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©  Apparatus  and  method  for  visual  surface  effect  enhancement. 
@  Method  and  apparatus  for  pressurized  fluid  stream 
treatment  of  the  surface  of  a  relatively  moving  textile 
substrate  to  impart  visual  surface  changes,  particularly 
controlled  changes  in  visual  contrast  due  to  bubble  forma- 
tion  within  individual  constituent  fibers  thereto.  The  appar- 
atus  includes  a  fluid  discharge  manifold  30  with  discharge 
slot  32  disposed  across  the  path  of  relative  movement  of  the 
substrate  to  discharge  pressurized  heated  fluid,  such  as  air, 
in  one  or  more  narrow  discrete  streams  into  the  surface  of 
substrate  10.  A  temperature  pre-conditioning  means  2  to 
modify  the  temperature  of  the  increasing  substrate  surface 
as  well  as  a  moisture  pre-conditioning  means  8  is  positioned 
ahead  of  the  discharge  slot.  Heated  pressurized  fluid  streams 
strike  the  pre-conditioned  surface  of the  substrate  containing 

thermoplastic  fibers  which  are  at  a  pre-determined  tempera- 
ture  and  which  have  a  controlled  amount  of  moisture 
therein,  causing  the  formation  of  light-reflecting  bubbles 
within  the  fibers,  which  changes  the  appearance  of  areas  of 
the  fabric  surface  by  enhancing  the  relative  visual  contrast 
level  of  the  modified  areas  of  the  substrate  compared  with 
the  untreated  areas.  The  process  may  be  repeated  using 
different  pre-conditioning  values,  resulting  in  areas  which 
have  a  contrast  level  which  is  different  from  untreated  and 
previously  treated  areas. 



This  i nven t ion   r e l a t e s   to  improved  method  and 

a p p a r a t u s   for  p r e s s u r i z e d   f l u i d   stream  t r e a t m e n t   o f  

r e l a t i v e l y   moving  m a t e r i a l s   to  provide  v isual   s u r f a c e  

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

p r e - s e l e c t e d   l eve l s   of  v i sua l   c o n t r a s t   t h e r e i n ,   as  we l l  

as  to  novel  p roducts   produced  t h e r e b y .  

As  used  h e r e i n ,   the  term  " f l u i d "   inc ludes   g a s e o u s ,  

l i q u i d ,   and  so l id   f l u e n t   m a t e r i a l s   which  may  be  d i r e c t e d  

in  a  cohesive   p r e s s u r i z e d   s t ream  or  streams  a g a i n s t   t h e  

su r f ace   of  a  s u b s t r a t e   m a t e r i a l .   The  term  " g a s "  

i nc ludes   a i r ,   steam,  and  o the r   gaseous  or  v a p o r o u s  

media,  or  mixtures   t h e r e o f ,   which  may  be  d i r e c t e d   in  a 

cohes ive   p r e s s u r i z e d   s t ream  or  s t reams .   The  t e r m  

" s u b s t r a t e "   is  in tended   to  de f ine   any  m a t e r i a l ,   t h e  

su r f ace   of  which  may  be  c o n t a c t e d   by  a  p r e s s u r i z e d  

stream  or  streams  of  f l u i d   to  impart  a  change  in  t h e  

v isual   appearance  t h e r e o f .   A  t h e r m a l l y   m o d i f i a b l e  

s u b s t r a t e   is  any  m a t e r i a l   having  a  su r face   which  may  be 

modif ied  in  terms  of  s h r i n k i n g ,   me l t i ng ,   or  o t h e r  

physica l   change  as  a  r e s u l t   of  heat  a p p l i c a t i o n .  

Subs t r a t e s   p a r t i c u l a r l y   s u i t e d   for  p r e s s u r i z e d  

heated  f lu id   stream  t r e a t m e n t   with  the  method  and 

appa ra tus   of  the  p r e s e n t   i n v e n t i o n   are  t e x t i l e   f a b r i c  



c o n s t r u c t i o n s ,   and,  more  p a r t i c u l a r l y ,   t e x t i l e   f a b r i c s  

c o n t a i n i n g   t h e r m o p l a s t i c   yarn  and/or   f i b e r   components  

wherein  p r e s s u r i z e d   heated  f l u i d   stream  t r e a t m e n t   of  t h e  

s u r f a c e   of  the  f a b r i c   causes  thermal  m o d i f i c a t i o n   of  t h e  

yarns   or  f i b e r s   to  produce  a  d e s i r e d   su r f ace   e f f e c t   o r  

p a t t e r n   t h e r e i n .  

As  used  h e r e i n ,   the  term  t e x t i l e   f a b r i c   i s  

i n t ended   to  inc lude   all   types  of  con t inuous   o r  

d i s c o n t i n u o u s   webs  or  shee t s   c o n t a i n i n g   f i b e r   or  y a r n  

components ,   such  as  k n i t t e d ,   woven,  t u f t e d ,   f l o c k e d ,  

l a m i n a t e d ,   or  non-woven  f a b r i c   c o n s t r u c t i o n s ,   in  which 

p r e s s u r i z e d   heated  f l u i d s   may  impart   a  change  in  t h e  

v i sua l   su r f ace   appearance   of  the  f a b r i c .   Melt  spun 

f i b e r s  o r   yarns  comprise  p o l y e s t e r ,   polyamide,   o r  

p o l y o l e f i n   components.   So lu t ion   spun  f i b e r s   or  y a r n s  

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

f i b e r s   such  as  rayon,   c e l l u l o s e   a c e t a t e ,   and  c e l l u l o s e  

t r i a c e t a t e .   Of  t h e s e ,   m a t e r i a l s   comprised  of  p o l y e s t e r ,  

polyamide ,   p o l y o l e f i n ,   a c r y l o n i t r i l e ,   c e l l u l o s e   a c e t a t e ,  

c e l l u l o s e   t r i a c e t a t e ,   and  u r e t h a n e ,   or  c o m b i n a t i o n s  

t h e r e o f ,   are  c o n s i d e r e d   t h e r m o p l a s t i c .   It  is  f o r e s e e n  

t h a t   m a t e r i a l s   not  inc luded   in  the  above  l i s t   can  be 

shown  to  be  t h e r m o p l a s t i c   or  o the rwi se   t h e r m a l l y  

m o d i f i a b l e   using  the  method  and  appa ra tu s   of  t h i s  



i n v e n t i o n ;   the  above  l i s t   should  not,  t h e r e f o r e ,   be 

c o n s i d e r e d   e x h a u s t i v e .   Fu r the r ,   i t   is  f o r e s e e n   t h a t  

o the r   s u b s t r a t e s   which  are  not  usua l ly   c o n s i d e r e d  

t e x t i l e   f a b r i c s ,   such  as  sheet   s u b s t r a t e s ,   may  be  u sed  

a d v a n t a g e o u s l y ,   and  are  to  be  cons idered   a  t e x t i l e  

m a t e r i a l   for   use  in  connect ion   with  th i s   i n v e n t i o n .  

In  commonly  ass igned   U.  S.  Patent   A p p l i c a t i o n  

Se r i a l   Number  103,329,   f i l e d   December  14,  1979,  and 

253,135,   f i l e d   April  13,  1981,  appara tus   and  me thods  

were  d i s c l o s e d   for   c r e a t i n g   p a t t e r n s   or  o the r   v i s u a l  

s u r f a c e   e f f e c t s   on  a  v a r i e t y   of  s u b s t r a t e s ,   p a r t i c u l a r l y  

t e x t i l e   s u b s t r a t e s ,   using  heated  f l u i d   s t r eams .   A 

method  and  a p p a r a t u s   for  r e g u l a t i n g   the  t e m p e r a t u r e   o f  

the  hea ted   f l u i d   is  found  in  commonly  a s s igned   U.  S.  

Pa ten t   Number  4 , 3 2 3 , 7 6 0 .   Fur thermore ,   improvements  i n  

the  a p p a r a t u s ,   in  p a r t i c u l a r   to  the  heated  gas  m a n i f o l d  

d e s c r i b e d   h e r e i n ,   are  the  sub jec t   of  commonly  a s s i g n e d  

U.  S.  Pa t en t   A p p l i c a t i o n   Ser ia l   Numbers  227,828  and  

227,838,   f i l e d   January   23,  1981,  and  Ser ia l   Number 

282,330,   f i l e d   July  10,  1981.  The  d i s c l o s u r e s   of  a l l  

these   documents  are  hereby  i nco rpo ra t ed   by  r e f e r e n c e  

h e r e i n .  

According  to  the  combined  t each ings   of  t h e  

a b o v e - r e f e r e n c e d   and  i nco rpora t ed   d i s c l o s u r e s ,   v i s u a l  



su r face   e f f e c t s   on  s u b s t r a t e   s u r f a c e s   c o m p r i s i n g  

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

p o l y e s t e r ,   a c r y l o n i t r i l e ,   e tc .   can  be  ob ta ined   by 

s h r i n k i n g   or  deforming  the  t h e r m o p l a s t i c   f i b e r s ,   as  w e l l  

as  by  r e - o r i e n t i n g   i n d i v i d u a l   p i l e   f i b e r s   in  m a t e r i a l s  

having  a  p i le   c o n s t r u c t i o n .   This  p a t t e r n i n g   is  a c h i e v e d  

by  impinging  one  or  more  p r e c i s e l y   de f ined   streams  o f  

heated  a i r   or  o the r   f l u i d   onto  the  s u b s t r a t e   s u r f a c e .  

The  types  of  v isual   s u r f a c e   e f f e c t s   which  can  be 

achieved  by  fo l lowing   the  a b o v e - r e f e r e n c e d   t e a c h i n g s  

i nc lude ,   but  are  not  l i m i t e d   to,   impa r t i ng   a  c o n t o u r e d  

or  s c u l p t u r e d   e f f e c t ,   e . g . ,   impa r t i ng   grooves  into  t h e  

s u b s t r a t e   s u r f a c e ,   impar t ing   a  change  in  the  p e r c e i v e d  

co lor   or  co lo r   d e n s i t y   in  dyed  s u b s t r a t e s ,   and 

combinat ions   of  these   e f f e c t s .   The  above  v isual   e f f e c t s  

are  the  r e s u l t   of  heat  t r e a t i n g   the  f a b r i c .  

S p e c i f i c a l l y ,   the  i n d i v i d u a l   f i b e r s   or  yarns   are  e i t h e r  

permanent ly   shrunk  or  deformed  by  the  heated  a i r ,   or  t h e  

f i b e r s   or  yarns  are  permanent ly   r e - o r i e n t e d   and  h e a t  

s e t ,   or,  most  commonly,  the  v i sua l   e f f e c t s   are  p roduced  

by  a  combinat ion   of  these   two  mechan i sms .  

It  was  found  t ha t   the  degree  of  d e f i n i t i o n   and 

c o n t r a s t   observed  in  the  t r e a t e d   or  p a t t e r n e d   areas  on 

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



a b o v e - r e f e r e n c e d   heated  a i r   p rocess   and  appa ra tu s   was 

not  s a t i s f a c t o r y   in  tha t   the  p a t t e r n e d   areas   l a c k e d  

c o n t r a s t .   A d d i t i o n a l l y ,   the  degree  of  c o n t r a s t   was 

f r e q u e n t l y   non-un i fo rm,   and  not  r e p r o d u c i b l e   from  run  t o  

run  or  e s p e c i a l l y   from  day  to  day.  Because  the  d e s i r e d  

e f f e c t   was  thought   to  be  the  r e s u l t   of  heat  t r e a t m e n t ,  

and  because  the  degree  of  sh r inkage   of  f r e e  

t h e r m o p l a s t i c   yarns   was  known  to  be  a  f u n c t i o n   o f  

i n c r e a s i n g   yarn  t e m p e r a t u r e s   (See  Figure   9),  i t   was 

assumed  tha t   the  i n d i v i d u a l   t r e a t e d   yarns   in  those  a r e a s  

showing  i n s u f f i c i e n t   or  non-uni form  c o n t r a s t   were  b e i n g  

i n s u f f i c i e n t l y   or  non -un i fo rmly   heated  by  the  heated  a i r  

s t r eams .   Much  e x p e r i m e n t a t i o n   was  done  d i r e c t e d   t o  

i n c r e a s i n g   the  t e m p e r a t u r e   of  the  heated  a i r   s t r e a m s  

used  to  t r e a t   the  s u b s t r a t e s .   Various  schemes  t o  

p r e - h e a t   the  s u b s t r a t e   to  some  uniform  t e m p e r a t u r e  

somewhat  below  the  minimum  t e m p e r a t u r e   at  which 

permanent  e f f e c t s   on  the  s u b s t r a t e   are  produced  were  

also  c o n s i d e r e d ,   in  the  b e l i e f   t h a t   o v e r a l l   c o n t r a s t   as  

well  as  c o n t r a s t   u n i f o r m i t y   could  be  improved  by 

i n c r e a s i n g   the  degree  of  heat  t r e a t m e n t   of  the  f i b e r s ,  

by  whatever   means.  

