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©  High  contrast  patterning  process  and  product. 
  A  method  is  disclosed  for  patterning  a  textile  substrate 
comprising  thermoplastic  yams  by treating  the  substrate  sur- 
face  in  a  pattern  configuration,  for  example,  using  heated  air 
streams,  to  allow  a  later-applied  solvent  to  extract  dye  from 
the  treated  areas  at  a  faster  rate  than  from  untreated  areas. 
The  process  may  be  combined  with  thermal  deformation  of 
the  yams  in  the  treated  areas. 



This  i n v e n t i o n   r e l a t e s   to  a  p roces s   for  g e n e r a t i n g  

p a t t e r n s   e x h i b i t i n g   high  visual   c o n t r a s t   on  t e x t i l e  

s u b s t r a t e s ,   and  novel  products   which  may  be  p r o d u c e d  

t h e r e b y .   More  s p e c i f i c a l l y ,   one  embodiment  of  t h i s  

i n v e n t i o n   r e l a t e s   to  a  process   wherein  i n d i v i d u a l  

c o n s t i t u e n t   f i b e r s   in  an  area  on  the  su r f ace   of  a  t e x t i l e  

s u b s t r a t e   d e f i n i n g   a  p a t t e r n   are  the rmal ly   c o n d i t i o n e d   o r  

t r e a t e d   to  permit   r e l a t i v e l y   rapid  e x t r a c t i o n   of  dye  f rom 

those  f i b e r s   by  a  s o l v e n t ,   while  ad j acen t   f i b e r s   which  have 

not  been  so  t h e r m a l l y   c o n d i t i o n e d   or  t r e a t e d   r e s i s t   such  

rapid  dye  e x t r a c t i o n ,   thereby  r e s u l t i n g   in  f a b r i c s   w h e r e i n ,  

fo l lowing   the  c o n t r o l l e d   exposure  to  a  s u i t a b l e   s o l v e n t ,   t h e  

h e a t - t r e a t e d   p a t t e r n   areas  contain   v i s u a l l y   l ess   dye  t h a n  

a d j a c e n t ,   so lven t   exposed  p a t t e r n - c o m p l e m e n t a r y   a r e a s .  

Processes   for   g e n e r a t i n g   pa t t e rns   on  the  s u r f a c e   o f  

t e x t i l e   s u b s t r a t e s   are  well  known  in  the  a r t .   Such 

p rocesses   may or  may  not  r equ i re   the  p a t t e r n - w i s e  

a p p l i c a t i o n   of  dye  to  achieve  a  p a t t e r n ,   or  even  a 

d y e - d e f i n e d   p a t t e r n ,   on  the  s u b s t r a t e   s u r f a c e .   Among  t h o s e  

p rocesses   which  do  not  r equ i r e   the  p a t t e r n - w i s e   a p p l i c a t i o n  

of  dye  are  inc luded   p rocesses   wherein  hea t ,   for   e x a m p l e ,  

from  a  heated  embossing  ro l l   or  in  the  form  of  i m p i n g i n g  

heated  f l u i d   s t r e a m s ,   is  d i r e c t e d   onto  the  s u b s t r a t e   s u r f a c e  

in  a  p a t t e r n   c o n f i g u r a t i o n   p r io r   to  a  dyeing  s t ep .   The 

t he rma l ly   t r e a t e d   p o r t i o n s   of  the  sur face   accep t   dye  to  a 



d i f f e r e n t   ( g e n e r a l l y   g r e a t e r )   degree  than  do  the  u n t r e a t e d  

p o r t i o n s ,   t he reby   u s u a l l y   r e s u l t i n g   in  p a t t e r n   areas  hav ing  

h i g h e r ,   v i s u a l l y   c o n t r a s t i n g   aye  c o n c e n t r a t i o n s .   O the r  

p r o c e s s e s   r e ly   on  a  v a r i e t y   of  p h y s i c a l   e f f e c t s   to  def ine   o r  

e s t a b l i s h   p a t t e r n e d   areas   on  the  s u b s t r a t e   s u r f a c e .   For  

example,   some  p roces se s   re ly   on  phys i ca l   compression  and 

perhaps   heat   s e t t i n g   of  i n d i v i d u a l   f i b e r s   to  impr in t   t h e  

s u r f a c e   and  the reby   de f ine   a  p a t t e r n .   Other  systems  may 

re ly   on  f i b e r   en tang lement   to  y i e l d   v i s u a l l y   d i s t i n c t   a r e a s  

on  the  s u b s t r a t e   s u r f a c e .  

A  p r o c e s s   d i s c l o s e d   in  our  copend ing   A p p l i c a t i o n ,  

p u b l i s h e d   as  GB  2  065  035  A, 

r e l i e s   upon  s t reams  of  heated  f l u i d ,   which  are  made  t o  

-impinge  upon  the  s u b s t r a t e   s u r f a c e   in  a  p a t t e r n  

c o n f i g u r a t i o n ,   to  s e l e c t i v e l y   s h r i n k ,   mel t ,   or  o t h e r w i s e  

t h e r m a l l y   deform  or  d i s t o r t   i n d i v i d u a l   yarns   or  po r t ions   o f  

i n d i v i d u a l   yarns   compris ing  the  s u b s t r a t e   s u r f a c e ,   t h e r e b y  

p roduc ing   v i s u a l l y   d i s t i n c t   a reas   on  the  s u b s t r a t e   s u r f a c e  

in  t hose   a reas   c o n t a i n i n g   yarns   exposed  to  the  heated  f l u i d  

s t r e a m s .  

This  t e c h n i q u e   can  produce  p a t t e r n s   which  are  q u i t e  

d e t a i l e d   and  which,  under  some  c i r c u m s t a n c e s ,   can  a c h i e v e  

r a t h e r   high  l e v e l s   of  v i sua l   c o n t r a s t   between  p a t t e r n   and 

p a t t e r n - c o m p l e m e n t a r y   ( i . e . ,   background)   a r e a s ,   even  though  

not  r e q u i r i n g   the  p a t t e r n - w i s e   a p p l i c a t i o n   of  dye.  This  i s  



p a r t i c u l a r l y   true  if  the  s u b s t r a t e   is ,   for  example,  a  p i l e  

f a b r i c   and  the  pi le   yarns  have  been  heated  s u f f i c i e n t l y   t o  

induce  s u b s t a n t i a l   t h e r m a l l y - i n d u c e d   l o n g i t u d i n a l   s h r i n k a g e  

among  the  i nd iv idua l   p i l e   ya rns .   The  r e s u l t i n g   s c u l p t u r e d  

or  s u r f a c e   contoured  e f f e c t   can  r e s u l t   in  d ramat ic   c o n t r a s t  

l e v e l s   between  p a t t e r n   and  p a t t e r n - c o m p l e m e n t a r y   a r e a s ,  

