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and  to  the  fluorochemical.  The  resulting  coating  has  greater 
adherence  to  the  fiber  than  does  corresponding  coatings  from 
which  the  polyacrylic  acid  is  omitted. 



BACKGROUND  OF  THE  INVENTION 

A.  F i e l d   of  the  I n v e n t i o n  

This   i n v e n t i o n   r e l a t e s   to  p r o c e s s e s   f o r  

i m p a r t i n g   w a t e r   and  o i l   r e p e l l e n c y   p r o p e r t i e s   to  n y l o n  

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

s u r f a c e   of  the  f i b e r s   from  a q u e o u s   d i s p e r s i o n s   t h e r e o f .  

More  p a r t i c u l a r l y ,   the  i n v e n t i o n   r e l a t e s   to  an 

i m p r o v e m e n t   in  such  p r o c e s s e s   w h e r e b y   the  f l u o r o c h e m i c a l  

p a r t i c l e s   are   more  t e n a c i o u s l y   a t t a c h e d   to  the  n y l o n  

s u r f a c e .  

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

F l u o r o c h e m i c a l s ,   such  as ,   S c o t c h g a r d  
f l u o r o c h e m i c a l s   (a  b r and   name  of  M i n n e s o t a   Minn ing   a n d  

M a n u f a c t u r i n g   Company)  and  Zepel   and  T e f l o n  

f l u o r o c h e m i c a l s   ( b r a n d   names  of  d u P o n t ) ,   a r e  

i n d u s t r i a l l y   used  to  p r o v i d e   f i b e r   s u r f a c e s   wi th   w a t e r  

and  o i l   r e p e l l e n c y   p r o p e r t i e s ,   i . e . ,   a n t i s o i l i n g  

p r o p e r t i e s .   In  the  p r i o r   a r t   p r o c e s s e s ,   f l u o r o c h e m i c a l s  

are  used  in  the  form  of  a q u e o u s   d i s p e r s i o n s   h a v i n g   a 

p a r t i c l e   s i z e   r a n g i n g   from  200  to  1000  a n g s t r o m s   i n  

d i a m e t e r .   The  p a r t i c l e s   are  c o n v e n t i o n a l l y   d i s p e r s e d   by  

means  of  an  e m u l s i f i e r   which  may  i m p a r t   a  c h a r g e   to  t h e  

p a r t i c l e s .   F i b e r s   are  t r e a t e d   wi th   the  d i s p e r s i o n s   a n d  

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



p a r t i c l e s   on  the  f i b e r   s u r f a c e .   The  b o n d i n g   ( o r  

f i x a t i o n )   of  the   p a r t i c l e s   to  the  s u r f a c e   is  m a i n l y   b y  
the   van  der  Waals  and  Cou lombic   f o r c e s   b e t w e e n   t h e  

f l u o r o c h e m i c a l   p a r t i c l e s   and  the  f i b e r   s u r f a c e ,   t h e r e b y  
l i m i t i n g   the  s t r e n g t h   of  the  b o n d i n g   to  5  to  10 

K c a l . / m o l   b o n d i n g .   C o n s e q u e n t l y ,   f l u o r o c h e m i c a l   l o s s e s  

from  the  c o a t e d   f i b e r s   d u r i n g   the  d y e i n g   of  the   f i b e r s  

or  f a b r i c s   made  t h e r e f r o m   ( e . g .   c a r p e t i n g )   are  o f t e n  

s u b s t a n t i a l .  

