v e r a g e   e t h y l e n e   o x i d e   c o n t e n t   of  f rom  a b o u t   8  t o  

a b o u t   40  u n i t s )   of  l i n e a r   or  b r a n c h e d   a l c o h o l s  

( h a v i n g   an  a v e r a g e   c a r b o n   c o n t e n t   of  f rom  a b o u t   8  t o  

a b o u t   18  u n i t s )   p r o v i d e d   t h e   c o m b i n e d   w e i g h t   o f  

s t a r c h   and  c a r b o x y m e t h y l   c e l l u l o s e   d o e s   n o t   e x c e e d  

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

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

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

o x i d e   a d d u c t   b l e n d e d   w i t h   v i n y l   a l c o h o l   p o l y m e r ,   a  

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

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

c o n t e n t   of  2-20%  by  w e i g h t ,   p r o c e s s   fo r   s i z i n g  

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

s i z e d   y a r n   c o m p r i s i n g   spun   y a r n   h a v i n g   a  w a x - f r e e  

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

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

As  u s e d   h e r e i n ,   t h e   t e r m   " c o n s i s t i n g  

e s s e n t i a l l y   of"   means   t h a t   the   named  i n g r e d i e n t s   a r e  

e s s e n t i a l ,   h o w e v e r ,   o t h e r   i n g r e d i e n t s   wh ich   do  n o t  

p r e v e n t   the   a d v a n t a g e s   of  the   p r e s e n t   i n v e n t i o n   f r o m  

b e i n g   r e a l i z e d   can  a l s o   be  i n c l u d e d .  



D e t a i l e d   D e s c r i p t i o n   of  the   I n v e n t i o n  

I t   has   been  f o u n d   t h a t   t he   a d d i t i o n   of  a 

l i q u i d ,   n o n i o n i c ,   low  e t h y l e n e   o x i d e   a d d u c t   of  a  

b r a n c h e d   a l c o h o l ,   in  t he   a m o u n t   of  3  p e r c e n t   or  l e s s ,  

to  the   v i n y l   a l c o h o l   p o l y m e r   b a s e d   s i z e   c o m p o s i t i o n  

e l i m i n a t e s   s t i c k i n g   of  t he   s i z e d   y a r n   on  the   d r y i n g  

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

e f f i c i e n c y ,   and  e a s y   s i z e   r e m o v a l   u n d e r   m i l d   d e s i z e  

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

e x h i b i t s   e x c e l l e n t   dye  r e c e p t i v i t y .   S i z e  

c o m p o s i t i o n s   of  the   p r e s e n t   i n v e n t i o n   a re   r e c o m m e n d e d  

fo r   u se   in  t he   c o n v e n t i o n a l   s i z i n g ,   h e a t   s e t t i n g   a n d  

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

s p u n  y a r n   t e x t i l e   m i l l s .  

For  t he   p u r p o s e s   of  t he   s i z e   c o m p o s i t i o n s   o f  

the   p r e s e n t   i n v e n t i o n   the   v i n y l   a l c o h o l   p o l y m e r   c a n  
have   a  s a p o n i f i c a t i o n   number   (mg  KOH  to  n e u t r a l i z e   1 

g  p o l y m e r )   of  from  a b o u t   1  to  a b o u t   160  and  a  4 

p e r c e n t   s o l u t i o n   v i s c o s i t y   of  f rom  a b o u t   3  to  a b o u t  

70  m P a · s .  

E x a m p l e s   of  s u i t a b l e   v i n y l   a l c o h o l   p o l y m e r s  

i n c l u d e :  

(a)  F u l l y   h y d r o l y z e d   v i n y l   a l c o h o l / m e t h y l  

m e t h a c r y l a t e   c o p o l y m e r   ( c o n t a i n i n g   from  a b o u t   3 .5   t o  

a b o u t   6  mole   p e r c e n t   m e t h y l   m e t h a c r y l a t e )   h a v i n g   a 

v i s c o s i t y   of  f rom  a b o u t   3  to  a b o u t   60  mPa · s   ( m e a s u r e d  

a t   20°C  u s i n g   a  4  p e r c e n t   a q u e o u s   s o l u t i o n ) .   S u c h  

c o p o l y m e r s   can  be  p r o d u c e d   by  t he   a l c o h o l y s i s   of  a 

v i n y l   a c e t a t e / m e t h y l   m e t h a c r y l a t e   c o p o l y m e r ;  

(b)  P a r t i a l l y   h y d r o l y z e d   p o l y v i n y l   a l c o h o l  

c o n t a i n i n g   from  a b o u t   4  to  a b o u t   12  mole  p e r c e n t   o f  

v i n y l   a c e t a t e   h a v i n g   a  v i s c o s i t y   of  f rom  a b o u t   3  t o  

a b o u t   60  m P a · s ;  

(c)  F u l l y   h y d r o l y z e d   p o l y v i n y l   a l c o h o l  

h a v i n g   a  v i s c o s i t y   of  from  a b o u t   3  to  a b o u t   70  m P a · s  



(d)  P o l y v i n y l   a l c o h o l   c o n t a i n i n g  

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

m e t h a c r y l a t e   ( such   as  m e t h y l a c r y l a t e ,   m e t h y l   h y d r o g e n  

m a l e a t e ;  

(e)  V a r i o u s   m i x t u r e s   of  t he   a b o v e   v i n y l  

a l c o h o l   p o l y m e r s .  

The  n o n i o n i c   a d d i t i v e   of  t he   p r e s e n t  

i n v e n t i o n   i s  a   low  e t h y l e n e   o x i d e   a d d u c t   ( c o n t a i n i n g  

an  a v e r a g e   e t h y l e n e   o x i d e   c o n t e n t   of  f rom  a b o u t   1  t o  

a b o u t   7  u n i t s )   of  a  b r a n c h e d   a l c o h o l   or  a  m i x t u r e   o f  

b r a n c h e d   a l c o h o l s   ( h a v i n g   an  a v e r a g e   c a r b o n   c o n t e n t  

of  f rom  a b o u t   8  to  a b o u t   18  u n i t s ) .   The  p r e f e r r e d  

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

a b o u t   2  to  a b o u t   5  e t h y l e n e   o x i d e   u n i t s   w i t h   a  

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

10  to  a b o u t   15  c a r b o n   a t o m s .   The  mos t   p r e f e r r e d   i s  

one  c o n s i s t i n g   of  an  a v e r a g e   of  a b o u t   3  e t h y l e n e  

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

a v e r a g e   of  a b o u t   13  c a r b o n   a t o m s .   " T e r g i t o l "   1 5 - S - 3 ,  

a  p r o d u c t   m a n u f a c t u r e d   by  Union   C a r b i d e ,   r e p r e s e n t s  

t h i s   m o s t   p r e f e r r e d   a d d i t i v e .  

The  amoun t   of  v i n y l   a l c o h o l   p o l y m e r   in  t h e  

c o m p o s i t i o n   of  t he   p r e s e n t   i n v e n t i o n   i s   f rom  a b o u t  

4 5 . 5   to  a b o u t   9 9 . 9   p e r c e n t   by  w e i g h t .   The  p r e f e r r e d  

r a n g e   i s   f rom  a b o u t   63  to  a b o u t   99 .8   p e r c e n t   and  t h e  

mos t   p r e f e r r e d   r a n g e   is  f rom  a b o u t   7 2 . 7   to  a b o u t   9 9 . 6  

p e r c e n t .   In  t y p i c a l   p o l y v i n y l   a l c o h o l - b a s e d   s i z e  

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

c o n t e n t   of  t he   s i z e ,   t he   h i g h e r   w i l l   be  t he   w e a v i n g  

e f f i c i e n c y   e x h i b i t e d   by  t he   s i z e d   y a r n .   In  g e n e r a l  

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

the   p o l y v i n y l   a l c o h o l   c o n t e n t   of  the   s i z e   i s  

i n c r e a s e d .  

The  amoun t   of  t he   n o n i o n i c   a d d i t i v e   of  t h e  

p r e s e n t   i n v e n t i o n   is  from  a b o u t   0 .1  to  a b o u t   3 



p e r c e n t   by  w e i g h t .   Abou t   0 .1  w e i g h t   p e r c e n t   a d d i t i v e  

is   n e c e s s a r y   to  g i v e   s i g n i f i c a n t   d r i e r   drum  r e l e a s e ,  

w h i l e   g r e a t e r   t h a n   a b o u t   3  w e i g h t   p e r c e n t   may  r e s u l t  

in  r e d u c e d   w e a v i n g   e f f i c i e n c i e s .   A  p r e f e r r e d   r a n g e  
of  a d d i t i v e   is   from  a b o u t   0 .2  to  a b o u t   1.5  w e i g h t  

p e r c e n t   w i t h   wh ich   most   of  t he   b e n e f i t s   of  t h e  

p r e s e n t   i n v e n t i o n   can  be  a c h i e v e d .   The  m o s t  

p r e f e r r e d   c o n c e n t r a t i o n   r a n g e   of  a d d i t i v e   is  f r o m  

a b o u t   0 .4  to  a b o u t   0.8  w e i g h t   p e r c e n t ;   c o m p o s i t i o n s  

c o n t a i n i n g   t h i s   l e v e l   of  a d d i t i v e   g i v e   t he   b e s t  

b a l a n c e   of  drum  d e p o s i t   p e r f o r m a n c e ,   a b r a s i o n  

r e s i s t a n c e   and  dye  r e c e p t i v i t y   a f t e r   d e s i z i n g .  

