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(54)  Process  for  making  nonwoven  fabrics  by  bonding  organic  fibers. 

A  nonwoven  fabric  is  prepared  by  simultaneously  heat- 
ing  and  compressing  a  nonwoven  web  of organic  fibers  which 
contains  a  bonding  quantity  of water  as  defined  in  the  descrip- 
tion.  Compressive  force  and  temperature  and  time  of  web 
exposure  thereto  are  correlated  to  provide  a  wash  stable 
fabric,  but  the  correlation  is  such  that  wash  stable  bonding  of 
an  otherwise  dry  web  is  not  obtained.  A  "dry"  web  is  one 
containing  equilibrium  water  content  at 65% relative  humidity 
at  22°C. 



This  invent ion   r e l a t e s   to  processes   f o r  b o n d i n g  
organic  f i be r s .   More  s p e c i f i c a l l y ,   the  inven t ion   r e l a t e s  
to  such  processes   wherein  water  is  u t i l i z e d   as  an  agen t  
for  e f f e c t i n g   autogenous  bonding  of  f ibers   c o n s t i t u t i n g  
nonwoven  webs. 

Nonwoven  fabr ics   and  the  u t i l i z a t i o n   t he reo f   a r e  
well  known  to  those  s k i l l e d   in  the  ar t .   Such  f ab r i c s   a r e  
prepared  by  forming  a  web  of  continuous  f i lament   a n d / o r  
s t ap le   f i be r s .   Such  webs,  as  formed,  are  gene ra l l y   l a c k -  
ing  in  phys ica l   i n t e g r i t y   and  r ead i ly   d i s i n t e g r a t e   when 
handled.  Therefore ,   it  is  customary  to  increase   the  i n -  
t e g r i t y   of  such  webs  by  bonding  the  f ibers   c o n s t i t u t i n g   t h e  
web  at  f iber   c rossover   po in ts .   Fiber  bonding  has  been  suc -  
c e s s f u l l y   accomplished  by  mechanical  entanglement  of  web 
f ibe r s ;   a p p l i c a t i o n   of  adhesives;   and  autogenously   by  t h e  
use  of  heat  or  l i qu id   or  gaseous  agents  to  sof ten  the  f i b e r s  
and  render  them  c o h e s i v e .  

Autogenous  bonding  has  been  found  p a r t i c u l a r l y  
advantageous  from  the  s t andpoin t   of  providing  f ab r i c s   o f  
good  s t r eng th   without   i n c o r p o r a t i n g   an  adhesive  having  a  com- 
p o s i t i o n   d i f f e r i n g   from  that   of  the  f ibers   in  the  f ab r i c .   In  



autogenous  bonding,   s t r e n g t h   can  in  some  i n s t a n c e s   be  
improved  and /or   d e c o r a t i v e   f abr ic   p a t t e r n s   or  m o d i f i e d  
t a c t i l e   p r o p e r t i e s   provided  by  o v e r a l l   or  i n t e r m i t t e n t  
compress ion   of  the  so f t ened   f i b e r s .   However,  c e r t a i n   p r o c e s s  
d i f f i c u l t i e s   have  h i t h e r t o   been  a s s o c i a t e d   with  a u t o g e n o u s  
bonding.   For  example,  in  p rocesses   employing  thermal   s o f t e n -  
ing  of  f i b e r s ,   c a r e f u l   cont ro l   of  t e m p e r a t u r e   (and  p r e s s u r e  
if   u t i l i z e d )   is  r e q u i r e d   to  obta in   adequate   bonding  w i t h o u t  
complete   me l t ing   r e s u l t i n g   in  d e s t r u c t i o n   of  the  f i b r o u s  
s t r u c t u r e   and/or   s t i c k i n g   o f  t h e   web, to  suppor t s   or  p r e s s u r e  
app ly ing   dev ices .   Techniques  using  l i q u i d   s o f t e n i n g   a g e n t s  
must  s i m i l a r l y   be  c a r e f u l l y   c o n t r o l l e d   to  p r even t   t o t a l   web 
d i s s o l u t i o n .   F u r t h e r ,   many  l i qu id   bonding  agents   and  g a s e o u s  
bonding  agen t s ,   e.g.   HCl,  are  c o r r o s i v e   to  equipment  a n d / o r  

pose  p o t e n t i a l   hazards   to  o p e r a t i n g   p e r s o n n e l   if  c a r e l e s s l y  
h a n d l e d .  

The  bonding  of  f ib rous   webs  by  the  a p p l i c a t i o n   o f  
s p e c i f i e d   amounts  of  water  fol lowed  by  compress ion   of  t h e  w e b  
to  p r e s c r i b e d   t h i c k n e s s e s   at  s p e c i f i e d   t e m p e r a t u r e s   i s  
d e s c r i b e d   in  Japanese   pa ten t   p u b l i c a t i o n   Nos.  74-3459;  
74-3460;  and  7 4 - 3 4 6 1 .  H o w e v e r ,   a t t emp t s   to  p repare   nonwoven 
f a b r i c s   in  accordance   with  the  t e a c h i n g s   of  the  a f o r e s a i d  
Japanese   p u b l i c a t i o n s   have  y i e lded   m a t e r i a l s   which  f a i l e d   t o  
s a t i s f a c t o r i l y   w i t h s t a n d   c o n v e n t i o n a l   usage  such  as  w a s h i n g .  

A  p r a c t i c a l   pro.cess  u t i l i z i n g   water   as  an  agent  f o r  
bonding  o rgan ic   f i b e r s   to  form  f a b r i c s   of  a c c e p t a b l e   p h y s i c a l  
p r o p e r t i e s   would  r e p r e s e n t   a  s u b s t a n t i a l   advance  in  the  a r t .  



SUMMARY  OF  THE  INVENTION 
The  process  of  the  invent ion  is  one  for  making 

nonwoven  f ab r i c s ,   and  is  c h a r a c t e r i s e d   by  s imu l -  
taneously  compressing  and  heat ing  a  nonwoven  web 
of  water  bondable  organic  f ibe r s ,   said  web  c o n t a i n -  
ing  a  bonding  quant i ty   of  water;  the  compressive 
force,  temperature ,   and  time  of  exposure  of  the  web 
there to   being  c o r r e l a t e d   to  e f f ec t   autogenous  f i b e r  
bonding  s u f f i c i e n t   to  provide  a  wash-s table   f a b r i c  
but  the  c o r r e l a t i o n   being  such  as  not  to  e f f e c t  
autogenous  bonding  of  f ibers   of  an  otherwise  e q u i v a -  
lent  dry  web  s u f f i c i e n t   to  provide  a  w a s h - s t a b l e  
f a b r i c .  