SUMMARY  OF  THE  INVENTION 

The  p r e s e n t   i n v e n t i o n   r e l a t e s   to  an  i m p r o v e m e n t  

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

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

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

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

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

c o a t i n g   the   f i b e r s   wi th   a  m a t e r i a l   which  c h e m i c a l l y  
bonds   to  the  f i b e r   s u r f a c e s   and  which  w i l l   bond  t o  

p o s i t i v e l y   c h a r g e d   f l u o r o c h e m i c a l   p a r t i c l e s   when  b r o u g h t  
i n t o   c o n t a c t   t h e r e w i t h .  T h e   m a t e r i a l   f u n c t i o n s   as  an  

i n t e r l a y e r   b e t w e e n   the  s u r f a c e   of  the  f i b e r s   and  t h e  

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

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

the  i m p r o v e m e n t   of  the  p r e s e n t   i n v e n t i o n   have  m o r e  

d u r a b l e   and  l o n g e r   l a s t i n g   a n t i s o i l i n g   p r o p e r t i e s ;   t h e  

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

s u r f a c e   is  e n h a n c e d   as  compared   to  c o r r e s p o n d i n g  

c o a t i n g s   in  which  the  i n t e r l a y e r   is  o m i t t e d .  

PREFERRED  EMBODIMENTS  OF  THE  INVENTION 

In  p r a c t i c i n g   the  i m p r o v e m e n t   of  the  p r e s e n t  

i n v e n t i o n   n y l o n   f i b e r s   are  f i r s t   c o a t e d ' w i t h   an 

i n t e r l a y e r   m a t e r i a l   and  then   wi th   a  f l u o r o c h e m i c a l .   The  

i n t e r l a y e r   m a t e r i a l   forms  a  c h e m i c a l   bond  wi th   the  n y l o n  

s u r f a c e   of  the  f i b e r s   and  wi th   the  f l u o r o c h e m i c a l .  

Any  n y l o n   f i b e r   may  be  t r e a t e d   in  a c c o r d a n c e  

wi th   the  i m p r o v e m e n t   of  the  p r e s e n t   i n v e n t i o n .   The  t e r m  

" n y l o n   f i b e r "   as  used  h e r e i n   means  a  f i b e r   in  which  t h e  

f i b e r - f o r m i n g   s u b s t a n c e   is  any  long  c h a i n   s y n t h e t i c  



polyamide  having  r e c u r r i n g   amide  groups  (-NH-CO-) as  an  i n t e g r a l  

pa r t   of  the  polymer  chain .   Such  s u b s t a n c e s   inc lude   nylon  66,  which  

is  po lyhexame thy lene   ad ipamide ,   and  nylon  6,  which  is  p o l y c a p r o l a c t a m .  

The  f i b e r   may  be  in  the  form  of  a  c o n t i n u o u s   f i l a m e n t : 3 0 r   a  yarn  com- 

posed  of  con t inuous   f i l a m e n t s   or  a  yarn  composed  of  s t a p l e .  

M a t e r i a l s   which  may  be  used  to  form  t h e  

i n t e r l a y e r   coa t i ng   in  accordance   with  the  improvement  of  the  i n v e n t i o n  

are  m a t e r i a l s   which  are  capable   of  chemica l ly   bonding  to  p o s i t i v e l y  

charged  f l u o r o c h e m i c a l   p a r t i c l e s   and  to  the  su r face   of  nylon  f i b e r s .  

R e p r e s e n t a t i v e   such  m a t e r i a l s   i n c l u d e ,   p o l y a c r y l i c   acid  (PAA)  and  

p o l y m e t h a c r y l i c   ac id   (PMA)  and  copolymers  of  a c r y l i c   or  m e t h a c r y l i c  

acid  with  one  or  more  v iny l   monomers  copo lymer i zab l e   t h e r e w i t h   such  

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

v i n y l i d e n e   c h l o r i d e   and  the  l i k e .   The  copolymers  are  composed  of  a t  

l e a s t   10%  and,  p r e f e r a b l y ,   at  l e a s t   25%  by  weight  of  the  a c r y l i c   o r  

m e t h a c r y l i c   ac id .   The  i n t e r l a y e r   m a t e r i a l   is  p r e f e r a b l y   app l i ed   t o  

the  nylon  f i b e r s   from  an  aqueous  medium,  and  then  the  f i b e r s   d r i e d  

before   they  are  t r e a t e d   with  the  f l u o r o c h e m i c a l s ;   o t h e r w i s e ,   t h e  