provided  the  sur face   is  a p p r o p r i a t e l y   i l l u m i n a t e d .   However, 

the  degree  of  c o n t r a s t   is  o f ten   heav i ly   dependent   upon  t h e  

type  and  d i r e c t i o n   of  the  i n c i d e n t   i l l u m i n a t i o n .   When 

n o n - p i l e   t e x t i l e   s u b s t r a t e s   are  p a t t e r n e d   using  t h i s  

t e c h n i q u e ,   the  i nd iv idua l   f i b e r s   are  so f t ened   and  may 

undergo  some  sh r ink ing   or  me l t i ng ;   c o n t r a s t ,   however,  i s  

f r e q u e n t l y   l imi t ed   even  under  optimum  i l l u m i n a t i o n   with  such 

f a b r i c s .   Using  a  dye  which  is  s e l e c t i v e l y   a p p l i e d   i n  

p a t t e r n   areas   only  can  impose  fo rmidab le   c o n s t r a i n t s   if  f i n e  

d e t a i l ,   or  s t r i c t   r e p r o d u c e a b i l i t y ,   as  p roduc t ion   speed,   and 

i n v e n t o r y   f l e x a b i l i t y ,   is  d e s i r e d .   Colors  must  be  c a r e f u l l y  

matched,   dye  runs  c o o r d i n a t e d   and  s chedu led ,   and,  of  c o u r s e ,  

the  dye  must  be  appl ied   with  g rea t   p r e c i s i o n   and  a c c u r a c y .  

These  c o n s t r a i n t s   have  been  f o r m i d a b l e .  

It  is  t h e r e f o r e   de s i r ed   to  have  a v a i l a b l e   an  e c o n o m i c a l ,  

commerc ia l ly   p r a c t i c a l   process   wherein  p a t t e r n i n g   may  be 

ach ieved  -us ing   the  p a t t e r n - w i s e   a p p l i c a t i o n   of  heat  or  o t h e r  

c o n d i t i o n i n g   agent ,   r a t h e r   than  the  p a t t e r n - w i s e   a p p l i c a t i o n  

of  dye,  to  ind iv idua l   yarns  on  the  s u b s t r a t e   s u r f a c e ,   and 

wherein  the  degree  of  v isual   c o n t r a s t   between  p a t t e r n   and 



p a t t e r n - c o m p l e m e n t a r y   areas   on  the  s u b s t r a t e   s u r f a c e   may  be 

c o n t r o l l a b l y   v a r i e d   from  r e l a t i v e l y   low  to  r e l a t i v e l y   h i g h  

v a l u e s ,   ano  wherein   the  p e r c e i v e d   c o n t r a s t   is  n o t  

s i g n i f i c a n t l y   dependent   upon  the  na tu re   of  the  i l l u m i n a t i o n .  

The  p r o c e s s   of  t h i s   i n v e n t i o n   i nvo lves   the  t r e a t i n g   o r  

c o n d i t i o n i n g ,   by  phys ica l   or  o the r   means,  of  i n d i v i d u a l  

yarns   in  the  p a t t e r n   areas   of  the  s u b s t r a t e   to  permi t   t h e  

s u b s e q u e n t   s e l e c t i v e   e x t r a c t i o n   of  dye  in  t r e a t e d   y a r n s  

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

which  e x t r a c t i o n   step  has  s u b s t a n t i a l l y   no  v i s i b l e   e f f e c t   on 

a d j a c e n t ,   u n t r e a t e d   yarns  forming  the  p a t t e r n - c o m p l e m e n t a r y  

a reas   of  the  s u b s t r a t e .   The  dye  may  be  app l ied   to  the  y a r n s  

e i t h e r   p r i o r   to  or  f o l l owing   the  t r e a t i n g   or  c o n d i t i o n i n g  

s t ep .   The  ro l e   played  by  the  t r e a t i n g   or  c o n d i t i o n i n g   a g e n t  

in  t h i s   i n v e n t i o n   may  be  t hough t   of  as  being  somewhat  

s i m i l a r   to  t h a t   of  a  c a t a l y s t ,   in  the  sense  t h a t   the  c h o s e n  

s o l v e n t   e x t r a c t s   dye  with  much  g r e a t e r   speed  from  t h e  

t r e a t e d   ya rns   than  from  the  u n t r e a t e d   yarns .   G e n e r a l l y  

s p e a k i n g ,   the  chosen  s o l v e n t s   useful   in  the  p r a c t i c e   of  t h i s  

i n v e n t i o n   w i l l ,   given  s u f f i c i e n t   exposure ,   e x t r a c t   dye  f rom 

u n t r e a t e d   a r eas   as  well  as  t r e a t e d   a r e a s ,   and  perhaps   to  t h e  

same  e x t e n t ,   but  will   not  do  so  at  the  same  r a t e .  

F igure   1  d e p i c t s   a  p i l e   f a b r i c ,   comprised  o f  

t h e r m o p l a s t i c   and  n o n - t h e r m o p l a s t i c   ya rns ,   in  which  h e a t  

c o n d i t i o n i n g   has  caused  thermal   d e f o r m a t i o n ,   in  the  form  o f  

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



yarns ;   dye  has  then  been  s e l e c t i v e l y   e x t r a c t e d   from  t h o s e  

the rma l ly   deformed  f i b e r s .  

Figure  2  d e p i c t s   a  pi le   f a b r i c   in  which  h e a t  

c o n d i t i o n i n g   has  caused  thermal  d e f o r m a t i o n ,   in  the  form  o f  

l o n g i t u d i n a l   s h r i n k a g e ,   to  t u f t s   or  groups  of  t h e r m o p l a s t i c  

p i le   ya rns ;   dye  has  then  been  s e l e c t i v e l y   e x t r a c t e d   f rom 

those  t h e r m a l l y   deformed  yarn  g r o u p s .  

Figure  3  d e p i c t s   a  f l a t   k n i t t e d   f a b r i c   comprised  o f  

t h e r m o p l a s t i c   ya rns   wherein  heat  c o n d i t i o n i n g   has  c a u s e d  

thermal  d e f o r m a t i o n ,   in  the  form  of  mel t ing   and/or   fus ing   o f  

i n d i v i d u a l   y a r n s ;   dye  is  s e l e c t i v e l y   e x t r a c t e d   from  t h e  

deformed  region  of  the  f a b r i c .  

Figure  4  d e p i c t s   a  t e x t i l e   s u b s t r a t e   in  which  dye  has  

been  s e l e c t i v e l y   e x t r a c t e d   from  the  h e a t - t r e a t e d  

diamond-shaped  a r e a s ,   in  accordance  with  the  t e a c h i n g s   o f  

th i s   i n v e n t i o n .  