It  has  been  found  tha t   both  i n c r e a s i n g   t h e  

t e m p e r a t u r e   of  the  heated  a i r   s t reams  as  well  a s  



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

were  in  f a c t   i n h i b i t i n g   a  p r i n c i p a l   mechanism  f o r  

c o n t r a s t   d e v e l o p m e n t  -   the  fo rmat ion   of  bubbles   w i t h i n  

the  t r e a t e d   f i b e r s .   By  p r e - c o o l i n g   the  f i b e r s  

immed ia t e ly   p r i o r   to  exposure  to  the  heated  a i r   s t r e a m s ,  

c o n t r a s t   between  t r e a t e d   and  u n t r e a t e d   areas   can  be 

s i g n i f i c a n t l y   improved  in  many  i n s t a n c e s .   This  i s  

p a r t i c u l a r l y   t rue   if   the  design  of  the  a p p a r a t u s   ( e . g . ,  

p r e sence   of  v e n t i l a t i n g   sh rouds ,   e t c . )   and  the  ra te   o f  

s u b s t r a t e   t r a v e l   are  such  t ha t   s i g n i f i c a n t   heat   b u i l d - u p  

occurs   in  the  general   region  of  the  heated  a i r   s t r e a m s  

and  a s s o c i a t e d   a p p a r a t u s ,   r e s u l t i n g   in  even  momentary 

p r e - h e a t i n g   of  the  s u b s t r a t e .   I n c r e a s i n g   t h e  

t e m p e r a t u r e   of  the  t r e a t i n g   a i r   s t reams  tends  t o  

i n c r e a s e   the  t empera tu re   in  t h i s   r e g i o n ,   and  thus  ha s  

the  e f f e c t   of  i n c i d e n t a l l y   p r e - h e a t i n g   the  s u b s t r a t e  

p r i o r   to  the  ac tua l   point   of  t r e a t m e n t   by  the  a i r  

s t r e ams .   :Of  course ,   i n t e n t i o n a l   p r e h e a t i n g   of  t h e  

s u b s t r a t e   a l so   r a i s e s   the  t e m p e r a t u r e   of  the  s u b s t r a t e  

p r i o r   to  the  poin t   of  t r e a t m e n t ,   and  can  be  e q u a l l y  

e f f e c t i v e   in  p r e v e n t i n g   maximum  c o n t r a s t .   Under  c e r t a i n  

c o n d i t i o n s ,   merely  a  modera te ly   high  ambient  room 

t e m p e r a t u r e ,   e . g . ,   85°F. ,   can  have  an  adverse   e f f e c t   on 

s u b s t r a t e   c o n t r a s t   if   i t   serves   to  p r e - h e a t   t h e  

s u b s t r a t e .  



It  has  a l so   been  de termined  that  the  m o i s t u r e  

con ten t   of  the  c o n s t i t u e n t   f i b e r s   at  the  time  o f  

t r e a t m e n t   plays  an  e s s e n t i a l   role  in  the  fo rmat ion   o f  

the  bubbles   which  are  r e s p o n s i b l e   in  large  measure  f o r  

the  observed  v i s u a l   c o n t r a s t .   where,  for  example,  a 

s u b s t r a t e   c o n t a i n i n g   t h e r m o p l a s t i c   f i be r s   has  been  d r i e d  

or  s to red   in  a  r e l a t i v e l y   warm,  dry  place,   t h e  

c o n s t i t u e n t   f i b e r s   of  the  s u b s t r a t e   which  have  been 

t r e a t e d   with  a  sudden  s t ream  of  heated  a i r   as  taught   i n  

the  e a r l i e r   r e f e r e n c e d   documents  do  not  genera te   t h e  

expected  degree  of  c o n t r a s t   when  compared  with  u n t r e a t e d  

areas  of  the  s u b s t r a t e ,   even  if  the  s u b s t r a t e   has  been 

p r e - c o o l e d .  

It  has  been  found  tha t   by  careful   m o i s t u r e  

p r e - c o n d i t i o n i n g   of  the  t h e r m o p l a s t i c   components  of  t h e  

s u b s t r a t e ,   the  m o i s t u r e   level   of  these  components  can  be 

ad jus t ed   to  y i e l d   a  p r e d i c t a b l e   degree  of  b u b b l e  

format ion   dur ing   the  t r e a t m e n t   process  which  r e s u l t s   i n  

a  uniform  level   of  v i sua l   c o n t r a s t .   Assuming  t h e  

p r e - c o o l i n g   s tep  d i s c u s s e d   above  is  used  as  we l l ,   t h e  

degree  of  v i sua l   c o n t r a s t   may  be  enhanced,  which  is  t o  

say  tha t   bubble  f o r m a t i o n   within  i n d i v i d u a l  

t h e r m o p l a s t i c   f i b e r s   is  promoted,  and  the  c o n t r a s t  

r e s u l t i n g   from  the  o v e r a l l   process  is  t h e r e b y .  



e x a g g e r a t e d ,   as  well  as  rendered  complete ly   u n i f o r m  p n d  

r e p r o d u c i b l e .   It  is  be l i eved   tha t   both  c o n t r o l l e d  

mois tu re   p r e - c o n d i t i o n i n g   and  c o n t r o l l e d   t e m p e r a t u r e  

p r e - c o n d i t i o n i n g   of  the  f i b e r s   are  necessa ry   if   v i s u a l  

c o n t r a s t   due  to  bubble  format ion   is  to  be  c o n t r o l l e d   and 

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

e f f e c t s   in  the  r e s u l t i n g   t r e a t e d   area  are  to  be  

m a i n t a i n e d .  

F u r t h e r   d e t a i l s   of  the  i nven t ion   will  become 

apparen t   from  the  fo l lowing   d e t a i l e d   d e s c r i p t i o n   of  t h e  

i n v e n t i o n ,   when  taken  t o g e t h e r   with  the  accompanying  

drawings ,   in  w h i c h :  

Figure  1  is  a  d i ag rammat ic ,   o v e r a l l ,   s i d e  

e l e v a t i o n   view  r e p r e s e n t a t i o n   of  appara tus   fo r   i m p a r t i n g  

v i sua l   su r f ace   e f f e c t s   in  a  moving  s u b s t r a t e   i n  

accordance   with  the  p r e sen t   i n v e n t i o n ;  

Figure  2  is  an  en la rged   diagrammatic   f r o n t  

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

a p p l i c a t o r   s e c t i o n   of  the  appara tus   of  Figure  1 ,  

i l l u s t r a t i n g   an  a r rangement   of  the  component  p a r t s  

t h e r e o f   for  supply ing   heated  p r e s s u r i z e d   gas  to  a  h o t  

gas  d i s t r i b u t i n g   manifold   of  the  a p p l i c a t o r ;  

Figure  3  is  an  en larged  schematic   p e r s p e c t i v e   v iew 

of  a  po r t ion   of  the  hot  gas  d i s t r i b u t i n g   mani fo ld   o f  



Figures   1  and  2,  with  p o r t i o n s   broken  away  shown  i n  

s e c t i o n   to  i l l u s t r a t e   c e r t a i n   of  the  i n t e r i o r  

components ,   i n c l u d i n g   a  shim  member  employed  in  t h e .  

e l o n g a t e   s l o t   of  the  manifold   to  impart   a  d e s i r e d  

s u r f a c e   p a t t e r n   to  the  r e l a t i v e l y   moving  s u b s t r a t e ;  

Figure  4  is  a  schemat ic   s e c t i o n a l   e l e v a t i o n   v iew 

of  the  heated  gas  d i s t r i b u t i n g   mani fo ld   of  Figure  3,  and  

a d d i t i o n a l l y   showing  the  use  of  p r e s s u r i z e d   coo le r   gas  

d i s t r i b u t i o n   means  for  s e l e c t i v e l y   b lock ing   p o r t i o n s   o f  

the  heated  gas  from  e x i t i n g   from  the  manifo ld   to  p r o d u c e -  

a  p a t t e r n e d   appearance   in  the  s u b s t r a t e ;  

Figure  5  is  a  schemat ic   s e c t i o n a l   view  of  a 

po r t i on   of  the  hot  gas  d i s t r i b u t i n g   mani fo ld   shown  i n  

Figure  4,  taken  g e n e r a l l y   along  l ine   V-V  of  Figure  4  and 

looking   in  the  d i r e c t i o n   of  the  a r r o w s ;  

Figure  6  is  a  schemat ic   s e c t i o n a l   e l e v a t i o n   v iew 

of  a  modif ied  form  of  the  hot  gas  man i fo ld ,   with  shim 

member  removed  from  the  hot  gas  d i s t r i b u t i n g   s l o t   of  t h e  

manifold   and  with  only  the  coo le r   gas  d i s t r i b u t i n g   means 

employed  to  cont ro l   the  hot  gas  d i s c h a r g e   from  the  s l o t ;  

Figure  7  is  a  schemat ic   s e c t i o n a l   view  of  p o r t i o n s  

of  the  manifold   of  Figure  6,  taken  g e n e r a l l y   along  l i n e  

V I I - V I I   t h e r e i n ,   and  looking  in  the  d i r e c t i o n   of  t h e  

a r r o w s ;  



Figure  8  is  an  e n l a r g e d   schematic   p e r s p e c t i v e   v iew 

of  a  shim  member  employed  with  the  hot  gas  manifold   t o  

d i s t r i b u t e   the  gas  in  narrow  spaced  streams  onto  t h e  

s u r f a c e   of  a  s u b s t r a t e ;  

Figure   9  is  a  diagram  of  e x p e r i m e n t a l l y   d e t e r m i n e d  

s h r i n k a g e s   for   v a r i o u s   f r ee   ( i . e . ,   un tens ioned   o r  

u n r e s t r a i n e d )   man-made  f i b e r s ,   shown  as  a  f u n c t i o n   o f  

f i b e r   t e m p e r a t u r e ;  

Figure  10  is  a  pho tograph   showing  a  c a r p e t  

s u b s t r a t e   comprised   of  nylon  6,6  f i b e r s   which  has   been 

p a t t e r n e d   in  a cco rdance   with  the  t e ach ings   of  t h i s  

i n v e n t i o n ;  

Figure  11  is  a  p h o t o m i c r o g r a p h ,   taken  through  a 

65X  o p t i c a l   m ic roscope   using  d i r e c t   i l l u m i n a t i o n ,  

r e p r e s e n t i n g   f i b e r s   from  the  u n t r e a t e d ,   v i s u a l l y   d a r k e r  

areas  of  the  s u b s t r a t e   of  Figure  10,  showing  f i b e r s  

which  are  s u b s t a n t i a l l y   unshrunken  and  c o n t a i n i n g   no 

bubbles   of  s u b s t a n t i a l   s i z e ;  

Figure  12  is  a  pho tomic rograph   of  the  f i b e r s   o f  

Figure  11,  taken  th rough  a  65x  op t i ca l   microscope  u s i n g  

t r a n s m i t t e d   i l l u m i n a t i o n ;  

Figure   13  is  a  pho tomic rograph   of  a  p o r t i o n   of  t h e  

f i b e r s   of  Figure   11,  taken  through  a  200x  o p t i c a l  

microscope   using  t r a n s m i t t e d   i l l u m i n a t i o n ;  



Figure  14  is  a  p h o t o m i c r o g r a p h ,   taken  through  a 

65X  o p t i c a l   microscope   using  d i r e c t   i l l u m i n a t i o n ,  

r e p r e s e n t i n g   f i b e r s   from  the  t r e a t e d   area  of  t h e  

s u b s t r a t e   of  Figure  10  which  e x h i b i t s   i n t e r m e d i a t e  

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

with  an  a d j a c e n t   u n t r e a t e d   a rea ,   which  f i b e r s   c o n t a i n  

small  q u a n t i t i e s   of  b u b b l e s ;  

Figure  15  is  a  p h o t o m i c r o g r a p h ,   taken  through  a 

65x  o p t i c a l   microscope   using  t r a n s m i t t e d   i l l u m i n a t i o n ,  

of  nylon  6,6  f i b e r s   taken  from  the  s u b s t r a t e   area  o f  

Figure  14; 

Figure  16  is  a  p h o t o m i c r o g r a p h ,   taken  through  a 

200x  op t i ca l   microscope   using  t r a n s m i t t e d   i l l u m i n a t i o n ,  

of  nylon  6,6  f i b e r s   taken  from  the  s u b s t r a t e   area  o f  

Figure  14; 

Figure  17  is  a  pho tomic rog raph ,   taken  through  a 

65X  op t i ca l   microscope   using  d i r e c t   i l l u m i n a t i o n ,  

r e p r e s e n t i n g   f i b e r s   from  the  t r e a t e d   areas  of  t h e  

s u b s t r a t e   of  Figure  10  which  e x h i b i t   high  c o n t r a s t ,  

i . e . ,   high  r e f l e c t i v i t y   compared  with  an  a d j a c e n t  

u n t r e a t e d   a rea ,   which  f i b e r s   contain   large  q u a n t i t i e s   o f  

. b u b b l e s ;  

Figure  18  is  a  pho tomic rog raph ,   taken  through  a 

65x  op t i ca l   microscope  using  t r a n s m i t t e d   i l l u m i n a t i o n ,  



of  nylon  6,6  f i b e r s   taken  from  the  s u b s t r a t e   of  F i g u r e  

17; 

Figure   19  is  a  p h o t o m i c r o g r a p h ,   taken  through  a 

200x  o p t i c a l   microscope   using  t r a n s m i t t e d   i l l u m i n a t i o n ,  

of  nylon  6,6  f i b e r s   taken  from  the  s u b s t r a t e   of  F i g u r e  

17;  and 

Figure   20  is  a  block  diagram  s c h e m a t i c a l l y  

d e p i c t i n g   an  a p p a r a t u s   on  which  a  s u b s t r a t e   may  be 

moi s tu re   and  t e m p e r a t u r e   p r e - c o n d i t i o n e d   a t  

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

heated  f l u i d   s t ream,   y i e l d i n g   t r e a t e d   areas   having  a 

f i r s t   level   of  v i sua l   c o n t r a s t   compared  with  t h e  

u n t r e a t e d   a r e a s ,   and  then  mo i s tu re   and  t e m p e r a t u r e  

p r e - c o n d i t i o n e d   at  a  d i f f e r e n t   p r e - d e t e r m i n e d   l e v e l ,   and 

s e l e c t i v e l y   t r e a t e d   by  a  second  heated  f l u i d   s t r e a m  

y i e l d i n g   t r e a t e d   areas   having  a  second  level  of  v i s u a l  

c o n t r a s t   compared  with  the  u n t r e a t e d   a r e a s .  