f l u o r o c h e m i c a l s   tend  to  a t t a c h   to  the  nylon  f i be r   su r f ace   before   t h e  

i n t e r l a y e r   m a t e r i a l   has  had  a  chance  to  r eac t   with  the  nylon  f i b e r  

s u r f a c e .   The  f i b e r s   may  be  d r i ed   under  ambient  c o n d i t i o n s   or  may  b e  

hea ted   to  sho r t en   the  dry ing   t ime.  P r e f e r a b l y ,   the  m a t e r i a l   i s  

app l i ed   to  the  f i b r e s   from  an  aqueous  medium  compr is ing   from  5 X 1 0   t o  
5X10-2  moles  per  l i t r e   of  the  m a t e r i a l .  

F l u o r o c h e m i c a l s   which  may  be  used  in  p r a c t i c i n g   t h e  

improvement  of  the  i n v e n t i o n   inc lude   those  c o n t a i n i n g   one  or  more 

f l u o r i n a t e d   a l i p h a t i c   r a d i c a l s   having  from  3  to  20  carbon  atoms  and  

having  a  ca rbon-bonded   f l u o r i n e   con ten t   of  40-78%  by  w e i g h t .  

P r e f e r a b l y ,   the  r a d i c a l   is  p e r f l u o r o   a lky l   r a d i c a l s   of  the  g e n e r a l  

formula  -CnF2n+1.  G e n e r a l l y ,   the  f l u o r o c h e m i c a l s   w i l l   con t a in   10 

to  60%  by  weight   of  ca rbon-bonded   f l u o r i n e .   The  f l u o r o c h e m i c a l   a r e  

p r e f e r a b l y   app l i ed   to  the  nylon  f i b e r s   from  aqueous  d i s p e r s i o n s   o f  

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

are  p r epa red   by  d i s p e r s i n g   the  f l u o r o c h e m i c a l   p a r t i c l e s   in  an  a q u e o u s  



medium  u s i n g   e m u l s i f i e r s   s u c h   as  q u a t e r n a r y   a m m o n i u m  

s a l t s   as  t h e   d i s p e r s i n g   a g e n t .   The  e m u l s i f i e r   i m p a r t s  

a  p o s i t i v e   c h a r g e   to   t h e   p a r t i c l e s .   F l u o r o c h e m i c a l s ,  

s u c h   a s ,   S c o t c h g u a r d ,   Z e p e l   and  T e f l o n   f l u o r o c h e m i c a l s  

a r e   a l r e a d y   c o m m e r c i a l l y   a v a i l a b l e   in  t h e   fo rm  of  a n  

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

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

0 .5   to   2.0%  by  w e i g h t   of   f l u o r i n e .  

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

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

p e r c e n t a g e s   a r e   by  w e i g h t .  

EXAMPLE  1 

S k e i n s   of  c o n t i n u o u s   f i l a m e n t   n y l o n   66  c a r p e t  

y a r n   h a v i n g   a  t o t a l   d e n i e r   of   a b o u t   1300  and  b e i n g   c o m -  

p o s e d   of   68  f i l a m e n t s   w e r e   i m p r e g n a t e d   w i t h   an  a q u e o u s  
s o l u t i o n   of   PAA  h a v i n g   an  a v e r a g e   m o l e c u l a r   w e i g h t   o f  

2 5 0 , 0 0 0 .   A f t e r   c e n t r i f u g a t i o n   and  a i r   d r y i n g   f o r   2  h o u r s ,  

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

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

S c o t c h g a r d   f l u o r o c h e m i c a l   d e s i g n a t e d   FC-391  or   L - 5 1 1 1 .  