A  p r e f e r r ed   process  according  to  t he  
invent ion  is  c h a r a c t e r i s e d   by  providing  a  bonding 
quant i ty   of  water  in  a  nonwoven  web  of  water  bond- 
able  organic  f ibers   and  passing  said  web  c o n t a i n i n g  
said  water  through  and  compressing  said  web  in  t h e  
nip  of  a  pair   of  ro l l s   at  l eas t   one  of  which  i s  
heated;  the  compressive  force,  the  rol l   t empera tu re ,  
and  the  rate  of  passage  of  the  web  through  the  n i p  
being  c o r r e l a t e d   to  e f f e c t   autogenous  f iber   bonding 
s u f f i c i e n t   to  provide  a  wash-s tab le   fabric   but  t h e  
c o r r e l a t i o n   being  such  as  not  to  e f fec t   autogenous 
bonding  of  f ibers   of  an  otherwise  equivalent   dry 
web  to  provide  a  wash-s tab le   f a b r i c .  

A  fu r the r   p r e f e r r e d   process  according  to  t h e  
invent ion  is  c h a r a c t e r i s e d   by  providing  a  bonding 
quant i ty   of  water  in  a  nonwoven  web  of  nylon 
6,6  continuous  f i lament   f i be r s ;   passing  said  web 
conta ining  said  water  through  and  compressing  s a i d  
web  in  the  nip  of  a  pa i r   of  ro l l s   at  least   one  of 
which  is  heated  and  at  l eas t   one  of  which  is  p a t t e r n e d  
to  compress  the  web  in  spaced,  d i s c r e t e   areas;  t he  



compressive  force,   ro l l   temperature   and  ra te   o f  
passage  of  the  web  through  the  nip  being  c o r r e l a t e d  
to  e f f e c t   bonding  in  the  spaced,  d i s c r e t e   a r e a s  
compressed  s u f f i c i e n t   to  provide  a  w a s h - s t a b l e  
f ab r i c   but  the  c o r r e l a t i o n   being  such  as  not  to  e f f e c t  
bonding  of  f i be r s   of  an  otherwise  equ iva len t   dry  web 
s u f f i c i e n t   to  provide  a  wash-s tab le   f ab r i c .   The 
p r ac t i c e   of  the  invent ion  will   be  understood  from 
the  fo l lowing  d e s c r i p t i o n   of  the  p r e f e r r e d   embodi- 
ments .  



DESCRIPTION  OF  THE  PREFERRED  EMBODIMENTS 
The  process  of  this  i nven t ion   can  be  u t i l i z e d   to  

e f f e c t   bonding  of  any  water  bondable  f i b e r s .   The  term  " w a t e r  
bondable  f i b e r s "   denotes  any  f i be r s   which,  in  the  form  of  a 
web  c o n t a i n i n g   a  bonding  quan t i ty   of  water ,   can  be  bonded  to  
form  a  wash  s t ab l e   fabr ic   (a  f ab r i c   e x h i b i t i n g   l i t t l e   or  no 
p i l l i n g   when  sub jec ted   to  a  h e r e i n a f t e r   de sc r ibed   wash ing  
t e s t )   under  a  combination  of  compressive  fo rce ,   t e m p e r a t u r e  
and  exposure  time  which  wil l   not  e f f e c t   such  bonding  in  an 
o the rwi se   i d e n t i c a l   dry  web.  Examples  of  water  b o n d a b l e  
f i b e r s   s u i t a b l e   for  p r o c e s s i n g  i n   accordance  with  th is   i n v e n -  
t ion   inc lude   f i b e r s   derived  from:  p o l y h e x a m e t h y l e n e  
a d i p a m i d e ,  p o l y c a p r o a m i d e   and  other   polyamides ,   a c r y l i c   and 
modacry l i c   polymers  and  copolymers  and  mixtures   and  b l e n d s  
t h e r e o f .   Polyamide  polymer  f i b e r s ,   e.g.   nylon  6,6,  a r e  
p a r t i c u l a r l y   well  su i ted   for  the  p r a c t i c e   of  th is   i n v e n t i o n .  
Composite  f i b e r s ,   inc luding   those  having  components  which  a r e  
not ,   a lone,   water  bondable  can  be  u t i l i z e d .   For  example  a 
f i b e r   having  a  nylon  sheath  and  a  p o l y e s t e r   core  or  s i d e - b y -  
side  bicomponent  f i be r s   or  other  mul t icomponent   f i b e r s   h a v i n g  
bondable  sur face   po r t ions   can  be  u t i l i z e d .   The  f i b e r s   can  be  
in  the  form  of  cont inuous  f i l ament   or  s t ap l e   and,  i f  d e s i r e d ,  
can  be  crimped  or  t ex tu red   to  provide  e l a s t i c i t y   or  o t h e r  
d e s i r e d   c h a r a c t e r i s t i c s   to  the  f i n i s h e d   f a b r i c .  

The  water  bondable  f i be r s   are  p roces sed   in  the  form 
of  nonwoven  webs.  Such  webs  of  bondable  f i be r s   can  c o n s i s t  
s o l e l y   of  water  bondable  f ibers   or  can  also  con ta in   o t h e r  
s y n t h e t i c   or  n a t u r a l   f ibers   which  are  not  bondable .   The 
manner  of  web  format ion  is  not  c r i t i c a l .   Genera l ly   webs  a r e  
formed  by  d e p o s i t i o n   of  f ibers   on  a  moving  b e l t   in  e i t h e r  
random  or  a l igned   o r i e n t a t i o n   to  provide   a  web  having  a 
weight  4  to  400  grams  per  square  meter ,   p r e f e r a b l y   10  to  250 
grams  per  square  meter.  A  p a r t i c u l a r l y   use fu l   method  of  web 
format ion   is  d i s c losed   in  United  S ta tes   Pa tent   No.  3 ,452 ,615  



In  p r a c t i c i n g   this  i nven t ion ,   a  bonding  quan t i ty   o f  
water  is  appl ied  to  the  nonwoven  web.  By  "bonding  q u a n t i t y "  
of  water  is  meant  a  q u a n t i t y   such  that   subsequent  compress ion  
of  the  web  at  e leva ted   t empera tu re   e f f ec t s   f ibe r   bonding  
adequate  to  provide  a  w a s h - s t a b l e   f ab r i c .   The  minimum 
quan t i ty   of  water  r equ i r ed   wi l l   vary  somewhat  depending  on 
f iber   composit ion,   web  s t r u c t u r e ,   f iber   denier ,   and  bonding  
cond i t i ons .   The  maximum  q u a n t i t y   usable  is  governed  p r i m a r i l y  
by  p r a c t i c a l   c o n s i d e r a t i o n   of  techniques   a v a i l a b l e   for  w a t e r  
a p p l i c a t i o n   and  a b i l i t y   of  the  web  to  r e t a i n   the  w a t e r  
appl ied .   In  general ,   bonding  wi l l   be  adverse ly   a f f e c t e d   by 
inadequate   water  but  the  use  of  excess  water  p resen t s   no 
problems  other  than  those  a s s o c i a t e d   with  p rocess ing   conven-  
ience  and  economics.  There fore ,   in  p r a c t i c e ,   r e l a t i v e l y   l a r g e  
amounts  of  water  ( c o n s i s t e n t   with  convenience  of  a p p l i c a t i o n  
and  handl ing)   wil l   be  app l i ed   to  the  web  to  ensure  a d e q u a t e  
bonding.  Optimum  amounts  from  the  s t andpo in t   of  bonding  
e f f i c i e n c y ,   p rocess ing   convenience   and  economics  can  r e a d i l y  
be  determined  by  rou t ine   t e s t i n g .  