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

t h e   s i z e   c o m p o s i t i o n s   of  t h e   p r e s e n t   i n v e n t i o n   in  a n  

a m o u n t   of  up  to  a b o u t   4 9 . 9   w e i g h t   p e r c e n t .   Up  t o  

t h i s   l e v e l   of  s t a r c h   the   b e n e f i t s   of  t he   n o - w a x  
a d d i t i v e   of  the   p r e s e n t   i n v e n t i o n   a r e   c l e a r l y  

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

33  w e i g h t   p e r c e n t ,   w h i l e   t he   mos t   p r e f e r r e d   s t a r c h  

l i m i t   i s   up  to  a b o u t   25  w e i g h t   p e r c e n t .   In  t h e   m o s t  

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

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

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

p o l y m e r i c   c o m p o n e n t .   A  v a r i e t y   of  t y p e s   of  s t a r c h  

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

a d d i t i v e s   in  the   c o m p o s i t i o n   of  t h i s   i n v e n t i o n .  

T h e s e   i n c l u d e   " K o f i l m "   50,  [an  a c e t y l a t e d   s t a r c h  

p r o d u c t   s u p p l i e d   by  N a t i o n a l   S t a r c h ] ,   as  w e l l   a s  

" A s t r o g u m "   3010  [a  medium  v i s c o s i t y   s o d i u m  

c a r b o x y m e t h y l a t e d   s t a r c h ]   and  " A s t r o g u m "   3020  [a  l o w  

v i s c o s i t y   s o d i u m   c a r b o x y m e t h y l a t e d   s t a r c h ] ,   w h i c h   a r e  

p r o d u c t s   s u p p l i e d   by  P e n i c k   and  F o r d .  

C a r b o x y m e t h y l   c e l l u l o s e   (CMC)  can  a l s o   b e  

used   as  an  o p t i o n a l   i n g r e d i e n t   in  the   c o m p o s i t i o n   o f  



t he   p r e s e n t   i n v e n t i o n   in  an  a m o u n t   of  up  to  a b o u t   50 

wt .   %,  p r e f e r a b l y   up  to  a b o u t   33  wt.   %,  and  m o s t  

p r e f e r a b l y   up  to  a b o u t   25  wt .   %. 

The  c o m b i n e d   w e i g h t   of  t he   s t a r c h   and  CMC 

i n g r e d i e n t s   s h o u l d   no t   e x c e e d   the   w e i g h t   of  t h e   v i n y l  

a l c o h o l   p o l y m e r   p r e s e n t   in  t he   c o m p o s i t i o n .  

A n o t h e r   o p t i o n a l   a d d i t i v e   is  a  low  to  m e d i u m  

m o l e c u l a r   w e i g h t   ( 2 0 0 - 8 0 0   number   a v e r a g e )   o l i g o m e r   o f  

e t h y l e n e   o x i d e   o f t e n   a d d e d   to  v i n y l   a l c o h o l   p o l y m e r  

as  a  d e d u s t i n g   a g e n t .   U .S .   P a t e n t   No.  4 , 3 8 9 , 5 0 6  

d e s c r i b e s   t he   use  of  3  w e i g h t   p e r c e n t   of  " C a r b o w a x "  

600,   a  p r o d u c t   of  Un ion   C a r b i d e ,   as  y i e l d i n g   t h e   m o s t  

p r e f e r r e d   d u s t - f r e e   p r o d u c t .   C o n c e n t r a t i o n s   up  t o  

a b o u t   5  w e i g h t   p e r c e n t   " C a r b o w a x "   600  r e s u l t   in  o n l y  

m i n o r   r e d u c t i o n s   in  t he   b e n e f i t s   d e r i v e d   f rom  t h e  

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

r e c o m m e n d e d .   A  p r e f e r r e d   u p p e r   l i m i t   is   3  w e i g h t  

p e r c e n t   w h i l e   the   mos t   p r e f e r r e d   u p p e r   l i m i t   of  t h i s  

t y p e   of  a d d i t i v e   is   1 .5   w e i g h t   p e r c e n t .   At  t h e   m o s t  

p r e f e r r e d   u p p e r   c o n c e n t r a t i o n   the   b e n e f i t s   d e r i v e d  

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

can  be  a l m o s t   f u l l y   r e a l i z e d .  

F u r t h e r   o p t i o n a l   a d d i t i v e s   can   be  a u x i l i a r y  

low  e t h y l e n e   o x i d e   a d d u c t s   ( c o n t a i n i n g   an  a v e r a g e  

e t h y l e n e   o x i d e   c o n t e n t   of  f rom  a b o u t   1  to  a b o u t   7 

u n i t s )   of  a  l i n e a r   a l c o h o l   or  of  a  m i x t u r e   of  l i n e a r  

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

a b o u t   8  to  a b o u t   18  u n i t s )   or  medium  to  h i g h   e t h y l e n e  

o x i d e   a d d u c t s   ( c o n t a i n i n g   an  a v e r a g e   e t h y l e n e   o x i d e  

c o n t e n t   of  from  a b o u t   8  to  a b o u t   40  u n i t s )   of  l i n e a r  

or  b r a n c h e d   a l c o h o l s   ( h a v i n g   an  a v e r a g e   c a r b o n  

c o n t e n t   of  from  a b o u t   8  to  a b o u t   18  u n i t s ) .   T h e s e  

a d d i t i v e s   can  be  p r e s e n t   in  t he   c o m p o s i t i o n   of  t h e  

p r e s e n t   i n v e n t i o n   in  low  c o n c e n t r a t i o n s ,   i . e .   up  t o  

a b o u t   1  wt .   p e r c e n t .  



The  a q u e o u s   s i z e   s o l u t i o n   of  the   p r e s e n t  

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

from  a b o u t   2  to  a b o u t   20  w e i g h t   p e r c e n t .   T h e  

p r e f e r r e d   s i z e   b a t h   s o l i d s   c o n t e n t   is  f rom  a b o u t   5  t o  

a b o u t   15  w e i g h t   p e r c e n t   w h i l e   the   most   p r e f e r r e d  

f o r m u l a t i o n   c o n t a i n s   from  a b o u t   7  to  a b o u t   12  w e i g h t  

p e r c e n t   s i n c e   t h i s   l e v e l   of  s o l i d s   in  most   c a s e s   w i l l  

p r o v i d e   s u f f i c i e n t   s i z e   a d d - o n   to  g i v e   t he   s i z e d   y a r n  

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

a l c o h o l   b a s e d   s i z e   s o l u t i o n   is  c o n s i d e r e d   to  b e  

u n i q u e   b e c a u s e   i t   d o e s   no t   c o n t a i n   a  wax  a d d i t i v e  

wh ich   mus t   be  p r e s e n t   u n d e r   n o r m a l   m i l l   c o n d i t i o n s .  

The  a q u e o u s   s i z e   s o l u t i o n   is  p r e p a r e d   b y  

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

t e m p e r a t u r e .   The  n o n i o n i c   a d d i t i v e   a l o n g   w i t h   a n y  

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

s u b s e q u e n t   m i x t u r e   is   h e a t e d   w i t h   s t i r r i n g   a t   a b o u t  

77°C  u n t i l   c o m p l e t e   s o l u t i o n   has   been   a c h i e v e d .  

The  s i z e   s o l u t i o n   of  the   p r e s e n t   i n v e n t i o n  

can   a l s o   be  p r e p a r e d   d i r e c t l y   f rom  a  b l e n d   of  v i n y l  

a l c o h o l   p o l y m e r   w i t h   a  low  amoun t   of  the   n o n i o n i c  

a d d i t i v e   of  t he   p r e s e n t   i n v e n t i o n .   The  p o l y v i n y l  

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

a r e   p r o d u c e d   by  dry  b l e n d i n g   a  v a r i e t y   of  p o l y v i n y l  

a l c o h o l   and  the   a d d i t i v e ( s )   u n d e r   h i g h   i n t e n s i t y  

m i x i n g   c o n d i t i o n s   a t   a  t e m p e r a t u r e   a t   wh ich   t h e  

a d d i t i v e   c o m p o n e n t ( s )   w i l l   be  l i q u i d ( s ) .   M o r e o v e r   i f  

more  t h a n   one  n o n i o n i c   a d d i t i v e   is   u s e d ,   t he   l a t t e r  

can  be  p r e b l e n d e d   and  a d d e d   as  a  s i n g l e   c o m p o n e n t .  

For  e x a m p l e ,   u s i n g   a  R e a d c o   Sigma  B l a d e   m i x e r  

m a n u f a c t u r e d   by  the   Read  C o . ,   York ,   PA,  p o l y v i n y l  

a l c o h o l   and  " T e r g i t o l "   1 5 - S - 3   or  " T e r g i t o l "  

1 5 - S - 3 / " C a r b o w a x "   600  m i x t u r e s   were   c o n v e r t e d   i n t o  

h o m o g e n e o u s   b l e n d s   by  m i x i n g   for   a b o u t   30  m i n u t e s   a t  

a  t e m p e r a t u r e   above   a b o u t   20°C.   T h i s   mode  o f  



p r e p a r a t i o n   is   c a r r i e d   ou t   by  s l u r r y i n g   in  w a t e r   a t  

a m b i e n t   t e m p e r a t u r e   the   r e q u i r e d   a m o u n t   of  v i n y l  

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

d e s i r e d   s i z e   b a t h   s o l i d s .   The  r e s u l t i n g   m i x t u r e   i s  

t h e n   h e a t e d   w i t h   s t i r r i n g   a t   a  t e m p e r a t u r e   of  a b o u t  

77°C  u n t i l   c o m p l e t e   s o l u t i o n   has   been   a c h i e v e d .  