In  one  p r e f e r r e d   embodiment  of  the  i n v e n t i o n ,   a  t e x t i l e  

f ab r i c   comprised  of  p o l y e s t e r   ( e . g . ,   p o l y e t h y l e n e  

t e r a p h t h a l a t e )   yarns   which  have  been  c o n v e n t i o n a l l y   dyed 

with  a  d i s p e r s e   dye  is  impinged  with  heated  s t reams  o f  

f l u i d ,   for  example,   a i r ,   in  a  p a t t e r n - w i s e   c o n f i g u r a t i o n   by 

an  appa ra tus   s i m i l a r   to  t h a t  d i s c l o s e d   in  commonly  a s s i g n e d  

U.  S.  Patent   A p p l i c a t i o n   Ser ia l   Number  253,135,   r e f e r e n c e d  

above.  This  a p p a r a t u s   is  d i s cus sed   here in   as  merely  one 

example  of  an  a p p a r a t u s   which  may  be  used  to  p r a c t i c e   t h i s  

i n v e n t i o n ;   commonly  ass igned   U.  S.  Pa ten t   No.  4 , 3 6 4 , 1 5 6 ,  



also  i n c o r p o r a t e d   by  r e f e r e n c e   h e r e i n ,   f u r t h e r   de f ines   a 

man i fo ld   which  may  prove  advan tageous   when  used  i n  

c o n j u n c t i o n   with  the  a p p a r a t u s   of  U.  S.  Patent   A p p l i c a t i o n  

S e r i a l   No.  253 ,135.   It  is  b e l i e v e d   any  means  by  which  

a p p r o p r i a t e   amounts  of  heat   may  be  s u i t a b l y   app l i ed   in  a 

p a t t e r n - w i s e   c o n f i g u r a t i o n   to  the  yarns   compris ing  t h e  

s u r f a c e   of  the  t e x t i l e   s u b s t r a t e   to  be  p a t t e r n e d   may  be  

employed.   For  example,   a  l a s e r   beam  of  s u i t a b l e   power  and  

i n t e n s i t y ,   d i r e c t e d   onto  or  over  the  s u b s t r a t e   s u r f a c e   in  a 

p a t t e r n   c o n f i g u r a t i o n ,   may  be  used  i n s t ead   of  heated  a i r  

s t r e a m s .  

It   is  t h e o r i z e d   t h a t ,   where  thermal  energy  is  used  t o  

c o n d i t i o n   the  y a r n s ,   the  heat   tends   to  induce  a  dec rease   i n  

the  i n t e r n a l   o r i e n t a t i o n   of  at  l e a s t   p o r t i o n s   of  i n d i v i d u a l ,  

u n t e n s i o n e d   yarns   in  t hose   p a t t e r n   areas   where  the  maximum 

r a t e   of  s o l v e n t   e x t r a c t i o n   of  dye  is  d e s i r e d .   The  d e c r e a s e  

in  o r i e n t a t i o n   is  t hough t   to  promote  the  en t ry   of  t h e  

s o l v e n t   in to   the  yarn  i n t e r i o r ,   perhaps  by  g e n e r a t i n g   v o i d s  

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

a c c e l l e r a t e   the  dye  e x t r a c t i o n   p roces s .   It  is  a l s o  

t h e o r i z e d   t h a t   thermal   c o n d i t i o n i n g   may  tend  to  cause  r a d i a l  

m i g r a t i o n   of  dye  mo lecu l e s   from  the  yarn  i n t e r i o r   toward  t h e  

yarn  s u r f a c e   which,   c o n t r i b u t e s   to  the  observed  a c c e l l e r a t e d  

r a t e   of  dye  e x t r a c t i o n   by  the  s o l v e n t   in  t he rma l ly   t r e a t e d  

y a r n s .   G e n e r a l l y   s p e a k i n g ,   thermal   c o n d i t i o n i n g   o f  

t h e r m o p l a s t i c   ya rns   is  accompanied  by  thermal  de fo rma t ion   o r  



d i s t o r t i o n   of  the  y a r n s ,   e . g . ,   s o f t e n i n g ,   l o n g i t u d i n a l  

s h r i n k i n g ,   me l t ing ,   or  f u s i n g   of  i n d i v i d u a l   ya rns .   These  

e f f e c t s   are  s c h e m a t i c a l l y   d e p i c t e d   on  var ious   s u b s t r a t e s   i n  

F igures   1  through  3.  It  is  b e l i e v e d   maximum  ra tes   o f  

s e l e c t i v e   dye  e x t r a c t i o n   in  a cco rdance   with  the  t e a c h i n g s   o f  

t h i s   i n v e n t i o n   may  be  expec ted   from  those   t h e r m o p l a s t i c  

yarns   or  p o r t i o n s   of  yarns   which  e x h i b i t   such  t h e r m a l l y  

induced  d e f o r m a t i o n s ,   as  compared  with  t h e r m o p l a s t i c   y a r n s  

in  which  no  thermal  d e f o r m a t i o n   is  observed .   However,  such  

s o f t e n i n g ,   s h r i n k i n g ,   m e l t i n g ,   or  f u s i n g ,   or  o ther   r e a d i l y  

o b s e r v a b l e ,   ex te rna l   e f f e c t s   are  not  be l i eved   to  be 

n e c e s s a r y   to  the  p r a c t i c e   of  t h i s   i n v e n t i o n .   The  degree  t o  

which  such  obse rvab le   e f f e c t s   occur   depends  upon  many 

f a c t o r s ,   such  as  the  type  and  c o m p o s i t i o n   of  yarn  used,   t h e  

degree  to  which  the  i n d i v i d u a l   yarns   are  f ree   to  s h r i n k ,   t h e  

na tu r e   of  the  app l ied   hea t ,   e t c .  

It  is  also  be l i eved   t h a t   c o n d i t i o n e d   polymeric   y a r n s  

have  i nc reased   voids  between  a d j a c e n t   polymer  m o l e c u l e s  

w i th in   the  f i b e r s   compris ing   the  y a r n s ,   as  compared  t o  

u n c o n d i t i o n e d   yarns  of  the  same  type ,   the reby   enhancing  t h e  

m i g r a t i o n   ra te   of  so lven t   mo lecu le s   in to   and  out  of  t h e  

y a r n s .  