The  bonding  q u a n t i t y   of  water  can  be  appl ied   to  t h e  
web  by  a  va r i e ty   of  t e chn iques .   For  example,  the  web  can  be 
immersed  in  water  by  pass ing   the  web  supported  on  a  moving 
be l t   or  s imi la r   means  through  a  tray  of  water  or  under  s p r a y  
nozz les .   Humid  a tmospheres ,   mist   chambers,  wet  r o l l s ,   e t c .  
can  also  be  employed  to  provide  or  f a c i l i t a t e   ob ta in ing   a 
web  con ta in ing   the  des i red   bonding  quan t i ty   of  w a t e r .  

The  web  c o n t a i n i n g   a  bonding  quan t i ty   of  water  i s  
then  s imul taneous ly   compressed  and  heated.   Simultaneous  com- 
p re s s ion   and  heat ing  can  be  conven ien t ly   accomplished  using  a 
pa i r   of  mechanical   compressive  means  such  as  p l a t t e n s   or  r o l l s  
with  one  or  both  of  the  compression  means  being  heated.   P r e f -  
erably  the  wetted  web  is  compressed  in  the  nip  of  a  pair   o f  
r o t a t i n g   ro l l s   at  l e a s t   one  of  the  r o l l s   being  heated.   It  i s  
f u r t h e r   found  that  when  the  r o l l s   are  adapted  (e.g.  v i a  
bosses  or  land  and  groove  p a t t e r n s )   to  compress  the  f a b r i c s  
in  spaced,  d i s c r e t e   areas ,   f a b r i c s   having  p a r t i c u l a r l y   d e s i r -  
able  t a c t i l e   p r o p e r t i e s   in  terms  of  drape  can  be  o b t a i n e d .  



The  compressive  force,  t empera ture ,   and  the  d u r a t i o n  
of  web  exposure  to  such  force  and  temperature   must  be  c o r r e -  
la ted  to  e f f ec t   f iber   bonding  s u f f i c i e n t   to  y ie ld   a  wash-  
s table   f ab r i c .   However,  the  c o r r e l a t i o n   is  such  t h a t  
a p p l i c a t i o n   of  these  p rocess ing   condi t ions   to  an  o t h e r w i s e  
equ iva len t   dry  web  does  not  provide  a  wash-s t ab le   f a b r i c .  
The  term  "dry"  is  used  to  denote  a  web  con ta in ing   e q u i l i b r i u m  
water  content   at  65%  r e l a t i v e   humidity  at  22°C.  A  c o m p l e t e l y  
anhydrous  web  w i l l ,   of  course,   also  f a i l   to  y ie ld   w a s h - s t a b l e  
fabr ics   under  such  cond i t i ons .   However,  the  f o r e g o i n g  
d e f i n i t i o n   of  the  term  "dry"  is  chosen  to  f a c i l i t a t e   t e s t i n g  
without  n e c e s s i t y   of  render ing  the  samples  anhydrous .  

Since  p r a c t i c e   of  the  invent ion   r equ i r e s   a  c o r r e l a -  
tion  of  condi t ions   such  that  wash - s t ab l e   bonds  are  n o t  
obtained  with  dry  webs,  the  ro l l   or  other  p re s s ing   means  w i l l  
gene ra l l y   be  heated  to  a  tempera ture   less  than  the  f i b e r  
melt ing  point  (as  determined  for  anhydrous  f ibe r s   at  a tmos-  
pheric   p r e s s u r e ) .   General ly ,   the  temperature   wi l l   be  a t  
l ea s t   100°C.  and  no  less  than  100°C.  below  the  f iber   m e l t i n g  
point .   At  lower  t e m p e r a t u r e s , e f f e c t i v e   bonding  is  g e n e r a l l y  
not  obtained  in  reasonable   time  r e g a r d l e s s   of  the  c o m p r e s s i v e  
force  u t i l i z e d .   Optimum  tempera tures   ( c o r r e l a t e d   w i t h  
s e l ec t ed   p re s su re s )   for  var ious  f ibe r s   can  be  determined  by 
rou t ine   t e s t s .   For  example,  t empera tures   in  the  r a n g e  
150°C.-250°C.  are  gene ra l ly   s a t i s f a c t o r y   for  bonding  n y l o n  
6,6;  t empera tures   in  the  range  150°C.-250°C.  are  also  g e n e r -  
a l ly   s a t i s f a c t o r y   for  bonding  a c r y l i c   f i b e r s .  

Regardless   of  the  tempera ture   chosen,  s a t i s f a c t o r y  
bonding  wi l l   not  take  place  in  the  absence  of  a d e q u a t e  
compression.  Although  the  mechanism  of  the  bonding  p r o c e s s  
is  not  fu l ly   unders tood,   it  is  be l i eved   that  a p p l i c a t i o n   o f  
s u f f i c i e n t   p r e s su re ,   in  add i t ion   to  ensuring  f iber   to  f i b e r  
contac t ,   r e s u l t s   in  a  gaske t ing   or  sea l ing   e f f ec t   r e t a i n i n g  
water  under  the  p ressure   point  as  heat  is  t r a n s f e r r e d   to  
the  compressed  wetted  web.  Thus,  it  is  be l ieved  that   t h e  
water  is  heated  above  i ts   a tmospheric   bo i l i ng   point   and  t h a t  
the  superheated  water  (or  steam)  under  pressure   p a r t i c i p a t e s  
in  the  bonding  mechanism. 