The  s i z e   s o l u t i o n   of  the   p r e s e n t   i n v e n t i o n  

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

n o n i o n i c   a d d i t i v e   of  the   p r e s e n t   i n v e n t i o n   in  a  v i n y l  

a l c o h o l   p o l y m e r .   The  c o n c e n t r a t e   c o n s i s t s  

e s s e n t i a l l y   of  from  a b o u t   45  to  a b o u t   90  p e r c e n t   b y  

w e i g h t   of  v i n y l   a l c o h o l   p o l y m e r   and  f rom  a b o u t   10  t o  

a b o u t   55  p e r c e n t   by  w e i g h t   of  t he   l i q u i d ,   n o n i o n i c  

low  e t h y l e n e   o x i d e   a d d u c t   a d d i t i v e   of  t he   p r e s e n t  

i n v e n t i o n .   O p t i o n a l l y ,   t he   c o n c e n t r a t e   can  c o n t a i n  

up  to  a b o u t   45  p e r c e n t   by  w e i g h t   of  s t a r c h ,   up  t o  

a b o u t   45  p e r c e n t   by  w e i g h t   of  C a r b o w a x ,   up  to  a b o u t  

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

up  to  a b o u t   45  p e r c e n t   by  w e i g h t   of  low  e t h y l e n e  

o x i d e   a d d u c t   of  a  l i n e a r   a l c o h o l   or  m i x t u r e   of  l i n e a r  

a l c o h o l s   or  medium  to  h i g h   e t h y l e n e   o x i d e   a d d u c t   o f  

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

to  p r o d u c e   the   s i z e   c o m p o s i t i o n   of  the   p r e s e n t  

i n v e n t i o n   by  a d d i n g   i t   in  t he   r e q u i r e d   a m o u n t   to  a  

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

such   a  c o n c e n t r a t e   can  p r o v i d e   a  u n i q u e   a n d  

s u r p r i s i n g   a d v a n t a g e .   N o r m a l l y   when  v i n y l   a l c o h o l  

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

ho t   a q u e o u s   s o l u t i o n s ,   t he   v i n y l   a l c o h o l   c o m p o n e n t  

f u s e s   upon  c o n t a c t   w i t h   t he   h o t   w a t e r   and  b e c o m e s  

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

d e s c r i b e d   c o n c e n t r a t e ,   i f   i t   c o n t a i n s   a t   l e a s t   a b o u t  

30%  by  w e i g h t   of  the   n o n i o n i c   a d d i t i v e   of  t h i s  

i n v e n t i o n ,   i s   r e l a t i v e l y   e a s y   to  d i s p e r s e   when  a d d e d  

d i r e c t l y   to  ho t   w a t e r .   The  most   p r e f e r r e d   n o n i o n i c  



a d d i t i v e   l e v e l   is  from  a b o u t   40%  to  a b o u t   50%.  A b o v e  

a b o u t   50%  t he   v i n y l   a l c o h o l   p o l y m e r   t e n d s   no t   t o  

a b s o r b   a l l   of  the   a d d i t i v e .   Use  of  the   a b o v e  

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

a d v a n t a g e   of  p e r m i t t i n g   r a p i d   r e a d j u s t m e n t s   in  t h e  

l e v e l   of  t he   n o n i o n i c   a d d i t i v e   of  the   p r e s e n t  

i n v e n t i o n   in  a  g i v e n   ho t   s i z e   b a t h   to  m a t c h   s p e c i f i c  

m i l l   r e q u i r e m e n t .  

P r e f e r a b l y ,   t he   a b o v e   r e f e r r e d   t o  

c o n c e n t r a t e   c o n t a i n s   f rom  a b o u t   45  to  a b o u t   7 0  

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

a b o u t   30  to  a b o u t   55  p e r c e n t   by  w e i g h t   of  n o n i o n i c  

a d d i t i v e ,   up  to  a b o u t   20  p e r c e n t   by  w e i g h t   of  s t a r c h ,  

up  to  a b o u t   20  p e r c e n t   by  w e i g h t   of  C a r b o w a x ,   and  u p  
to  a b o u t   20  p e r c e n t   by  w e i g h t   of  c a r b o x y m e t h y l  

c e l l u l o s e .   Most  p r e f e r a b l y   the   c o n c e n t r a t e   w i l l  

c o n t a i n   f rom  a b o u t   50  to  a b o u t   60  p e r c e n t   by  w e i g h t  

of  v i n y l   a l c o h o l   p o l y m e r ,   from  a b o u t   40  to  a b o u t   50 

p e r c e n t   by  w e i g h t   of  n o n i o n i c   a d d i t i v e ,   up  to  a b o u t   5 

p e r c e n t   by  w e i g h t   of  s t a r c h ,   up  to  a b o u t   5  p e r c e n t   b y  

w e i g h t   of  C a r b o w a x   and  up  to  a b o u t   5  p e r c e n t   b y  

w e i g h t   of  c a r b o x y m e t h y l   c e l l u l o s e .  

The  s i z e   is   a p p l i e d   to  t he   y a r n   web  or  s l e y  

u s i n g   a  s l a s h e r .   The  l a t t e r   is  e q u i p p e d   w i t h   a  

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

u n s i z e d   s l e y   i s   s i z e d   by  b e i n g   d rawn  t h r o u g h   the   h o t  

s i z e   s o l u t i o n ,   t h r o u g h   s q u e e z e   r o l l s   to  r emove   e x c e s s  

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

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

i n d i v i d u a l   warp   ends   and  f i n a l l y   o n t o   a  beam  f o r  

c o l l e c t i o n .   When  t he   r e q u i r e d   a m o u n t   of  s i z e d   s l e y  

has   been   c o l l e c t e d   on  the   beam,   the   l a t t e r   i s  

i n s t a l l e d   in  a  loom  where   t he   y a r n   is  woven  i n t o  

g r e i g e   f a b r i c .  



The  s i z e d   spun  y a r n   p r o d u c e d   u s i n g   t he   s i z e  

c o m p o s i t i o n   of  t h e   p r e s e n t   i n v e n t i o n   has  a  w a x - f r e e  

p r o t e c t i v e   s u r f a c e   c o a t i n g   and  e x h i b i t s   t he   u n i q u e  

p r o p e r t y   of  p r o v i d i n g   e x c e l l e n t   w e a v i n g   p e r f o r m a n c e  

d e s p i t e   t he   a b s e n c e   of  wax  in  the   v i n y l   a l c o h o l  

p o l y m e r   b a s e d   s i z e .   M o r e o v e r   t h e   g r e i g e   f a b r i c  

p r o d u c e d   b e i n g   w a x - f r e e ,   is   r e a d i l y   d e s i z a b l e   u n d e r  

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

e x c e l l e n t   dye  r e c e p t i v i t y .   D e s i z i n g   is   c a r r i e d   o u t  

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

a l k a l i n e   s c o u r   b a t h   f o l l o w e d   by  s e v e r a l   ho t   w a t e r  

( a b o u t   6 5 - 8 5 ° C )   r i n s e s .   F a b r i c   p r e p a r e d   w i t h  

c o n v e n t i o n a l   w a x - c o n t a i n i n g   s i z e s   r e q u i r e s   much  m o r e  

s t r i n g e n t   s c o u r i n g   and  r i n s e   c o n d i t i o n s   t h a n   a r e  

r e q u i r e d   w i t h   the   s i z e   f o r m u l a t i o n s   of  the   p r e s e n t  

i n v e n t i o n .   A  h i g h   l e v e l   of  r e m o v a l   of  t h e   s i z e  

c o m p o n e n t s   f rom  the   g r e i g e   f a b r i c   is   r e q u i r e d   p r i o r  

to  i t s   p r o c e s s i n g   in  t he   f i n i s h i n g   m i l l   so  as  t o  

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

o t h e r   f i n i s h i n g   o p e r a t i o n s   on  t he   f a b r i c .   Both   t h e  

n o - w a x   s i z e d   y a r n   and  the   n o - w a x   g r e i g e   f a b r i c  

p r o d u c e d   f rom  i t   a r e   t h u s   c o n s i d e r e d   to  be  u n i q u e .  

The  n o - w a x   s i z e   c o m p o s i t i o n   of  the   p r e s e n t  

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

p o l y e s t e r / c o t t o n   spun  y a r n   b l e n d s .   I t   i s  

p a r t i c u l a r l y   u s e f u l   f o r   6 5 / 3 5 ,   5 0 / 5 0   and  4 0 / 6 0  

p o l y e s t e r / c o t t o n   spun  y a r n   b l e n d s .   The  s i z e  

c o m p o s i t i o n   a l s o   has   u t i l i t y   f o r   100%  c o t t o n   s p u n  

y a r n s .  