The  fo l lowing   t a b l e  w a s   p repared   to  quan t i f y   the  e f f e c t s  

of  thermal  c o n d i t i o n i n g   on  one  example  of  a  p o l y e s t e r   y a r n ,  

using  a  p r e f e r r e d   s u i t a b l e   s o l v e n t .   A  package  of  ya rn ,   2 0 / 2  

T-811W  Bright  DACRON  (DACRON  is  a  t rademark   of  D u P o n t ) ,  



m a n u f a c t u r e d   by  Mi l l i ken   &  Company  from  DuPont  p o l y e t h y l e n e  

t e r e p h t h a l a t e   f i b e r ,   was  dyed  in  a  l a b o r a t o r y   package  dye 

machine  us ing  Eastman  P o l y e s t e r   Blue  GLF  (Color  Index  Name 

D i s p e r s e   Blue  27).  Lengths  of  t h i s   yarn  were  heat  t r e a t e d  

by  immersion  for   5  seconds  in  a  f l u i d i z e d   bed,  Model  SBS-2 

d i s t r i b u t e d   by  F i sher   S c i e n t i f i c   Company  of  P i t t s b u r g ,  

P e n n s y l v a n i a ,   over  a  range  from  300°F.  to  500°F. ,   i n  

i n c r e m e n t s   of  25°F.  Measurements  of  l eng th   before   and  a f t e r  

heat   t r e a t m e n t   a l lowed  c a l c u l a t i o n   of  the  pe rcen t   s h r i n k a g e  

at  each  t e m p e r a t u r e .   S tandard   l eng ths   were  then  s o l v e n t  

e x t r a c t e d   by  immersing  them  in  5  ml  of  methylene  c h l o r i d e   a t  

room  t e m p e r a t u r e   for   one  minute  and  then  removing  the  y a r n  

from  the  s o l v e n t .   The  UV-Visible   s p e c t r a   of  these   e x t r a c t s  

were  then  r e co rded   to  y i e l d   the  absorbence   a t t r i b u t e d   to  t h e  

blue  dye  at  a  wave leng th   of  between  592  and  595 

m i l l i m i c r o n s ,   t he reby   g iving  an  i n d i c a t i o n   of  the  amount  o f  

dye  e x t r a c t   by  the  s o l v e n t .  

The  r e s u l t s   are  t a b u l a t e d   be low:  



It  can  be  seen  from  t h i s   t a b l e   t h a t ,   for   t h i s   p a r t i c u l a r  

y a r n / s o l v e n t   system,  the  r a te   of  dye  e x t r a c t i o n   g e n e r a l l y  

i n c r e a s e s   a f t e r   b r i e f   thermal   c o n d i t i o n i n g   at  t e m p e r a t u r e s  

above  about  3000F.,  and  i n c r e a s e s   d r a m a t i c a l l y   a f t e r   b r i e f  

thermal   c o n d i t i o n i n g   at  t e m p e r a t u r e s   ex t end ing   from  a b o u t  

425°F.  to  somewhere  between  about  475°F.  and  500°F . ,   i . e . ,   a 

t e m p e r a t u r e   j u s t   below  the  me l t ing   point   of  t h e  

u n c o n s t r a i n e d   yarn.  Where  the   yarn  is  c o n s t r a i n e d ,   somewhat 

h ighe r   t e m p e r a t u r e s ,   i . e . ,   500°F.  or  above,  may  be  employed 



to  gene ra t e   i n c r e a s e d   s h r i n k a g e   and  i n c r e a s e d   dye  e x t r a c t i o n  

r a t e s .  

Af ter   the  f a b r i c   has  been  s u i t a b l y   heat   t r e a t e d   in  t h e  

d e s i r e d   p a t t e r n   c o n f i g u r a t i o n ,   the  f a b r i c   is  then  exposed  

fo r   a  c o n t r o l l e d   pe r iod   of  time  to  a  s o l v e n t   which,  d u r i n g  

t h a t   time  pe r iod ,   s e l e c t i v e l y   e x t r a c t s   dye  from  the  h e a t  

t r e a t e d   areas   only ,   and  which  has  r e l a t i v e l y   l i t t l e   o r  

s u b s t a n t i a l l y   no  e f f e c t   upon  those   p o r t i o n s   of  the  f a b r i c  

s u r f a c e   which  have  not  been  heat   t r e a t e d   in  accordance   w i t h  

the  t e a c h i n g s   of  t h i s   i n v e n t i o n .   There  is  no  r e q u i r e m e n t  

t h a t   the  heat  t r e a t e d   f a b r i c   be  immedia te ly   exposed  to  t h e  

s o l v e n t ,   or  be  s t o r e d   under  any  p a r t i c u l a r   se t   of  c o n d i t i o n s  

f o l l o w i n g   the  p a t t e r n - w i s e   heat   t r e a t m e n t   of  the  f a b r i c .  

There  is  a lso  no  r e q u i r e m e n t   t h a t   the  f a b r i c   be  dyed  p r i o r  

to  the  p a t t e r n - w i s e   a p p l i c a t i o n   of  heat ;   good  r e s u l t s   may  be 

o b t a i n e d   if  a  f a b r i c   is  f i r s t   s u b j e c t e d   to  the  p a t t e r n - w i s e  

a p p l i c a t i o n   of  hea t ,   then  p iece   dyed,  then  exposed  to  a 

s o l v e n t ,   all   in  s e p a r a t e   i n d e p e n d e n t   s t e p s ,   in  a c c o r d a n c e  

with  the  t e a c h i n g s   of  t h i s   a p p l i c a t i o n .   Because  under  s u c h  

c o n d i t i o n s   the  heat  t r e a t e d   a reas   tend  to  pick  up  more  dye 

than  the  u n t r e a t e d   a r e a s ,   e x t r a c t i o n   times  may  be  e x t e n d e d ,  

because   more  dye  may  be  r e q u i r e d   to  be  e x t r a c t e d . .  

Any  s u i t a b l e   s o l v e n t   may  be  used.  Solvents   which  have 

been  used  with  f a b r i c s   c o n t a i n i n g   p o l y e s t e r   yarns  which  were  

dyed  using  d i s p e r s e   dyes  i n c l u d e   hot  p e r c h l o r o e t h y l e n e   and 

1 , 1 , 1 - t r i c h t o r o e t h a n e .   Other  s o l v e n t s   which  may  be  found  t o  



be  s a t i s f a c t o r y   may  be  found  in  Table  II  of  the  t e c h n i c a l  

a r t i c l e   " I n t e r a c t i o n s   of  Nonaqueous  So lven t s   with  T e x t i l e  

F i b e r s  -   Part  I:  E f fec t s   of  Solvents   on  the  M e c h a n i c a l  

P r o p e r t i e s   of  a  P o l y e s t e r   Yarn"  by  A.  S.  R i b n i c k ,   H . - D .  

Weigmann,  and  L.  Rebenbeld,   appear ing   in  the  T e x t i l e  

Research  J o u r n a l ,   December  1972,  at  pages  720-726  (Table  I I  

at  page  722)  as  well  as  in  Table  I  of  the  t e c h n i c a l   a r t i c l e  

" I n t e r a c t i o n s   of  Nonaqueous  Solvents   with  T e x t i l e   F i b e r s  -  

Par t   II:  A p p l i c a t i o n   of  the  S o l u b i l i t y   Pa rame te r   Concept  t o  

P o l y e s t e r   F i b e r - S o l v e n t   I n t e r a c t i o n s "   by  B.  H.  Knox,  H.-D.  