The  dura t ion   of  time  in  which  the  web  is  s u b j e c t e d  
to  hea t ing   and  compression  can  be  r e g u l a t e d   by  c o n v e n t i o n a l  
t echn iques ,   e.g.  r e g u l a t i o n   of  r o l l   speed.  Such  time  wil l   be 
chosen  to  permit   adequate  heat ing  of  the  web  to  e f f e c t   bond-  
ing.  In  gene ra l ,   the  use  of  higher   t empera tu re s   lowers  t h e  

exposure  time  r e q u i r e d .  
As  p r e v i o u s l y   i n d i c a t e d ,   i t   is  not  necessa ry   t h a t  

the  o v e r a l l   web  be  compressed  and  hea ted .   Exce l l en t   r e s u l t s  
are  ob ta ined   by  compressing  and  hea t ing   the  web  in  a  p a t t e r n  
defined  by  compressed  (bonded)  and  uncompressed  (unbonded) 
areas  or  in  spaced  d i s c r e t e   l o c a t i o n s ,   for  example,  by  use  o f  
bossed  or  engraved  ro l l s   or  r o l l s   having  land  and  groove  
designs  adapted  to  compress  the  web  in  such  spaced,  d i s c r e t e  
l o c a t i o n s .   When  using  such  t e chn iques ,   it  is  g e n e r a l l y  
des i red   that   the  web  be  s u b s t a n t i a l l y   uncompacted  p r io r   t o  
p r e s s ing .   In  order  to  provide  adequate  o v e r a l l   p h y s i c a l  
p r o p e r t i e s   from  2%  to  80%,  p r e f e r a b l y   3%  to  50%,  of  t h e  
t o t a l   sur face   area  of  the  web  should  be  s u b j e c t e d   to  com- 
p res s ion   and  hea t ing .   When  p rov id ing   d i s c r e t e ,   spaced  bond 
s i t e s ,   the  number  of  bond  s i t e s   per  square  cen t ime te r   shou ld  
be  from  1  to  250,  p r e f e r a b l y   16  to  64  in  order  to  p r o v i d e  
des i red   p h y s i c a l   p r o p e r t i e s .  

In  some  i n s t a n c e s ,   var ious   adhesion  promoters  can 
be  used  in  con junc t ion   with  water  to  provide  bonds  o f  
improved  p h y s i c a l   p r o p e r t i e s   or  permit   use  of  somewhat  lower  
t empera tu res   and/or   p re s su res .   In  such  i n s t ances   ( c o n s i s t e n t  
with  d e f i n i t i o n s   p r e v i o u s l y   set  for th)   the  bonding  q u a n t i t y  
of  water  and  the  c o r r e l a t e d   compressive  force  and  t empera -  
ture  wi l l   be  such  that   wash - s t ab l e   f a b r i c s   are  obta ined  even 
in  the  absence  of  the  adhesion  promoter  but  such  that   wash- 
s t ab le   f a b r i c s   are  not  obtained  in  the  absence  of  such  
bonding  q u a n t i t y   of  water.   That  is ,   the  amount  of  a d h e s i o n  
promoter  u t i l i z e d   wil l   not,  alone,  e f f e c t   w a s h - s t a b l e   bonding  
of  a  dry  web.  Su i t ab le   adhesion  promoters  include  s u b s t a n c e s  
which  form  aqueous  mixtures  or  s o l u t i o n s   and/or   which  tend  to  
f a c i l i t a t e   r ende r ing   the  f ibers   au togenous ly   cohesive.   For  
example,  s u i t a b l e   adhesion  promoters  for  nylon  webs  i n c l u d e  
inorgan ic   and  organic   m a t e r i a l s   such  as  h y d r o c h l o r i c   a c i d ,  



s u l f u r i c  a c i d ,   formic  acid,  phenol,   r e s o r c i n o l ,   m e t h a n o l ,  
e thanol ,   etc.  Reducing  acids  such  as  hyd roch lo r i c   a c i d  

appear  p r e f e r a b l e   to  oxid iz ing   acids  because  such  acids  have 
less  tendency  to  e f fec t   polymer  degrada t ion .   Aqueous  s o l u -  
tions  of  inorganic   sa l t s   such  as  sodium  iod ides ,   c a l c i u m  
bromides,  zinc  ch lor ide   or  magnesium  ch lor ide   can  also  be 
used.  Examples  of  s u i t a b l e   adhesion  promoters  for  a c r y l o -  
n i t r i l e   polymer  webs  include  e thy lene   carbonate ,   p r o p y l e n e  
carbonate,   dimethylformamide,  d imethy lace tamide ,   c h l o r a l  
hydrate ,   t e t r a h y d r o t h i o p h e n e - 1 , 1 - d i o x i d e ,  b u t y r a l a c e t o n e   and 
sa l t s   such  as  sodium  t h i o c y a n a t e ,   l i th ium  iodide ,   c a l c ium 
bromide,  zinc  chlor ide   and  magnesium  c h l o r i d e .  

The  fol lowing  examples  wi l l   f a c i l i t a t e   a  b e t t e r  
unders tand ing   of  the  invent ion   and  the  de s i r ab l e   p r o p e r t i e s  
of  f abr ics   produced  thereby.   The  t e s t s   descr ibed  below  a r e  
used  to  determine  fabr ic   p r o p e r t i e s   as  r epor t ed   in  t he  
examples  or  otherwise  r e f e r r e d   to  in  the  s p e c i f i c a t i o n   and 
c l a ims :  

Wash  S t a b i l i t y  
Wash  s t a b i l i t y   is  determined  as  fol lows:  Nonwoven 

fabr ic   samples  are  mixed  with  at  l e a s t   10  pieces  of  hemmed 
cotton  sheet ing  each  measuring  about  91  cm  x  91  cm.  The 
number  and  size  of  the  nonwoven  f ab r i c   samples  are  subjec t   to  
the  fol lowing  c o n s t r a i n t s :  

1.  Total  area  of  the  nonwoven  samples  is  less  t han  
6.5  m2. 

2.  Each  sample  is  at  l e a s t   465  cm  in  area  with  a 
minimum  dimension  of  15  cm. 

3.  No  sample  is  l a rge r   than  0.929  m  in  area  o r  
more  than  0.305  m  in  i ts   maximum  d imens ion .  

In  add i t ion ,   the  t o t a l   weight  of  the  cotton  s h e e t i n g  
plus  the  nonwoven  samples  should  not  exceed  about  1.8  kg. 
(These  c o n s t r a i n t s   assure  comparable  r e s u l t s . )  

The  load  is  washed  in  a  Kenmore  Model  76431100 
washing  machine  (marketed  by  Sears  Roebuck  &  Co.)  using  t h e  
"normal"  cycle  (14  min.)  "Hi"  water  level  (55  t),   HOT  WASH, 
WARM  RINSE  (water  tempera tures   of  60°C. +  3°,  49°C. ±  3°) 
and  90  g  of  American  Assoc ia t ion   of  Text i le   Co lo r i s t s   and 
Chemists  Standard  Detergent  124. 