I n c o r p o r a t i o n   of  t h e   n o - w a x   a d d i t i v e   of  t h e  

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

s i z e   f o r m u l a t i o n s   p e r m i t s   t he   e l i m i n a t i o n   of  wax  a s  

an  a d d i t i v e ,   m a k i n g   f e a s i b l e   the   p r e p a r a t i o n   of  s i z e d  

y a r n   e x h i b i t i n g   e x c e l l e n t   s l a s h i n g   and  w e a v i n g  

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



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

( e . g .   i n v o l v i n g   s h u t t l e ,   a i r j e t ,   r a p i e r   l o o m s ) .   T h e  

d e r i v e d   f a b r i c s ,   b e i n g   w a x - f r e e ,   a re   c h a r a c t e r i z e d   b y  

e a s y   s i z e   r e m o v a l   and  t h e   d e s i z e d   f a b r i c   e x h i b i t s  

s u p e r i o r   dye  r e c e p t i v i t y .  

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

p u r p o s e   of  i l l u s t r a t i n g   the   p r e s e n t   i n v e n t i o n .   A l l  

p a r t s   and  p e r c e n t a g e s   a re   by  w e i g h t   u n l e s s   o t h e r w i s e  

s p e c i f i e d .  

E x a m p l e s  

S i z i n g   s o l u t i o n s   were   p r e p a r e d   in  a  

s t e a m - j a c k e t e d   k e t t l e   by  a d d i n g   the   v i n y l   a l c o h o l  

p o l y m e r   to  t he   r e q u i s i t e   a m o u n t   of  a m b i e n t  

t e m p e r a t u r e   w a t e r   to  o b t a i n   the   d e s i r e d   s i z e   b a t h  

s o l i d s .   The  t e m p e r a t u r e   of  t he   s l u r r y   was  b r o u g h t   t o  

77°C  w i t h   s t i r r i n g .   Any  a d d i t i v e s   to  be  t e s t e d   i n  

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

The  r e s u l t i n g   s i z e   s o l u t i o n   was  u sed   to  s i z e  

24  e n d s   of  a  p o l y e s t e r / c o t t o n   spun  y a r n   u s i n g   a  

" C a l l a w a y   S l a s h e r "   Model   51  m a n u f a c t u r e d   by  W e s t  

P o i n t   F o u n d r y   and  M a c h i n e   Co.  o p e r a t e d   a t   10 

m e t e r s / m i n u t e   u s i n g   p r e s s u r e   a t   the   s q u e e z e   r o l l .  

A f t e r   t h e   y a r n   had  been   s i z e d ,   t h e   s i z e   a d d - o n   w a s  

m e a s u r e d   by  w e i g h t   l o s s   a f t e r   e x t r a c t i o n   of  t he   s i z e d  

y a r n   w i t h   b o i l i n g   w a t e r .   A s s e s s m e n t   of  t h e  

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

as  w e l l   as  c h a r a c t e r i z a t i o n   of  t he   s i z e d   y a r n   i t s e l f  

was  c a r r i e d   ou t   u s i n g   the   f o l l o w i n g   t e s t   p r o c e d u r e s .  

(a)  Drum  d e p o s i t s  

The  e x t e n t   to  w h i c h   d e p o s i t s   form  on  t h e  

N o .  1   d r y i n g   drum  in  t he   s l a s h e r   is   r e l a t e d   d i r e c t l y  

to  t he   t e n d e n c y   of  a  g i v e n   s i z e   f o r m u l a t i o n   to  c a u s e  

s t i c k i n g   of  t he   i n d i v i d u a l   warp  ends   to  t he   d r y i n g  

drums  in  the  s l a s h e r .   Thus  the   e f f e c t i v e n e s s   of  a 

r e l e a s e   a g e n t   added   to  t he   s i z e   f o r m u l a t i o n   t o  



m i n i m i z e   y a r n   s t i c k i n g   in  the   d r y i n g   s e c t i o n   of  t h e  

s l a s h e r   can  be  m e a s u r e d   a c c u r a t e l y .   O p e r a t i n g   t h e  

C a l l a w a y   s l a s h e r   u n d e r   t he   c o n d i t i o n s   d e s c r i b e d   a b o v e  

and  s e t t i n g   t h e   t e m p e r a t u r e   of  t he   N o .  1   d r y i n g   d r u m  

a t   190°C  and  the   r e m a i n i n g   t h r e e   d rums  a t   2 2 0 ° C ,   t h e  

a m o u n t   of  d e p o s i t   a c c u m u l a t i n g   on  t he   No.  1  drum  w i l l  

r e a c h   an  e q u i l i b r i u m   v a l u e   in  a b o u t   one  m i n u t e .   O n c e  

e q u i l i b r i u m   is   a c h i e v e d   t h e   d e p o s i t s   on  t h i s   drum  a r e  

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

one  c o m p l e t e   r e v o l u t i o n   of  the   drum;  t h e   d e p o s i t   i s  

t h e n   d r i e d   and  w e i g h e d .   The  a m o u n t   of  d e p o s i t  

c o l l e c t e d   p r o v i d e s   a  d i r e c t   m e a s u r e   of  a  s i z e  

f o r m u l a t i o n ' s   p e r f o r m a n c e ,   n a m e l y   the   g r e a t e r   t h e  

a m o u n t   of  drum  d e p o s i t ,   t h e   g r e a t e r   t h e   t e n d e n c y   t h e  

f o r m u l a t i o n   has  to  c a u s e   d r y i n g   drum  s t i c k i n g .   O f  

t he   v a r i o u s   a l l   v i n y l   a l c o h o l   p o l y m e r   b a s e d   s i z e  

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

s t u d y ,   t h e   h i g h e s t   drum  d e p o s i t   was  o b s e r v e d   w i t h  

u n m o d i f i e d   PVA  N o .  2   (a  f u l l y   h y d r o l y z e d   v i n y l  

a l c o h o l / m e t h y l   a c r y l a t e   c o p o l y m e r   h a v i n g   a  4% 

s o l u t i o n   v i s c o s i t y   of  13 .5   mPa . s   and  a  s a p o n i f i c a t i o n  

number   of  4 0 ) .   In  each   e x a m p l e   c i t e d ,   t h e   a c t u a l  

drum  d e p o s i t   v a l u e   o b s e r v e d   and  a  r a t i n g  

p r o p o r t i o n a t e d   a g a i n s t   t h e   PVA  N o .  2   v a l u e   ( u n l e s s  

n o t e d   o t h e r w i s e )   a r e   g i v e n .   A  r a t i n g   of  0 . 2 0 0   o r  

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

t y p i c a l   m i l l   c o n d i t i o n s   of  a  100%  v i n y l   a l c o h o l  

p o l y m e r   s i z e .  

(b)  A b r a s i o n   r e s i s t a n c e   of  t he   s i z e d   y a r n  
is   d e t e r m i n e d   u s i n g   a  l a b o r a t o r y   a b r a s i o n   t e s t e r .  

The  t e s t   m e t h o d   e m p l o y e d   c o n s i s t s   of  s t r i n g i n g   21 

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

w e a v i n g   loom  r e e d   and  a p p l y i n g   c o n t r o l l e d   t e n s i o n   t o  

e a c h   i n d i v i d u a l   warp  end .   The  r e e d   i s   made  t o  

o s c i l l a t e   a g a i n s t   t he   warp  ends   a t   one  c y c l e / s e c o n d  



and  the   number   of  c y c l e s   r e q u i r e d   to  c a u s e   t h e  

b r e a k a g e   of  each   end  is  r e c o r d e d .   A  s e c o n d   s e t   of  21 

ends   is   n e x t   t e s t e d   in  t he   same  m a n n e r .   The  two  s e t s  

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

as  to  g i v e   the   number   of  c y c l e s   r e q u i r e d   to  c a u s e   50% 

b r e a k a g e   of  t he   warp  ends   used   in  t he   t e s t .   T h i s  

q u a n t i t y   in  c y c l e s   i s   r e f e r r e d   to  as  the   F50  r a t i n g  

fo r   a  g i v e n   s i z e   f o r m u l a t i o n .  

A b r a s i o n   r e s i s t a n c e   is   h i g h l y   d e p e n d e n t   u p o n  

s i z e   a d d - o n .   For  c o m p a r a t i v e   p u r p o s e s   a l l   F50  d a t a  

mus t   be  n o r m a l i z e d   to  a  g i v e n   s i z e   a d d - o n ,   n a m e l y ,  

10%.  T h i s   i s   p r e f e r a b l y   done   by  o b t a i n i n g   F 5 0  
v a l u e s   a t   s i x   or  more  a d d - o n s   fo r   a  g i v e n   s i z e  

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

l i n e a r   r e g r e s s i o n   a n a l y s i s .   A l l   F50  d a t a   r e p o r t e d  

in  t he   c h a r a c t e r i z a t i o n   of  the   v a r i o u s   e x a m p l e s   c i t e d  

have   b e e n   t r e a t e d   in  t h i s   m a n n e r .   A  maximum  F 5 0  
v a l u e   was  o b s e r v e d   fo r   s i z e   f o r m u l a t i o n s   p r e p a r e d  

w i t h   PVA  No.  1  (a  f u l l y   h y d r o l y z e d   v i n y l  

a l c o h o l / m e t h y l   m e t h a c r y l a t e   c o p o l y m e r   h a v i n g   a  4% 

s o l u t i o n   v i s c o s i t y   of  28  mPa . s   and  h a v i n g   a  

s a p o n i f i c a t i o n   number   of  3 0 ) .   In  a l l   e x a m p l e s   c i t e d  

t he   a c t u a l   F50  v a l u e   o b s e r v e d   and  a  c o m p a r i s o n  

r a t i n g   w i t h   t he   PVA  N o .  1   s i z e   ( u n l e s s   o t h e r w i s e  

n o t e d )   a r e   g i v e n ;   t he   l a t t e r   was  c a l c u l a t e d   b y  

s e t t i n g   a t   u n i t y   t he   log  F50  v a l u e   of  t he   PVA  N o .  1  

s i z e   a t   10%  s i z e   a d d - o n   and  p r o p o r t i o n a t i n g   a g a i n s t  

i t   t h e   log  F50  v a l u e   o b s e r v e d   a t   10%  s i z e   a d d - o n  

fo r   t he   s i z e   f o r m u l a t i o n   in  the   e x a m p l e .   At  10% 

a d d - o n   a  r a t i n g   of  0 . 8 7 5   or  h i g h e r   i s   c o n s i d e r e d   t o  

be  a  r e q u i r e m e n t   fo r   o p e r a b i l i t y   u n d e r   t y p i c a l   m i l l  

c o n d i t i o n s   u s i n g   a  100%  v i n y l   a l c o h o l   p o l y m e r   s i z e .  