Weigmann,  and  M.  G.  S c o t t ,   appear ing   in  the  T e x t i l e   R e s e a r c h  

J o u r n a l ,   March,  1975  at  pages  203-217  (Table  I  at  206);   t h e  

c o n t e n t s   of  these   two  t ab l e s   are  hereby  e x p r e s s l y  

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

A  p r e f e r r e d   so lven t   for  p o l y e s t e r   y a r n / d i s p e r s e   dye 

combina t ions   is  methylene  c h l o r i d e ,   which  may  be  used  a t  

room  t e m p e r a t u r e   and  which  is  capable   of  e x t r a c t i n g  

s u b s t a n t i a l   q u a n t i t i e s   of  d i s p e r s e   dye  from  p a t t e r n - w i s e  

heat   t r e a t e d   p o l y e s t e r   r e l a t i v e l y   qu i ck ly .   In  one  

embodiment,   p o l y e s t e r - c o n t a i n i n g   f a b r i c   which  has  been  h e a t  

t r e a t e d   in  a  p a t t e r n - w i s e   c o n f i g u r a t i o n   may  be  immersed  in  a 

bath  of  methylene  c h l o r i d e   at  room  t e m p e r a t u r e   and  a g i t a t e d  

for   a  shor t   per iod   of  time  to  assure   proper   c i r c u l a t i o n   o f  

the  so lven t   in  the  v i c i n i t y   of  the  yarns  compr i s i ng   t h e  

p a t t e r n e d   areas   of  the  f a b r i c .   The  methylene   c h l o r i d e  

s o l v e n t   can,  in  a  mat te r   of  30  to  60  seconds  or  l e s s ,  



e x t r a c t   s u b s t a n t i a l l y   a l l   the  v i s i b l e   dye  from  those   p a t t e r n  

a r e a s   of  the  f a b r i c   which  have  been  h e a v i l y   heat  t r e a t e d .  

During  the  same  time  p e r i o d ,   the  s o l v e n t   wi l l   e x t r a c t  

v i s a b l y   less   dye  from  p a t t e r n   a r e a s ,   or  p o r t i r o n s   o f  

i n d i v i d u a l   y a r n s ,   which  have  been  l ess   h e a v i l y   t r e a t e d ,  

i . e . ,   exposed  to  lower  t e m p e r a t u r e s ,   and  wi l l   e x t r a c t  

s u b s t a n t i a l l y   no  dye  from  those   a reas   or  y a r n s ,   or  p o r t i o n s  

of  y a r n s ,   which  have  not  been  heat   t r e a t e d .   Using  warm  o r  

hot  methylene  c h l o r i d e   s o l v e n t   produces   the  same  s e l e c t i v e  

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

t ime  p e r i o d   v i r t u a l l y   complete   dye  e x t r a c t i o n   may  be 

a c h i e v e d   in  heav i ly   p a t t e r n e d   areas   in  a  m a t t e r   of  a  few 

s e c o n d s .   It  must  be  remembered  t h a t   i f   s o l v e n t   e x p o s u r e  

t ime  is  not  moni tored   c a r e f u l l y ,   comple te   dye  e x t r a c t i o n  

w i l l   occur   in  l i g h t l y   t r e a t e d   or  n o n - t r e a t e d   areas   as  w e l l .  

Means  o ther   than  immersion  may  be  used  to  br ing  t h e  

f a b r i c   into  c o n t a c t   with  the  s o l v e n t   i f   d e s i r e d ,   e . g . ,   t h e  

s o l v e n t   may  be  sprayed  on  the  f a b r i c .   I t   is  a l s o  

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

p h y s i c a l   a g i t a t i o n   of  the  y a r n s ,   to  wash  dye  s a t u r a t e d  

s o l v e n t   from  the  s u r f a c e   may  be  used  to  f a c i l i t a t e   t h e  

e x t r a c t i o n   p rocess .   Means  for   h a l t i n g   s o l v e n t   a c t i on   may 

va ry .   Most  s impley ,   of  c o u r s e ,   the  s o l v e n t   may  be  washed  o r  

o t h e r w i s e   removed  from  the  s u b s t r a t e   s u r f a c e   a f t e r   t h e  

d e s i r e d   " r e s idence   time"  or  exposure   time  has  p a s s e d .  



It  is  p r e f e r r e d   t ha t   the  chosen  so lven t   be  one  which  i s  

not  r e a d i l y   f l ammable ,   and  of  course  should  be  one  which  i s  

n e i t h e r   g r o s s l y   tox ic   to  humans  nor  d e s t r u c t i v e   to  the  y a r n s  

used.  It  is  b e l i e v e d   tha t   s u i t a b l e   s o l v e n t s   should  be 

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

pa ramete r   (  )  which  is  a p p r o p r i a t e   to  the  yarn  o f  

i n t e r e s t .   It  has  been  found,  for   example,   t ha t   for   y a r n s  

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

10 .7) ,   workable  s o l v e n t s   should  have  h i l d e b r a n d   s o l u b i l i t y  

pa ramete r   va lues   w i th in   the  range  of  about  8  to  about  14. 

So lvents   having  va lues   c l o s e s t   to  10.7  do  not  n e c e s s a r i l y  

r e s u l t   in  maximum  dye  e x t r a c t i o n   r a t e s   and  are  n o t  

n e c e s s a r i l y   p r e f e r r e d   over  o ther   s o l v e n t s   having  more 

extreme  v a l u e s .   Fac to r s   such  as  the  s ize   and  t h e r e f o r e   t h e  

a c c e s s i b i l i t y   of  the  so lven t   molecule  r e l a t i v e   to  the  v o i d s  

between  the  polymer  chains   wi th in   the  f i b e r s   which  make  up 

the  yarn  must  be  accommodated.  High  s o l v e n t   m i g r a t i o n   r a t e s  

are  d e s i r a b l e .   So lven t s   having  values   s u b s t a n t i a l l y   h i g h e r  

or  lower  than  10.7  may  i n t e r a c t   qu i t e   well  with  d i f f e r e n t  

p o r t i o n s   of  the  p o l y e t h y l e n e   t e r a p h t h a l a t e   molecule   and 

produce  high  dye  e x t r a c t i o n   r a t e s .   It  has  been  found  t h a t  

s u i t a b l e   s o l v e n t s   having  s o l u b i l i t y   pa ramete r   values   be tween  

about  9  and  about  10,  and  also  between  a b o u t . 1 1 . 5   to  a b o u t  

13,  o f ten   work  qu i t e   w e l l ;  s u i t a b l e   s o l v e n t s   from  the  f o r m e r  

group  tend  to  i n t e r a c t   well  w i t h  t h e   a romat ic   p o r t i o n   of  t h e  

p o l y e t h y l e n e   t e r a p h t h a l a t e   molecule ,   while  s o l v e n t s   from  t h e  



l a t t e r   group  tend  to  i n t e r a c t   well  with  the  a l i p h a t i c  

p o r t i o n   of  t h a t   m o l e c u l e .  

