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©  A  method  of  sizing  hydrophobic  yarns,  and  sizing  compositions  for  use  in  water  jet  looms. 

A  sizing  composition  for  hydrophobic  yarn  prior  to 
weaving  comprises  an  acid  pH  latex  of  a  free  radical  initiated 
vinyl  polymer  and  drying  the  yarn.  The  polymer  has  a  weight 
average  molecular  weight  of  from  about  300,000  to  about 
2,500,000,  and  in  dried  film  form  is  hydrophobic,  not 
redispersible  in  a  solution  at  a  low  pH  and  redispersible  in  an 
alkaline  aqueous  medium.  The  polymer  is  prepared  from 
monomers  comprising  about  8%  to  about  14%  by  weight 
ethylenically  unsaturated  acid.  The  average  solubility  para- 
meter  of  the  monomers  in  the  polymer  is  between  about  9.0 
and  about  9.5;  the  calculated  polymer  Tg  is  between  about 
-20°C.  and  20°C.  Preferred  yarns  are  nylon  and  polyester. 
Also  disclosed  are  methods  of  sizing  synthetic  hydrophobic 
yarns  with  the  size  compositions  and  weaving  the  sized 
yarns. 



,  
T h i s   i n v e n t i o n  r e l a t e s   to   t h e   s i z i n g   or  d r e s s i n g   , 

of  y a r n s   w h e t h e r   of  spun   or  c o n t i n u o u s   f i l a m e n t   t y p e ,  
to   r e n d e r   t hem  a m e n a b l e   t o   t e x t i l e   o p e r a t i o n s ,   f o r  

e x a m p l e ,   t w i s t i n g ,   d o u b l i n g ,   w e a v i n g ,   k n i t t i n g ,  

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

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

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

or  n y l o n   y a r n s ,   and  e s p e c i a l l y   y a r n s   f o r   u s e   i n  

w a t e r   j e t   l o o m s .  

V a r i o u s   w a t e r - s o l u b l e  ' o r   h i g h l y   w a t e r  

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

s t a r c h ,   p o l y v i n y l   a l c o h o l   a n d ' a c i d   r i c h  ' a c r y l i c  

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

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

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

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

p o l y e s t e r .   T h i s   l a c k   o f   a d h e s i o n  r e q u i r e s   t h e  

a p p l i c a t i o n   of  e x c e s s i v e   ' a m o u n t s  o f   s i z i n g   m a t e r i a l  

to   p r o t e c t   t h e   f i l a m e n t s   or  f i b e r s   or  to   c o m p e n s a t e  

f o r   t h e   t e n d e n c y   f o r   t h e   s i z e   to   r u b   o f f   on  g u i d e s  

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

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

so  h a r d   or  b r i t t l e   as  to  shed   p a r t i c l e s   d u r i n g  

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

may  i t   a d h e r e   to   t h e   m e t a l   in  p r e f e r e n c e   to   t h e   f i b e r  

or  y a r n   and  in  t h i s   way  l e a d   to  d e p o s i t s   of  s i z e  

m a t e r i a l s   b e i n g   l e f t   on  m e t a l   d r i v e s   or  d r y i n g   d r u m s  

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

w a t e r   j e t   l ooms   p r e s e n t s   p a r t i c u l a r   p r o b l e m s   b e c a u s e  

t h e   s h e d   o p e n i n g   on  t h e   looms  is   v e r y   s m a l l   a n d  

e l e c t r o n i c   c o n t r o l s   may  be  so  f i n e   t h a t   f u z z y   y a r n s  

e i t h e r  t r a n s f e r   w i t h   t h e   j e t s   or  t e n d   to   t r i p   t h e  



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

t h e n   s t o p   t h e   loom  a b r u p t l y . -  

The  a c r y l i c   c o p o l y m e r   s i z e  ' o f   t h e  i n s t a n t  

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

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

s t r i n g e n t   d r y i n g   c o n d i t i o n s   i n  o r d e r   t o   d e v e l o p  

good   w a t e r   r e s i s t a n c e . -   De  i t e   b e i n g   h i g h l y   h y d r o p h o b i c ,  

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

s c o u r   and  t h u s   i s   an  e x c e l l e n t   w a r p   s i z e   f o r   y a r n s   t o  

be  woven   on  a  c o n v e n t i o n a l   s h u t t l e d   or   s h u t t l e s s  

loom  or  p r e f e r a b l y   on  a  w a t e r   j e t   l o o m .   A d d i t i o n a l l y ,  

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

d i l u t i o n   and  d r i e s   e a s i l y   u n d e r   m o d e r a t e   c o n d i t i o n s   t o  

a  w a t e r - r e s i s t a n t   t a c k - f r e e   p o l y m e r .  

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

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

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

.  w e i g h t   a v e r a g e   m o l e c u l a r   w e i g h t   b e t w e e n   a b o u t   3 0 0 , 0 0 0  

and  a b o u t   2 , 5 0 0 , 0 0 0 .   S a i d   p o l y m e r ,   i n   d r i e d   f i l m  

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

a q u e o u s   s o l u t i o n   a t   a  low  pH,  s u c h  a s   f r o m   a b o u t   2  t o  

a b o u t   5  or  p r e f e r a b l y   e v e n   to   7,  and  i s   r e d i s p e r s i b l e  

in   an  a l k a l i n e   a q u e o u s   m e d i u m .   The  p o l y m e r   i s   a  

p o l y m e r   of  m o n o m e r s   h a v i n g   a  v o l u m e   a v e r a g e  

s o l u b i l i t y   p a r a m e t e r   ( S . P . )   b e t w e e n   a b o u t   9 .0   and  a b o u t  

9 . 5 ;   t h e   m o n o m e r s   c o m p r i s i n g   a b o u t   8%  to   a b o u t  1 4 %  

@ - β - e t h y l e n i c a l l y  u n s a t u r a t e d   a c i d .   The  g l a s s  

t r a n s i t i o n   t e m p e r a t u r e  ( T  )   of  t h e   p o l y m e r   i s   b e t w e e n  

a b o u t   - 2 0 ° C   and  2 0 ° C .  

In  o t h e r   a s p e c t s   t h e   i n v e n t i o n   p r o v i d e s . a   m e t h o d  

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

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

and  t h e   s i z i n g   c o m p o s i t i o n s   t h e m s e l v e s .  



The  p o l y m e r   l a t e x   of  t h e   i n s t a n t   i n v e n t i o n  

is   m a d e ,   p r e f e r a b l y   by  a  g r a d u a l   a d d i t i o n  

t h e r m a l   p r o c e s s ,   a t   a b o u t   30%  t o  6 0 %   s o l i d s  

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

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

E m u l s i o n   P o l y m e r i z a t i o n   by  D . C . B l a c k l e y   ( W i l e y ,  

1975)   and  by  S . A . B o v e y   e t   a l   ( I n t e r s c i e n c e  

P u b l i s h e r s ,  1 9 6 5 )   and  A p p l i c a t i o n s   o f  S y n t h e t i c  

R e s i n   E m u l s i o n s   b y   H . W a r s o n   ( E . B e n n , L t d . ,   1 9 7 2 )  

and  E m u l s i o n   P o l y m e r i z a t i o n  o f   A c r y l i c   M o n o m e r s  