(c)  Dye  r e c e p t i v i t y  

S i z e d   y a r n   to  be  u s e d   in  t h i s   t e s t   is   f i r s t  

h e a t   s e t   by  p a s s i n g   i t   t h r o u g h   an  oven  a t   200°C  w i t h  



a  h o l d u p   t i m e   of  45  s e c o n d s .   The  h e a t - t r e a t e d   y a r n  
is   t h e n   d e s i z e d   u n d e r   m i l d   c o n d i t i o n s   c o n s i s t i n g   o f  

s o a k i n g   the   y a r n   fo r   15  s e c o n d s   a t   55°C  in  a  0 . 5 %  

A l k a n o l   WXN  (a  m o d i f i e d   s o d i u m   a l k y l a r y l   s u l f o n a t e  

s u p p l i e d   by  E.  I.  du  Pon t   de  Nemours   and  C o m p a n y )  

s o l u t i o n   f o l l o w e d   by  r i n s i n g   the   y a r n   fo r   45  s e c o n d s  

a t   75°C  t h r e e   t i m e s .   A f t e r   p a s s a g e   t h r o u g h   a  w r i n g e r  

t he   y a r n   i s   d r i e d   t h o r o u g h l y .   Us ing   t h e   d r i e d ,  

d e s i z e d   y a r n   i t s   dye  r e c e p t i v i t y   is  d e t e r m i n e d   b y  

m e a s u r i n g   t he   t i m e   in  s e c o n d s   f o r   an  a q u e o u s   s o l u t i o n  

of  C h e m u r g y   g r e e n   dye  to  p e n e t r a t e   one  i n c h   up  a  h a n k  

of  dry   y a r n .   The  p o o r e s t   dye  r e c e p t i v i t y   w a s  

o b s e r v e d   u s i n g   PVA  No.  1  c o n t a i n i n g   8%  " S y n c h e m "   1 1 0  

wax  (a  s o l i d   h o t   w a t e r   d i s p e r s i b l e   t a l l o w   w a x ,  

s u p p l i e d   by  M i l l i k e n ) .   S e t t i n g   t h i s   v a l u e   a t   u n i t y  

a l l   o t h e r   dye  r e c e p t i v i t y   v a l u e s   f o r   t h e   e x a m p l e s  

c i t e d   have   been   p r o p o r t i o n a t e d   a g a i n s t   i t .   Thus  i n  

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

as  w e l l   as  a  dye  r e c e p t i v i t y   r a t i n g   a r e   r e p o r t e d .   A 

r a t i n g   of  3 .5   or  h i g h e r   i s   c o n s i d e r e d   to  be  n e c e s s a r y  
to  a c h i e v e   good  dye  r e c e p t i v i t y   u n d e r   n o r m a l   m i l l  

c o n d i t i o n s .  

E x a m p l e s   1  and  2  a n d  
C o m p a r a t i v e   E x a m p l e s   1  a n d   2 

A  s i z i n g   s o l u t i o n   b a s e d   on  PVA  N o .  2  

c o n t a i n i n g   0.4%  " T e r g i t o l "   1 5 - S - 3   (Ex.  1)  was  t e s t e d  

a t   12  s i z e   a d d - o n   l e v e l s   r a n g i n g   f rom  5-15%  ( b a s e d   o n  

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

p r e p a r e d   w i t h   PVA  N o .  2   a l o n e   (Ex.  C - l ) ,   PVA  N o .  2  

c o n t a i n i n g   8%  " S y n c h e m "   110  wax  ( t y p i c a l   m i l l  

f o r m u l a t i o n )   (Ex.  C - 2 ) ,   and  PVA  No.  2  c o n t a i n i n g  0 . 4 %  

T e r g i t o l   1 5 - S - 3   and  1.5%  " C a r b o w a x " 6 0 0   (Ex.  2 ) .  

R e s u l t s   a r e   s u m m a r i z e d   in  T a b l e   I .  





As  can  be  s e e n   f rom  the   a b o v e   d a t a ,   E x a m p l e s  

1  and  2,  wh ich   r e p r e s e n t   e m b o d i m e n t s   of  t he   p r e s e n t  

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

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

c o m p a r a t i v e   E x a m p l e s   1  and  2  were   u n a c c e p t a b l e  

b e c a u s e   in  C-1  t he   drum  d e p o s i t   was  too   h i g h ,   and  i n  

C-2  t h e   dye  r e c e p t i v i t y   was  e x t r e m e l y   p o o r .  

E x a m p l e s   3  a n d   4  and  C o m p a r a t i v e   E x a m p l e s   3  and  4 

A  s i z i n g   s o l u t i o n   b a s e d   on  PVA  No.  1 

c o n t a i n i n g   0.4%  " T e r g i t o l "   1 5 - S - 3   (Ex.  3)  w a s  

e v a l u a t e d   a t   12  s i z e   a d d - o n   l e v e l s   f a l l i n g   in  t h e  

r a n g e   of  5-15%  ( b a s e d   on  y a r n   w e i g h t )   and  c o m p a r e d  

w i t h   s i m i l a r   f o r m u l a t i o n s   b a s e d   on  PVA  No.  1  a l o n e  

(Ex.  C - 3 ) ,   PVA  N o .  1   +  8%  " S y n c h e m "   110  wax  ( t y p i c a l  

m i l l   f o r m u l a t i o n   (Ex.  C-4)   and  PVA  N o .  1   c o n t a i n i n g  

0.4%  " T e r g i t o l "   1 5 - S - 3   and  1.5%  " C a r b o w a x "   600  ( E x .  

4) .   R e s u l t s   a r e   s u m m a r i z e d   in  T a b l e   I I .  





The  above   d a t a   i l l u s t r a t e   t h a t   the   s a m e  

a d v a n t a g e s   r e p o r t e d   in  E x a m p l e s   1  and  2  c o u l d   b e  

r e a l i z e d   u s i n g   the  a d d i t i v e   of  the   p r e s e n t   i n v e n t i o n  

w i t h   an  a l t e r n a t i v e   g r a d e   of  v i n y l   a l c o h o l   p o l y m e r .  

Example   5  and  C o m p a r a t i v e   E x a m p l e s   5  and  6 

T h i s   s e t   of  e x a m p l e s   e m p l o y e d   a  7 5 / 2 5   b l e n d  

of  " V i n o l "   4 2 5 / " V i n o l "   205  p o l y v i n y l   a l c o h o l s  

s u p p l i e d   by  Air  P r o d u c t s .   " V i n o l "   425  is  a n  

i n t e r m e d i a t e   h y d r o l y z e d   (94%  by  w e i g h t   h y d r o l y s i s )  

and  " V i n o l   205  i s   a  p a r t i a l l y   h y d r o l y z e d   (88%  b y  

w e i g h t   h y d r o l y s i s )   PVA  g r a d e .   A  s i z i n g   s o l u t i o n  

c o n t a i n i n g   t h i s   b l e n d   of  p o l y v i n y l   a l c o h o l s   w i t h   0 . 4 %  

" T e r g i t o l "   1 5 - S - 3   p r e s e n t   (Ex.  5)  was  e v a l u a t e d   a t   12 

s i z e   a d d - o n   l e v e l s   r a n g i n g   f rom  5-15%  ( b a s e d   on  y a r n  

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

p r e p a r e d   w i t h   t he   u n m o d i f i e d   b l e n d   (Ex.  C-5)  and  w i t h  

the   b l e n d   c o n t a i n i n g   8%  " S y n c h e m "   110  wax  (Ex.  C - 6 ) .  

The  r e s u l t s   a r e   s u m m a r i z e d   in  T a b l e   I I I .  





As  can  be  s e e n   f rom  the   above   d a t a ,   t h e  

a d d i t i v e   of  the   p r e s e n t   i n v e n t i o n   p r o v i d e d   t he   s a m e  

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

and  p a r t i a l l y   h y d r o l y z e d   p o l y v i n y l   a l c o h o l s   as  w a s  

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

d e s c r i b e d   in  E x a m p l e s   1,  2,  3  and  4 .  