The  f o l l o w i n g   Examples  are  i n t ended   to  d e s c r i b e  

p a r t i c u l a r   a p p l i c a t i o n s   of  the  i n v e n t i o n ,   and  are  n o t  

i n t e n d e d   to  be  l i m i t i n g .   The  device   used  to  p a t t e r n   t h e  

f a b r i c   with  s t reams  of  heated   or  hot  a i r   was  s i m i l a r   t o  

those   d e v i c e s   d i s c l o s e d   in  commonly  a s s i g n e d   U.  S.  P a t e n t  

A p p l i c a t i o n   Se r i a l   No.  253,135  and  U.  S.  Pa t en t   No. 

4 , 3 6 4 , 1 5 6 ,   r e f e r e n c e d   and  made  a  pa r t   of  t h i s   d i s c l o s u r e  

h e r e i n a b o v e .  

Example  1 

A  100%  p o l y e s t e r   napped  p i l e   f a b r i c   having  a  weight   o f  

10  oz.  per  square   ya rd ,   i d e n t i f i e d   by  M i l l i k e n   &  Company  a s  

S t y l e   8301,  was  c o n v e n t i o n a l l y   dyed  with  d i s p e r s e   dyes  t o  

give  a  un i form  medium  brown  c o l o r .   The  f a b r i c   was  t h e n  

t r e a t e d   with  s t reams  of  hot  a i r   from  the  hea ted   a i r   d e v i c e  

d e s c r i b e d   he re inabove   to  g e n e r a t e   a  s c u l p t u r e d   p i l e   f a b r i c  

having  a  pin  dot  a r ray   of  d e p r e s s e d ,   t h e r m a l l y   s h r u n k e n  

y a r n s .   The  f a b r i c   speed  in  the  device   was  6.5  ypm;  t h e  

m a n i f o l d   a i r   t e m p e r a t u r e   was  about   670°F.  The  c o l o r a t i o n   i n  

the  s c u l p t u r e d   p r i o r   to  exposure   to  the  s o l v e n t   areas   was 

s l i g h t l y   d a r k e r   than  in  the  background  a r e a ,   where  the  p i l e  

remained  s u b s t a n t i a l l y   e r e c t .   The  p a t t e r n e d   f a b r i c   was 

immersed  in  a  bath  of  methylene   c h l o r i d e   at  23°C.  for   one 

m i n u t e ,   removed,  and  d r i ed   in  a  s t ream  of  room  t e m p e r a t u r e  



a i r .   When  comple t e ly   dry  the  f a b r i c   e x h i b i t e d   a  p a t t e r n   o f  

very  l i g h t   brown  s c u l p t u r e d   dots  on  a  background  

s u b s t a n t i a l l y   unchanged  in  co lo r .   The  c o n t r a s t   e x h i b i t e d   by 

the  p a t t e r n   a reas   on  the  t r e a t e d   sample  was  e x c e l l e n t ,   and 

the  p a t t e r n   was  very  easy  to  see  from  any  a n g l e .  

Example  2 

A  44  gauge  double  needle   bar  r a sche l   kni t   p o l y e s t e r   p i l e  

f a b r i c ,   i d e n t i f i e d   by  Mi l l i ken   &  Company  as  Style   6590 

having  a  weight   of  a p p r o x i m a t e l y   9  o z . / y d . 2   was  dyed  with  a 

d i s p e r s e   dye  to  give  a  uniform  deep  blue  c o l o r .   This  f a b r i c  

was  t r e a t e d   with  s t reams  of  hot  a i r   using  the  d e v i c e  

d i s c l o s e d   above  to  y i e l d   a  dot  a r ray   of  t h e r m a l l y   s h r u n k e n  

p i l e .   The  f a b r i c   speed  in  the  device  was  25  ypm;  t h e  

manifold   a i r   t e m p e r a t u r e   was  about  820°F.  When  t r e a t e d   w i t h  

methylene  c h l o r i d e   as  d e s c r i b e d   above  for  1  minute ,   removed 

and  a i r   d r i e d ,   the  f i na l   p roduct   e x h i b i t e d   a  un i formly   deep  

blue  f i e l d   with  a  s u b s t a n t i a l l y   white  pin  dot  a r r a y ,  

c o r r e s p o n d i n g   e x a c t l y   to  the  shrunken  p i l e   a r e a s ,  

superimposed  t h e r e o n .  

Example  3 

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

by  Mi l l iken   &  Company  as  S ty le   180  having  a  weight  o f  

app rox ima te ly   5  o z . / y d . 2   was  dyed  to  a  uniform  green  c o l o r  

with  d i s p e r s e   dye.  The  f a b r i c   was  t r e a t e d   with  streams  o f  



hot  a i r   in  p a t t e r n   c o n f i g u r a t i o n   using  the  a b o v e - r e f e r e n c e d  

dev ice .   The  f a b r i c   speed  in  the  device  was  7  ypm;  t h e  

mani fo ld   a i r   t e m p e r a t u r e   was  about  700°F.  A  s c u l p t u r e d  

image  was  o b t a i n e d   which  was  d i f f i c u l t   to  read  at  all   a n g l e s  

of  l i g h t .   The  f a b r i c   was  then  dipped  in  methylene  c h l o r i d e  

at  23°C.  fo r   30  seconds ,   removed  and  d r ied   with  a  s t ream  o f  

cool  a i r   to  y i e l d   a  h ighly   c o n t r a s t i n g   design  of  w h i t e  

a g a i n s t   a  green  background  tha t   was  much  more  r e adab l e   t h a n  

the  u n t r e a t e d   p a t t e r n e d   f a b r i c .  

Example  4  

A  100%  p o l y e s t e r   kn i t   f a b r i c   ( i n t e r l o c k )   manufac tu red   by 

M i l l i k e n   &  Company  and  i d e n t i f i e d   as  S ty le   2651  having  a 

weight  of  3.0  o z . y d . 2   was  eyed  to  a  deep  blue  shade  u s i n g  

d i s p e r s e   dye  and  imaged  by  computer  c o n t r o l l e d   s t reams  o f  

heated  a i r   us ing   the  a b o v e - r e f e r e n c e d   dev ice .   The  f a b r i c  

speed  in  the  dev ice   was  3.75  ypm;  the  manifo ld   a i r  

t e m p e r a t u r e   was  about  820°F.  P r io r   to  exposure   to  t h e  

s o l v e n t ,   the  image  was  da rke r   in  the  heated  a rea .   When 

dipped  in  me thy lene   c h l o r i d e   at  23°C.  for   30  seconds  and  a i r  

d r i e d ,   the  imaged  area  became  l i g h t e r .   A  second  po r t i on   o f  

the  same  f a b r i c ,   s i m i l a r l y   p a t t e r n e d   and  exposed  t o  

methylene   c h l o r i d e   for   60  seconds ,   e x h i b i t e d   c o n t r a s t   which 

was  even  g r e a t e r ,   with  the  co lor   of  the  unimaged  a r e a  

remain ing   c o n s t a n t .  