(Rohm  and  Haas   C o . b u l l e t i n   C M 1 0 4 A / c f )   a l l   h e r e i n  

i n c o r p o r a t e d   by  r e f e r e n c e .   T h e  p o l y m e r  



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

p o i n t s .   In  one   d e s i r a b l e   e m b o d i m e n t ,   t h e   p o l y m e r   i s   p r e p a r e d  

f r o m   m o n o m e r s   c o n s i s t i n g   e s s e n t i a l l y   o f ,   by  w e i g h t ,   4 5 - 6 5 %  

b u t y l   a c r y l a t e ,   28 -45%  s t y r e n e   or   m e t h y l   m e t h a c r y l a t e   or  a  

m i x t u r e   t h e r e o f ,   8-14%  a c r y l i c   a c i d   or  m e t h a c r y l i c   a c i d   or  a  

m i x t u r e   t h e r e o f ; . p r e f e r a b l y   the   m o n o m e r s   c o n s i s t   e s s e n t i a l l y  

of   5 0 - 6 0 %   b u t y l   a c r y l a t e ,   28-40%  s t y r e n e   a n d ' 1 0 - 1 3 %   a c r y l i c  

a c i d   o r   m e t h a c r y l i c   a c i d .   T h e   p o l y m e r   h a s   a  w e i g h t   a v e r a g e  
m o l e c u l a r   w e i g h t   o f   f r o m   a b o u t   3 0 0 , 0 0 0   t o   a b o u t  2 , 5 . 0 0 , 0 0 0   w i t h  

5 0 0 , 0 0 0   t o   a b o u t   2 , 0 0 0 , 0 0 0   b e i n g   p r e f e r r e d   and  6 0 0 , 0 0 0   t o  

1 , 5 0 0 , 0 0 0   b e i n g   m o s t   p r e f e r r e d .  

The  p o l y m e r   l a t e x   s i z e   f o r m s   a  f i l m   on  a  h y d r o p h o b i c  

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

or  a  n y l o n   s u c h   as  n y l o n   66,   or  n y l o n   6.  T h e  f i l m   has   e x c e l l e n t  

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

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

w a t e r   j e t   l o o m s ,   and  by  h u m i d i t i e s   up  to   1 0 0 % .  '  T h e   p o l y m e r   i s  

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

a l k a l i n e   m a t e r i a l s .  -  

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

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

i m m e r s i o n   in   w a t e r   or  e x p o s u r e   to   h i g h   h u m i d i t y .   T h i s   p r o p e r t y  

i s   o f t e n   m e a s u r e d   by  a d s o r p t i o n   of   w a t e r   'by  a . p o l y m e r   f i l m  

h a v i n g   a  c o m p o s i t i o n   c o r r e s p o n d i n g   to  t h a t   o f  t h e   f i b e r   or  b y  . 
t h e   m o i s t u r e   r e g a i n   o r - u p t a k e   of  d e h y d r a t e d   f i b e r s   when  h e l d   i n  

an  a t m o s p h e r e   of   f i x e d   r e l a t i v e   h u m i d i t y .   S o u r c e s   of  s u c h   d a t a  

a r e   J .  R .   S c o t t   and  W.  J.   R o f f ,   e t   a l . ,   H a n d b o o k   of  Common  P o l y m e r s  

CRC  P r e s s ,   C l e v e l a n d ,   O h i o ,   1 9 7 1 ;  E .   S u t e r m e i s t e r ,   C h e m i s t r y  

of   P u l p   and  P a p e r   M a k i n g ,   John   W i l e y   &  S o n s ,  N e w   Y o r k ,   1 9 4 1 ;  

and  t h e   p e r i o d i c a l   T e x t i l e   W o r l d ,   M c G r a w - H i l l   P u b l i c a t i o n s ,  

A t l a n t a ,   G e o r g i a .   The  f o l l o w i n g   t a b l e   i s   a b s t r a c t e d   f rom  t h e  

1 9 7 8   T e x t i l e   W o r l d   Man-Made   F i b e r s   C h a r t ,   h e r e i n   i n c l u d e d   b y  

r e f e r e n c e s   on  p a g e   51  e t   s e q .   of  t he   A u g u s t   1978   T e x t i l e   W o r l d .  



H y d r o p h o b i c   f i b e r s   a r e   f i b e r s   w h e r e i n   t h e   m o i s t u r e   . 
r e g a i n   i s   a b o u t   5%  or  l e s s ,   p r e f e r a b l y   b e t w e e n   a b o u t   4 . _ 5 % , ' a n d  

.  a b o u t   0 .1%  and  m o s t   p r e f e r a b l y   b e t w e e n   a b o u t   3%  and  0.2%  of  t h e  

f i b e r   w e i g h t   a t   70°   F  and  65%  R.  H .   The  y a r n   o f   t h e   p r e s e n t  

i n v e n t i o n   p r e f e r a b l y   c o m p r i s e s   a t   l e a s t   a b o u t   50%  by  w e i g h t  

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

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

e n t i r e l y   of   h y d r o p h o b i c   f i b e r s ,   e s p e c i a l l y   100%  p o l y e s t e r   f i b e r s ,  

s u c h   as  p o l y ( e t h y l e n e   t e r e p h t h a l a t e ) ,   and  100%  n y l o n   f i b e r s .  

The  a m o u n t   of  c o p o l y m e r   a p p l i e d   to   t h e   t e x t i l e   m a t e r i a l  

may  v a r y   f r o m   a b o u t   1  to  ' a b o u t   20%  by  w e i g h t   of  y a r n  d e p e n d i n g  

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

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

i n c l u d e d   in   t he   c o m p o s i t i o n ' w h e n   i t   i s   a p p l i e d   to   t he   t e x t i l e .  

The  l a t e x   may  be  a p p l i e d   by  s p r a y i n g ,   d i p p i n g ,   p a d d i n g ,   b y  

s i z i n g - r o l l s ,   t r a n s f e r   r o l l s   or  t h e   l i k e ;   An  e n t i r e   warp   may  

be  p a s s e d   t h r o u g h   a  c o n v e n t i o n a l   s l a s h e r   or  a  y a r n   may  be  i n -  

d i v i d u a l l y   t r e a t e d   in  a  s i n g l e   end  s i z e r .  



The  l a t e x   may  have   a  c o n c e n t r a t i o n   o f   1 - 2 5 %   by  w e i g h t  

s o l i d s   in  t he   a q u e o u s   s y s t e m   and  e x c e s s  m a y   be  r e m o v e d ,  

s u c h   as  by  s q u e e z e   r o l l s   or  w i p e r s ,   and  t he   t r e a t e d   y a r n  

may  t h e n   be  d r i e d .   ' D r y i n g   may  be  e f f e c t e d   by  any  s u i t a b l e  

m e a n s   s u c h   as  b y  h e a t e d   a i r  o r   d r y i n g  c a n s .   D r y i n g   may  b e  

e f f e c t e d   a t   a  wide   r a n g e   of  t e m p e r a t u r e s   such   a s  7 0 - 1 2 0 ° C .  

The  a q u e o u s   l a t e x   may  be  a p p l i e d   a t   room  t e m p e r a t u r e   o r  a t  

e l e v a t e d   t e m p e r a t u r e s   such   as  up  to   a b o u t   80°C.  For   w a r p   -  

s i z i n g   of  spun   y a r n s   t he   p r e f e r r e d   p r o p o r t i o n   of  p o l y m e r  

a p p l i e d   to  t he   y a r n   is  f rom  5-15%  by  w e i g h t   of  t h e   i n i t i a l  _  

w e i g h t   of  t he   y a r n .   For  the   s i z i n g   o f   c o n t i n u o u s   f i l a m e n t  

y a r n s ,   i n c l u d i n g  w a t e r   j e t   loom  s i z i n g ,   t he   p r e f e r r e d   p r o -  

p o r t i o n   i s  f r o m   a b o u t   1%  to  a b o u t  1 0 %   c o p o l y m e r   on  t h e  

w e i g h t   o f  t h e   y a r n .   The  h i g h e r   a m o u n t   of   s i z e   i s   n e e d e d  
f o r   f i n e   ( low)   d e n i e r   z e r o   or  l o w   t w i s t   y a r n .  