The  wash  load  is  then  dried  in  a  Kenmore  e l e c t r i c  
dryer,  Model  6308603  (marketed  by  Sears,  Roebuck  and  Co.)  f o r  
at  l eas t   30  minutes  (or  longer  if  r equ i red   to  dry  the  e n t i r e  
load).  The  tes t   specimens  are  then  eva lua ted   by  v i s u a l  
observa t ion   to  determine  the  number  of  p i l l s   f o r m e d .  A   p i l l  
is  a  v i s u a l l y   d i s c e r n i b l e   (usua l ly   roughly  s p h e r i c a l )   t a n g l e  
of  f ibe r ,   or  f iber   plus  ext raneous   m a t e r i a l ,   extending  above 
the  surface  of  a  f ab r i c   and  connected  to  the  body  of  the  
fabr ic   by  one  or  more  f i l a m e n t s .   A  fabr ic   is  considered  t o  
f a i l   the  t e s t   when  5  or  more  p i l l s   are  observed  in  any  929 

square  cen t imeters   surface   area  or  when  more  severe  p h y s i c a l  
d e t e r i o r a t i o n   is  v i s u a l l y   d i s c e r n i b l e .   Fabr ics   passing  t h e  
above  tes t   are  cons idered   " w a s h - s t a b l e " .   In  the  t e s t  
descr ibed ,   the  p i l l s   are  p redominant ly   formed  by  f ibe r s   which 
were  not  bonded  in  the  process   or  which,  in  t e s t   p r o c e d u r e ,  
were  freed  from  bond  s i t e s .   Thus  the  degree  of  p i l l i n g   p r o -  
vides  a  measure  of  the  e f f i c a c y   of  the  process  for  forming 
bonds  and  a  measure  of  the  r e s u l t i n g   bond  i n t e g r i t y .   In  
ins tances   of  very  poor  bonding  more  severe  f abr ic   d e v i a t i o n  
than  p i l l i n g ,   e.g.  complete  d i s i n t e g r a t i o n ,   may  be  obse rved .  
As  a  p r a c t i c a l   mat te r ,   f ab r i c s   which  do  not  pass  the  t e s t  
(even  if  not  t o t a l l y   or  p a r t i a l l y   d i s i n t e g r a t e d   in  the  t e s t )  
wil l   not  wi ths tand   s u b s t a n t i a l   phys ica l   s t r e s s   or  r e p e a t e d  
washings  with  excess ive   d e t e r i o r a t i o n .  

Other  t e s t s   r e p o r t e d   in  the  examples  provide  an 
i n d i c a t i o n   of  var ious   p r o p e r t i e s   of  general   i n t e r e s t   which 
are  obtained  in  f ab r i c s   produced  by  the  p r a c t i c e   of  t h i s  
invent ion   and  i n d i c a t e   the  general   e f f ec t   of  v a r i a t i o n s   i n  
process  cond i t ions   on  these  p r o p e r t i e s .  

Eva lua t ion   of  Physical   P r o p e r t i e s  
Breaking  Load  and  Elongat ion   are  determined  by 

American  Society  of  Tes t ing   Ma te r i a l s   (ASTM)  p r o c e d u r e  
D-1682-64.  

Bending  Length  is  determined  by  ASTI1  p r o c e d u r e  
D-1388-64.  

Trapezoid  Tear  S t reng th   is  determined  by  ASTM 
procedure  D-2263-68.  



Strip  Tenacity  is  determined  by  d iv id ing   the  b r e a k -  
ing  load  of  a  cut  s t r ip   by  the  s t r ip   basis   weight  and  i s  
expressed  as  g / cm/g /m ,  

For  webs  that  are  bonded  using  an  embossed  r o l l   t h e  
bond  s i t e s   are  eva lua ted   m i c r o s c o p i c a l l y   by  examining  b o t h  
sides  of  the  web  with  a  s tereo  microscope  and  p h y s i c a l l y   by 
sub j ec t i ng   the  web  to  a  t e n s i l e   s t r e s s .   The  size  of  the  bond 
on  each  side  is  measured  and  compared  to  the  size  of  the  boss  
por t ion   of  the  embossed  ro l l .   Desi rable   bond  s i t e s   are  t h o s e  
wherein  the  bond  is  the  same  size  on  both  sides  of  the  web 
and  also  approaches  the  size  of  the  boss  po r t i on .   To  measure  
bonding  between  f ibe r s   within  the  bond  s i t e s ,   a  d i s s e c t i n g  
needle  is  sc ra tched   along  the  bond  while  the  sample  i s  
examined  m i c r o s c o p i c a l l y .   This  procedure  can  i n d i c a t e   how 
firmly  f i laments   are  held  toge ther   wi thin   the  bond  s i t e .  
Samples,  approximately   2.54  cm  square,  are  slowly  s t r e t c h e d   i n  
an  ex tens iomete r   and  the  f ibers   are  observed  wi th in   the  bond 
s i t e s .   The  loca t ion   of  f iber   f a i l u r e   is  an  i n d i c a t i o n   o f  
f iber   fusion  within  the  bond  s i t e .  

The  bond  s i t e s   are  ra ted  on  a  scale  from  0  to  5.  An 
exp lana t ion   and  d e s c r i p t i o n   of  the  r a t i ngs   is  as  f o l l o w s :  



Bond  Rating  Bond  D e s c r i p t i o n  
5+  -  Fused  bond  s i t e   tends  to  s p l i t   under  

t ens  ion .  
Fabrics   having  a  bond  r a t i n g   of  3  or  g r e a t e r   are  g e n e r a l l y  
w a s h - s t a b l e .  

In  the  examples  the  term  "press   p ressu re"   r e f e r s   t o  
the  p o s i t i v e   force,   expressed  in  ki lograms  per  l inea r   c e n t i -  
meter,   compressing  the  r o l l s   t o g e t h e r .   This  force  i n c l u d e s  
mechanical  pressure   u t i l i z e d   to  compress  the  r o l l s ,   t o g e t h e r  
with  the  compressive  e f f ec t   a t t r i b u t a b l e   to  the  weight  of  t h e  
r o l l s .   In  the  case  of  bossed  r o l l s ,   i t   is  assumed  f o r  
purposes  of  c a l c u l a t i o n ,   tha t   a l l   of  the  p ressure   is  e x e r t e d  
at  the  boss  points   and  a  " c o r r e c t e d   p r e s su re "   is  c a l c u l a t e d  
a c c o r d i n g l y .  