E x a m p l e   6  and  C o m p a r a t i v e   E x a m p l e s   7  and  8 

A  s i z e   f o r m u l a t i o n   c o n t a i n i n g   a  7 5 / 2 5   PVA 

No.  2 / " K o f i l m "   50  s t a r c h   b l e n d ,   0.4%  " T e r g i t o l "  

1 5 - S - 3   and  1.5%  " C a r b o w a x "   600,  (Ex.  6)  was  e v a l u a t e d  

a t   12  a d d - o n   l e v e l s   r a n g i n g   from  5-15%  ( b a s e d   on  t h e  

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

c o n t a i n i n g   no  a d d i t i v e s   (Ex.  C-7)  as  w e l l   as  one  w i t h  

8%  " S y n c h e m "   110  wax  (Ex.  C-8)  p r e s e n t .   The  r e s u l t s  

a r e   s u m m a r i z e d   in  T a b l e   I V .  





The  above   d a t a   showed   t h a t   the   a d d i t i v e   o f  

t he   p r e s e n t   i n v e n t i o n   in  P V A / s t a r c h   b a s e d   s y s t e m s  

s i g n i f i c a n t l y   r e d u c e s   the   drum  d e p o s i t   and  i n c r e a s e s  

the   dye  r e c e p t i v i t y   of  t he   y a r n .   The  a d v e r s e   e f f e c t  

of  the   a d d i t i v e   of  the   p r e s e n t   i n v e n t i o n   on  a b r a s i o n  

r e s i s t a n c e   was  o b s e r v e d   to  be  no  g r e a t e r   t h a n   t h a t   o f  

" S y n c h e m "   110  w a x .  

E x a m p l e   7  and  C o m p a r a t i v e   E x a m p l e s   9  and  10 

A  s i z e   f o r m u l a t i o n   d e r i v e d   f rom  a  5 0 / 5 0   PVA 

N o . 2 / " K o f i l m "   50  s t a r c h   b l e n d   and  c o n t a i n i n g   0 . 4 %  

" T e r g i t o l "   1 5 - S - 3   and  1.5%  " C a r b o w a x "   600  (Ex.  7)  w a s  

e v a l u a t e d   a t   12  s i z e   a d d - o n   l e v e l s   r a n g i n g   f rom  5 -15% 

( b a s e d   on  y a r n   w e i g h t )   and  c o m p a r e d   w i t h   a  s i m i l a r  

s i z e   f o r m u l a t i o n   c o n t a i n i n g   no  a d d i t i v e s   (Ex.  C-9)  a s  
w e l l   as  a  f o r m u l a t i o n   w i t h   8%  " S y n c h e m "   110  wax  ( E x .  

C-10)  p r e s e n t .   The  r e s u l t s   a re   s u m m a r i z e d   in  T a b l e   V. 





As  shown  by  the   a b o v e   d a t a   the   a d d i t i v e   o f  

the   p r e s e n t   i n v e n t i o n   p r o v i d e d   b e n e f i c i a l   e f f e c t s  

when  used   w i t h   50 /50   v i n y l   a l c o h o l   p o l y m e r / s t a r c h  

b l e n d s   in  bo th   drum  d e p o s i t   p e r f o r m a n c e   as  w e l l   as  i n  

dye  r e c e p t i v i t y .   The  a d d i t i v e   r e d u c e d   a b r a s i o n  

r e s i s t a n c e   to  a p p r o x i m a t e l y   the   same  e x t e n t   as  d i d  

the   " S y n c h e m "   110  wax  a d d i t i v e .  

C o m p a r a t i v e   E x a m p l e s   1 1 - 1 3  

S i z e   f o r m u l a t i o n s   b a s e d   on  PVA  N o .  2   w e r e  

p r e p a r e d   w i t h   s e v e r a l   low  e t h y l e n e   o x i d e   a d d u c t s   o f  

l i n e a r   a l c o h o l s   n a m e l y   " T e r g i t o l "   2 5 - L - 3 ,   " A l f o n i c "  

1 0 1 2 - 4 0   and  " A l f o n i c "   1 4 1 2 - 4 0   (Ex.  C-11  to  1 3 ) .  

Data   c h a r a c t e r i z i n g   the   low  e t h y l e n e   o x i d e  

a d d u c t s   is   s u m m e r i z e d   in  t he   T a b l e   b e l o w .  

The  h y d r o p h o b e   is   a  l i n e a r   a l c o h o l   in  the   " A l f o n i c "  

p r o d u c t s   and  in  " T e r g i t o l "   2 5 - L - 3   bu t   is   s e c o n d a r y  

a l c o h o l   in  " T e r g i t o l "   1 5 - S - 3 .   The  a b o v e   T a b l e   s h o w s  

t h a t   " A l f o n i c "   1 4 1 2 - 4 0   and  " T e r g i t o l "   2 5 - L - 3   a r e   a n  

a l m o s t   e x a c t   l i n e a r   c o u n t e r p a r t s   o f  

" T e r g i t o l "   1 5 - S - 3 .   The  " A l f o n i c "   p r o d u c t s   a r e  

s u p p l i e d   by  Conoco   and  t he   " T e r g i t o l "   p r o d u c t s   a r e  

s u p p l i e d   by  Union   C a r b i d e .  

T a b l e   VI  shows  t he   c o m p o s i t i o n   a n d  

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

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

as  w e l l   as  w i t h   the   a d d i t i v e   of  the   p r e s e n t   i n v e n t i o n  

(Ex.  1 ) .  





As  can  be  s een   f rom  the   above   d a t a ,   t h e  

f o r m u l a t i o n s   (Ex.  C-11  to  13)  c o n t a i n i n g   a  l i n e a r  

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

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

were   o b s e r v e d   when  the  a d d i t i v e   of  the   p r e s e n t  

i n v e n t i o n   was  u s e d .  

E x a m p l e s   8-10  and  C o m p a r a t i v e   E x a m p l e s   1 4 - 2 0  

S i z e   f o r m u l a t i o n s   were  p r e p a r e d   w i t h   PVA 

N o .  2   m o d i f i e d   w i t h   a  r a n g e   of  " T e r g i t o l "   1 5 - S  

p r o d u c t s   c o n t a i n i n g   from  3  to  40  e t h y l e n e   o x i d e   u n i t s  

( i . e .   " T e r g i t o l "   1 5 - S - 3   to  " T e r g i t o l "   1 5 - S - 4 0 ) .   T h e  

l e v e l   of  the   " T e r g i t o l "   a d d i t i v e   was  0.4  wt .   %,  a n d  

3.0%  " C a r b o w a x "   600  was  a l s o   p r e s e n t   in  t h e  

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

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

f o r m u l a t i o n   c o n t a i n i n g   o n l y   the   " C a r b o w a x "   6 0 0  

a d d i t i v e .  





As  shown  by  the  d a t a   in  T a b l e   V I I ,   t h e  

a d d i t i v e s   of  the   p r e s e n t   i n v e n t i o n   ( " T e r g i t o l "  

1 5 - S - 3 ,   1 5 - S - 5   and  1 5 - S - 7 )   gave   i m p r o v e d   r e s u l t s   ( E x .  

8 - 1 0 ) .   " T e r g i t o l s "   1 5 - S - 9   to  40  (Ex.  C-15  to  20)  

gave   s i g n i f i c a n t l y   i n f e r i o r   drum  d e p o s i t  

p e r f o r m a n c e s .   M o r e o v e r ,   t he   a b r a s i o n   r e s i s t a n c e  

v a l u e s   o b s e r v e d   became  i n c r e a s i n g l y   l o w e r   as  t h e  

number   of  e t h y l e n e   o x i d e   u n i t s   in  t he   " T e r g i t o l "  

a d d i t i v e   was  i n c r e a s e d .  

E x a m p l e   11  and  C o m p a r a t i v e   E x a m p l e   21 

F a b r i c   s a m p l e s   w h i c h   have   been   p r e p a r e d   f r o m  

y a r n   s i z e d   w i t h   t he   s i z e   s o l u t i o n   of  t he   p r e s e n t  

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

i d e n t i c a l   in  e v e r y   r e s p e c t   e x c e p t   t h a t   t he   l a t t e r  

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

P V A / t a l l o w   wax  f o r m u l a t i o n .   Both  s e t s   of  s a m p l e s  

were   d e s i z e d   u n d e r   m i l d   c o n d i t i o n s   ( e . g .   15  s e c o n d s  

soak   a t   55°C  f o l l o w e d   by  t h r e e   w a t e r   r i n s e s   a t  

6 5 ° C ) .   The  dye  r e c e p t i v i t y   of  the   f a b r i c s   o b t a i n e d  

w i t h   t h e   s i z e   of  t he   p r e s e n t   i n v e n t i o n   e x h i b i t e d  

e i g h t   t i m e s   the   dye  r e c e p t i v i t y   of  t h o s e   o b t a i n e d  

u s i n g   t h e   c o n v e n t i o n a l   w a x - c o n t a i n i n g   s i z e .   M o r e o v e r  

dye  a b s o r p t i o n   by  the   f o r m e r   was  r e g u l a r   and  u n i f o r m  

w h e r e a s   t h a t   e x h i b i t e d   by  t h e   l a t t e r   was  h i g h l y  

i r r e g u l a r   and  n o n u n i f o r m .  