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

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

more   a m e n a b l e   to   t e x t i l e   p r o c e s s i n g   o p e r a t i o n .   A l t h o u g h  

n o t   n e c e s s a r y ,   a u x i l i a r y   m a t e r i a l s   may  be  i n c o r p o r a t e d  

i n t o   t h e   l a t e x   s u c h   as  s u r f a c t a n t s   or  w a t e r   d i s p e r s i b l e  

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

w a x e s ,   s w e l l i n g   or  p l a s t i c i z i n g   a g e n t s   f o r   the   y a r n ,   e t c .  

The  a r t i c l e   o b t a i n e d ,   a f t e r   a p p l i c a t i o n   of  t h e  

s i z i n g   c o m p o s i t i o n   to  t he   y a r n   and  d r y i n g ,   i s   e s s e n t i a l l y  
f r e e   f rom  t he   d i s a d v a n t a g e   of  d e v e l o p i n g   s t a t i c   c h a r g e s  

and  l o s s   of  s i z i n g   m a t e r i a l   by  t r a n s f e r   to   g u i d e s   or  b y  

s h e d d i n g .   S u r p r i s i n g l y ,   the   s i z i n g   m a t e r i a l   i s   r e a d i l y  

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

r e a d y   s o l u b i l i t y   in  a q u e o u s   a l k a l i n e   medium  d e s p i t e   i t s  

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

i n s o l u b i l i t y   i n ' a c i d   medium.   Even   m i l d l y   a l k a l i n e  s c o u r  

s o l u t i o n s ,   s u c h   as  0.15%  s o d a   a s h ,   a r e   c o m p l e t e l y   e f f e c -  

t i v e   in  r e m o v a l   of  t h i s   p o l y m e r .   Such   m i l d l y   a l k a l i n e  

s o l u t i o n s   may  have   a  pH  a b o u t   1 1 .  , 



V a r i o u s   t e s t s . a r e   e m p l o y e d   to  g a u g e   t h e   s u i t a b i l i t y  

of  t h e   p o l y m e r   l a t e x   f o r   use  in  s i z i n g   p o l y e s t e r   y a r n .  

The  t e s t   m e t h o d s   a r e   d e s c r i b e d   b e l o w ;   in  t he   e x a m p l e s  

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

w i t h   m a t e r i a l s   of  t he   p r i o r   a r t   and   w i t h   e x a m p l e s   o f  

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

The  a d h e s i o n   of  the   p o l y m e r   to   t he   y a r n   as  m e a s u r e d  

by  t h e   Sand   Tumble   T e s t ,   d e s c r i b e d   b e l o w ,   g u a g e s   how  w e l l  

a  y a r n   b u n d l e   w i l l   r e s i s t   a b r a s i o n   o n  t h e   loom.   Run  u n d e r  

d r y   c o n d i t i o n s   the   t e s t   r e l a t e s   to  p e r f o r m a n c e   on  a  s t a n -   . 
' d a r d   loom  and  run   u n d e r   wet  c o n d i t i o n s   t h e   t e s t   r e l a t e s  

to  p e r f o r m a n c e   on  a  w a t e r   j e t   loom.   A  v a l u e   of  50  i s  

c o n s i d e r e d   a c c e p t a b l e   a l t h o u g h   75  i s   p r e f e r r e d   and  v a l u e s  

a b o u t   100  a r e   m o s t   p r e f e r r e d .  

The  A d h e s i o n   to   Mylar®  T e s t   i s   i n d i c a t i v e   o f  

a d h e s i o n ,   e s p e c i a l l y   to  a  p o l y e s t e r   s u b s t r a t e   s i n c e   M y l a r  
i s   a  p o l y e s t e r   s u b s t r a t e .   T h e  C r i n k l e   T e s t   g i v e s   t h e  

t e n d e n c y   of  t he   p o l y m e r   to  f l a k e   f rom  t he   s u b s t r a t e   u n d e r  

f l e x i n g ,   t h u s   s i m u l a t i n g   a  y a r n   g o i n g   o v e r   a  r o l l e r   or  a  

g u i d e .   F l a k i n g   u n d e r   s u c h   c o n d i t i o n s   w o u l d   c a u s e  a   w e a k  

s p o t   in  t he   y a r n   and  t h u s   l e a d   to  b r e a k s   in  t he   y a r n   o n  

t h e   l o o m .   The  S c r a p e   T e s t   is   to  s i m u l a t e   t he   a c t i o n  a t  

d r o p   w i r e s   or  a  r e e d   in  the  loom  and  a l s o   g i v e s   a  g a u g e   o f  

t he   f i l m   t o u g h n e s s   w h i c h   p r o p e r t y   i s   r e q u i r e d   f o r  

r u n a b i l i t y   in  a  m i l l .  

.  W a t e r   R e s i s t a n c e   T e s t s   m e a s u r e   a  p r o p e r t y   n e e d e d   f o r  

good  p e r f o r m a n c e   in  a  w a t e r   j e t   loom.  Low  w a t e r   r e s i s t a n c e  

is   i n d i c a t i v e   of  h i g h   s w e l l i n g   w h i c h   l e a d s   to  a  m a r k e d l y  

' w e a k e r   f i l m   and  t h u s  t o   a  weak  s i z e d   y a r n .   The  M o i s t u r e  

R e g a i n   m e a s u r e ,   b e i n g   a t   95%  r e l a t i v e   h u m i d i t y ,   a d d i t i o n a l l y  

i n d i c a t e s   t he   s t a b i l i t y   of  t he   s i z e d   y a r n   to  c h a n g e s   i n  

a m b i e n t   c o n d i t i o n s   such   as  s e a s o n a l   or  f rom  d ry   day  t o  

humid   d a y .  
Tack   T e s t   m e a s u r e s   the   a b i l i t y   of  t h e   s i z e d   and  d r i e d  

y a r n   to   be  r o l l e d  o n   a  beam  w h i l e   warm  and  t h e n   be  u n r o l l e d  

f r o m   t he   beam  w i t h o u t   s t i c k i n g .  



R e m o v a b i l i t y   of   t h e   s i z e   i s ,   o f  c o u r s e ,   e s s e n t i a l   w i t h  

t h e   f i n a l   t e s t   of   r e m o v a b i l i t y   f rom  t h e   s i z e d   y a r n   b e i n g   m o s t  

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

y a r n .  

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

t h e   y a r n   i n   t h e   f o r m   of  a  l a t e x   of  p a r t i c l e s   u s u a l l y   a b o u t   0 . 0 7  

t o   a b o u t   0 . 2 5   m i c r o n s   d i a m e t e r ,   w i t h  0 . 1 0   to   0 . 1 8   b e i n g  p r e -  

f e r r e d   and  a b o u t   0 . 1 4 ,   or  a  r a n g e   w i t h i n   a b o u t   0 . 0 2   of   t h a t  

v a l u e ,   b e i n g   m o s t   p r e f e r r e d .   P o l y m e r i z a t i o n   p r o c e d u r e s   u s e f u l '  

in   p r o d u c i n g   p o l y m e r s   of   the   d e s i r e d   p a r t i c l e   s i z e   and  m o l e c u l a r .  

w e i g h t   a r e   g i v e n   in  t h e   b o o k s   r e f e r r e d   to   a b o v e .   T h i s   h i g h l y  

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

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

as   a  s i z e ,   t h a n   a  s o l u t i o n   p o l y m e r   w o u l d   be  in  t h i s   a p p l i c a t i o n .  