EXAMPLE  I  
A  ser ies   of  nonwoven  webs  of  nylon  6,6  con t inuous  

spun  f ibe r s   were  prepared.   These  webs  were  then  sandwiched 
between  two  f iber   glass  screens   and  immersed  in  water  a t  
room  temperature .   Excess  water  was  removed  so  that  abou t  
20-30  percent   by  weight  of  the  uncompacted  web  w e i g h t  
remained.  The  water  wetted  webs  were  then  pressed  at  9 .1  
meters/min.   under  a  p r e s su re   of  17.4  k g / l i n e a r   cm  in  e i the r   o f  
two  modes.  In  one  mode  the  two  press  r o l l s   cons i s t ed   of  a 
smooth  r e s i l i e n t   rubber  r o l l   at  40°C.,  and  a  smooth  m e t a l l i c  
r o l l   heated  to  various  t empera tu re s   as  shown  in  Table  I.  I n  
the  second  mode  a  rubber  r o l l   was  used  with  a  heated  embossed 
m e t a l l i c   r o l l .   The  embossed  r o l l   had  48  square  boss  s i t e s / c m  

which  were  a l igned  in  a  square  p a t t e r n   and  covering  about  15 
percent   of  the  surface   area  of  the  r o l l .   When  c o r r e c t i n g   f o r  
the  15%  pa t t e rn   coverage  (assuming  a l l   p ressure   is  appl ied  t o  
only  the  boss  s i t e s ) ,   the  c o r r e c t e d   p r e s su re   at  the  r o l l   n i p  
was  115.9  kg/cm.  Embossed  r o l l   t empera tu res   are  shown  i n  
Table  I.  The  r e s u l t s   of  t e s t s   performed  in  accordance  w i t h  
the  procedures  herein   de sc r ibed   on  the  bonded  fabr ics   o b t a i n e d  
from  these  webs  are  r epo r t ed   in  Table  I,  below.  





These  data  show  that   press ing  the  wetted  web  w i t h  
a  heated  embossed  r o l l   at  170°C.  began  to  develop  a 
s i g n i f i c a n t   bonding  l eve l .   When  the  temperature   of  t h e  
embossed  ro l l   was  i nc reased   to  190°C.,  the  combined  a c t i o n  
of  water  and  p ressure   y ie lded   a  bonded  fabr ic   with  e x c e l l e n t  
p r o p e r t i e s .   The  webs  p ressed   overa l l   which  were  prepared  a t  
the  lower  p ressure   did  not  compare  in  p r o p e r t i e s   u n t i l   t h e  

press  temperature   was  i nc reased   to  180°C. 
EXAMPLE  I I  

T h e   purpose  of  this   example  is  to  measure  the  e f f e c t  
of  bonding  webs  that   have  absorbed  lower  q u a n t i t i e s   of  w a t e r  
than  the  webs  of  Example  I.  The  moisture  was  sorbed  by  long 
exposures  to  moist  air   at  65  and  98%  R.H.  Similar   f i b e r s  
were  used  and  the  process   condi t ions   of  Example  I  are  t h e  
same.  All  of  the  webs  we re  p r e s sed   with  a  heated  embossed 
ro l l   having  the  same  p a t t e r n   as  the  r o l l   desc r ibed   i n  
Example  I.  De ta i l s   of  t e s t s   performed  on  the  bonded  f a b r i c s  
obtained  from  these  webs  appear  in  Table  I I .  

These  data  show  that   webs  conta in ing   4  and  8  p e r c e n t  
water  add-on  r equ i r ed   s i g n i f i c a n t l y   higher  t empera tures   t o  
achieve  d e s i r a b l e   phys ica l   p r o p e r t i e s .   These  webs  did  n o t  
a t t a i n   p r o p e r t i e s   comparable  to  webs  con ta in ing   h i g h e r  
q u a n t i t i e s   of  water  add-on.  The  webs  that   absorbed  4  p e r c e n t  
water  did  not  a t t a i n   good  bond  r a t ings   even  when  the  r o l l  
temperature  was  at  i t s   h ighes t   l e v e l .  





EXAMPLE  I I I  
In  th i s   example  a  s e r i e s   of  nonwoven  webs  of  n y l o n  

6,6  cont inuous   spun  f i be r s   were  prepared.   These  webs  were 
then  wetted  with  water  by  spraying.   Water  was  app l i ed   to  one 
side  of  the  web  with  a  pneumatic  atomizing  nozzle  having  a 
f l a t   spray.  The  nozzle,   housed  in  a  P l e x i g l a s s   chamber,  was 
mounted  over  a  moving  be l t   that   t r a n s p o r t e d   the  uncompacted  
webs  through  the  spray.  The  amount  of  water  depos i t ed   o n t o  
the  web was  va r ied   by  changing  air   p res su re ,   r a t e   of  w a t e r  
feed  to  the  nozzle  and  varying  bel t   speed.  The  amount 
appl ied  to  the  webs  var ied   from  20  to  94  percent   add-on  by 
weight  (based  on  the  anhydrous  web).  The  wet  webs  were  
pressed  at  9.1  m/min.  between  a  hard  rubber  r o l l   at  40°C. 
and  an  embossed  r o l l   heated  to  tempera tures   shown  on  T a b l e  
I I I .   The  embossed  r o l l   had  28  square  boss  s i t e s / c m 2 ,   which  
were  a l igned   in  a  square  p a t t e r n .   The  p a t t e r n   covered  abou t  
18  percent   of  the  f ab r i c   area.  Sample  1  was  pressed   w i t h  

. 7   k g / l i n e a r   co r r ec t ed   p ressure   and  the  remaining  samples  
were  p ressed   with  252.5  k g / l i n e a r   cm  co r rec ted   p r e s s u r e   t o  
insure  b e t t e r   heat  t r a n s f e r   and  good  abras ion  r e s i s t a n c e   f o r  
both  sides  of  the  bonded  web.  As  web  basis   weight  i n c r e a s e d ,  
higher  press  r o l l   t empera tu res   were  r equ i red   because  of  t h e  
increased   mass  of  f i be r   and  water .   Deta i l s   of  t e s t s   pe r fo rmed  
on  the  bonded  f a b r i c s   obta ined  from  these  webs  appear  i n  
Table  I I I .  

These .da t a   show  that  good  s t r eng th   p r o p e r t i e s   can  be 
ob ta ined   from  webs  wetted  with  18  to  94  percent   by  weight  o f  
water  and  heat  p ressed   at  190°  to  200°C.  When  the  water  i s  
appl ied  to  one  side  of  a  web  by  means  of  an  a tomizing  s p r a y ,  
an  add-on  of  30  to  80  percent   is  p r e f e r r e d   to  ensure  u n i f o r m  
bonding  throughout   the  web  t h i c k n e s s .  