A f t e r   c o n t r i f u g a t i o n ,   e a c h   s k e i n   was  d i v i d e d   i n t o   t w o  

y a r n s   of  a p p r o x i m a t e l y   e q u a l   l e n g t h ;   one  y a r n   w a s  

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

o t h e r   y a r n   was  b l a n k - d y e d   in   an  a q u e o u s   med ium  f o r   75  

m i n u t e s   a t   t h e   b o i l   ( 1 0 0 ° C . ) ,   v a c u u m   d r i e d   o v e r   n i g h t  

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

f l u o r i n e   [ F ]   on  t h e   f i b e r   s u r f a c e   b e f o r e   b l a n k - d y e i n g ,  

e x p r e s s e d   in   p a r t s   p e r   m i l l i o n   ( p p m ) ,   and  t h e   a m o u n t   o f  

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

c e n t a g e   a r e   g i v e n   in   t h e   t a b l e   b e l o w .   The  c o n c e n t r a t i o n  

of   PAA C  PAA]  in  t h e   a q u e o u s   s o l u t i o n   and  t h e   c o n c e n -  

t r a t i o n   of  f l u o r i n e   [ F ]   in   t h e   a q u e o u s   d i s p e r s i o n   o f  

t h e   f l u o r o c h e m i c a l   i s   a l s o   g i v e n   in   t h e   t a b l e .  



The  d a t a   in  the  t a b l e   show  the  i n f l u e n c e   o f  

PAA  on  f l u o r i n e   u p t a k e ,   as  wel l   as  on  F - r e t e n t i o n  

a f t e r   b l a n k - d y e i n g .   For  the  c a t i o n i c   f l u o r o c h e m i c a l s  

u s e d ,   the  u p t a k e   i n c r e a s e d   wi th   [PAA],  w h e r e a s   t h e  

r e t e n t i o n   had  a  maximum  at  a  [PAA]  of  1 0 - 2  

m o l e s / l i t e r .   If   the  r a t i o   of  [ P A A ] / [ F ]   is  too  l o w  

t h e r e   are  not   enough  COOH  g r o u p s   a v a i l a b l e   to  b o n d  

wi th   the  p o s i t i v e   c h a r g e s   of  the  f l u o r i n e   p a r t i c l e s ,  

and  the  F - r e t e n t i o n   is  low.  If  the  r a t i o   is  too  h i g h ,  

p a r t   of  the   PAA  m o l e c u l e s   are  not  bonded   to  the  n y l o n  

s u r f a c e   of  the   f i b e r   and  are  washed  o f f   d u r i n g   d y e i n g ,  

t a k i n g   wi th   them  f l u o r i n e   p a r t i c l e s   which  are  b o n d e d  

t h e r e t o .   For  the  f l u o r i n e   c o n c e n t r a t i o n   [F]  used  i n  

t h i s   example   (%  F  in  the  a q u e o u s   f l u o r o c a r b o n  

d i s p e r s i o n ) ,   a  [PAA]  of  a b o u t   10-2  m o l e s / l i t e r   a p p e a r s  
to  g ive   b e s t   f l u o r i n e   r e t e n t i o n .   When  u s i n g   d i f f e r e n t  

f l u o r i n e   c o n c e n t r a t i o n s ,   e x p e r i m e n t s   such  as  t h o s e  

shown  in  the  above  t a b l e   can  be  c a r r i e d   out  t o  

d e t e r m i n e   opt imum  p o l y a c r y l i c   ac id   c o n c e n t r a t i o n s .  

In  r e l a t e d   e x p e r i m e n t s   s i m i l a r   r e s u l t s   w e r e  
o b t a i n e d   when  u s i n g   p o l y m e t h a c r y l i c   ac id   i n s t e a d   o f  

p o l y a c r y l i c   a c i d .  