The  s o l u t i o n   p o l y m e r   w o u l d   have   to   be  a t   l e a s t   p a r t i a l l y   n e u t r a l i z e d  

to   b e ' i n   a q u e o u s   s o l u t i o n   and  t h u s   w o u l d   be  h i g h l y   s w o l l e n   a n d  

w e a k e r   t h a n   t h e  v e r y   h y d r o p h o b i c   l a t e x   p o l y m e r  a t   low  pH,  o f  

t h e   i n s t a n t   i n v e n t i o n .   I f   a t t e m p t s   a r e   made  to   h a v e   t h e  

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

s o l u b l e ,   t h e n   t h e   d i f f i c u l t y   of  s c o u r i n g   i n c r e a s e s .   A  f u r t h e r  

a d v a n t a g e   of  u t i l i z i n g   a  l a t e x   v e r s u s   an  a l k a l i n e   s o l u t i o n   o r  

d i s p e r s i o n   of   a  p o l y m e r   i s   t h a t   l e s s   s e v e r e   d r y i n g   c o n d i t i o n s '  

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

s a v i n g .  

A l t e r n a t i v e   e m b o d i m e n t s   of  t he   i n s t a n t   i n v e n t i o n   m a y  

e m p l o y   o t h e r   e t h y l e n i c a l l y   u n s a t u r a t e d   m o n o m e r s  i n   t h e   p r e -  
p a r a t i o n   of   t he   p o l y m e r   l a t e x . . I n   a l t e r n a t i v e   e m b o d i m e n t s  

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

a s   in   the   a b o v e - d e s c r i b e d   e m b o d i m e n t s   a l t h o   o t h e r   @  -  β  

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

u s e d :   T h e   a c i d   l e v e l   r e m a i n s   a t   8%  to  14%  w i t h   10%  to  i3%  ' 

. b e i n g   p r e f e r r e d .   R e p l a c e m e n t s   f o r   t h e   b u t y l   a c r y l a t e ,   s t y r e n e  
and   m e t h y l   m e t h a c r y l a t e   a r e   made  on  t h e   b a s i s   t h a t   t h e   r a n g e  
o f   g l a s s   t r a n s i t i o n   t e m p e r a t u r e s ,   ( T g ) ,   c a l c u l a t e d   f o r   a  h i g h   ; 
m o l e c u l a r   w e i g h t   p o l y m e r ,   and  S.  P.  a r e   to   r e m a i n   w i t h i n   t h e  r a n g e  

i m p l i c i t   in  t h e   c o m p o s i t i g p a l   r a n g e   f o r   t he   e m b o d i m e n t s   t a u g h t  
a b o v e .   L i k e w i s e  p r e f e r r e d   and  more   p r e f e r r e d   a r e   r a n g e s   o f   Tg 



and  S.  P.  c o r r e s p o n d i n g   to   t h e   p r e f e r r e d   and  more  p r e f e r r e d  

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

-  P o l y m e r   H a n d b o o k ,   2nd  E d i t i o n ,   J .   B r a n d r u p   a n d  

E.  H.  I m m e r g u t ,   e d i t o r s   ( J o h n   W i l e y   &  S o n s ,   New  Y o r k ,   1 9 7 5 )  

s e c t i o n   IV,  p a r t   15 ,   e n t i t l e d   " S o l u b i l i t y   P a r a m e t e r   V a l u e s "   by  H. 

B u r r e l l ,   on  p a g e s   I V - 3 3 7   to   I V - 3 5 9 ,   h e r e i n   i n c o r p o r a t e d   b y  

r e f e r e n c e ,   d e f i n e s  S .   P . ,   d e s c r i b e s   how  i t   i s   d e t e r m i n e d   o r  

c a l c u l a t e d ,   c o n t a i n s   t a b l e s   o f  S .   P.  and  g i v e s   f u r t h e r   r e f e r e n c e s  

to   s c i e n t i f i c   l i t e r a t u r e   on  S.  P.  T a b l e   I  on  p a g e s   IV  341  to   3 4 4  

l i s t s   t h e   S.  P .   of   s o l v e n t s ,   i n c l u d i n g   many  m o n o m e r s   t h e r e u n d e r .  

In  t h i s  s p e c i f i c a t i o n   n u m e r i c a l   v a l u e s   of   S.  P.  h ave   t h e   d i m e n s i o n s  

( c a l o r i e s   p e r   c u b i c   c e n t i m e t e r ) t o   t h e   one  h a l f   p o w e r ,   i , e   ( c a l . / c c . ) 0 . 5 .  

The  S.  P.  i s   t he   s q u a r e   r o o t   of  t he   c o h e s i v e   e n e r g y   d e n s i t y   w h i c h  

i n   t u r n   i s   t h e   n u m e r i c a l   v a l u e   of  t h e   p o t e n t i a l   e n e r g y   of   1  cc  o f  

m a t e r i a l ,   t he   p o t e n t i a l   r e s u l t i n g   f rom  t h e   Van  d e r  W a a l s   a t . t r a c t i o n  

f o r c e s   b e t w e e n  t h e   m o l e c u l e s   of   a  l i q u i d   or  s o l i d .   B u r r e l l   d e s c r i b e s  

a  n u m b e r   of  ways   of   c a l c u l a t i n g   S.  P.  f r o m   e x p e r i m e n t a l l y   d e t e r m i n e d  

p h y s i c a l   c o n s t a n t s   and  two  ways   of  c a l c u l a t i n g   them  f r o m   t h e  

s t r u c t u r a l   f o r m u l a   o f   a  m o l e c u l e .   The  s t r u c t u r a l   f o r m u l a   m e t h o d s  

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

c o n s t a n t s   a r e   n o t   a v a i l a b l e   or  a r e   c o n s i d e r e d   p a r t i c u l a r l y   u n r e l i a b l e .  
C a l c u l a t i o n ' f r o m   t h e   s t r u c t u r a l   f o r m u l a   u t i l i z e s   t a b l e s   of  g r o u p   , 
m o l a r   a t t r a c t i o n   c o n s t a n t s   s u c h   as  t h o s e   g i v e n   on  p a g e s   I V - 3 3 9 .  

The  t a b l e   of  S m a l l   i s   p r e f e r r e d .   The  S.  P.  c o n c e p t   may  be  c o n s i d e r e d  

an  e x t e n s i o n   of  t h e   o l d   r u l e   " L i k e   d i s s o l v e s   l i k e . "   r e c o g n i z e d   . 
s i n c e   t h e   e a r l y   d a y s   of  c h e m i s t r y .  