R e f e r r i n g   to  the  d rawings ,   Figure  1  is  a  s c h e m a t i c  

side  e l e v a t i o n   view  of  a  t r e a t i n g   appa ra tu s   which  may  be 

used  in  the  p r e s e n t   i n v e n t i o n .   As  shown 

d i a g r a m m a t i c a l l y ,   an  i n d e f i n i t e   l ength   of  s u b s t r a t e  

m a t e r i a l ,   such  as  a  t e x t i l e   f a b r i c   10,  is  c o n t i n u o u s l y  

d i r e c t e d   from  a  supply  sou rce ,   such  as  rol l   11,  by  means 

of  d r i v e n ,   v a r i a b l e   speed  feed  r o l l s   12,  13  to  a 



p r e s s u r i z e d   heated   f lu id   t r e a t m e n t   dev i ce ,   i n d i c a t e d  

g e n e r a l l y   at  14.  As  an  i n i t i a l   s tep  in  the  o v e r a l l  

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

to  i n s u r e   the  level   of  mois ture   w i th in   the  m a t e r i a l  

compr i s ing   t h e  s u b s t r a t e   is  adequate   to  provide  a  f i r s t  

d e s i r e d   c o n t r a s t   l eve l .   It  is  b e l i e v e d   tha t   for  ny lon  

6,6  f i b e r s ,   for  example,  a  mois tu re   level   of  at  l e a s t  

about  2  to  3%  (by  weight)   and  p r e f e r a b l y   about  4  to  5% 

(by  weight )   or  more  is  thought   n e c e s s a r y   for  b u b b l e  

-  f o r m a t i o n   to  be  at  a  s u b s t a n t i a l   l e v e l .   In 

t h e r m o p l a s t i c   m a t e r i a l s   or  f i b e r s   such  as  nylon  6,6,   t h e  

e x t e n t   of  bubble  fo rma t ion ,   and  t h e r e f o r e   the  ex ten t   o f  

the  v i sua l   c o n t r a s t   c o n t r i b u t e d   by  these   bubbles ,   is  a 

f u n c t i o n   of  the  mois ture   conten t   of  the  ma te r i a l   - -  

r e l a t i v e l y   dry  m a t e r i a l s   which  are  suddenly   heated  i n  

the  p rocess   desc r ibed   herein   do  not  d i s p l a y   v i g o r o u s  

bubble  fo rmat ion   within  c o n s t i t u e n t   f i b e r s   and 

c o n s e q u e n t l y   do  not  d i sp l ay   a  g r e a t   deal  of  c o n t r a s t  

under  most  c i r c u m s t a n c e s ,   even  with  p r e - c o o l i n g ,   w h i l e  

m a t e r i a l s   which  have  a  r e l a t i v e l y   h igher   m o i s t u r e  

con ten t   at  the  time  they  are  c o n t a c t e d   by  the  h e a t e d  

f l u i d   s t reams  tend  to  produce  l a r g e r   q u a n t i t i e s   o f  

bubb le s ,   which  in  some  cases  may  v i r t u a l l y   f i l l   t h e  

i n t e r i o r   of  at  l e a s t   por t ions   of  r e p r e s e n t a t i v e  



c o n s t i t u e n t   f i b e r s ,   and  which  r e s u l t   in  a  high  degree  o f  

v isual   c o n t r a s t .   T h e r e f o r e ,   the  degree  of  v i s u a l  

c o n t r a s t   may  be  c o n t r o l l e d   by  varying  the  r e l a t i v e  

moi s tu re   con t a ined   w i t h i n   the  c o n s t i t u e n t   f i b e r s .  

To  e s t a b l i s h   a  p r e - d e t e r m i n e d   level  of  m o i s t u r e  

wi th in   the  s u b s t r a t e   m a t e r i a l ,   a  m o i s t u r e  

p r e - c o n d i t i o n i n g   device   8  is  d i a g r a m m a t i c a l l y   d e p i c t e d  

p reced ing   coo l ing   por t   2.  Device  8   may  be  any 

c o n v e n i e n t   means  by  which  m o i s t u r e ,   in  the  form  of  w a t e r  

or  o the r   l i q u i d s ,   may  be  app l i ed   to  or  withdrawn  f rom 

the  s u b s t r a t e   m a t e r i a l   so  t h a t   the  des i r ed   amount  o f  

moi s tu re   wil l   be  un i fo rmly   d i s t r i b u t e d   on  the  m a t e r i a l .  

For  example,   a  m i s t i n g   device   which  a p p l i e s . a   l i q u i d  

mist   to  the  s u r f a c e   of  s u b s t r a t e   30  may  be  e m p l o y e d .  

The  mi s t ,   the  s u b s t r a t e   s u r f a c e ,   or  both  may  be  

o p t i o n a l l y   warmed  dur ing  t h i s   p rocess .   Device  8  may 

also  be  comprised  of  a  steam  chamber,  through  which  

s u b s t r a t e   10  is  d i r e c t e d ,   or  a  drying  means  such  as  a 

convec t i on   oven  or  the  l i k e .  

It  is  recommended  t h a t ,   where  mois ture   is  a p p l i e d ,  

c o n d i t i o n s   be  a d j u s t e d   to  allow  mois ture   to  be  absorbed  - 

into  the  s u b s t r a t e   m a t e r i a l   r a t h e r   than  merely  c o a t i n g  

the  s u r f a c e   of  the  m a t e r i a l   with  a  l ayer   of  l i q u i d .   The 

l a t t e r   c o n d i t i o n   tends  to  i n s u l a t e   the  mate r ia l   from  t h e  



heated  f l u i d   s t ream  and  t h e r e f o r e   is  thought   to  be 

c o u n t e r p r o d u c t i v e   to  the  p roduc t i on   of  i n t e r n a l   b u b b l e s .  

For  t h i s   r ea son ,   i t   is  p r e f e r r e d   t ha t   a p p l i c a t i o n   o f  

excess  m o i s t u r e ,   i . e . ,   mo i s tu r e   s u b s t a n t i a l l y   in  e x c e s s  

of  t h a t   n e c e s s a r y   to  produce  maximum  mois ture   r e t e n t i o n  

wi th in   the  m a t e r i a l ,   be  avoided .   It  is  also  p r e f e r r e d  

tha t   the  mo i s tu re   p r e - c o n d i t i o n i n g   device  8  r e s u l t   in  a 

s u b s t a n t i a l l y   uniform  q u a n t i t y   of  mois ture   over  t h e  

s u r f a c e   of  the  s u b s t r a t e ;   a reas   having  e i t h e r   too  l i t t l e  

or  too  much  m o i s t u r e   will   tend  to  have  reduced  c o n t r a s t  

due  to  the  i n h i b i t i n g   e f f e c t   such  mois ture   l e v e l s   have 

on  bubble  f o r m a t i o n .   If  g e n e r a t i o n   of  a  spec ia l   e f f e c t  

is  d e s i r e d ,   the  mo i s tu re   p r e - c o n d i t i o n i n g   may  be  done 

s e l e c t i v e l y   over  p o r t i o n s   of  the  s u b s t r a t e   s u r f a c e ,  

r a t h e r   than  over  the  e n t i r e   s u r f a c e .   The  s u b s t r a t e   may 

also  simply  be  s t o r e d   ( i . e . ,   with  all  f i b e r s   f u l l y  

exposed)  in  an  envi ronment   having  c a r e f u l l y   c o n t r o l l e d  

humidi ty  for  a  s u f f i c i e n t   time  to  e s t a b l i s h   the  d e s i r e d  

f i b e r   i n t e r n a l   mo i s tu re   l e v e l ,   and  device  8  need  not  be 

employed.  It  is  recommended  t h a t ,   if  high  c o n t r a s t   i s  

d e s i r e d ,   the  i n t e r n a l   mois tu re   l eve l s   of  the  f i b e r s   be  

at  or  approach ing   t h e i r   maximum  regain  l e v e l s .  

Immediately  p r i o r   to  the  entry  of  the  s u b s t r a t e  

into  the  device  14,  the  s u b s t r a t e   is  brought  p a s t  



t e m p e r a t u r e   p r e - c o n d i t i o n i n g   duct  2,  which  is  c o n n e c t e d  

via  duct  3  and  v a l v e  4   to  a  s u i t a b l e   source  of  c o o l i n g  

a i r   6,  for  example,   a  l a r g e   c a p a c i t y   a i r   c o n d i t i o n i n g  

duct .   As  will   be  d i s c u s s e d   l a t e r ,   use  of  th i s   a i r   as  a 

t e m p e r a t u r e   p r e - c o n d i t i o n e r   can  serve  to  cont ro l   t h e  

fo rma t ion   of  bubbles   in  f i b e r s   as  wel l .   If  l i t t l e   or  no 

bubble  fo rma t ion   is  d e s i r e d ,   duct  2  may  be  at  l e a s t  

p a r t i a l l y   b locked  and  the  heated  a i r   der ived  from  t h e  

f l u i d   t r e a t i n g   dev ice   may  be  used  to  p r e - h e a t   t h e  

s u b s t r a t e .   Fol lowing  t h i s   t e m p e r a t u r e   p r e - c o n d i t i o n i n g  

s t e p ,   the  moving  f a b r i c   10  is  suppor ted   d u r i n g  

a p p l i c a t i o n   of  hea ted   f l u i d   t h e r e t o   by  passage  about  a 

suppor t   ro l l   16  th rough   which  a  coo lan t   may  be 

c i r c u l a t e d ,   and  the  f l u i d   t r e a t e d   f a b r i c   is  t h e r e a f t e r  

d i r e c t e d   by  d r i v e n ,   v a r i a b l e   speed  t a k e - o f f   r o l l s   18,  19 

to  a  f a b r i c   c o l l e c t i o n   ro l l   20 .  

Af ter   ac ted   upon  by  the  mois tu re   and  t e m p e r a t u r e  

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

through  and  t r e a t e d   by  one  or  more  streams  of  h e a t e d  

f l u i d ,   for  example,   hea ted   a i r ,   having  a  t e m p e r a t u r e  

s u f f i c i e n t l y   high  to  r a i s e   qu i ck ly   the  impinged  f i b e r s  

of  the  s u b s t r a t e   to  a  t e m p e r a t u r e   at  which  s h r i n k a g e  

takes   p l ace ,   as  i n d i c a t e d   in  Figure  9.  S a t i s f a c t o r y   a i r  

t e m p e r a t u r e s   w i t h i n   the  range  of  about  500°F  to  a b o u t  



900°F  have  been  found  to  be  s a t i s f a c t o r y .   Dependinp 

upon  the  des i r ed   p r e - c o n d i t i o n i n g   mois ture   and 

t e m p e r a t u r e   l eve l s   of  the  s u b s t r a t e ,   r e p r e s e n t a t i v e  

f i b e r s   con tac t ed   by  these   f i r s t   heated  a i r   s treams  w i l l  

be  g e n e r a l l y   at  l e a s t   s l i g h t l y   shrunken,   and  will  be  

s u b s t a n t i a l l y   devoid  of  b u b b l e s ,   s u b s t a n t i a l l y   f i l l e d  

with  bubb les ,   or  con ta in   bubbles   in  some  i n t e r m e d i a t e  

q u a n t i t y .   Genera l ly   speak ing ,   the  g r e a t e r   the  q u a n t i t y  

of  bubbles  p resen t   in  the  f i b e r s   of  a  given  a rea ,   t h e  

g r e a t e r   the  l i g h t   r e f l e c t i v i t y   and  degree  of  v i s u a l  

c o n t r a s t   tha t   area  will   d i s p l a y   when  compared  with  a r e a s  

wherein  the  f i b e r s   have  s u b s t a n t i a l l y   no  b u b b l e s .  

After   the  s u b s t r a t e   has  been  passed  through  t h e  

appa ra tu s   a  f i r s t   time  and  has  been  p a t t e r n e d   at  some 

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

same  s u b s t r a t e   may  be  p a t t e r n e d   a  second  t ime,   f o l l o w i n g  

a  second  p r e - c o n d i t i o n i n g   of  the  f i b e r s   at  a  s econd  

d e s i r e d   mois ture   and  t e m p e r a t u r e   l e v e l ,   the reby   c a u s i n g  

the  heated  a i r   stream  to  gene ra t e   a  d i f f e r e n t   level  o f  

bubble  format ion  wi th in   the  f i b e r s   p r e - c o n d i t i o n e d   a t  

these   second  l e v e l s .   Of  c o u r s e ,   if  d e s i r e d ,   t h e  

t e m p e r a t u r e ,   v e l o c i t y ,   e tc .   of  the  heated  a i r   s tream  may 

also  be  ad jus t ed   to  change  the  c h a r a c t e r   of  the  t r e a t e d  

s u b s t r a t e   f i b e r s .   The  r e s u l t   is  a  s u b s t r a t e   s u r f a c e  



having  a r eas   e x h i b i t   a  number  of  d i f f e r e n t   v i s u a l  

c o n t r a s t   l e v e l s ,   depending  upon  the  number  of  times  a 

hea ted   a i r   s t ream  having  p r e - s e l e c t e d   c h a r a c t e r i s t i c s   i s  

a l lowed  to  impinge  upon  areas   which  car ry   s i g n i f i c a n t l y  

d i f f e r e n t   t e m p e r a t u r e   and  mois tu re   l e v e l s .   In  t h e  

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

s u b s t r a t e   s u r f a c e   a reas   having  at  l e a s t   th ree   d i f f e r e n t  

l e v e l s   of  v i sua l   c o n t r a s t   can  be  o b t a i n e d  -  -   t h e  

u n t r e a t e d   a r e a s ,   the  v i s u a l l y   s i g n i f i c a n t l y   l i g h t e r  

a reas   r e s u l t i n g   from  a  f i r s t   t r e a t m e n t   of  f i b e r s   which  

were  p r e - c o n d i t i o n e d   to  gene ra t e   a  moderate  q u a n t i t y   o f  

i n t e r n a l   b u b b l e s ,   and  the  areas  r e s u l t i n g   from  a  s e c o n d  

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

heavy  bubble  f o r m a t i o n  -  -   areas  which  would  be  v i s u a l l y  

the  l i g h t e s t   of  a l l .  

If  a d d i t i o n a l   l e v e l s   of  v isual   c o n t r a s t   a r e  

d e s i r e d ,   a d d i t i o n a l   t r e a t m e n t s   using  var ious   m o i s t u r e  

and  t e m p e r a t u r e   p r e - c o n d i t i o n i n g   l e v e l s   may  be  employed .  