EXAMPLE  IV 
In  th i s   example,  a  se r i es   of  nonwoven  webs  of  f i b e r s  

composed  of  a  50  percent   nylon  6,6  sheath  and  a  50  p e r c e n t  
po lyes t e r   core  were  p repared .   The  webs  were  t r e a t e d   i n  
accordance  with  the  cond i t ions   set  for th   in  Example  I I I .  
A  co r rec ted   p r e s su re   of  252.5  kg/cm  was  used  for  a l l   t h e  
web  samples.  De ta i l s   of  t e s t s   performed  on  the  bonded  f a b r i c s  
obtained  from  these  webs  appear  in  Table  IV. 

These  data  show  that   good  s t r e n g t h   p r o p e r t i e s   were 
obtained  from  the  webs  wetted  with  16  to  108  percent   by 
weight  of  water  and  heat  pressed  at  175°  to  180°C.  Th i s  
example  shows  the  a p p l i c a b i l i t y   of  this  inven t ion   for  webs 
composed  of  f i be r   of  two  d i f f e r e n t   polymers  wherein  one  o f  
the  polymers  is  water  b o n d a b l e .  





EXAMPLE  V 
In  this   example  a  44.1  g/m2  nonwoven  web  of  a c r y l i c  

s t a b l e   f i b e r s   was  prepared.   The  web  was  sprayed  with  w a t e r  
using  a  hand-held  spray  apparatus   with  an  atomizing  n o z z l e .  
The  we t ted   web  was  then  pressed   at  357.2  k g / l i n e a r   cm 
c o r r e c t e d   p ressure   between  a  smooth  r e s i l i e n t   rubber  r o l l   a t  
40°C.  and  a  smooth  m e t a l l i c   r o l l   heated  to  185°C.  The  web 
speed  through  the  r o l l s   was  10.7  m/min.,  bending  length   of  t h e  
bonded  f a b r i c   was  3.48  cm  and  the  s t r i p   t e n a c i t y   w a s  1 8 . 3  
g /cm/g /m2.  

EXAMPLE  VI 
Nonwoven  webs  comprised  of  3  denier  per  f i lament   con-  

t inuous   f i l ament   nylon  6,6  and  having  a  weight  of  34  gms/m2 

were  p rocessed   by  passing  the  web  through  the  nip  of  a  p a i r  
of  hea ted   s t ee l   r o l l s   at  a  speed  of  3.9  meters  per  m i n u t e .  
One  of  the  r o l l s   ca r r i ed   bosses ,   the  t ips   of  which  defined  a 
p a t t e r n   of  r e c t a n g l e s   (having  sides  measuring  1.65  and  .71  mm) 
and  rhomboids  (having  sides  measuring  1.65  mm  and  .65  mm) 
a l t e r n a t i n g   in  axial   and  c i r c u m f e r e n t i a l   rows.  The  l o n g e r  
dimensions  of  the  r e c t ang l e   were  c i r c u m f e r e n t i a l l y   o r i e n t e d  
and  longer   dimensions  of  the  rhomboids  were  a x i a l l y   o r i e n t e d .  
The  rhomboids  and  r e c t a n g l e s   were  p o s i t i o n e d   such  that   e x t e n -  
sions  of  t he i r   l o n g i t u d i n a l   center   l ines   b i s e c t   the  a d j a c e n t  
p a r a l l e l o g r a m s .   C i r c u m f e r e n t i a l l y ,   the  p a r a l l e l o g r a m s   a r e  
spaced  by  a  d i s tance   of  1.36  mm.  Axia l ly ,   the  r e c t a n g l e s   a r e  
spaced  .67  mm.  from  the  acute  apexes  of  the  rhomboid  and 
1.12  mm.  from  the  obtuse  apexes.  The  i n c l i n a t i o n   ( p o s i t i o n  
of  acute   and  obtuse  apexes)  of  the  rhomboids  is  r eversed   i n  
s u c c e s s i v e   axial   rows.  The  bossed  r o l l   had  about  19  b o s s e s  
per  cm2,  covering  about  21.2%  of  the  r o l l   su r f ace .   The 
remaining  r o l l   had  a  smooth  sur face .   The  r o l l s   each  had 
d iameters   of  about  12.7  cm.  and  both  r o l l s   were  mainta ined  a t  
180°C.  The  r o l l s   were  e i t h e r   set  at  the  f ixed  s p a c i n g s  
i n d i c a t e d   in  Table  V  below  or  p o s i t i v e   r o l l   p re s su re   was 
app l i ed   as  i nd ica ted .   Pr ior   to  passage  through  the  r o l l s ,  
water  was  added  to  ce r t a in   webs  as  i n d i c a t e d .   The  samples 
of  f a b r i c   produced  were  t e s t ed   for  w a s h - s t a b i l i t y   and  t h e  
r e s u l t s   are  repor ted   in  the  t a b l e .  





The  foregoing  r e s u l t s   f u r t h e r   i l l u s t r a t e   t h e  
c r i t i c a l i t y   of  u t i l i z i n g   adequate  compressive  f o r c e  
c o r r e l a t e d   with  t empera ture   in  the  p r a c t i c e   of  this   i n v e n t i o n .  
In  con junc t ion   with  the  fo regoing   t e s t s ,   i d e n t i c a l   samples  
were  also  sub jec ted   to  t e n s i l e   s t r e s s   and  inspec ted   t o  
determine  if  f i be r s   were  pu l led   from  the  bond  po in t s .   I t  
was  noted  that   the  samples  in  which  f ibe r s   were  r e a d i l y  
pul led   from  the  bond  points   were  not  found  to  be  w a s h - s t a b l e .  

EXAMPLE  VII  
Nonwoven  webs  comprised  of  3  denier  per  f i l a m e n t  

cont inuous  f i lament   nylon  6,6  and  having  a  weight  of  68 
gms/m2  were  processed  in  the  manner  descr ibed   in  Example  VI 
above.  Process  cond i t ions   and  r e s u l t s   obtained  are  shown  i n  
Table  VI  below.  





EXAMPLE VIII 
Nonwoven  webs  comprised  of  3  denier   per  f i l a m e n t  

nylon  6  s t a p l e   f i be r s   (5  cm  length)  and  having  the  w e i g h t s  
i n d i c a t e d   in  Table  VII  below  were  processed  in  the  manner 
desc r ibed   in  Example  VI  above  u t i l i z i n g   r o l l   t e m p e r a t u r e s  
and  o ther   process   cond i t ions   as  shown  in  Table  VII.  T e s t  
r e s u l t s   are  shown  in  the  t a b l e .  





The  foregoing  data  f u r t h e r   demonst ra te   that  p r o p e r  
c o r r e l a t i o n   of  compressive  force  and  t empera ture   i s  
c r i t i c a l   in  ob ta in ing   fabr ics   of  a c c e p t a b l e   p r o p e r t i e s .  