.  
'  

.  As  t a b l e s   of   t h e  . s o l u b i l i t y   p a r a m e t e r   of  m o n o m e r s   a r e '  
a v a i l a b l e ,   as  n o t e d   a b o v e ,   i t   is   c o n v e n i e n t   to  ' d e f i n e   a  p o l y m e r   i n  

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

p o l y m e r i z a t i o n .   The  e f f e c t i v e   s o l u b i l i t y   p a r a m e t e r   of  a  m i x t u r e   i s  

t h e   sum,  o v e r   t h e   ( i )   c o m p o n e n t s   of  t h e   m i x t u r e ,   of  the   p r o d u c t   o f  

t h e   v o l u m e  ' f r a c t i o n   of   t h e   c o m p o n e n t   ( v i )   t i m e s   i t s   S.  P . ,   i . e . ,  

S.  P.  ( m i x t u r e )  =   Σ V i   (S.  P . )  i   a c c o r d i n g   to  S c o t t   and  M a g a t t  
(See   E n c y c l o p e d i a   of   P o l y m e r   S c i e n c e   and  T e c l i n o l o g y ,  V o l .   3 ,  

J o h n   W i l e y ,   1 9 6 5 ,  . p a g e   8 5 6 ) .   T h e   v o l u m e - f r a c t i o n   of  e a c h   '  
c o m p o n e n t   i s   c a l c u l a t e d  f r o m   t h e   w e i g h t   f r a c t i o n   and  the   k n o w n  



d e n s i t y   of   t he   c o m p o n e n t   of  t he   monomer  m i x t u r e   a s s u m i n g   n o  

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

a v a i l a b l e   in   t he   u s u a l   s o u r c e s   such   as  The  P o l y m e r   H a n d b o o k ,  

The  E n c y c l o p e d i a   of   P o l y m e r   S c i e n c e   and  T e c h n o l o g y ,   and  t h e   . 
m a n u f a c t u r e r s   of  t h e   v a r i o u s   m o n o m e r s .  - T h e   r a n g e   of  S.  P .  

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

i n v e n t i o n   is   f rom  a b o u t   9 .0   to  a b o u t   9 .5   w i t h  t h e   r a n g e   9 . 1  

to  9 .4   b e i n g   p r e f e r r e d . . .  

The  c a l c u l a t e d   Tg  of  a  p o l y m e r   i s   d e t e r m i n e d   by  t h e  

e q u a t i o n   of  T.  G.  Fox ,   B u l l .   Am.  P h y s i c s   Soc .   1,  3,  p age   1 2 3  

(1956)   b a s e d   on  t h e   Tg  of  h o m o p o l y m e r s   of  t he   i n d i v i d u a l   m o n o m e r s  

in  t he   c o p o l y m e r .   T a b l e s   of   the   Tg  of  h o m o p o l y m e r s   a r e   g i v e n  

in  " P o l y m e r   H a n d b o o k " ,   s e c t i o n   I I I ,   p a r t   2,  by  W.  A.  Lee  a n d  

R .  A .   R u t h e r f o r d   h e r e i n   i n c o r p o r a t e d   by  r e f e r e n c e .   Tg  v a l u e s  

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

w e i g h t  p o l y m e r s .   T h e  p o l y m e r s   of  t h i s   i n v e n t i o n   have   a  Tg  
f r o m  a b o u t  - 2 0 °   C.  to   a b o u t   200  C.  w i t h   t h e   r a n g e   - 1 0 0   C.  t o  

+10°   C . ' b e i n g   p r e f e r r e d .   .  
O t h e r   m o n o m e r s   w h i c h   can  be  u sed   in  t h e s e   a l t e r n a t i v e  

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

as  v i n y l   t o l u e n e   and  a l p h a   m e t h y l   s t y r e n e ;   a l k y l   a c r y l a t e s  

w h e r e i n   t he   a l k y l   g r o u p   has   1  to  8  c a r b o n   a t o m s ,   s u c h   a s  

e t h y l   a c r y l a t e ,   p r o p y l   a c r y l a t e ,   and  2 - e t h y l h e x y l   a c r y l a t e ;  

a l k y l   m e t h a c r y l a t e s   h a v i n g   2  to  4  c a r b o n   a t o m s ,   s u c h   as  e t h y l  

m e t h a c r y l a t e   and  i s o b u t y l   m e t h a c r y l a t e   and  a c r y l o n i t r i l e .  



The  v i n y l   p o l y m e r   u s e d   in   t h e   p r e s e n t   i n v e n t i o n   i s  

made  as   an  a q u e o u s   d i s p e r s i o n   of  an  e m u l s i o n   p o l y m e r   a t  a b o u t  

40%  to   60%  by  w e i g h t   of  p o l y m e r   s o l i d s .   M o n o m e r s   c a n  b e   . 

s e l e c t e d   f r o m   t h e   g r o u p   c o n s i s t i n g   of   C 2 - C 1 8   a l k y l   a c r y l a t e s ,  

C 2 - C 1 8   a l k y l   m e t h a c r y l a t e s ,   v i n y l   a r o m a t i c   c o m p o u n d s ,   v i n y l  

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

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

c a r b o x y l i c   and  d i c a r b o x y l i c   a c i d s   and  e s t e r s   t h e r e o f ,   a c r y l o n i t r i l e , :  

m e t h a c r y l o n i t r i l e   and  a l p h a - o l e f i n s .   E x a m p l e s  
of   t h e   C 2 - C 1 8   a l k y l   g r o u p s   of  t he   e s t e r s   of  a c r y l i c   and  m e t h -  

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

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

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

( e s p e c i a l l y   2 - e t h y l h e x y l ) ,  i s o b o r n y l ,  d e c y l , l a u r y l ,   c e t y l ,   . 

s t e a r y l   and  l i k e   g r o u p s .   E x a m p l e s  o f   u s e f u l   v i n y l   a r o m a t i c  

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

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

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

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

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

c a r b o x y l i c   and  d i c a r b o x y l i c   a c i d s   i n c l u d e   a c r y l i c   a c i d ,  

m e t h a c r y l i c   a c i d ,   i t a c o n i c   a c i d   and  c r o t o n i c   a c i d ;   and  o f  

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

In  t he   f o l l o w i n g  e x a m p l e s   p a r t s   and  p e r c e n t a g e s   a r e  

by  w e i g h t   and  t e m p e r a t u r e   in  d e g r e e s   C e l s i u s ' u n l e s s  

o t h e r w i s e   i n d i c a t e d .   The  e x a m p l e s   i l l u s t r a t e  
t h e   i n v e n t i o n   and  a r e   n o t   to  be  c o n s t r u e d   as  l i m i t i n g  
t h e   i n v e n t i o n   t h e r e t o .   As  g i v e n   b e l o w ,   a  g e n e r a l   m e t h o d  

w a s   f o l l o w e d   in  t he   p r e p a r a t i o n   of  y a r n s   and  f i l m s .  -  

The  m e t h o d  w a s   f o l l o w e d  t h r o u g h o u t   t h e   e x a m p l e s  
u n l e s s   an  e x c e p t i o n   is   n o t e d   in  a  g i v e n   e x a m p l e .   T h e  

same  i s   t r u e   of   t he   g e n e r a l   t e s t   m e t h o d s   g i v e n   b e l o w .   . 