M u l t i p l e   l e v e l s   of  c o n t r a s t   may  of  course  also  be 

ach i eved   in  a  s i ng l e   t r e a t m e n t   by  s e l e c t i v e ,   n o n - u n i f o r m  

p r e - c o n d i t i o n i n g   of  va r ious   areas  of  the  s u b s t r a t e ,  

e . g . ,   by  app ly ing   mo i s tu re   to  the  s u b s t r a t e   su r f ace   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 ,   or  by  apply ing   n o n - u n i f o r m  

amounts  of  mois tu re   s e l e c t i v e l y   over  the  s u b s t r a t e  



s u r f a c e .   It  is  a l so   f o r e s e e n   t h a t ,   depending  upon  t h e  

moi s tu re   p r e - c o n d i t i o n i n g   means  chosen,   s e p a r a t e  

t e m p e r a t u r e   p r e - c o n d i t i o n i n g   means  may  be  u n n e c e s s a r y .  

Evapora t i ve   e f f e c t s ,   or  the  a p p l i c a t i o n   of  a  c h i l l e d  

l i q u i d   may  be  s u f f i c i e n t   to  induce  the  d e s i r e d   degree  o f  

bubble  f o r m a t i o n .  

Figure  20  is  a  b l o c k - t y p e   diagram  which  r e p r e s e n t s  

an  a p p a r a t u s ,   based  upon  the  a p p a r a t u s   d e p i c t e d   i n  

Figures   1-8,  which  can  be  used  to  a u t o m a t i c a l l y   s u p p l y  

two  s e p a r a t e   heated   f l u i d   t r e a t m e n t s ,   at  d i f f e r e n t  

t e m p e r a t u r e s   and  p r e s s u r e s ,   if  d e s i r e d .   S u b s t r a t e   10 

can  r e c e i v e   mo i s tu re   and  t e m p e r a t u r e   p r e - c o n d i t i o n i n g   a t  

a  f i r s t   d e s i r e d   level   at  s t a t i o n s   110  and  112,  f o l l o w e d  

by  t r e a t m e n t   by  heated  f l u i d   t r e a t m e n t   device  114.  

Fol lowing  th i s   t r e a t m e n t ,   the  s u b s t r a t e   may  be 

immedia te ly   moved  through  a  second  set   of  mo i s tu re   and 

t e n p e r a t u r e   p r e - c o n d i t i o n i n g   s t a t i o n s   120  and  122  and  a 

second  h e a t e d  f l u i d   t r e a t m e n t   device  124.  The  m o i s t u r e  

and  t e m p e r a t u r e   l e v e l s   e s t a b l i s h e d   at  e ach  

p r e - c o n d i t i o n i n g   s t a t i o n ,   as  well  as  the  t e m p e r a t u r e   and 

p r e s s u r e   of  the  r e s p e c t i v e   heated  f l u i d   t r e a t m e n t  

s t r eams ,   may  be  i n d i v i d u a l l y   de te rmined   accord ing   to  t h e  

c o n t r a s t   l e v e l s   and  o the r   visual   e f f e c t s   d e s i r e d .  



Examining  the  appa ra tus   of  Figures   1-8  in  more 

d e t a i l ,   a  c o n v e n t i o n a l   f a b r i c   edge -gu id ing   device  21 ,  

well  known  in  the  a r t ,   may  be  provided  in  the  f a b r i c  

path  between  feed  r o l l s   12,  13  and  the  f l u i d   t r e a t i n g  

device   14  to  ma in ta in   proper   l a t e r a l   a l ignment   of  t h e  

f a b r i c   during  i t s   passage  over  suppor t   rol l   16.  The 

speed  of  the  feed  r o l l s   12,  13,  suppor t   ro l l   16,  and 

t a k e - o f f   r o l l s   18,  19  may  be  c o n t r o l l e d ,   in  known 

manner,  to  p rovide   the  des i r ed   speed  of  f a b r i c   t r a v e l  

and  the  d e s i r e d   t e n s i o n s   in  the  f a b r i c   e n t e r i n g ,   p a s s i n g  

th rough ,   and  l eav ing   the  f l u i d   t r e a t i n g   device  14. 

As  i l l u s t r a t e d   in  Figures  1  and  2,  p r e s s u r i z e d  

f l u i d   t r e a t i n g   device  14  inc ludes   an  e l o n g a t e   h e a t e d  

f l u i d   d i s c h a r g e   manifold   30  which  e x t e n d s  

p e r p e n d i c u l a r l y   across   the  path  of  movement  of  f a b r i c   10 

and  has  a  narrow,   e longa te   d i s cha rge   s l o t   32  f o r  

d i r e c t i n g   a  s t r e a m   of  p r e s s u r i z e d   heated  f l u i d ,   such  a s  

a i r ,   in to  the  s u r f a c e   of  the  f a b r i c   and  at  an  a n g l e  

g e n e r a l l y   p e r p e n d i c u l a r   to  the  s u r f a c e   during  i t s  

movement  over  suppor t   rol l   16.  Shrouding ,   such  as  migh t  

be  neces sa ry   to  v e n t i l a t e   the  t r e a t m e n t   a r ea ,   should  be 

des igned  to  minimize  heat  bu i ld -up   in  the  t r e a t m e n t  

a rea ,   as  well  as  heat  bu i ld -up   in  the  v i c i n i t y   of  t h e  

incoming  s u b s t r a t e .   It  is  again  noted  t ha t   c e r t a i n  



improvements  in  the  c o n f i g u r a t i o n   of  the  heated  gas  

d i s c h a r g e   manifold   de sc r ibed   h e r e i n a f t e r   may  be  found  i n  

the  commonly  a s s igned   U.  S.  Patent   A p p l i c a t i o n s  

r e f e r e n c e d   above  and  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 .  

P r e s s u r i z e d   f l u i d ,   such  as  a i r ,   is  supp l i ed   to  t h e  

i n t e r i o r   of  the  d i s cha rge   manifold  30  by  means  of  an  a i r  

compressor   34  which  is  connected  by  a i r   condui t   l ine   36 

to  o p p o s i t e   ends  of  an  e longa te   cool  a i r   manifold   38. 

Located  in  the  a i r   condui t   l ine   36  to  con t ro l   the  f l o w  

and  p r e s s u r e   of  a i r   to  manifold  38  is  a  master   c o n t r o l  

valve  40  and  an  a i r   p r e s su re   r e g u l a t o r   valve  42.  A 

s u i t a b l e   a i r   f i l t e r   44  i s   also  provided  to  a s s i s t   i n  

removing  con taminants   from  the  a i r   pass ing   into  a i r  

mani fo ld   38.  

P r e s s u r i z e d   a i r   in  the  a i r   manifo ld   38  is  d i r e c t e d  

from  manifold   38  to  hot  a i r   d i s cha rge   mani fo ld   30 

through  a  bank  46  of  i n d i v i d u a l   e l e c t r i c   h e a t e r s ,   o n l y  

two  of  which,  48,  are  i l l u s t r a t e d   in  Figure  2.  Each 

h e a t e r   is  connected  by  i n l e t   and  o u t l e t   condu i t s   50,  5? 

r e s p e c t i v e l y ,   p o s i t i o n e d   in  uni formly   spaced  r e l a t i o n  

along  the  l engths   of  the  two  mani fo lds   38,  30  to  h e a t  

and  d i s t r i b u t e   the  a i r   from  manifold  38  un i fo rmly   a long  

the  fu l l   l e n g t h  o f   the  d i scha rge   mani fo ld   30.  The  bank 

of  h e a t e r s   48  may  be  enclosed  in  a  s u i t a b l e   i n s u l a t e d  



housing  and  the  a i r   o u t l e t   condui t   52  of  each  h e a t e r   i s  

provided  with  a  t e m p e r a t u r e   sensing  dev ice ,   such  as  a 

t he rmocoup le ,   the  p o s i t i o n   of  one  of  which,  54,  is  shown 

in  Figure   2,  to  measure  the  t empera tu re   of  t h e  

o u t f l o w i n g   a i r .   The  thermocouples   are  e l e c t r i c a l l y  

connected   by  wi r ing   ( i l l u s t r a t e d   by  l ine   55  in  Figure  2 )  

to  a  c o n v e n t i o n a l   e l e c t r i c a l   r e c o r d e r / c o n t r o l l e r   58 

where  the  t e m p e r a t u r e   can  be  observed,   mon i to r ed ,   and 

e l e c t r i c   c u r r e n t   s u p p l i e d   as  r equ i red   to  i n d i v i d u a l   o f  

the  h e a t e r s   from  a  power  source ,   g e n e r a l l y   i n d i c a t e d   a t  

60,  to  ma in ta in   the  o u t l e t   a i r   t empe ra tu r e s   from  t h e  

h e a t e r s   uniform  across   the  d i scha rge   manifold   3 0 .  S u c h  

e l e c t r i c a l   r e c o r d e r / c o n t r o l l e r s   are  be l i eved   to  be  w e l l  

known  and  r e a d i l y   a v a i l a b l e   in  the  a r t ,   and  d e t a i l s  

t h e r e o f   are  not  d e s c r i b e d   h e r e i n .  

As  best   seen  in  Figures   3,  4,  and  6,  heated  a i r  

d i s c h a r g e   manifo ld   30  is  formed  of  upper  and  lower  w a l l  

s e c t i o n s   62,  64  which  are  removably  secured  t o g e t h e r   by 

s u i t a b l e   f a s t e n i n g   means,  such  as  spaced  bo l t s   66,  t o  

form  the  i n t e r i o r   compartment  68  of  the  mani fo ld   as  w e l l  

as  opposed  p a r a l l e l   wal ls   70,  72  of  the  e l o n g a t e  

d i s c h a r g e   s l o t   32.  

Pr io r   to  d i s c h a r g e   through  s lo t   32,  heated   a i r  

pass ing   into  the  compartment  68  of  manifold   30  from  t h e  



o u t l e t   condu i t s   52  of  the  bank  of  hea te r s   48  is  d i r e c t e d  

r e a r w a r d l y   and  then  f o rward ly   in  a  r e v e r s i n g   p a t h  

through  the  manifold   compartment  (as  i nd i ca t ed   by  t h e  

arrows)  by  means  of  a  b a f f l e   p l a t e   74  which  forms  a 

narrow  e longa te   opening  r e a r w a r d l y   in  compartment  68  f o r  

passage  of  the  a i r   from  the  upper  to  the  lower  p o r t i o n  

of  the  compartment.   Baf f l e   p la te   74  thus  provides   f o r  

more  uniform  d i s t r i b u t i o n   of  the  a i r   in  the  m a n i f o l d  

compartment  and  f u r t h e r   f a c i l i t a t e s   the  maintenance  o f  

uniform  a i r   t e m p e r a t u r e   and  p r e s su re   in  the  m a n i f o l d .  

Baf f le   p l a t e   74  is  suppor ted   in  manifold  compartment  68 

by  spacer   s leeves   76  s u r r o u n d i n g   bo l t s   66. 

As  best  seen  in  F igures   4-7,  loca ted   in  the  w a l l  

s u r f a c e   72  of  lower  wall  s e c t i o n   64  of  the  manifold  and 

p o s i t i o n e d   in  spaced  r e l a t i o n   along  the  length  of  t h e  

d i s c h a r g e   s lo t   are  a  p l u r a l i t y   of  cool  a i r   d i s c h a r g e  

o u t l e t s   78.  Each  o u t l e t   is  i n d i v i d u a l l y   connected  by  a 

s u i t a b l e   f l e x i b l e   condu i t   80  and  so leno id   valve  82  to  a 

cool  a i r   manifold  84,  which  is  in  turn  connected  to  a i r  

compressor   34  by  condui t   86  (Fig.  2).  Located  in  

condui t   86  is  a  master   con t ro l   valve  88,  a i r   p r e s s u r e  

r e g u l a t o r   valve  90,  and  a i r   f i l t e r   92. 

As  d i a g r a m m a t i c a l l y   i l l u s t r a t e d   in  Figure  2,  each  

of  the  i n d i v i d u a l   s o l e n o i d   valves  is  e l e c t r i c a l l y  



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

device   94  which  sends  e l e c t r i c a l   impulses   to  open  and 

c lose   s e l e c t e d   of  the  so l eno id   valves   in  accordance   w i t h  

p r e d e t e r m i n e d   p a t t e r n   i n f o r m a t i o n .   Various  c o n v e n t i o n a l  

p a t t e r n   con t ro l   devices   well  known  in  the  a r t   may  be 

employed  to  a c t i v a t e   and  d e a c t i v a t e   the  va lves   i n  

d e s i r e d   sequence.   T y p i c a l l y ,   the  p a t t e r n   con t ro l   d e v i c e  

may  be  of  a  type  d e s c r i b e d   in  commonly  a s s igned   U.  S. 

Pa ten t   No.  3 , 8 9 4 , 4 1 3 .  