In  a c c o r d a n c e   wi th   a  p r e f e r r e d   embod imen t   o f  

the  i n v e n t i o n ,   the   ny lon   c o n t i n u o u s   f i l a m e n t   yarn  i s  

t r e a t e d   d u r i n g   i t s   mel t   s p i n n i n g   o p e r a t i o n   by  p a s s i n g  
the  yarn  a f t e r   i t   is  q u e n c h e d   over   two  i n l i n e  

a p p l i c a t o r   r o l l s   b e f o r e   the  yarn   i s  c o l l e c t e d .   The 

f i r s t   r o l l   a p p l i e s   the  i n t e r l a y e r   ( e . g .   PAA)  to  t h e  

s u r f a c e   of  the  yarn   f i b e r s   and  the  s econd   r o l l   a p p l i e s  
the  a q u e o u s   d i s p e r s i o n   of  p o s i t i v e l y   c h a r g e d   p a r t i c l e s  
of  f l u o r o c h e m i c a l   to  the  i n t e r l a y e r .   The  yarn  i s  

d r i e d   a f t e r   a p p l i c a t i o n   of  the   i n t e r l a y e r   m a t e r i a l   a n d  

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

over   a  h e a t e d   r o l l .   The  yarn  may  be  d r i e d   by  p a s s i n g  
i t   a round   a  h e a t e d   r o l l ,   for   e x a m p l e ,   a round   a  h e a t e d  

s e p a r a t o r   r o l l   and  i t s   a s s o c i a t e d   i d l e r   r o l l   wi th   o n e  

or  more  w r a p s .  



1.  In  a  p rocess   for  coa t i ng   the  sur face   of  nylon  f i b e r s  

with  f l u o r o c h e m i c a l   p a r t i c l e s   to  enhance  the  water  and  o i l   r e p e l l e n c y  

of  the  f i b e r s   wherein  the  f i b e r s   are  t r e a t e d   with  an  aqueous  d i s p e r s -  

ion  of  p o s i t i v e l y   charged  c o l l o i d a l   p a r t i c l e s   of  the  f l u o r o c h e m i c a l ( s )  

and  then  d r i ed   to  leave  the  f l u o r o c h e m i c a l   p a r t i c l e s   on  the  s u r f a c e  

of  the  f i b e r s ,   the  improvement  of  enhancing  the  f i x a t i o n   of  the  p a r t -  

i c l e s   to  the  su r f ace   of  the  f i b r e s   which  comprises   the  p r e l i m i n a r y  

step  of  coa t ing   the  f i b e r s   with  a  m a t e r i a l   which  chemica l ly   bonds  t o  

the  su r f ace   of  the  f i b e r s   and  w i l l   chemica l l y   bond  to  the  f l u o r o -  

chemical  p a r t i c l e s   when  brought   in to   c o n t a c t   t h e r e w i t h .  

2.  A  p rocess   of  Claim  1,  wherein  the  m a t e r i a l   is  a p p l i e d  

to  the  f i b e r s   from  an  aqueous  medium,  and  the  f i b e r s   are  dr ied   b e f o r e  

they  are  t r e a t e d   with  the  f l u o r o c h e m i c a l .  

3.  A  p rocess   of  Claim  1  or  Claim  2,  wherein  the  m a t e r i a l  

comprises   p o l y a c r y l i c   a c i d .  

4.  The  p rocess   of  Claim  1  or  Claim  2,  wherein  the  m a t e r i a l  

comprises   p o l y m e t h a c r y l i c   a c i d .  

5.  A  p rocess   a cco rd ing   to  any  of  the  p reced ing   c l a i m s ,  

wherein  the  m a t e r i a l   is  app l i ed   to  the  f i b e r s   from  an  aqueous  medium 

compris ing  from  5  x  10-3  to  5  x  10-2  moles  per  l i t r e   of  the  m a t e r i a l .  

6.  A  coated   nylon  f i b e r   c h a r a c t e r i z e d   in  t h a t   the  c o a t i n g  

comprises   a  m a t e r i a l   chemica l ly   bonded  to  the  sur face   of  said  f i b e r   and 

f l u o r o c h e m i c a l   p a r t i c l e s   chemica l ly   bonded  to  the  m a t e r i a l .  

7.  A  coated  f i b e r   of  Claim  6,  wherein  the  m a t e r i a l   com- 

p r i s e s   p o l y a c r y l i c   a c i d .  

8.  A  coated   f i b e r   of  Cla im 6 ,   wherein  the  m a t e r i a l   com- 

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