P r e p a r a t i o n   o f   M a t e r i a l s :  

S i z e d   Y a r n s :   The  l a t e x ,   a t   a  pH  of   ca .   2 .0   to   2 . 5   a s  

p r e p a r e d ,   or  a t   a  h i g h e r   a c i d   pH  s u c h  a s   a b o u t   4  or   5,  i s  

d i l u t e d   to   8%  r e s i n   s o l i d s   w i t h   w a t e r   and  a p p l i e d   t o  

p o l y e s t e r   or   n y l o n   f i l a m e n t   y a r n   a t   room  t e m p e r a t u r e  

on  a  l a b o r a t o r y   s i z e   s i n g l e  e n d   s l a s h e r .   The  s l a s h e r  

e m p l o y s   a  d o u b l e   s q u e e z e   and  c o n s i s t s   of   an  i m m e r s i o n  

b a t h   f o l l o w e d   by  a  m e t a l   d rum  and  two  T e f l o n - c o a t e d  

d r u m s ,   t h e   f i r s t   s q u e e z e   b e i n g   b e t w e e n   t h e   m e t a l   d r u m  

and  t h e   f i r s t   T e f l o n   c o a t e d   drum  and  t h e   s e c o n d   s q u e e z e  
b e t w e e n   t h e   two  T e f l o n   c o a t e d   d r u m s .   The  s l a s h e r   i s  

r u n   a t   4M/min  and  t h e   s i z e d   y a r n   i s   d r i e d   15  s e c o n d s   t h r o u g h  

a  t u b e   d r y e r   s e t   a t   1 1 5 ° C .   A l l   s i z e d   y a r n   i s   c o n d i t i o n e d  

one  day   a t   21°C.   and  60%  R.H.   b e f o r e   t e s t i n g .  

F i l m   P r e p a r a t i o n :   20  m i l   f i l m s   a r e   p r e p a r e d   by  d i l u t i n g  

t h e   l a t e x   w i t h   w a t e r   to   t h e   n e c e s s a r y   s o l i d s   c o n t e n t  

p e r   v o l u m e .   The  d i l u t e d   l a t e x   i s   t h e n   p o u r e d   i n t o  

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

on  a  l e v e l   s u r f a c e ,   and  a i r   d r i e d   f o r   4  d a y s   or  u n t i l  

a  c l e a r   f i l m   i s   o b t a i n e d .   T h i n n e r   f i l m s   ( a b o u t   0 .2   m i l s )  

a r e   p r e p a r e d   by  p o u r i n g   a  15%  s o l i d s   l a t e x ,   o b t a i n e d  

by  d i l u t i o n   w i t h   warm  w a t e r   ( 5 4 0 C ) ,   o n t o   a  two  m i l  

M y l a r   s h e e t .   The  f i l m s   a r e   room  d r i e d   o v e r n i g h t ,   t h e n  

o v e n   d r i e d   f o r   one  m i n u t e   a t   1 1 0 ° C .  



T e s t   M e t h o d s :  

A d h e s i o n   b y  S a n d  T u m b l e   T e s t :   T h e   s i z e d   y a r n s   a r e  

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

t u m b l e   t e s t s .   D r y - D u p l i c a t e   3  yd.  s k e i n s   of  t he   s i z e d  

y a r n   a r e   p l a c e d  i n   an  8  oz.   j a r   c o n t a i n i n g   150g  o f  

c o a r s e   s a n d ,  r o t a t e d   f o r   30  m i n u t e s   on  an  A t l a s  

. L a u n d e r - o m e t e r ® ,   r e m o v e d   and  r a t e d   fo r   %  of  t h e   f i b e r  

b u n d l e   r e m a i n i n g  i n t a c t .  W e t  -  T h e   same  p r o c e d u r e   i s  

. - f o l l o w e d   e x c e p t   t he   j a r   now  c o n t a i n s   50g  of  s and   a n d  

150g  w a t e r .   R a t i n g s   a r e   made  the   same  w a y .  
A d h e s i o n   to  M y l a r :   T h e  a d h e s i o n   of  t he   t h i n   f i l m   i s  

d e t e r m i n e d   by  two  m e t h o d s ,   s c r a p e   and  c r i n k l e .  

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

r a z o r   b l a d e   and  c o u n t i n g   the   number   of  s t r o k e s   r e q u i r e d  

to  r e m o v e   the   p o l y m e r   f i l m   f rom  the   p o l y e s t e r   s h e e t .   The  .  - 

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

p o l y e s t e r   s h e e t   by  c r u m b l i n g   the   s h e e t   by  hand  and  f l a t -  

. t e n i n g   i t ,   n o t i n g   any  f i l m   s e p a r a t i o n   f rom  the   M y l a r .   I n  

the   s c r a p e   t e s t   t he   r e s u l t s   a r e   c l a s s e d   as  f o l l o w s :   P o o r  

1 - 2 ,   F a i r   3 - 4 ,   Good  5  and  E x c e l l e n t   - ' 6   or  more  s t r o k e s .  

C r i n k l e   t e s t   r e s u l t s   a re   j u d g e d :   E x c e l l e n t  -   n o   c h a n g e  

or  F a i r  -   c r a c k s   and  s l i g h t   f i l m   r e m o v a l .  

W a t e r   R e s i s t a n c e :   T h e   wet  sand   t u m b l e   t e s t ,   p r e v i o u s l y  

n o t e d ,   i s   a  p r e l i m i n a r y   s c r e e n   t e s t   of  the   w a t e r   r e s i s -  -  

. - t a n c e .   A l l   a d d i t i o n a l   t e s t i n g   of  t h i s   p r o p e r t y   i s  

c o n d u c t e d   on  the   p o l y m e r   f i l m s ,   e i t h e r   f r e e   or  on  M y l a r ,  

as  f o l l o w s :   One  i nch   s q u a r e s   of  b o t h   t he   f r e e   and  M y l a r  

f i l m s   a r e   p l a c e d   in  30°C  w a t e r   f o r   30  m i n u t e s   a n d  

e v a l u a t e d   fo r   any  c h a n g e   in  c l a r i t y ,   t o u g h n e s s ,   a d h e s i o n ,  

and  s i z e   u s i n g   the   f o l l o w i n g   r a t i n g s :   E x c e l l e n t   =  n o  

c h a n g e ;   Good  =  f i l m   s w e l l i n g   and  F a i r   =  s w e l l i n g   a n d  

l o s s   of  t o u g h n e s s .   The  20  mil (0.5mm) free  f i l m   is  a l s o   e v a l u a t e d  

. for   m o i s t u r e - r e g a i n   when  f i r s t   bone  d r i e d   and  t h e n  

s u b j e c t e d   to  95%  RH  in  a  c o n s t a n t   h u m i d i t y   c h a m b e r ;   t h e  

f i l m   i s  - a l s o   o b s e r v e d   fo r   d e g r e e   of  h a z e   d e v e l o p e d .  



T a c k .   T h e   t a c k i n e s s   o f _ t h e ' p o l y m e r   i s   e v a l u a t e d ,  

.  i m m e d i a t e l y   f o l l o w i n g   one  m i n u t e   d r y i n g  a t   110°C ,   on  t h e  

f i l m   c a s t   on  M y l a r .   For  t h i s   e v a l u a t i o n ,   two  f i l m s   o n  

Myla r   a re   p r e s s e d   f i l m / f i l m   and  t h e n   o p e n e d   t o  g a u g e  

a d h e s i o n .  

R e m o v e a b i l i t y   of  t he   S i z e :   T h i s   p r o p e r t y   i s  

e v a l u a t e d   by  two  m e t h o d s ,   a l k a l i   s o l u b i l i t y   of  t he   f i l m ,  

and  an  a c t u a l   s c o u r i n g   of   s i z e d   y a r n .   S o l u b i l i t y   of   t h e  

f i l m   is   d e t e r m i n e d   by  p l a c i n g   of   a  3/4" (2cm) square  of  t h e  2 0  

m i l  f r e e   f i l m   in  a  1%  Na2C03  s o l u t i o n   a t   70°C  a n d  

. r e c o r d i n g   the   t ime   i t   t a k e s   to   d i s s o l v e   up  to   2 0  m i n .   a t  

w h i c h   t ime   the   l e v e l   of  i n c o m p l e t e   s o l u t i o n   i s   g a u g e d .  