As  i l l u s t r a t e d   in  Figures   4  and  6,  each  of  t h e  

cool  a i r   d i s c h a r g e   o u t l e t s   78  is  l o c a t e d   in  the  l o w e r  

wall  s u r f a c e   72  of  the  manifo ld   s l o t   32  to  d i r e c t   a 

p r e s s u r i z e d   d i s c r e t e   s tream  of  r e l a t i v e l y   cool  a i r  

t r a n s v e r s e l y   i n t o - t h e   heated  a i r   d i s c h a r g e   s l o t   in  a 

d i r e c t i o n   p e r p e n d i c u l a r   to  the  passage  of  heated  a i r  

t h e r e t h r o u g h .   The  p r e s s u r e   of  the  c o o l e r   a i r   s t reams  i s  

m a i n t a i n e d   at  a  level   s u f f i c i e n t   to  e f f e c t i v e l y   b l o c k  

and  stop  the  passage  of  heated  a i r   through  the  s l o t   i n  

the  p o r t i o n   or  p o r t i o n s   into  which  the  cold  a i r   s t r e a m s  

are  d i s c h a r g e d .   A c t u a l l y ,   the  e f f e c t   is  p o s s i b l y   due  t o  

a  combinat ion   of  b locking   and  d i l u t i o n   of  the  heated  a i r  

s t ream,   depending  on  the  r e l a t i v e   p r e s s u r e s   of  t h e  

r e s p e L t i v e   heated  and  cool  a i r   s t r e ams ,   but  the  t e r m  

b lock ing   will   be  used  for  s i m p l i c i t y .   Thus,  by 



a c t i v a t i o n   and  d e a c t i v a t i o n   of  the  i n d i v i d u a l   s treams  o f  

cool  a i r   by  the  so l eno id   valves  82  in  accordance   w i t h  

i n f o r m a t i o n   from  p a t t e r n   cont ro l   device  94,  p r e s s u r i z e d  

heated  a i r   pass ing   through  the  s l o t   will   be  d i r e c t e d   i n  

one  or  more  d i s t i n c t   s treams  to  s t r i k e   the  moving  f a b r i c  

s u r f a c e   in  a  d e s i r e d   l o c a t i o n ,   thus  p rov id ing   a  p a t t e r n  

e f f e c t   in  the  s u r f a c e   of  the  f a b r i c   10  as  it  passes  t h e  

d i s c h a r g e   man i fo ld .   The  coole r   a i r   which  blocks  t h e  

passage  of  the  heated  a i r   passes  out  of  the  s l o t   i n  

place  of  the  heated  a i r   to  d i s s i p a t e   around  or  into  t h e  

f a b r i c   su r f ace   wi thou t   a l t e r i n g   the  t h e r m a l  

c h a r a c t e r i s t i c s   of  the  f a b r i c   or  a p p r e c i a b l y   d i s t u r b i n g  

the  yarns   or  f i b e r s   t h e r e i n .   Note  the  arrows  i n d i c a t i n g  

a i r   flow  in  F igures   4,  6,  and  7.  To  ensure  tha t   t h e  

coo le r   b locking   a i r   is  main ta ined   s u f f i c i e n t l y   cool  so 

as  not  to  e f f e c t   or  t he rma l ly   modify  the  f a b r i c ,   t h e  

ambient  a i r   may  be  a d d i t i o n a l l y   cooled  p r i o r   t o  

d i s c h a r g e   across   the  manifold  s lo t   32  by  p r o v i s i o n   of  a 

cool  water   header  pipe  95  through  which  the  cool  a i r  

condu i t s   80  p a s s .  

Although  cool  p r e s s u r i z e d   a i r   b locking   means,  as  

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

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

s t r eams ,   it  is  con templa ted   that   o the r   types  of  b l o c k i n g  



means,  such  as  movable  b a f f l e s ,   or  the  l i k e ,   may  be 

employed  in  the  e l o n g a t e   s l o t   32  to  s e l e c t i v e l y   p r e v e n t  

passage   of  the  heated  p r e s s u r i z e d   a i r   into  the  f a b r i c .  

To  avoid  damage  to  the  f a b r i c   by  the  presence   o f  

heated   gas  when  the  f a b r i c   feed  is  s topped ,   the  hot  g a s  

man i fo ld   30  and  i t s   h ea t e r s   48  are  p i v o t a l l y   s u p p o r t e d ,  

a s  a t   97,  and  f l u i d   p i s ton   means  98  u t i l i z e d   to  p i v o t  

the  man i fo ld   and  i t s   d i s c h a r g e   s l o t   away  from  the  p a t h  

of  the  f a b r i c   10 .  

Figure   3  i l l u s t r a t e s   an  embodiment  of  the  h e a t e d  

p r e s s u r i z e d   gas  d i s c h a r g e   manifold   wherein  an  e l o n g a t e d  

shim  member  or  p l a t e   99  having  a  p l u r a l i t y   of  e l o n g a t e  

g e n e r a l l y   p a r a l l e l   notches  100  uni formly   spaced  a l o n g  

one  edge  of  the  p l a t e   is  removably  p o s i t i o n e d   in  t h e  

mani fo ld   compartment  68  with  i t s   notched  side  edge  

e x t e n d i n g   in to   the  e l onga t e   d i s cha rge   s l o t   32  to  f o r m  

with  the  wal l s   70,  72  of  the  s l o t   a  p l u r a l i t y   o f  

c o r r e s p o n d i n g   heated  a i r   d i s cha rge   channels   f o r  

d i r e c t i n g   narrow  d i s c r e t e   s treams  of  p r e s s u r i z e d   h e a t e d  

gas  onto  the  s u r f a c e   of  the  moving  t e x t i l e   f a b r i c .   As 

seen  in  F igures   3  and  4,  the  notches  100  of  the  p l a t e  

extend  in to   the  heated  gas  manifold  compartment  68  t o  

form  an  e l o n g a t e   i n l e t   above  and  below  the  p l a t e   i n t o  

each  of  the  d i s c h a r g e   channels   formed  by  the  n o t c h e d  



edges  of  the  shim  and  the  wal ls   70,  72  of  the  m a n i f o l d  

s l o t   32.  Thus,  the  shim  p l a t e   not  only  s e r v e s  t o   d i r e c t  

p r e s s u r i z e d   gas  into  narrow  s treams  to  be  d i s c h a r g e d  

through  the  spaced  c h a n n e l s ,   but  t he  edges   of  the  shim 

p l a t e   d e f i n i n g   the  upper  and  lower  openings  of  t h e  

narrow,  e longa te   i n l e t s   (note  Figure  4)  serve  to  t r a p  

and  f i l t e r   out  f o r e i g n   p a r t i c l e s   which  may  be  p resen t   in  

the  p r e s s u r i z e d   gas,  while   p e r m i t t i n g   cont inued  flow  o f  

p r e s s u r i z e d   gas  around  the  p a r t i c l e s   and  through  t h e  

c h a n n e l s .  

It  can  thus  be  unde r s tood   tha t   the  d i s c h a r g e  

channels   formed  by  the  shim  member  and  d i scha rge   s l o t  

d i r e c t   a  p l u r a l i t y   of  d i s c r e t e ,   i nd iv idua l   s p a c e d  

streams  onto  and  into  the  s u r f a c e   of  the  moving  t e x t i l e  

f a b r i c   to  form  narrow,  spaced,   g e n e r a l l y   p a r a l l e l   l i n e s  

ex tending   in  the  d i r e c t i o n   of  movement  of  the  f a b r i c  

past  the  d i s cha rge   man i fo ld .   For  example,  by 

ma in t a in ing   the  t e m p e r a t u r e   and  p ressure   of  the  h e a t e d  

gaseous  streams  at  s u f f i c i e n t   l e v e l s ,   and  by  an 

a p p r o p r i a t e   choice  of  a i r   d i s c h a r g e   channel  s ize  and 

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

p i le   yarns  con tac t ed   by  the  heated  gas  streams  may  be 

made  to  l o n g i t u d i n a l l y   shr ink   and  compact  in  the  p i l e  

su r f ace ,   and  may  be  heat  set   to  form  d i s t i n c t   grooves  in  



the  f a b r i c ,   t he reby   p e r m i t t i n g   p a t t e r n i n g   of  the  s u r f a c e  

of  the  f a b r i c s   in  va r ious   ways.  To  change  the  g rooved  

p a t t e r n   in  the  f a b r i c ,   i t   is  only  n e c e s s a r y   to  l o o s e n  

the  mani fo ld   bo l t s   66  and  r ep lace   an  e x i s t i n g   shim  p l a t e  

with  ano the r   shim  p l a t e   having  a  d i f f e r e n t   groove  s i z e  

and/or   spacing  along  the  shim  p la t e   edge.  Figure  8 

i l l u s t r a t e s   ano the r   shim  p la te   102  having  an  i r r e g u l a r  

shim  notch  104  spacing  along  the  p l a t e   to  provide  a 

v a r i a t i o n   in  the  p a t t e r n   which  may  be  a p p l i e d   to  t h e  

su r f ace   of  the  f a b r i c   web.  Thus,  i t   can  be  seen  t h a t  

va r ious   s u r f a c e   p a t t e r n s   may  be  app l i ed   to  the  moving 

web  by  the  shim  p l a t e s   a lone ,   and  wi thou t   the  a d d i t i o n a l  

con t ro l   of  the  s t reams  by  the  coo le r   p r e s s u r i z e d   gas  

o u t l e t s   d e s c r i b e d   a b o v e .  

The  s u r f a c e   p a t t e r n s   to  be  imparted  to  the  s u r f a c e  

of  the  d e s i r e d   t e x t i l e   ma te r i a l   is  not  l i m i t e d   t o  

grooves  or  combina t ions   of  grooves.   R e l a t i v e l y   l a r g e  

areas   may  be  t h e r m a l l y   t r e a t e d   to  produce  a  wide  v a r i e t y  

of  su r f ace   e f f e c t s .   Figures   4  and  5  i l l u s t r a t e   a  form 

of  the  appa ra tu s   wherein  shim  p l a t e s   are  employed  i n  

combinat ion   with  the  p r e s s u r i z e d   coo le r   gas  o u t l e t s   i n  

the  d i s cha rge   s l o t   32  to  form  more  i n t r i c a t e   or  d e t a i l e d  

p a t t e r n   in  the  t e x t i l e   web.  As  seen  in  Figure  5,  t h e  

d i s c h a r g e   o u t l e t s   78  are  loca ted   in  the  channels   formed 



by  the  shim  p l a t e   and  s lo t   walls  70,  72  to  s e l e c t i v e l y  

block  the  channels   with  cool  gas  and  thereby  p e r m i t  

i n t e r m i t t e n t   d i s c h a r g e   of  s e l e c t e d   of  the  heated  gas  

s t reams  to  produce  su r f ace   p a t t e r n s   which  may  v a r y  

across   the  f a b r i c   as  well  as  in  the  d i r e c t i o n   o f  

movement  of  the  f a b r i c   past  the  d i scharge   m a n i f o l d .  

Figures   6  and  7  i l l u s t r a t e   another   form  of  t h e  

a p p a r a t u s   w h e r e i n  p a t t e r n i n g   of  the  f ab r i c   i s  

accompl i shed   by  use  of  the  e longa te   s lo t   32  and 

p r e s s u r i z e d   cool  gas  o u t l e t s   wi thout   the  use  of  sh im 

p l a t e s .   As  seen  in  Figure  7,  by  s e l e c t i v e l y   a c t i v a t i n g  

the  cool  gas  s tream  supply  to  c e r t a i n   of  the  o u t l e t s   78 

in  accordance   with  p a t t e r n   i n f o r m a t i o n ,   the  heated  g a s  

passage  through  s lo t   32  is  blocked  by  the  coo le r   gas  i n  

c o r r e s p o n d i n g   areas  of  the  s lo t   to  pa t t e rn   the  moving 

f a b r i c .  

Fabric   t r e a t m e n t   may  be  c a r r i ed   out  p r i o r   t o  

dyeing  to  obta in   subsequent   d i f f e r e n t i a l   dye  uptake  i n  

the  t h e r m a l l y   modif ied  and  non-modif ied  f i b e r s   and 

y a r n s ,   producing  m u l t i - t o n e   dye  e f f e c t s ,   p a t t e r n i n g  

e f f e c t s ,   or  both  in  p i le   as  well  as  non-p i l e   f a b r i c s .  

When  f a b r i c   t r e a t m e n t   is  c a r r i e d   out  a f t e r   the  s u b s t r a t e  

has  been  dyed,  a  m u l t i - t o n e   p a t t e r n i n g   e f f e c t   may  a l s o  

be  ach ieved .   When  the  p a t t e r n i n g   e f f e c t   is  due  to  t h e  



s h r i n k i n g   or  s h r i v e l i n g   of  i n d i v i d u a l   f i b e r s   and  y a r n  

segments  as  with  n o n - p i l e   f a b r i c s   and  some  p i le   f a b r i c s ,  

those  f i b e r s   and  yarn  segments  tend  to  i nc rease   i n  

d i a m e t e r ,   becoming  s h o r t e r   but  t h i c k e r ,   and  tend  to  l o s e  

a p p a r e n t   bulk  in  terms  of  crimp  wi th in   the  t r e a t e d   a r e a .  

This  in  turn   tends   to  i n c r e a s e   the  apparent   dens i ty   o f  

d y e - b e a r i n g   f i b e r s   or  yarns   in  the  area  of  the  f a b r i c  

a c t u a l l y   t r e a t e d ,   and  makes  th i s   area  appear  to  have  a 

co lor   value  which  is  more  s a t u r a t e d ,   i n t e n s e ,   o r  

v i s u a l l y   d a r k e r ,   the  degree  depending  upon  choice  o f  

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

On  s e l e c t e d   s u b s t r a t e s ,   where  the  heated  a i r  

s t ream  lays  down  or  e n t a n g l e s   f i b e r s   which  n o m a l l y   a r e  

r e l a t i v e l y   s t r a i g h t   and  are  viewed  in  a  m o r e - o r - l e s s  

"end-on"  o r i e n t a t i o n ,   the  e f f e c t   can  be  a  l i g h t e n i n g   o r  

d i l u t i o n   of  the  c o l o r   observed  in  the  t r e a t e d   a r e a s ,  

when  compared  to  a reas   on  the  f a b r i c   which  have  not  been 

t r e a t e d .   It  is  b e l i e v e d   the  u n t r e a t e d   f i b e r s   remain  

r e l a t i v e l y   u p r i g h t   caus ing   the  eye  to  see  many  more 

f i b e r s   in  a  s u b s t a n t i a l l y   on-ax i s   o r i e n t a t i o n ,   and 

caus ing  more  shadowing  of  the  i nd iv idua l   f i b e r s   than  i s  

found  when  the  f i b e r s   are  permanent ly   i n c l i n e d   o r  

en t ang l ed   by  the  hot  a i r   s t ream,   r e s u l t i n g   in  a  d a r k e r  

co lor   and  s i g n i f i c a n t   c o n t r a s t   between  t r e a t e d   and 

u n t r e a t e d   a r e a s .  