Example  5  

A  woven  f a b r i c   c o n t a i n i n g   an  i n t ima te   blend  of  p o l y e s t e r  

and  cot ton  in  the  r a t i o  6 5 / 3 5   manufac tured   by  Mi l l iken   & 

Company  and  i d e n t i f i e d   as  S ty le   2602,  weighing  a p p r o x i m a t e l y  

4.75  oz . /yd .   was  union  dyed  to  a  navy  blue  shade.  The 

f a b r i c   was  imaged  with  hot  a i r   s t reams  to  y i e l d   a  diamond 

p a t t e r n   with  f l ower s   in  the  c e n t e r ,   using  t h e  

a b o v e - r e f e r e n c e d   dev i ce .   The  f a b r i c   speed  in  the  device  was 

6  ypm;  the  mani fo ld   a i r   t e m p e r a t u r e   was  about  700°F.  On  t h e  

dark  navy  f a b r i c ,   t h e r e   was  only  s l i g h t   c o n t r a s t   between  t h e  

imaged  and  the  unimaged  a r e a s .   Af ter   d ipping   in  m e t h y l e n e  

c h l o r i d e   at  23°C.  for   1  minute ,   the  dye  was  e x t r a c t e d   f rom 

the  p o l y e s t e r   yarns   t h a t   had  been  t h e r m a l l y   t r an fo rmed   by 

the  hot  a i r   while  the  dye  in  the  co t ton   f i b e r s   r ema ined  

u n a f f e c t e d .   The  r e s u l t   was  a  l i g h t   blue  p a t t e r n   on  a  d a r k e r  

navy  background  due  to  e x t r a c t i o n   of  the  dye  wi th in   t h e  

p o l y e s t e r   f i b e r s .  

Example  6 

A  napped  woven  f a b r i c   c o n t a i n i n g   a  d i s p e r s e - d y e a b l e  

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

c a t i o n i c - d y e a b l e   p o l y e s t e r   yarn  in  the  warp  d i r e c t i o n   was 

woven  in  such  a  way  t h a t ,   a f t e r   c r o s s - d y e i n g ,   n a p p i n g  

c rea ted   a  s c u l p t u r e d   e f f e c t   c o n s i s t i n g   of  s q u a r e - s h a p e d  

non-p i l e   a r e a s ,   a p p r o x i m a t e l y   0.1  inches  per  s ide ,   which  

appeared  black  ( c a t i o n i c   dye)  in  a  f i e l d   of  grey  ( d i s p e r s e d  



dyed  nap).   The  f a b r i c   was  manufac tu red   by  Mi l l i ken   & 

Company  and  i d e n t i f i e d   as  S ty l e   8317  having  a  weight   o f  

a p p r o x i m a t e l y   10  o z . / y d . 2 .   The  f a b r i c   was  imaged  with  a 

s t ream  of  hot  a i r   us ing   the  a b o v e - r e f e r e n c e d   dev ice .   The 

f a b r i c   speed  in  the  dev i ce   was  6.75  ypm;  the  mani fo ld   a i r  

t e m p e r a t u r e   was  about  670°F.  The  f a b r i c   was  immersed  i n  

methy lene   c h l o r i d e   at  23°C.  for   1  minute,   then  d r i e d .   The 

r e s u l t i n g   p a t t e r n   showed  a  h igh ly   c o n t r a s t i n g   white   p a t t e r n  

a r e a ,   and  a  b lack  pin  dot  on  a  grey  background.   The 

r e s u l t i n g   e f f e c t   was  m u l t i c o l o r   and  showed  good  c o n t r a s t  

with  the  c a t i o n i c   dye  removed  to  a  much  l e s s e r   e x t e n t ,   i f   a t  

a l l ,   by  the  s o l v e n t   e x t r a c t i o n   p r o c e s s .  

Example  7 

A  woven  p o l y e s t e r   f a b r i c   having  both  c a t i o n i c - d y e a b l e  

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

i d e n t i f i e d   as  S ty l e   8327  having  a  weight  of  9.5  o z . / y d . 2   was 

c r o s s - d y e d   and  then  p a t t e r n e d   with  a  stream  of  hea ted   a i r   a t  

760°F.  in  the  a b o v e - r e f e r e n c e d   device .   Fabric  speed  was 

6.75  ypm.  The  p a t t e r n e d   f a b r i c   was  then  dipped  in  m e t h y l e n e  

c h l o r i d e   for   1  minute  at  23°C.  Af ter   1  minute  the  s amp le  

was  removed  and  d r i e d .   It  showed  s t rong  c o n t r a s t   where  t h e  

hot  a i r   had  impinged ,   g iv ing   very  l i g h t   diagonal   blue  l i n e  

p a t t e r n   a g a i n s t   a  f i e l d   of  medium- to-dark   blue  y a r n s .  



Example  8 

The  f a b r i c   of  Example  1  was  s i m i l a r l y   t r e a t e d   with  h o t  

a i r .   The  t r e a t e d   f a b r i c   was  then  immersed  for   5  seconds  i n  

a  bath  of  methylene  c h l o r i d e   heated  to  35°C.  The  r e s u l t s  

a f t e r   removal  from  the  s o l v e n t   and  drying  were  s u b s t a n t i a l l y  

i d e n t i c a l   to  those  achieved  in  Example  1.  

Example  9 

The  procedures   of  Example  1  were  f o l l o w e d ,   except   t h a t  

ace tone   heated  to  53°C.  was  s u b s t i t u t e d   for   m e t h y l e n e  

c h l o r i d e .   The  r e s u l t s   were  s i m i l a r   to  those   ach ieved   i n  

Example  1.  

Example  10 

The  procedures   of  Example  1  were  f o l l o w e d ,   excep t   t h a t  

1 , 1 , 1 - t r i c h t o r o e t h a n e   at  70°C.  was  s u b s t i t u t e d   for   t h e  

methylene   c h l o r i d e .   The  r e s u l t s   were  s i m i l a r   to  t h o s e  

ach ieved   in  Example  1. 