The  s i z e d   y a r n   i s   e v a l u a t e d   f o r   s i z e  r e m o v a l   by  s c o u r i n g  

the   y a r n   a t   7 0 - 7 4 ° C   fo r   30  m i n u t e s   in  a  1.0%  Na2CO3  a n d  

0.1%  s u r f a c t a n t   ( T r i t o n ® - X - 1 0 0 )   b a t h   w i t h   m i l d  a g i t a -  - '  -  

.  t i o n .   The  y a r n s   a re   r i n s e d   f i v e   m i n u t e s   in  warm  w a t e r  

( 5 4 ° C )   and  t h e n   c o l d   w a t e r .   The  d e g r e e   of   r e m o v e a b i l i t y  

is   d e t e r m i n e d   by  d y e i n g   s c o u r e d   and  c o n t r o l   y a r n s   i n  

B a s i c   Red  #14  a t   60°C  and  o b s e r v i n g   t he   dye  p i c k u p .  

T h e   f o l l o w i n g   a b b r e v i a t i o n s   a r e   u s e d   in  t h e  

e x a m p l e s   b e l o w :   BA  b u t y l   a c r y l a t e ,   St  s t y r e n e ,  

AA  a c r y l i c   a c i d ,   MMA  m e t h y l   m e t h a c r y l a t e ,   M A A  m e t h a c r y l i c  

a c i d ,   E A - e t h y l   a c r y l a t e ,   EGDMA  e t h y l e n e g l y c o l   d i m e t h -  
a c r y l a t e ,  i B M A .   i s o b u t y l   m e t h a c r y l a t e ,   V T  v i n y l   t o l u e n e ,   . 
MeST  @ - m e t h y l   s t y r e n e ,   AN  a c r y l o n i t r i l e ,   2-  EHA 
2 - e t h y l h e x y l   a c r y l a t e ,   PMA  p r o p y l   m e t h a c r y l a t e ,   a n d  

EMA  e t h y l   m e t h a c r y l s t e .  



E x a m p l e   1  -  C o p o l y m e r s   C o n t a i n i n g   12%  A c r y l i c   A c i d  

F i l m   and  y a r n   a r e   p r e p a r e d   u s i n g   a c r y l i c   c o p o l y m e r  

l a t e x   s a m p l e s   d e s c r i b e d   in  T a b l e   I  b e l o w .   The  y a r n  

b e i n g   s i z e d   i s   M i l l i k e n   t e x t u r e d   p o l y e s t e r   y a r n ,   S a l u d a  

373 ,   70  D e n i e r ,   33  f i l a m e n t ,   1  t w i s t .   The  t e s t   r e s u l t s ,  

in  T a b l e   I  b e l o w ,  s h o w   t h a t   the   s a m p l e s   v a r y i n g   in  b u t y l  

a c r y l a t e   c o n t e n t   f rom  45%  to  50.5%  a r e   a l l   s u i t a b l e  

s i z i n g   p o l y m e r s   c o m p a r e d   to  two  c o m m e r c i a l   m a t e r i a l s   .  

(1D,  I E ) .   A l l   of  the   e x a m p l e s   e x h i b i t e d   no  t a c k ,   e x c e p t  

1D  w h i c h   had  s l i g h t   t a c k  w h e n   h o t .   The  v i s c o s i t y   a v e r a g e  
m o l e c u l a r   w e i g h t   of  the   p o l y m e r   of  E x a m p l e   1 A  i s   a b o u t  

1 . 2   to   1 .3   m i l l i o n .  

E x a m p l e   2  -   C o p o l y m e r s   of  12%  M e t h a c r y l i c   A c i d  

U s i n g   the   same  y a r n   as  in  E x a m p l e   1  m e t h a c r y l i c  

.  a c i d   c o n t a i n i n g   p o l y m e r s   h a v i n g   55-60%  b u t y l   a c r y l a t e  

a r e   t e s t e d   w i t h   t he   r e s u l t s   found   in  T a b l e   I I .   An 

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

s a m p l e s   p r o d u c e d   l e s s   foam  in  the   b a t h   and  d u r i n g  

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

A l l   of  the   e x a m p l e s   e x h i b i t e d   no  t a c k . '   The  w e i g h t  

a v e r a g e   m o l e c u l a r   w e i g h t   of  the   p o l y m e r   in  E x a m p l e  

2C  is   a b o u t   6 0 0 , 0 0 0   to  7 0 0 , 0 0 0 .  







E x a m p l e   3  -   C o m p o s i t i o n a l  V a r i a t i o n s  

P o l y m e r   l a t e x e s   of  v a r i o u s   c o m p o s i t i o n s ,   a s  

r e p o r t e d   in  T a b l e   I I I   b e l o w ,   a r e   u s e d   to  p r e p a r e   f i l m s  

and  s i z e   y a r n s   as  in  Example   1.  The  r e s u l t s   in  T a b l e  

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

(3C)  has  low  a d h e s i o n ,  b o t h   by  t h e   s a n d   t u m b l e   t e s t   a n d  

the   two  a d h e s i o n   to  Mylar   t e s t s ,   i s   h i g h   in  m o i s t u r e  

'  r e g a i n   and  p r o d u c e s   a  hazy   f i l m   when  t e s t e d   f o r   w a t e r  
r e s i s t a n c e   of  a  t h i n   f i l m   on  M y l a r .   E x a m p l e   3D,  h a v i n g  

4%  a c i d   in  t he   c o p o l y m e r ,   e x h i b i t s   an  i n s o l u b l e   f i l m  

and  l e s s   t h a n   c o m p l e t e   r e m o v a b i l i t y   f rom  the   y a r n   u p o n  
s c o u r i n g   and  s l i g h t l y   hazy   t h i n   f i l m   on  M y l a r   in  t h e  

w a t e r   r e s i s t a n c e   t e s t .   E x a m p l e   3E,  h a v i n g   1 6 %  a c i d   i n  

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

.  f r o m   the   y a r n   on  s c o u r i n g   and  in  a d d i t i o n   has   l i m i t e d   . 

w a t e r   r e s i s t a n c e   shown  by  b o t h   t he   20  mill (0.5mm) film  and  t h e  
t h i n   f i l m   r e s u l t s .   The  o n l y   e x a m p l e s ,   in  t h i s   g r o u p ,  

e x h i b i t i n g   t a c k   a re   3C  wh ich   has   some  t a c k   when  ho t   a n d  

.3D  w h i c h   has   some  t ack   even   when  c o o l e d   to   room  t e m p e r a -  

t u r e .  





E x a m p l e   4  -   U t i l i z a t i o n  o f  o t h e r   M o n o m e r s  

U s i n g   t h e   same  y a r n  a s   in   E x a m p l e   1  o t h e r  

p o l y m e r s   a r e   t e s t e d   r e s u l t i n g   in   t h e  d a t a   i n   T a b l e   I V .  

A l l   of  t h e   e x a m p l e s   a r e   s u i t a b l e   f o r   u s e   i n   t h e  

w a t e r   j e t   loom  a l t h o u g h   E x a m p l e   4A  a p p e a r s   to   b e  

s o m e w h a t   l e s s   so  t h a n   t h e   o t h e r s .  