The  c o n t r a s t   a s s o c i a t e d   with  c e r t a i n   t e x t i l e  

f i b e r s ,   for  example,  nylon,   is  p r o c e s s - s e n s i t i v e   in  a 

s u r p r i s i n g   way.  If  the  s u b s t r a t e   is  cooled ,   say  t o  

t empera tu re   of  about  70°F  or  below,  the  visual   c o n t r a s t  

is  n o t i c e a b l y ,   and  in  many  c a se s ,   d r a m a t i c a l l y   improved 

over  the  c o n t r a s t   ob ta ined   w i thou t   such  coo l ing .   In  t h e  

appara tus   s c h e m a t i c a l l y   d e p i c t e d   in  Figure  1,  a  l a r g e  

duct  2,  having  a  width  a p p r o x i m a t e l y   the  width  of  t h e  

web  s u b s t r a t e   being  t r e a t e d ,   is  a t t a c h e d   to  an  a i r  

c o n d i t i o n i n g   duct.   The  duct  2  is  p o s i t i o n e d   close  t o  

the  s u b s t r a t e   s u r f a c e ,   immedia te ly   forward  of  t h e  

t r ea tmen t   zone,  thereby   coo l ing   the  s u b s t r a t e   s u r f a c e  

immediately  p r io r   to  t r e a t m e n t   by  the  heated  a i r  

s t reams.   Heat  bu i ld -up   in  the  immediate  v i c i n i t y   o f  

d i scharge   s l o t   32,  as  well  as  e l e v a t e d   ambient  room 

t empera tu re s   ( e . g . ,   over  about  85°-90°F)   act  to  p r e - h e a t  

the  s u b s t r a t e   p r i o r   to  i t s   a r r i v a l   oppos i t e   s lo t   32,  and 

thus  c o n t r i b u t e   to  c o n t r a s t   d e g r a d a t i o n .   Means  o t h e r  

than  the  cool  a i r   duct  2  of  Figure  1  for  cool ing  t h e  

s u b s t r a t e   may  be  employed.  If  sh rouds ,   e tc .   are  p r e s e n t  

-  in  the  v i c i n i t y   of  the  t r e a t m e n t   zone,  s t r e a n s   o f  

compressed  a i r ,   c h i l l e d   r o l l e r s ,   or  o ther   means  may  be 

employed  to  prevent   s i g n i f i c a n t   p r e h e a t i n g   of  t h e  

s u b s t r a t e   and  to  l o c a l i z e   the  heat  genera ted   by  t h e  



mani fo ld   30  as  well  as  tha t   con ta ined   in  the  a i r  

emerging  from  s l o t   32.  S i m i l a r l y ,   coo l ing   suppor t   r o l l  

1E  is  but  one  approach  which  has  been  found  to  cool  t h e  

s u b s t r a t e   and  aid  in  reducing  the  e x t e n t   of  p r e - h e a t i n g .  

I t   is  f o r e s e e n   t h a t ,   for  some  s u b s t r a t e s ,   p r e - c o o l i n g   o f  

t h e - s u b s t r a t e   to  t e m p e r a t u r e s   s u b s t a n t i a l l y   below  60°F 

may  be  advan tageous   in  terms  of  enhancing  the  v i s u a l  

s u r f a c e   e f f e c t   achieved  when  compared  with  a  s u b s t r a t e  

which  has  not  been  so  c o o l e d .  

In  o rder   to  e f f e c t   s a t i s f a c t o r y   coo l ing   of  t h e  

s u b s t r a t e ,   i n c i d e n t a l   and  unwanted  s u b s t r a t e   p r e - h e a t i n g  

must  be  overcome.  S u b s t r a t e   p r e - h e a t i n g   may  be  due  to  a 

v a r i e t y   of  c ause s ,   among  them  high  d i s c h a r g e   m a n i f o l d ,  

s u p p o r t   r o l l ,   or  a i r   stream  t e m p e r a t u r e s ,   shrouding  o f  

the  t r e a t m e n t   area  which  p reven ts   adequate   c i r c u l a t i o n  

of  coo l i ng   a i r   and  promotes  heat  b u i l d - u p ,   a  r e l a t i v e l y  

high  ambient   t e m p e r a t u r e   g e n e r a l l y   su r round ing   t h e  

a p p a r a t u s ,   and  a  r e l a t i v e l y   slow  s u b s t r a t e   feed  r a t e  

which  r e s u l t s   in  a  longer   s u b s t r a t e   exposure   time  t o  

machine  gene ra t ed   ambient  heat .   It  has  been  found  t h a t  

if  c o n d i t i o n s   are  s u f f i c i e n t   to  cause  a  s u b s t r a t e   such 

as  nylon  6,6  to  be  p r e - h e a t e d ,   momen ta r i ly ,   to  m e r e l y  

85°F  j u s t   p r i o r   to  t r e a t m e n t ,   a  t e m p e r a t u r e   f r e q u e n t l y  

e n c o u n t e r e d   even  in  ambient  i n d u s t r i a l   env i ronmen t s ,   t h e  



c o n t r a s t   of  the  r e s u l t i n g   product   is  v i s u a l l y  

s i g n i f i c a n t l y   i n f e r i o r   to  a  s i m i l a r   product   which  has  

been  cooled  to  a  t empera tu re   of  65°-70°F  i o m e d i a t e l y  

p r i o r   to  t r e a t m e n t .   A  d ramat ic   dec l i ne   in  c o n t r a s t   o f  

the  t r e a t e d   area  can  be  observed  when  th i s   s u b s t r a t e   i s  

p r e - h e a t e d   to  t e m p e r a t u r e s   in  excess  of  about  9 0 ° - 9 5 ° F .  

Thus,  the  degree  of  c o n t r a s t   genera ted   on  the  s u b s t r a t e ,  

which  is  a  consequence  of  the  q u a n t i t y   of  b u b b l e s  

g e n e r a t e d   wi th in   the  f i b e r s   of  the  s u b s t r a t e ,   can  be 

c o n t r o l l e d   by  c o n t r o l l i n g   the  t e m p e r a t u r e   of  which  t h e  

f i b e r s   are  p r e - c o n d i t i o n e d   immediate ly   p r i o r   to  b e i n g  

t r e a t e d   by  the  heated  f l u i d   streams  from  d i s c h a r g e   s l o t  

32.  Of  cou r se ,   the  actual   degree  of  c o n t r a s t  

development   is  dependent  upon  the  type  s u b s t r a t e   as  w e l l  

as  those   f a c t o r s   which  would  i n f l u e n c e   the  amount  o f  

ac tua l   i n c i d e n t a l   p r e - h e a t i n g   which  the  s u b s t r a t e   ha s  

undergone  p r io r   to  the  ac tual   t r e a t m e n t   p rocess .   For  a 

given  a i r   stream  t e m p e r a t u r e ,   appara tus   c o n f i g u r a t i o n ,  

and  ambient  t e m p e r a t u r e ,   th i s   p r e - h e a t i n g   e f f e c t   is  mos t  

pronounced  if  s u b s t r a t e   feed  rate   is  slow,  as  may  be 

r e q u i r e d   in  impar t ing   the  heat  neces sa ry   to  t r e a t  

c e r t a i n   heavy  or  dense  s u b s t r a t e s .  

In  order   to  r e l i a b l y   cont ro l   the  ex ten t   of  b u b b l e  

fo rmat ion   wi th in   the  s u b s t r a t e   f i b e r s ,   cont ro l   of  t h e  



t e m p e r a t u r e   of  the  s u b s t r a t e   immediate ly   p r io r   to  t h e  

sudden  hea t ing   produced  by  passage  of  the  s u b s t r a t e  

under  d i s c h a r g e   s lo t   32,  i . e . ,   t e m p e r a t u r e  

p r e - c o n d i t i o n i n g ,   is  not  in  i t s e l f   s u f f i c i e n t ;   it  i s  

also  neces sa ry   to  con t ro l   the  i n t e r n a l   mois ture   level  o f  

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

t r e a t m e n t ,   i . e . ,   mois tu re   p r e - c o n d i t i o n i n g .  

S p e c i f i c a l l y ,   i t   has  been  found  t ha t   under  s i m i l a r  

c o n d i t i o n s ,   for  example,  where  i n t e r n a l   mois tu re   l e v e l s  

of  nylon  6,6  f i b e r s   are  below  about  2  to  3%,  as  may 

r e s u l t   from  previous   m a n u f a c t u r i n g   s teps   or  from  s t o r a g e  

in  a  warm,  dry  p lace ,   c o n t r a s t   l eve l s   in  t r e a t e d   a r e a s  

of  the  s u b s t r a t e   c o n t a i n i n g   these   f i b e r s   a r e  

s u b s t a n t i a l l y   reduced  when  compared  with  t r e a t e d   a r e a s  

of  s i m i l a r   s u b s t r a t e s   having  i n t e r n a l   mo i s tu re   l e v e l s  

which  a re ,   for  example,  about  5%.  I d e a l l y ,   for   maximum 

l i g h t   r e f l e c t a n c e   or  r e l a t i v e   c o n t r a s t ,   the  s u b s t r a t e  

should  be  approaching   i t s   maximum,  i n t e r n a l  

m o i s t u r e - r e t a i n i n g   c a p a c i t y   or  mois tu re   regain  l e v e l .  

For  s u b s t r a t e s   comprised  of  nylon  6,6,   for  example,  t h e  

f i b e r s   should  have  a  mo i s tu re   con ten t   above  about  5  t o  

6%,  and  o p t i m a l l y   about  7%  or  more,  by  weight ,   in  o r d e r  

to  achieve   near-maximum  c o n t r a s t   l e v e l s .   These  r e s u l t s  

merely  r e f l e c t   the  e f f e c t   high  f i b e r   mois tu re   level  i s  



be l i eved   to  have  in  encourag ing   bubble  format ion  w i t h i n  

the  f i b e r .   As  d i s c u s s e d   above,  cont ro l   of  m o i s t u r e  

l e v e l s ,   and  in  p a r t i c u l a r ,   c o n d i t i o n i n g   the  s u b s t r a t e  

p r io r   to  t r e a t m e n t   by  the  heated  f l u i d   streams  to  r a i s e  

the  moi s tu re   level   to  some  p r e - d e t e r m i n e d   value  may  be 

achieved  by  a  mois tu re   p r e - c o n d i t i o n i n g   device  8 ,  

s i t u a t e d   ahead  of  the  coo l ing   duct  2.  Device  8  may 

comprise  a  mis t ing   means,  a  s teaming  means,  a  d r y i n g  

means,  or  o ther   means  to  e s t a b l i s h   a  des i r ed   m o i s t u r e  

level  wi th in   the  s u b s t r a t e   m a t e r i a l ,   for  example,  i n t o  

the  f i b e r s   of  a  t e x t i l e   m a t e r i a l .   Again,  it  should  be  

emphasized  tha t   the  mois tu re   must  be  absorbed  by  t h e  

m a t e r i a l ,   and  not  merely  coated  or  d i s t r i b u t e d   on  t h e  

m a t e r i a l ,   t he reby   making  the  a p p l i c a t i o n   of  e x c e s s i v e  

amounts  of  mois tu re   g e n e r a l l y   d i s a d v a n t a g e o u s .   I t  

should  also  be  emphasized  tha t   whatever   mois ture   i s  

p resen t   should  be  s u b s t a n t i a l l y   evenly  d i s t r i b u t e d   o v e r  

the  de s i r ed   su r f ace   of  the  s u b s t r a t e   to  a v o i d  

non-uniform  c o n t r a s t   d e v e l o p m e n t .  

As  sugges ted   above,  the  enhanced  c o n t r a s t  

r e p e a t a b i l i t y   and  cont ro l   which  r e s u l t s   from  t h e  

combinat ion  of  mois tu re   p r e - c o n d i t i o n i n g   and  t e m p e r a t u r e  

p r e - c o n d i t i o n i n g   the  s u b s t r a t e   j u s t   p r io r   to  t r e a t m e n t  

appears  to  be  p r i m a r i l y   the  r e s u l t   of  control   of  b u b b l e  



fo rma t ion   wi thin   p o r t i o n s   of  the  i n d i v i d u a l   t r e a t e d  

f i b e r s .   These  bubb les ,   which  g e n e r a l l y   appear   w i t h i n  

the  f i b e r   where  the  f i b e r   e x h i b i t s   s u b s t a n t i a l  

s h r i n k a g e ,   s u b s t a n t i a l l y   a l t e r   the  r e f l e c t i v i t y   of  t h e  

o u t s i d e   of  the  f i b e r   in  the  region  c o n t a i n i n g   t h e  

bubb les .   It  is  t h e o r i z e d   t ha t   the  heated  a i r ,   s t r i k i n g  

the  cooled  f i b e r s ,   causes  massive  heat  t r a n s f e r   into  t h e  

f i b e r s ,   which  causes  the  f i b e r s   to  heat  to  the  p o i n t  

where  i n t e r n a l   de fo rmat ion   can  take  p l ace ,   in  r e s p o n s e  

to  p r e s s u r e s   induced  by  the  v a p o r i z a t i o n   of  t r a p p e d  

mo i s tu r e   wi th in   the  f i b e r .   Where  bubbl ing  wi th in   t h e  

f i b e r   i n t e r i o r   is  s eve re ,   i . e . ,   when  the  b u b b l e s  

s u b s t a n t i a l l y   f i l l   the  i n t e r i o r   of  a  r e p r e s e n t a t i v e  

f i b e r   over  a  por t ion   of  i t s   l e n g t h ,   the  bubbles   may 

deform  the  f i b e r   su r f ace   and  change  the  v i sua l   and 

t a c t i l e   t e x t u r e   of  the  f i b e r   or  a s s o c i a t e d   s u b s t r a t e   a s  

w e l l .  

In  the  case  of  nylon  6,6  there   is  a  d r a m a t i c  

i n c r e a s e   in  the  amount  of  l i g h t   r e f l e c t e d   from  the  f i b e r  

p o r t i o n s   or  s e c t i o n s   c o n t a i n i n g   low  q u a n t i t i e s   o f  

bubbles   compared  with  u n t r e a t e d   a reas .   Trea ted   a r e a s  

t h e r e f o r e   appear  to  be  much  l i g h t e r   in  appearance   t h a n  

would  o the rwise   be  the  case,   as  can  be  seen  in  F i g u r e  

10.  