Example  11 

The  procedures   of  Example  1  were  f o l l o w e d ,   excep t   t h a t  

p e r c h l o r o e t h y l e n e   at  95°C.  was  s u b s t i t u t e d   for  the  m e t h y l e n e  

c h l o r i d e ,   and  the  exposure  time  was  ex tended   to  5  m i n u t e s .  

The  r e s u l t s   were  s i m i l a r   to  those  ach ieved   in  Example  1. 



Example  12 

The  p r o c e d u r e s   of  Example  1  were  fo l lowed ,   except   t h a t  

e thanol   at  73°C.  was  s u b s t i t u t e d   for  the  methylene  c h l o r i d e ,  

and  the  exposure   time  was  ex tended   to  5  minu tes .   A  v e r y  

s l i g h t   change  in  the  v i s u a l   dye  c o n c e n t r a t i o n   was  o b s e r v e d  

in  the  t r e a t e d   a r e a s .  

Example  13 

The  p r o c e d u r e s   of  Example  1  were  f o l l owed ,   except   t h a t  

the  heat   t r e a t m e n t   with  hot  a i r   s t reams  was  done  p r i o r   t o  

c o n v e n t i o n a l   dye ing .   The  r e s u l t i n g   f a b r i c   c o n t a i n e d   d a r k  

brown  dots  on  a  medium  brown  f i e l d .   Exposure  of  t h e  

p a t t e r n e d   f a b r i c   to  me thy lene   c h l o r i d e   for   one  minute  a t  

23°C.  r e s u l t s   in  a  n o t i c e a b l e   v i sua l   l i g h t e n i n g   of  the  d o t  

a r e a s .   F u r t h e r   e x p o s u r e ,   fo r   a  t o t a l   exposure   time  of  5 

m i n u t e s ,   r e s u l t e d   in  a  f a b r i c   e x h i b i t i n g   l i g h t   beige  dots  on 

a  medium  brown  f i e l d .  



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

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

c o m p r i s e s  :  

(a)  s e l e c t i v e l y   a p p l y i n g   a  t r e a t m e n t   to   p a t t e r n   a r e a s  

on  s a i d   s u r f a c e   to  e n h a n c e   t h e   e x t r a c t a b i l i t y   of  a  d y e  

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

a r e a s ;  

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

dye  c o n t a i n e d   in   s a i d   y a r n s   w i t h i n   t h e   t r e a t e d   a r e a s  

a t   a  s i g n i f i c a n t l y   f a s t e r   r a t e   t h a n   dye  f rom  u n t r e a t e d  

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

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

d e g r e e   of  dye  e x t r a c t i o n   in   s a i d   p a t t e r n   and  p a t t e r n -  

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

2.  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   s a i d  

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

o r i e n t a t i o n   of  t r e a t e d   y a r n s   w i t h i n   s a i d   p a t t e r n   a r e a s .  

3.  A  m e t h o d   a c c o r d i n g   to   c l a i m   1  o r   2.  in   w h i c h   s a i d  

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

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   s a i d   h e a t  

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

s a i d   s e l e c t e d   a r e a s .  

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

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

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

c o n f i g u r a t i o n .  

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

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

s u b s t r a t e   s u r f a c e   in   p a t t e r n   w i s e   c o n f i g u r a t i o n .  



7.  A  m e t h o d   a c c o r d i n g   t o   any  of  c l a i m s   3  t o   6,  i n  

w h i c h   s a i d   y a r n s   a r e   dyed   p r i o r   t o   s a i d   t r e a t m e n t .  

8.   A  m e t h o d   a c c o r d i n g   to   any  of  c l a i m s   3  t o   6,  i n  

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

b e f o r e   s a i d   s o l v e n t   e x t r a c t i o n .  

9.   A  m e t h o d   a c c o r d i n g   t o   any  p r e c e d i n g   c l a i m ,   i n  

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

p e r c h l o r o e t h a n e   and  1 , 1 , 1 - t r i c h l o r o e t h a n e .  

1 0 .   A  m e t h o d   a c c o r d i n g   to   any  p r e c e d i n g   c l a i m ,   i n  

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

s o l v e n t   s e l e c t i v e l y   e x t r a c t s   a  v i s u a l l y   s i g n i f i c a n t  

q u a n t i t y   of  s a i d   dye  c o n t a i n e d   in   t h e   t r e a t m e n t  

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

s i g n i f i c a n t   q u a n t i t y   of  dye  i s   e x t r a c t e d   f rom  u n t r e a t e d  

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

1 1 .   A  m e t h o d   a c c o r d i n g   t o   any  p r e c e d i n g   c l a i m ,   i n  

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

t e r e p h t h a l a t e   dyed   w i t h   a  d i s p e r s e   d y e .  

1 2 .   A  m e t h o d   a c c o r d i n g   t o   c l a i m   11,   in   w h i c h   s a i d   d y e d  

y a r n s   in   s e l e c t e d   p a t t e r n   a r e a s   a r e   h e a t e d   t o   a  

t e m p e r a t u r e   w i t h i n   t h e   r a n g e   of   1 6 3 °   t o   2 6 0 o C ,   and  s a i d  

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

8  t o   14  h i l d e b r a n d s .  

1 3 .   A  p a t t e r n e d   t e x t i l e   s u b s t r a t e ,   in   w h i c h   t h e  

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

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

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

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

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

d e f o r m e d   y a r n s .  



14.   A  t e x t i l e   a c c o r d i n g   to   c l a i m   13,  in   w h i c h   s a i d  

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

l e a s t   a  s e g m e n t   is   l o n g i t u d i n a l l y   s h r u n k e n .  

15.  A  t e x t i l e   a c c o r d i n g   to   c l a i m   14,  in   w h i c h   s a i d  

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

l e a s t   a  p o r t i o n   n e a r   t h e   t i p   i s   s h r u n k e n .  

16.   A  t e x t i l e   a c c o r d i n g   t o   c l a i m   13  o r   14 ,   i n   w h i c h  

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

y a r n s   c o n t a i n   l e s s   dye  p e r   u n i t   l e n g t h   t h a n   u n s h r u n k e n  

p o r t i o n s   of  s a i d   y a r n s .  

17.   A  t e x t i l e   a c c o r d i n g   t o   c l a i m   13,   in   w h i c h   s a i d  

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

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

18.   A  t e x t i l e   s u b s t r a t e   c o n t a i n i n g   a r e a s   d e f i n e d   b y  

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

and  f u r t h e r   c o n t a i n i n g   a r e a s   d e f i n e d   by  p o l y e s t e r   y a r n s  
w h i c h   c o n t a i n   s u b s t a n t i a l l y   no  dye ,   s a i d   l a t t e r   a r e a s  

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

f o r m e r   a r e a s   t o   d e f i n e   t h e   p a t t e r n   a r e a s   on  s a i d  

s u b s t r a t e   s u r f a c e .  
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