By  r e fe rence   to  the  fo regoing   d e s c r i p t i o n   and 
examples,  those  s k i l l e d   in  the  art   can  p r a c t i c e   the  p r o c e s s  
of  the  i nven t ion   within  the  scope  of  the  appended  claims  t o  
obta in   a  v a r i e t y   of  nonwoven  f ab r i c s   u se fu l   as  s u b s t i t u t e s  
for  conven t iona l   k n i t t e d   and  woven  f ab r i c s   and  in  o t h e r  
well  unders tood   a p p l i c a t i o n s   of  nonwoven  f a b r i c s .  



1.  A  process   for  making  nonwoven  f a b r i c s ,   s a i d  

process   being  c h a r a c t e r i z e d   By  s imul taneous ly   compress ing  
and  heat ing  a  nonwoven  web  of  water  bondable  organic  f i b e r s ,  
said  web  con ta in ing   a  bonding  quan t i ty   of  water;   t h e  
compressive  force,   t empera tu re ,   and  time  of  exposure  of  t h e  
web  the re to   being  c o r r e l a t e d   to  e f fec t   autogenous  f i b e r  
bonding  s u f f i c i e n t   to  provide  a  wash-s tab le   fabr ic   but  t h e  
c o r r e l a t i o n   being  such  as  not  to  e f f ec t   autogenous  bonding  
of  f ibers   of  an  o therwise   equ iva len t   dry  web  s u f f i c i e n t   to  
provide  a  w a s h - s t a b l e   f a b r i c .  

2.  The  process   of  claim  1  wherein  said  web 
conta in ing   a  bonding  quan t i t y   of  water  a d d i t i o n a l l y   c o n t a i n s  
an  adhesion  p r o m o t e r .  

3.  The  process   of  claim  1,  wherein  said  w a t e r  
bondable  f ibe r s   are  nylon  6,6  f i b e r s .  

4.  The  process   of  claim  1  wherein  the  web  i s  
heated  by  contac t   with  compression  means  mainta ined   at  a 
temperature   above  100°C,  and  below  the  f ibe r   melt ing  p o i n t  
as  measured  by  anhydrous  f ibe r s   at  a tmospheric   p re s su re ,   b u t  
no  more  than  100°C.  below  such  f iber   mel t ing  p o i n t .  

5.  The  process   of  claim  1  wherein  the  web  has  a 
dry  weight  of  from  10  to  250  grams  per  square  m e t e r .  

6.  A  process   for  making  nonwoven  f ab r i c s ,   s a i d  
process  being  c h a r a c t e r i z e d   by  providing  a  bonding  q u a n t i t y  
of  water  in  a  nonwoven  web  of  water  bondable  organic  f i b e r s  
and  passing  said  web  con ta in ing   said  water  through  and 
compress ing  sa id   web  in  the  nip  of  a  pa i r   of  r o l l s   at  l e a s t  
one  of  which  is  heated;   the  compressive  force ,   the  r o l l  
tempera ture ,   and  the  ra te   of  passage  of  the  web  through  t h e  
nip  being  c o r r e l a t e d   to  e f f e c t   autogenous  f ibe r   bonding  
s u f f i c i e n t   to  provide  a  wash-s tab le   f ab r i c   but  the  c o r r e l a -  
tion  be ing  such   as  not  to  e f f ec t   autogenous  bonding  o f  
f ibe r s   of  an  o therwise   equ iva len t   dry  web  to  provide  a 
wash-s t ab le   f a b r i c .  



7.  The  process   of  claim  6  wherein  at  l eas t   one  o f  
said  r o l l s   bears  a  p a t t e r n e d   surface  adapted  to  compress  t h e  
web  in  spaced,  d i s c r e t e   areas  and  provide  a  fabr ic   having  a  
p a t t e r n   of  from  16  to  64  d i s c r e t e   bond  s i t e s   per  s q u a r a  
cen t imeter   covering  from  3%  to  50%  of  the  fabr ic   surface   a r e a .  

8.  A  process   for  making  a  nonwoven  fabr ic   s a i d  

process  being  c h a r a c t e r i z e d   by  p rov id ing   a  bonding  q u a n t i t y  
of  water  in  a  nonwoven  web  of  nylon  6,6  cont inuous  f i l a m e n t  
f i be r s ;   passing  said  web  con ta in ing   said  water  through  and 
compressing  said  web  in  the  nip  of  a  pa i r   of  r o l l s   at  l e a s t  
one  of  which  is  heated  and  at  l e a s t   one  of  which  is  p a t t e r n e d  
to  compress  the  web  in  spaced;  d i s c r e t e   areas;   the  c o m p r e s s i v e  
force,   r o l l   t empera ture   and  rate   of  passage  of  the  web  t h r o u g h  
the  nip  being  c o r r e l a t e d   to  e f f e c t   bonding  in  the  s p a c e d ,  
d i s c r e t e   areas  compressed  s u f f i c i e n t   to  provide  a  w a s h - s t a b l e  
fabr ic   but  the  c o r r e l a t i o n   being  such  as  not  to  e f f e c t   bond ing  
of  f ibe r s   of  an  o therwise   equ iva len t   dry  web  s u f f i c i e n t   t o  
provide  a  w a s h - s t a b l e   f a b r i c .  

9.  The  process   of  claim  8  wherein  the  r o l l  
t empera ture   is  below  the  f ibe r   melt ing  point   but  no  more  t h a n  
100°C.  below  the  f ibe r   mel t ing  p o i n t .  

10.  The  process   of  claim  9  wherein  the  web  has  a 
dry  weight  of  from  10  to  250  grams  per  m e t e r .  

11.  The  process  of  claim  10  wherein  the  p a t t e r n e d  
r o l l   has  a  p a t t e r n   of  boss  s i t e s   disposed  to  provide  a  f a b r i c  
having  a  p a t t e r n   of  from  16  to  64  spaced,  d i s c r e t e   bond  s i t e s  
per  square  cen t ime te r ,   said  bond  s i t e s   covering  from  3%  t o  
50%  of  the  f ab r i c   surface   a r e a .  

12.  The  process   of  claim  10  wherein  each  r o l l   has  a 
land  and  groove  p a t t e r n   i n t e r a c t i n g   with  the  land  and  groove 
p a t t e r n   of  the  other   r o l l   to  provide  a  f ab r i c   having  a  p a t t e r n  
of  from  16  to  64  spaced,  d i s c r e t e   bond  s i t e s   per  s q u a r e  
cen t ime te r ,   said  bond  s i t e s   covering  from  3%  to  50%  of  t h e  
fabr ic   surface   a r e a .  
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