The  f a b r i c   u sed   in  E x a m p l e s   11  and  21  

c o n s i s t e d   of  a  6 5 / 3 5   p o l y e s t e r / c o t t o n   warp   h a v i n g   a  

36  s i n g l e s   c o t t o n   c o u n t ,   and  f i l l e d   w i t h   a  100% 

p o l y e s t e r   w e f t   so  as  to  p r o d u c e   a  9 2 / 8 3   c o n s t r u c t i o n  

( r a t i o   of  warp  t h r e a d s   to  w e f t   t h r e a d s ) .   The  w a r p  

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

12.5%  s o l i d s   and  c o n t a i n e d   a  s i z e   a d d - o n   of  1 5 . 0 % .  

The  s i z e   s o l u t i o n   used   in  E x a m p l e   11  c o r r e s p o n d e d  

e x a c t l y   to  t h a t   u sed   in  E x a m p l e   2.  The  s i z e   s o l u t i o n  

used  in  C o m p a r a t i v e   E x a m p l e   21  was  the   same  as  t h a t  



u s e d   in  C o m p a r a t i v e   E x a m p l e   2  e x c e p t   t h a t   i t  

c o n t a i n e d   10%.  "Synchem"   110  wax  i n s t e a d   of  8%. 



1.  A  c o m p o s i t i o n   c o n s i s t i n g   e s s e n t i a l l y   o f  

(a)  f rom  a b o u t   4 5 . 5   to  a b o u t   99.9%  by  w e i g h t   of  v i n y l  

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

p o l y v i n y l   a l c o h o l ,   v i n y l   a l c o h o l / m e t h y l   m e t h a c r y l a t e  

c o p o l y m e r ,   and  p o l y v i n y l   a l c o h o l   c o n t a i n i n g  

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

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

s a p o n i f i c a t i o n   number   of  from  a b o u t   1  to  a b o u t   160  

and  a  4  p e r c e n t   s o l u t i o n   v i s c o s i t y   of  f r o m  

a b o u t   3  to  a b o u t   70  mPa · s   a t   2 0 ° C :  

(b)  f rom  a b o u t   0 .1   to  a b o u t   3  p e r c e n t   b y  

w e i g h t   of  l i q u i d   n o n i o n i c   low  e t h y l e n e   o x i d e   a d d u c t  

of  b r a n c h e d   a l c o h o l   or  m i x t u r e   of  b r a n c h e d   a l c o h o l s  

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

a b o u t   1  to  a b o u t   7  u n i t s   and  the   a l c o h o l   has   a n  

a v e r a g e   c a r b o n   c o n t e n t   of  from  a b o u t   8  to  a b o u t   18 

c a r b o n   a t o m s ;  

(c)  f rom  0  to  49 .9   p e r c e n t   by  w e i g h t   o f  

s t a r c h ;  

(d)  f rom  0  to  a b o u t   5  p e r c e n t   by  w e i g h t   o f  

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

(number   a v e r a g e )   of  f rom  a b o u t   200  to  a b o u t   800  a n d  

(e)  from  0  to  a b o u t   4 9 . 9   p e r c e n t   by  w e i g h t  

of  c a r b o x y m e t h y l   c e l l u l o s e ,  

(f)  f rom  0  to  a b o u t   1  p e r c e n t   by  w e i g h t   o f  

a t   l e a s t   one  a u x i l i a r y   e t h y l e n e   o x i d e   a d d u c t   s e l e c t e d  

from  the   g r o u p   c o n s i s t i n g   of  low  e t h y l e n e   o x i d e  

a d d u c t   ( c o n t a i n i n g   an  a v e r a g e   e t h y l e n e   o x i d e   c o n t e n t  

of  f rom  a b o u t   1  to  a b o u t   7  u n i t s )   of  a  l i n e a r   a l c o h o l  

or  of  a  m i x t u r e   of  l i n e a r   a l c o h o l s   ( h a v i n g   an  a v e r a g e  
c a r b o n   c o n t e n t   of  from  a b o u t   8  to  a b o u t   18  u n i t s )   a n d  

medium  to  h igh   e t h y l e n e   o x i d e   a d d u c t   ( c o n t a i n i n g   a n  

a v e r a g e   e t h y l e n e   o x i d e   c o n t e n t   of  from  a b o u t   3  t o  

a b o u t   40  u n i t s )   of  l i n e a r   or  b r a n c h e d   a l c o h o l s  



( h a v i n g   an  a v e r a g e   c a r b o n   c o n t e n t   of  f r o m  a b o u t  8  t o  

a b o u t   18  u n i t s )   p r o v i d e d   t h a t   t he   c o m b i n e   w e i g h t   o f  

s t a r c h   and  c a r b o x y m e t h y l   c e l l u l o s e   d o e s   n o t   e x c e e d  

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

2.  The  c o m p o s i t i o n   of  C l a i m  1   w h e r e i n   t h e  

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

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

h a v i n g   a  v i s c o s i t y   of  f rom  a b o u t   3  to  a b o u t   70  m P a · s ,  

f u l l y   h y d r o l y z e d   v i n y l   a l c o h o l / m e t h y l   m e t h a c r y l a t e  

c o p o l y m e r   w h i c h   c o n t a i n s   f rom  a b o u t   3 .5   to  a b o u t   6 

w e i g h t   %  of  c o p o l y m e r i z e d   m e t h y l   m e t h a c r y l a t e   c o m o n o m e r  

h a v i n g   a  v i s c o s i t y   of  f rom  a b o u t   3  to  a b o u t   60  m P a · s ,  

p a r t i a l l y   h y d r o l y z e d   p o l y v i n y l   a l c o h o l   c o n t a i n i n g  

f rom  a b o u t   4  to  a b o u t   12  mole   %  of  v i n y l   a c e t a t e  

h a v i n g   a  v i s c o s i t y   of  f rom  a b o u t   3  to  a b o u t   60  m P a · s ,  

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

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

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

f rom  a b o u t   3  to  a b o u t   70  m P a . s   and  m i x t u r e s   of  s a i d  

v i n y l   a l c o h o l   p o l y m e r s ,   o r  C l a i m  2  
3.  The  c o m p o s i t i o n   of  C l a i m   1 / w h e r e i n   t h e  

a m o u n t   of  v i n y l   a l c o h o l   p o l y m e r   is  from  a b o u t   63  t o  

a b o u t   9 9 . 8   %  by  w e i g h t ,   t h e   a m o u n t   of  e t h y l e n e   o x i d e  

a d d u c t   is   f rom  a b o u t   0 .2   to  a b o u t   1%  by  w e i g h t ,   t h e  

a m o u n t   of  s t a r c h   i s   f rom  0  to   a b o u t   33%  by  w e i g h t ,  

t he   a m o u n t   of  e t h y l e n e   o x i d e   o l i g o m e r   is  f rom  0  t o  

a b o u t   3%  by  w e i g h t ,   t h e   a m o u n t   of  c a r b o x y m e t h y l  

c e l l u l o s e   is   f rom  0  to  a b o u t   33%  by  w e i g h t   a n d  

w h e r e i n   s a i d   e t h y l e n e   o x i d e   a d d u c t   has   an  a v e r a g e  

e t h y l e n e   o x i d e   c o n t e n t   of  from  a b o u t   2  to  a b o u t   5  a n d  

t he   a l c o h o l   has   an  a v e r a g e   c a r b o n   c o n t e n t   of  f r o m  

a b o u t   10  to  a b o u t   15  c a r b o n   a t o m s .   o r  C l a i m  2  or  Cla im 
4.  The  c o m p o s i t i o n   of  C l a i m   1  / w h e r e i n   t h e  

a m o u n t   of  v i n y l   a l c o h o l   p o l y m e r   is  from  a b o u t   7 2 . 7   t o  

a b o u t   99 .6   %  by  w e i g h t ,   t he   amoun t   of  e t h y l e n e   o x i d e  



a d d u c t   is   from  a b o u t   0.4  to  a b o u t   0.8%  by  w e i g h t ,   t h e  

a m o u n t   of  s t a r c h   is  f rom  0  to  a b o u t   25%  by  w e i g h t ,  

the  amoun t   of  e t h y l e n e   o x i d e   o l i g o m e r   is  from  0  t o  

a b o u t   1.5%  by  w e i g h t ,   the   amoun t   of  c a r b o x y m e t h y l  

c e l l u l o s e   is  from  0  to  a b o u t   25%  by  w e i g h t   a n d  

w h e r e i n   s a i d   e t h y l e n e   o x i d e   a d d u c t   has   an  a v e r a g e  

e t h y l e n e   o x i d e   c o n t e n t   of  a b o u t   3  and  the   a l c o h o l   h a s  

an  a v e r a g e   c a r b o n   c o n t e n t   of  a b o u t   13  c a r b o n   a t o m s .  