.  E x a m p l e   5  -   N y l o n   Y a r n  

The  p r o c e d u r e   of  E x a m p l e   1  i s   f o l l o w e d   w i t h   n y l o n  

y a r n   b e i n g   s u b s t i t u t e d   f o r   t h e   p o l y e s t e r  y a r n   of  E x a m p l e   1.  T h e '  

n y l o n   y a r n   e m p l o y e d   i s   D u P o n t   70  d e n i e r ,   34  f i l a m e n t ,   0  t w i s t  

y a r n .   The  t e s t   r e s u l t s ,   in  T a b l e   V  b e l o w ,   show  t h a t   t he   p o l y m e r  

of   E x a m p l e   4D  c o m p a r e s   f a v o r a b l y   w i t h   m a t e r i a l s   c o m m e r c i a l l y  

a v a i l a b l e .   The  n y l o n   e m p l o y e d   i s   i d e n t i f i e d   as  7 0 - 3 4 - R 2 5   2 9 5  

M.  D.  p i r n   1 3 0 7 3 .  

E x a m p l e   6  -  O t h e r   C o m p o s i t i o n s  

P o l y m e r   l a t e x e s   of  a  number   of  d i f f e r e n t   c o m p o -  
s i t i o n s   a p p l i e d   to  t h e   y a r n   of  E x a m p l e   1  and  f i l m s   p r e p a r e d  

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

as  i s   t h e   a d h e s i o n   to   M y l a r   by  s c r a p e   and  c r i n k l e ,   t he   w a t e r -  

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

o f   t he   f i l m ,   and  r e m o v a b i l i t y   of   t h e   p o l y m e r   f rom  the   y a r n .  

P o l y m e r   c o m p o s i t i o n s ,   c a l c u l a t e d   Tg  v a l u e s   and  s o l u b i l i t y  

p a r a m e t e r   v a l u e s   a r e   g i v e n   in  T a b l e   V I .  







1.  A  m e t h o d   of  s i z i n g   h y d r o p h o b i a   s y n t h e t i c   f i b e r s  

w h i c h   c o m p r i s e s '   a p p l y i n g   to   t h e  f i b e r s   a n  - a c i d i c  

l a t e x   of  a  v i n y l   p o l y m e r   p r e p a r e d   f rom  m o n o m e r s  

h a v i n g   a  s o l u b i l i t y   p a r a m e t e r   in   t h e  r a n g e   9 .0   t o  

9 .5   and  c o m p r i s i n g   8-14%  by  w e i g h t   of  an  @ , β -  

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

a  w e i g h t   a v e r a g e  m o l e c u l a r   w e i g h t   in   t h e   r a n g e  

3 0 0 , 0 0 0   to   2 , 5 0 0 , 0 0 0  a n d   a . g l a s s   t r a n s i t i o n  

t e m p e r a t u r e  i n   t h e   r a n g e  - 2 0 ° C   t o  +  2 0 ° C , s a i d  

p o l y m e r   in   d r i e d   f i l m   f o r m   b e i n g   r e d i s p e r s i b l e   i n  

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

in   a c i d   m e d i a ,   and  d r y i n g   t h e   t r e a t e d   f i b e r .  

2.  A  m e t h o d   a c c o r d i n g   t o   C l a i m   1  i n   w h i c h   t h e   l a t e x  

c o m p r i s e s   a  p o l y m e r   p r e p a r e d   f rom  a  monomer   c h a r g e  

c o n s i s t i n g   of  m o n o m e r s   s e l e c t e d   f rom  t h e  f o l l o w i n g :  

b u t y l   a c r y l a t e ,   s t y r e n e , '   a c r y l i c   a c i d ,   m e t h a c r y l i c  

a c i d ,   e t h y l   a c r y l a t e ,   2 - e t h y l   h e x y l a c r y l a t e ,   p r o p y l  

a c r y l a t e ,   m e t h y l   a c r y l a t e ,   v i n y l   t o l u e n e ,   a - m e t h y l  

s t y r e n e ,   a c r y l o n i t r i l e , '   e t h y l   m e t h a c r y l a t e ,   b u t y l  

m e t h a c r y l a t e   and  p r o p y l   m e t h a c r y l a t e .  

3.  A  m e t h o d   a c c o r d i n g   to   C l a i m  1   in   w h i c h   t h e   l a t e x  

c o m p r i s e s   a  p o l y m e r   p r e p a r e d   f rom  a  monomer   c h a r g e  

c o n s i s t i n g   o f ,   by  w e i g h t ,   45-65%  b u t y l   a c r y l a t e ,  

28-45%  s t y r e n e   a n d / o r   m e t h y l   m e t h a c r y l a t e   and  8 - 1 4 %  

a c r y l i c   a n d / o r   m e t h a c r y l i c   a c i d .  

4.  A  m e t h o d   a c c o r d i n g   to   C l a i m   3  in   w h i c h   t h e   l a t e x  

c o m p r i s e s   a  p o l y m e r   p r e p a r e d   f rom  45-65%  b u t y l   a c r y l a t e ,  

28-45%  s t y r e n e   and  8-14%  a c r y l i c   a n d / o r   m e t h a c r y l i c  

a c i d .  

5.  A  m e t h o d   a c c o r d i n g   to   C l a i m   3,  in   w h i c h   t h e  

l a t e x   c o m p r i s e s   a  p o l y m e r   p r e p a r e d   f rom  50-60%  b u t y l  

a c r y l a t e ,   28-40%  s t y r e n e   and  10-13%  a c r y l i c   a c i d  

or  m e t h a c r y l i c   a c i d .  



6.  A  m e t h o d   a c c o r d i n g   t o   a n y ' o n e  o f   C l a i m s   1  to   5  

w h e r e i n   t h e  y a r n   i s   a  n y l o n  o r  p o l y e s t e r   y a r n ,  

7.  A  m e t h o d   a c c o r d i n g   t o   C l a i m   6,  w h e r e i n   t h e  

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

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

3  to   5 .  

8.  A  m e t h o d   of  w e a v i n g   h y d r o p h o b i c ,   s y n t h e t i c  

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

y a r n   i s   s i z e d   by  a  m e t h o d   c l a i m e d   in  any  o n e  

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

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

s c o u r i n g .  

9.  A  m e t h o d   a c c o r d i n g   t o   C l a i m   8,  w h e r e i n   t h e  

y a r n   i s   woven  in   a  w a t e r   j e t   l o o m .  

10.  A  s i z i n g   c o m p o s i t i o n   f o r   s i z i n g   h y d r o p h o b i c  

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

a c i d i c   l a t e x   of  a  f r e e  r a d i c a l   i n i t i a t e d   v i n y l  

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

p a r a m e t e r   in  t h e   r a n g e  9 . 0  t o   9 .5   and  c o m p r i s i n g  

f rom  8  to   14%  by  w e i g h t   of   an  @ , β - u n s a t u r a t e d  

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

m o l e c u l a r   w e i g h t   in   t h e  r a n g e   3 0 0 , 0 0 0   to   2 , 5 0 0 , 0 0 0  

and  g l a s s   t r a n s i t i o n   t e m p e r a t u r e   in   t h e   r a n g e  
- 2 0 ° C   to   +  20°C,   s a i d   p o l y m e r   in   d r i e d   f i l m   f o r m  

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

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

11.  A  c o m p o s i t i o n   a c c o r d i n g   to   C l a i m   10,   w h e r e i n  

t h e   p o l y m e r   i s   a s "  d e f i n e d   in   C l a i m s   3 ,4   or  5 .  
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