Looking  f i r s t   at  Figures  11-13,  u n t r e a t e d   f i b e r s  

of  nylon  6,6  may  be  seen.  The  f i b e r s   are  g e n e r a l l y  

s m o o t h - s k i n n e d ,   and  shown  no  s igns  of  i n t e r n a l   b u b b l e s .  

The  nylon  6,6  f i b e r s   shown  in  Figure  14-16  were  t a k e n  

from  a  p i l e   s u b s t r a t e   which  had  only  been  t r e a t e d   w i t h  

heated  a i r   f o l l o w i n g   p r e - c o o l i n g   at  app rox ima te ly   7 2 ° F . ,  

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

t r e a t e d   a rea ,   i n d i c a t i n g   shr inkage   and  p i l e  

r e - o r i e n t a t i o n   had  taken  p lace .   No  m o i s t u r e  

p r e - c o n d i t i o n i n g   had  taken  p lace;   the  mois ture   level  o f  

the  f i b e r   was  low.  Only  s l i g h t   c o n t r a s t   was  o b s e r v e d ,  

in  sp i t e   of  the  s i g n i f i c a n t   sh r inkage   and  t h e  

p r e - c o o l i n g .   The  pho tomicrographs   shows  th is   s h r i n k a g e ,  

and  also  shows  ea r ly   development  of  small  l o c a l i z e d  

groupings   of  b u b b l e s .  

In  Figure  17-19,  the  t r e a t e d   areas   from  which  t h e  

nylon  6,6  f i b e r s   were  taken  also  showed  a  s i g n i f i c a n t  

s c u l p t u r e d   e f f e c t ,   nea r ly   i d e n t i c a l   in  ex ten t   to  t h e  

s u b s t r a t e   of  Figure  14-16.  In  th i s   case,   however,  t h e  

t r e a t e d   areas   of  the  s u b s t r a t e ,   which  had  been  m o i s t u r e  

p r e - c o n d i t i o n e d   to  a  high  mois ture   level  as  well  as  

p re -coo led   as  b e f o r e ,   were  d r a m a t i c a l l y   l i g h t e r   to  t h e  

eye  than  the  area  of  Figures  11-13.  In  Figure  17,  t h e  

ou t s ide   s u r f a c e   of  the  f i b e r s   appears   much  b r i g h t e r   t h a n  



these   shown  in  e i t h e r   of  F igures   11,  or  14.  It  i s  

b e l i e v e d   the  i nc r ea sed   r e f l e c t i v i t y   of  the  f i b e r s   is  due 

to  the  fo rma t ion   of  r e l a t i v e l y   l a rge   masses  of  b u b b l e s  

wi th in   the  i n d i v i d u a l   f i b e r s .   These  bubbles  are  seen  a s  

the  very  dark  masses  which  v i r t u a l l y   f i l l   the  ins ide   o f  

the  f i b e r   in  Figure  19.  The  o u t s i d e   su r f ace   of  t h e  

Figure  17  f i b e r s   also  appears   to  be  more  i r r e g u l a r   o r  

t e x t u r e d ,   which  may  c o n t r i b u t e   g r e a t l y   to  the  f i b e r s  

l i g h t   r e f l e c t i n g   c h a r a c t e r i s t i c s .  

D e t a i l s   of  t r e a t m e n t   p rocedures   are  desc r ibed   i n  

the  f o l l o w i n g   examples  i n v o l v i n g   the  s c u l p t u r i n g   of  a 

ca rpe t   compr is ing   nylon  6,6  f i b e r .  



EXAMPLE  1 

A  bonded  ca rpe t   with  an  Antron  3  SL  (Antron  is  a 

t rademark  of  DuPont)  20/2  cot ton  count  p i le   and  ?2 

den ie r   per  f i l amen t   with  9  ends  per  inch  and  7.9  f o l d s  

per  inch  and  a  weight  of  28  o z s . / s q .   yard  and  a  p i l e  

he igh t   of  o n e - f o u r t h   inch  was  p rocessed   through  an 

appa ra tu s   s i m i l a r   in  p r i n c i p l e   to  the  a p p a r a t u s  

d e s c r i b e d   h e r e i n ,   at  a  speed  of  1.4  yards   per  m i n u t e .  

The  t e m p e r a t u r e   and  p r e s su re   of  the  heated  a i r   in  t h e  

d i s c h a r g e   manifold  was  main ta ined   at  640°F  and  2 . 5  

p . s . i . g .   r e s p e c t i v e l y   and  d i r e c t e d   in to   the  p i l e   t h r o u g h  

an  0.015"  con t inuous   s l i t .   The  cold  b lock ing   a i r  

p r e s s u r e ,   c o n t r o l l e d   via  so leno id   v a l v e s ,   was  m a i n t a i n e d  

at  10  p . s . i . g .   The  d i s t a n c e   between  the  m a n i f o l d  

d i s c h a r g e   s lo t   and  the  su r f ace   of  the  p i l e   of  the  c a r p e t  

was  approx ima te ly   0.030  inch.  The  open  end  of  a  c o o l i n g  

duct  connected  to  a  c en t r a l   a i r   c o n d i t i o n i n g   duct  was 

p o s i t i o n e d   ad j acen t   to  the  p i le   c a r p e t   s u r f a c e .   The 

duct  was  used  to  main ta in   the  p i le   s u r f a c e   at  70°F 

d i r e c t l y   p r io r   to  the  t r e a t m e n t   zone.  The  hot  a i r  

stream  s t r i k i n g   the  cool  p i le   f i b e r   caused  sh r inkage   and 

bubbles  in  the  f i b e r   t ips   which  in  turn  r e s u l t e d   in  good 

v isua l   c o n t r a s t   between  the  t r e a t e d   and  u n t r e a t e d   a r e a s ,  

the  t r e a t e d   areas  having  a  l i g h t e r   and  g r e a t e r  

r e f l e c t i v i t y   to  l i g h t .  



EXAMPLE  2 

A  bonded  ca rpe t   as  de sc r i bed   in  Example  1  was 

p rocessed   at  the  same  c o n d i t i o n s   as  Example  1  with  t h e  

e x c e p t i o n   t ha t   the  p i le   was  p r e - h e a t e d   to  95°F.  The 

f i b e r   t i p s   shrank ,   but  few  bubbles  were  p r e s e n t   and 

c o n t r a s t   between  the  t r e a t e d   and  u n t r e a t e d   areas   was 

p o o r .  

EXAMPLE  3 

A  bonded  ca rpe t   as  de sc r i bed   in  Example  1  was 

p rocessed   through  the  appa ra tus   of  Example  1  at  a  speed  

of  1.4  yds.  per  minute.   The  t e m p e r a t u r e   and  p r e s su re   o f  

the  heated  a i r   in  the  d i s cha rge   manifo ld   was  m a i n t a i n e d  

at  790°F  and  2.0  p . s . i . g .   r e s p e c t i v e l y ,   and  d i r e c t e d  

onto  the  p i le   through  a  0.015"  con t inuous   s l i t .   The 

cold  b lock ing   a i r   p r e s s u r e   c o n t r o l l e d   via  s o l e n o i d  

valves   was  ma in ta ined   at  10  p . s . i . g .   The  d i s t a n c e  

between  the  manifold   d i s cha rge   s lo t   and  the  su r face   o f  

the  p i le   of  the  ca rpe t   was  app rox ima te ly   0.030  i n c h .  

P r e - c o o l i n g   using  the  cool ing   duct  of  Example  1 

m a i n t a i n e d   the  p i le   su r f ace   at  70°F  d i r e c t l y   p r io r   t o  

the  t r e a t m e n t   zone.  The  hot  a i r   s t ream  s t r i k i n g   t h e  

cool  p i l e   f i b e r s   caused  sh r inkage   and  bubbles   in  t h e  

f i b e r   t i p s   which  in  turn  r e s u l t e d   in  good  v i s u a l  

c o n t r a s t   between  the  t r e a t e d   and  u n t r e a t e d   a r e a s .  



EXAMPLE  4 

A  bonded  c a r p e t   as  desc r ibed   in  Example  1  was 

p rocessed   under  c o n d i t i o n s   s i m i l a r   to  Example  3  with  t h e  

excep t ion   t ha t   the  p i le   was  p rehea ted   to  95°F.  The 

f i b e r   t i p s   shrank  to  a  s u b s t a n t i a l l y   i d e n t i c a l   degree  a s  

was  found  in  Example  3,  but  few  bubbles  were  p r e s e n t   and 

c o n t r a s t   between  the  t r e a t e d   and  u n t r e a t e d   areas   was 

p o o r .  

EXAMPLE  5 

A  s e c t i o n   of  bonded  ca rpe t   with  an  Antron  3  XL 

(Antron  is  a  t rademark  of  DuPont)  20/2  co t ton   c o u n t  

p i le   and  22  d e n i e r   per  f i l amen t   with  9  ends  per  inch  and 

7.9  folds   per  inch  and  a  weight  of  28  o z s . / s q .   yard  and  

a  p i le   he igh t   of  o n e - f o u r t h   inch  is  p rocessed   through  an 

appa ra tu s   s i m i l a r   in  p r i n c i p l e   to  the  a p p a r a t u s  

d e s c r i b e d   h e r e i n ,   at  a  speed  of  2  yards  per  minute.   The 

ca rpe t   s ec t ion   is  mois ture   p r e - t r e a t e d   by  apply ing   wet  

steam  uni formly   to  the  su r face   for  10  seconds ,   f o l l o w e d  

by  a  20  second  cool ing   period  in  an  e n v i r o n m e n t  

ma in ta ined   at  75%  r e l a t i v e   humidity  and  7 4 ° F , ' d u r i n g  

which  time  cool  a i r   is  blown  over  the  s u r f a c e .   The 

t e m p e r a t u r e   and  p r e s s u r e   of  t h e  h e a t e d   a i r   in  t h e  

d i s c h a r g e   manifo ld   is  main ta ined   at  640°F  and  1 . 4  

p . s . i . g .   r e s p e c t i v e l y   and  d i r e c t e d   into  the  p i le   t h r o u g h  



an  0.025  inch  wide  cont inuous   s l i t .   The  cold  b l o c k i n g  

a i r   p r e s s u r e ,   c o n t r o l l e d   via  so leno id   v a l v e s ,   i s  

m a i n t a i n e d   at  14  p . s . i . g .   The  d i s t a n c e   between  t h e  

mani fo ld   d i s c h a r g e   s lo t   and  the  su r face   of  the  p i le   o f  

the  c a r p e t   is  app rox ima te ly   0.050  inch.  A  coo l ing   zone 

e s t a b l i s h e d   by  a  cool  a i r   duct  connected  to  a  hood 

p o s i t i o n e d   over  the  ca rpe t   su r face   is  used  to  m a i n t a i n  

the  c a r p e t   p i le   su r f ace   at  app rox ima te ly   72°F  d i r e c t l y  

p r i o r   to  the  t r e a t m e n t   zone.  The  hot  a i r   s t r e a m  

s t r i k i n g   the  cool  p i le   f i b e r   causes  sh r inkage   and 

bubbles   in  the  f i b e r   t i p s   which  in  turn  r e s u l t   in  good 

v i sua l   c o n t r a s t   between  the  t r e a t e d   and  u n t r e a t e d   a r e a s ,  

the  t r e a t e d   areas   c o n t a i n i n g   the  bubbles  having  a 

l i g h t e r   v i sua l   appearance  and  g r e a t e r   r e f l e c t i v i t y   t o  

l i g h t .  

EXAMPLE  6 

A  bonded  ca rpe t   as  desc r ibed   in  Example  5  i s  

p roces sed   at  the  same  c o n d i t i o n s   as  Example  5  with  t h e  

e x c e p t i o n s   tha t   the  p i le   is  mois ture   p r e - c o n d i t i o n e d   by 

p r e - h e a t i n g   the  ca rpe t   sec t ion   to  a p p r o x i m a t e l y   95°F  f o r  

3  h o u r s , - f o l l o w e d   by  s to rage   for  one  day  in  an  a r e a  

m a i n t a i n e d   at  75°F  and  35%  r e l a t i v e   humid i ty .   The  f i b e r  

t i p s   s h r i n k ,   but  few  bubbles  are  p r e sen t   and  c o n t r a s t  

between  the  t r e a t e d   and  u n t r e a t e d   areas   is  p o o r .  



EXAMPLE  7 

A  bonded  c a r p e t   s ec t ion   as  d e s c r i b e d   in  Example  5 

is  p roces sed   through  the  appara tus   of  Example  5  at  a 

speed  of  2.0  yards   per  minute.   The  c a r p e t   s e c t i o n   i s  

mo i s tu re   p r e - t r e a t e d   by  applying  a  water   mist  to  t h e  

p i le   s u r f a c e ,   r a i s i n g   the  mois ture   level   of  the  f i b e r s  

to  4%  by  weight   of  the  p i le   f i b e r s .   The  t e m p e r a t u r e   and 

p r e s s u r e   of  the  heated  a i r   in  the  d i s c h a r g e   manifo ld   i s  

m a i n t a i n e d   at  640°F  and  1.4  p . s . i . g .   r e s p e c t i v e l y   and 

d i r e c t e d   onto  the  p i l e   through  a  0.025  inch  c o n t i n u o u s  

s l i t .   The  cold  b locking   a i r   p r e s s u r e ,   c o n t r o l l e d   v i a  

so l eno id   v a l v e s ,   is  main ta ined   at  14  p . s . i . g .   The 

d i s t a n c e   between  the  manifold  d i s cha rge   s l o t   and  t h e  

su r f ace   of  the  p i le   of  the  carpe t   is  a p p r o x i m a t e l y   0 . 0 5 0  

inch.  A  coo l ing   zone  e s t a b l i s h e d   by  a  cool  a i r   d u c t  

connected   to  a  hood  p o s i t i o n e d   over  the  c a rpe t   s u r f a c e  

is  used  to  main ta in   the  p i le   su r face   at  a p p r o x i m a t e l y  

72°F  d i r e c t l y   p r io r   to  the  t r ea tmen t   zone.  The  hot  a i r  

stream  s t r i k i n g   the  cool  p i le   f i b e r s   cause  sh r inkage   and 

bubbles  in  the  f i b e r   t ips   which  in  turn  r e s u l t   in  good 

visual   c o n t r a s t   between  the  t r e a t e d   and  u n t r e a t e d   a r e a s .  