5.  A  c o m p o s i t i o n   c o n s i s t i n g   e s s e n t i a l l y   o f  

(a)  f rom  a b o u t   45  to  a b o u t   90%  by  w e i g h t   of  v i n y l  

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

p o l y v i n y l   a l c o h o l   and  v i n y l   a l c o h o l / m e t h y l  

m e t h a c r y l a t e   c o p o l y m e r ,   and  p o l y v i n y l   a l c o h o l  

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

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

s a p o n i f i c a t i o n   number   of  from  a b o u t   1  to  a b o u t   1 6 0  

and  a  4  p e r c e n t   s o l u t i o n   v i s c o s i t y   of  f r o m  

a b o u t   3  to  a b o u t   70  mPa · s   a t   2 0 ° C :  

(b)  f rom  a b o u t   10  to  a b o u t   55%  by  w e i g h t   o f  

l i q u i d   n o n i o n i c   low  e t h y l e n e   o x i d e   a d d u c t   of  b r a n c h e d  

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

a v e r a g e   e t h y l e n e   o x i d e   c o n t e n t   is   f rom  a b o u t   2  t o  

a b o u t   7  u n i t s   and  the   a l c o h o l   has   an  a v e r a g e   c a r b o n  

c o n t e n t   of  from  a b o u t   8  to  a b o u t   18  c a r b o n   a t o m s ;  

(c)  from  a b o u t   0  to   45  p e r c e n t   by  w e i g h t   o f  

s t a r c h ;  

(d)  f rom  0  to  a b o u t   45  p e r c e n t   by  w e i g h t   o f  

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

(number   a v e r a g e )   of  f rom  a b o u t   200  to  a b o u t   800  a n d  

(e)  from  0  to  a b o u t   45  p e r c e n t   by  w e i g h t   o f  

c a r b o x y m e t h y l   c e l l u l o s e ,  

(f)  f rom  0  to  a b o u t   45  p e r c e n t   by  w e i g h t   o f  

an  a u x i l i a r y   e t h y l e n e   o x i d e   a d d u c t   s e l e c t e d   f rom  t h e  

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

( c o n t a i n i n g   an  a v e r a g e   e t h y l e n e   o x i d e   c o n t e n t   of  f r o m  



a b o u t   1  to  a b o u t   7  u n i t s )   of  a  l i n e a r   a l c o h o l   or  of  a 
m i x t u r e   of  l i n e a r   a l c o h o l s   ( h a v i n g   an  a v e r a g e   c a r b o n  

c o n t e n t   of  from  a b o u t   8  to  a b o u t   18  u n i t s )   and  m e d i u m  

to  h i g h   e t h y l e n e   o x i d e   a d d u c t   ( c o n t a i n i n g   an  a v e r a g e  

e t h y l e n e   o x i d e   c o n t e n t   of  f rom  a b o u t   8  to  a b o u t   40  

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

a v e r a g e   c a r b o n   c o n t e n t   of  from  a b o u t   8  to  a b o u t   18 

u n i t s ) .  

6.  The  c o m p o s i t i o n   of  C l a i m   5  w h e r e i n   t h e  

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

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

h a v i n g   a  v i s c o s i t y   of  f rom  a b o u t   3  to  a b o u t   70  m P a · s ,  

f u l l y   h y d r o l y z e d   v i n y l   a l c o h o l / m e t h y l   m e t h a c r y l a t e  

c o p o l y m e r ,   wh ich   c o n t a i n s   f rom  a b o u t   3 .5   to  a b o u t   6 

w e i g h t   %  of  c o p o l y m e r i z e d   m e t h y l   m e t h a c r y l a t e  

c o m o n o m e r   h a v i n g   a  v i s c o s i t y   of  f rom  a b o u t   3  tc  a b o u t  

60  mPa  s,  p a r t i a l l y   h y d r o l y z e d   p o l y v i n y l   a l c o h o l  

c o n t a i n i n g   f rom  a b o u t   4  to  a b o u t   12  mole   %  of  v i n y l  

a c e t a t e   h a v i n g   a  v i s c o s i t y   of  f rom  a b o u t   3  to  a b o u t  

60  mPa  s,  p o l y v i n y l   a l c o h o l   c o n t a i n i n g   s o l u b i l i z i n g  

c o m o n o m e r s   s e l e c t e d   from  the   g r o u p   c o n s i s t i n g   o f  

m e t h y l a c r y l a t e   and  m e t h y l   h y d r o g e n   m a l e a t e   h a v i n g   a 

v i s c o s i t y   of  f rom  a b o u t   3  to  a b o u t   70  m P a . s   a n d  

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

of  s a i d   v i n y l   a l c o h o l   p o l y m e r s .   or  C l a i m  6  
7.  The  c o m p o s i t i o n   of  C l a i m   5 / w h e r e i n   t h e  

a m o u n t   of  v i n y l   a l c o h o l   p o l y m e r   is  f rom  a b o u t   45  t o  

a b o u t   70%  by  w e i g h t ,   t h e   a m o u n t   of  e t h y l e n e   o x i d e  

a d d u c t   i s   f rom  a b o u t   30  to  a b o u t   55%  by  w e i g h t ,   t h e  

a m o u n t   of  s t a r c h   is   f rom  0  to  a b o u t   25%  by  w e i g h t ,  

t he   a m o u n t   of  e t h y l e n e   o x i d e   o l i g o m e r   is   f rom  0  t o  

a b o u t   25%  by  w e i g h t ,   t he   a m o u n t   of  c a r b o x y m e t h y l  

c e l l u l o s e   is   f rom  0  to  a b o u t   25%  by  w e i g h t   a n d  

w h e r e i n   s a i d   e t h y l e n e   o x i d e   a d d u c t   has   an  a v e r a g e  

e t h y l e n e   o x i d e   c o n t e n t   of  f rom  a b o r t   3  to  a b o u t   5  a n d  



the   a l c o h o l   has   an  a v e r a g e   c a r b o n   c o n t e n t   of  f r o m  

a b o u t   10  to  a b o u t   19  c a r b o n   a t o m s .  

8.  The  c o m p o s i t i o n   of  C l a i m   5 or Claim 6 wherein  t h e  

a m o u n t   of  v i n y l   a l c o h o l   p o l y m e r   is  f rom  a b o u t   50  t o  

a b o u t   60%  by  w e i g h t ,   the  a m o u n t   of  e t h y l e n e   o x i d e  

a d d u c t   i s   f rom  a b o u t   40  to  a b o u t   50%  by  w e i g h t ,   t h e  

a m o u n t   of  s t a r c h   is  from  0  to  a b o u t   5%  by  w e i g h t ,   t h e  

a m o u n t   of  e t h y l e n e   o x i d e   o l i g o m e r   is   f rom  0  to  a b o u t  

5%  by  w e i g h t ,   the   amoun t   of  c a r b o x y m e t h y l   c e l l u l o s e  

is   f rom  0  to  a b o u t   5%  by  w e i g h t   and  w h e r e i n   s a i d  

e t h y l e n e   o x i d e   a d d u c t   has   an  a v e r a g e   e t h y l e n e   o x i d e  

c o n t e n t   of  a b o u t   3  and  t h e   a l c o h o l   has   an  a v e r a g e  

c a r b o n   c o n t e n t   of  a b o u t   13  c a r b o n   a t o m s .  

9.  A  w a x - f r e e   a q u e o u s   s i z e   s o l u t i o n  

c o m p r i s i n g   the   c o m p o s i t i o n   of  any  one  o f  c l a i m s   1  to  8 

h a v i n g   a  s o l i d s   c o n t e n t   of  f rom  a b o u t   2  to  a b o u t   20% 

by  w e i g h t .  

10.  A  w a x - f r e e   a q u e o u s   s i z e   s o l u t i o n  

c o m p r i s i n g   the   c o m p o s i t i o n   of  a n y o n e   cf  Claims  1  t o  8  

h a v i n g   a  s o l i d s   c o n t e n t   of  f rom  a b o u t   5  to  a b o u t   15% 

by  w e i g h t .  

11.  A  w a x - f r e e   a q u e o u s   s i z e   s o l u t i o n  

c o m p r i s i n g   the   c o m p o s i t i o n   of  any one  cf  Claims  1  tc  8 

h a v i n g   a  s o l i d s   c o n t e n t   of  f rom  a b o u t   7  to  a b o u t   12% 

by  w e i g h t .  

12.  A  p r o c e s s   fo r   s i z i n g   spun   y a r n   w i t h   a  

w a x - f r e e   a q u e o u s   s o l u t i o n   accord ing   to  Claim  9,  C l a i m  1 0 ,  

or  Claim  11.  



13.  S i z e d   y a r n   c o m p r i s i n g   spun  y a r n   h a v i n g   a 

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

c o m p o s i t i o n   of  any one  cf  Claims  1 to  8.  
14.  S i z e d   y a r n   c o m p r i s i n g   spun   y a r n   h a v i n g   a 

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

c o m p o s i t i o n   of  any one  of  Claims  1  tc  8,  w h e r e i n   s a i d   y a r n  
is   s e l e c t e d   from  the   g r o u p   c o n s i s t i n g   of  c o t t o n   a n d  

p o l y e s t e r / c o t t o n   spun   y a r n s .  
15.  S i z e d   y a r n   c o m p r i s i n g   spun  y a r n   h a v i n g   a 

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

c o m p o s i t i o n   of  any one  of  Claims  1  to  8 , w h e r e i n   s a i d   y a r n  
is   s e l e c t e d   f rom  the   g r o u p   c o n s i s t i n g   of  6 5 / 3 5 ,   5 0 / 5 0  

and  4 0 / 6 0   p o l y e s t e r / c o t t o n   spun  y a r n .  
16.  F a b r i c   p r e p a r e d   f rom  s i z e d   y a r n   a c c o r d i n g  

to  Claim  13,  Claim  14,  or  Claim  15. 
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