EXAMPLE  8 

A  s e c t i o n   of  bonded  carpe t   with  an  Antron  3  XL 

(Antron  is  a  t rademark  of  DuPont)  20/?  co t ton   c o u n t  



pi le   and  22  den i e r   per  f i l a m e n t   with  9  ends  per  inch  and 

7.9  fo lds   per  inch  and  a  weight  of  28  o z s . / s q .   yard  and 

a  p i l e   h e i g h t   of  o n e - f o u r t h   inch  is  p rocessed   through  an 

a p p a r a t u s   s i m i l a r   in  p r i n c i p l e   to  the  a p p a r a t u s  

d e s c r i b e d   h e r e i n ,   at  a  speed  of  2  yards  per  minute.   The 

ca rpe t   s e c t i o n   is  mois tu re   p r e - c o n d i t i o n e d   by  a p p l y i n g  

wet  steam  un i fo rmly   to  the  s u r f a c e   for   10  s e c o n d s ,  

fo l lowed   by  a  20  second  t e m p e r a t u r e   p r e - c o n d i t i o n i n g  

per iod   in  an  envi ronment   ma in t a ined   at  75%  r e l a t i v e  

humidi ty   and  72°F,  during  which  time  a i r   was  blown  o v e r  

the  s u r f a c e   or  by  a l lowing   the  c a rpe t   to  cool  for   10 

minutes  in  a  cool  envi ronment   at  a p p r o x i m a t e l y   70°F  and 

75%  r e l a t i v e   humidi ty .   The  t e m p e r a t u r e   and  p r e s su re   o f  

the  heated   a i r   in  the  d i s c h a r g e   manifo ld   is  m a i n t a i n e d  

at  640°F  and  1.4  p . s . i . g .   r e s p e c t i v e l y   and  d i r e c t e d   i n t o  

the  p i l e   through  an  0.025  inch  wide  con t inuous   s l o t .  

The  cold  b lock ing   a i r   p r e s s u r e ,   c o n t r o l l e d   via  s o l e n o i d  

v a l v e s ,   is  ma in t a ined   at  14  p . s . i . g .   The  d i s t a n c e  

between  the  mani fo ld   d i s c h a r g e   s l o t   and  the  sur face   o f  

the  p i l e   of  the  c a r p e t   is  a p p r o x i m a t e l y   0.050  i n c h .  A  

cool ing   zone  e s t a b l i s h e d   by  a  cool  a i r   duct  connected  t o  

a  hood  p o s i t i o n e d   over  the  ca rpe t   su r f ace   is  used  t o  

ma in ta in   the  p i l e   su r f ace   at  a p p r o x i m a t e l y   7?°F  d i r e c t l y  

p r io r   to  the  f i r s t   heated  f l u i d   zone.  The  hot  a i r  



stream  s t r i k i n g   the  cool  p i l e   f i b e r   causes  sh r inkage   and 

bubbles  in  the  f i b e r   t i p s   which  in  turn  r e s u l t   in  good 

visual   c o n t r a s t   between  the  t r e a t e d   and  u n t r e a t e d   a r e a s ,  

the  t r e a t e d   areas  having  a  l i g h t e r   appearance   and 

g r e a t e r   r e f l e c t i v i t y   to  l i g h t .   The  ca rpe t   s e c t i o n   i s  

now  mois ture   p r e - c o n d i t i o n e d   to  below  3%  mois tu re   and 

t empera tu re   p r e - c o n d i t i o n e d   to  about  105°F.  The  c a r p e t  

then  passes  under  a  second  heated  f l u i d   zone,  o p e r a t i n g  

at  the  same  c o n d i t i o n s   as  the  f i r s t   heated  f l u i d   z o n e .  

The  hot  a i r   stream  s t r i k i n g   the  warm  dry  p i l e   f i b e r  

produces  few  bubbles  and  hence  low  visual   c o n t r a s t   when 

compared  with  u n t r e a t e d   areas   of  the  s u b s t r a t e .   The 

r e s u l t i n g   carpe t   shows  th ree   d i f f e r e n t   l e v e l s   of  v i s u a l  

c o n t r a s t   in  p i le   f i b e r s .   This  example  is  the  f i r s t  

l i s t e d   in  the  fo l lowing   t ab le   (Table  I)  w h e r e i n  

a d d i t i o n a l   examples  may  be  found.  The  mois ture   and 

t empera tu re   p r e - c o n d i t i o n i n g   values  p r io r   to  t h e  

r e s p e c t i v e   heated  f l u i d   zone  t r e a t m e n t s   are  shown. 

Resul ts   on  the  ca rpe t   p i l e   f i b e r s   are  l i s t e d   for  e ach  

set  of  p r e - c o n d i t i o n i n g   v a l u e s .  





1.  A method  for   t r e a t i n g   a  moving  s u b s t r a t e   by  

a p p l i c a t i o n   of  p r e s s u r i z e d   hea ted   f l u i d   to  s e l e c t e d   s u r f a c e  

p o r t i o n s   t h e r e o f   to  a l t e r   the  v i s u a l   su r face   appearance   o f  

the  s u b s t r a t e   by  c r e a t i n g   bubbles   w i th in   at  l e a s t   p o r t i o n s  

of  sa id   s u b s t r a t e ,   wherein  un i fo rmly   hea ted   f l u i d   i s  

d i s c h a r g e d   along  a  th in   con t inuous   band  across   the  path  o f  

the  moving  s u b s t r a t e   and  onto  the  su r f ace   of  said  s u b s t r a t e ,  

except   at  s e l e c t e d   l o c a t i o n s   along  the  band  wherein  s a i d  

d i s c h a r g e   of  f l u i d   is  b locked ,   t he reby   p r e v e n t i n g   the  f l u i d  

from  impinging   the  s u b s t r a t e   s u r f a c e   at  c o r r e s p o n d i n g  

l o c a t i o n s   on  sa id   su r f ace   and  caus ing   said  s u b s t r a t e   to  b e  

impinged  by  s e p a r a t e   s t reams  of  f l u i d   f l a n k i n g   s a i d  

l o c a t i o n s ,   sa id   su r f ace   being  t e m p e r a t u r e   p r e - c o n d i t i o n e d  

to  a  t e m p e r a t u r e   l e s s   than  950F  p r i o r   to  said  impinging  o f  

f l u i d   s t reams  onto  said  s u b s t r a t e .  

2.  A  method  accord ing   to  claim  1,  wherein  s a i d  

s u b s t r a t e   is  at  a  t e m p e r a t u r e   l e s s   than  750F  p r i o r   t o  

c o n t a c t   by  the  hea ted   f l u i d .  

3.  A  method  accord ing   to  claim  2,  wherein  s a i d  

s u b s t r a t e   su r face   is  cooled  by  a  s tream  of  c h i l l e d   a i r  

impinging  on  said  su r f ace   immedia te ly   p r i o r   to  c o n t a c t  

by  the  hea ted   f l u i d .  

4.  A  method  accord ing   to  any  p reced ing   claim,  w h e r e i n  

sa id   s u b s t r a t e   is  mo i s tu re   p r e - c o n d i t i o n e d   to  e s t a b l i s h   a  

p r e - d e t e r m i n e d   mo i s tu re   c o n t e n t   w i th in   said  s u b s t r a t e  

p r i o r   to  c o n t a c t   by  said  impinging  s t r e a m s .  

5.  A  method  accord ing   to  claim  4,  wherein  s a i d  

s u b s t r a t e   is  mo i s tu re   p r e - c o n d i t i o n e d   by  exposing  s a i d  



s u b s t r a t e   to  m o i s t u r e   p r i o r   to  said  t e m p e r a t u r e   p r e -  

c o n d i t i o n i n g   s t e p .  

6.  A method  accord ing   to  claims  4  or  5,  wherein  s a i d  

p r e - d e t e r m i n e d  m o i s t u r e   l eve l   is  g r e a t e r   than  5%. 

7.  Appara tus   for   t r e a t i n g   a moving  s u b s t r a t e   by  

a p p l i c a t i o n   of  p r e s s u r i z e d   hea ted   f l u i d   to  s e l e c t e d   s u r f a c e  

p o r t i o n s   t h e r e o f   to  a l t e r   the  v i s u a l   s u r f a c e   appearance   o f  

the  s u b s t r a t e   by  c r e a t i n g   bubbles   t h e r e w i t h i n ,   c o m p r i s i n g  

means  for   coo l i ng   the  su r face   of  said  s u b s t r a t e ,   means  f o r  

d i r e c t i n g   a  s t ream  of  hea ted   f l u i d   a g a i n s t   the  su r face   o f  

the  s u b s t r a t e ,   and  means  for  s u p p o r t i n g   the  s u b s t r a t e   and  

b r i n g i n g   sa id   s u b s t r a t e   su r face   into  o p e r a t i v e   r e l a t i o n s h i p  

with  sa id   coo l i ng   means  and  then  said  s t ream  d i r e c t i n g  

means,  sa id   coo l i ng  means   and  said  s t ream  d i r e c t i n g   means 

be ing   r e l a t i v e l y   p o s i t i o n e d   so  t h a t   said  s u b s t r a t e   s u r f a c e  

is  s u b s t a n t i a l l y   cool  as  said  heated   f l u i d   is  d i r e c t e d  

a g a i n s t   sa id   s u b s t r a t e   s u r f a c e .  

8.  Appara tus   accord ing   to  claim  7  f u r t h e r   c o m p r i s i n g  

means  for   e s t a b l i s h i n g   a  uniform,   p r e - d e t e r m i n e d   m o i s t u r e  

l eve l   w i t h i n   sa id   s u b s t r a t e ,   sa id  means   be ing   r e l a t i v e l y  

p o s i t i o n e d   so  t h a t   said  s u b s t r a t e   c a r r i e s   said  p r e -  

de te rmined   m o i s t u r e   l eve l   as  said  hea ted   f l u i d   i s  

d i r e c t e d   a g a i n s t   sa id   s u b s t r a t e   s u r f a c e .  

9.  Appara tus   accord ing   to  claim  8,  where in   s a i d  

means  for   e s t a b l i s h i n g   a  uniform,  p r e - d e t e r m i n e d   m o i s t u r e  

l eve l   compr ises   a  s t e a m i n g  m e a n s .  

10.  Appara tus   accord ing   to  claim  8,  wherein   s a i d  

means  for  e s t a b l i s h i n g   a  uniform,  p r e - d e t e r m i n e d   m o i s t u r e  



l e v e l   comprises   a  m i s t i n g m e a n s .  

11.  Appara tus   a c c o r d i n g   to  any one  of  c la ims  7  to  1 0 ,  

where in   said  coo l ing   means  comprises   means  for   s u p p l y i n g  a  

s t ream  of  c h i l l e d   a i r .  

12.  A  t e x t i l e   p roduc t   compr i s ing   t h e r m o p l a s t i c   f i b e r s  

where in   some  of  said  f i b e r s   in  c e r t a i n   areas   a r e  

s u b s t a n t i a l l y   l o n g i t u d i n a l l y   unshrunken  and  c o n t a i n  

s u b s t a n t i a l l y   no  b u b b l e s ,   while   o the r s   of  said  f i b e r s   are  a t  

l e a s t   p a r t i a l l y   l o n g i t u d i n a l l y   shrunken  along  p o r t i o n s   o f  

t h e i r   l e n g t h s ,   sa id   shrunken  f i b e r s   having  s u b s t a n t i a l  

i n t e r n a l   p o r t i o n s   of  sa id   shrunken  p o r t i o n s   occupied   by 

b u b b l e s .  

13.  A  t e x t i l e   p roduc t   compr is ing   t h e r m o p l a s t i c   f i b e r s  

where in   some  of  said  f i b e r s   in  c e r t a i n   areas   a r e  

s u b s t a n t i a l l y   l o n g i t u d i n a l l y   unshrunken  and  c o n t a i n  

s u b s t a n t i a l l y   no  bubb l e s ,   while   o the r s   of  said  f i b e r s   are  a t  

l e a s t   p a r t i a l l y   l o n g i t u d i n a l l y   sh runken ,   said  s h r u n k e n  

f i b e r s   being  f u r t h e r   d i f f e r e n t i a t e d   by  being  grouped  i n t o  

d i f f e r e n t   areas  on  said  s u b s t r a t e   wherein  in  at  l e a s t   one 

area  r e p r e s e n t a t i v e   ones  of  said  shrunken  f i b e r s   have  l i t t l e  

i n t e r n a l   space  occupied   by  bubb le s ,   and  in  at  l e a s t   one 

o t h e r   area  r e p r e s e n t a t i v e   ones  of  s a i d  s h r u n k e n   f i b e r s   h a v e  

s u b s t a n t i a l l y   l a r g e r   volumes  of  i n t e r n a l   space  occupied  by 

sa id   bubb le s ,   the  r e l a t i v e   d i f f e r e n c e   with  r e s p e c t   to  t h e  

p r e s e n c e   of  bubbles  w i th in   said  f i b e r s   r e s u l t i n g   in  a 

r e l a t i v e   d i f f e r e n c e   in  r e f l e c t i v i t y   or  p e r c e i v e d   v i s u a l  

c o n t r a s t   of  said  f i b e r s   in  said  a r e a s .  



14.  A  p r o d u c t   accord ing   to  claims  12  or  13,  w h e r e i n  

sa id   t h e r m o p l a s t i c   f i b e r s   are  comprised  of  nylon  6 , 6 .  
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