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A  method  and  apparatus  for  the  production  of  a  fused  nonwoven  fabric. 

A  fused  nonwoven  fabric  of  thermoplastic  fibers  having 
a  first  surface  and  a  second  surface  opposite  the  first  sur- 
face  is  produced  by  exposing  at  least  one  of  the  first  and 
second  surfaces  of  the  fabric  to  infrared  radiation  and  con- 
tacting  at  least  one  of  the  first  and  second  surfaces  of  the 
fabric  with  at  least  one  heated  roll  having  a  temperature 
sufficient  to  fuse  together  the  fibers  of  the  surface  in  contact 
with  the  heated  roll. 



The  invention  r e l a t e s   to  a  nonwoven  fabr ic ,   method  and  appa ra tu s  

for  producing  the  nonwoven  f a b r i c .  

In  the  las t   twenty-f ive  years  or  so  the  development  of  polymeric  

mater ials   has  seen  a  tremendous growth.  Polymeric  mater ia l s   lend  themselves  

to  a  vast  number  of  uses  and  app l i ca t ions .   One  of  the  more  s i g n i f i c a n t   a r e a s  

in  which  polymeric  mater ia l s   haye  been  used  is  in  the  t e x t i l e   indus t ry .   The 

melt  spinning  of  the rmoplas t i c   synthet ic   mater ia ls   to  produce  cont inuous  

fi lamente,   s taple  and  yarns  of  such  materials   has  r evo lu t ion ized   the  t e x t i l e  

i n d u s t r y .  

Although  much  of  the  growth  in  the  use  of  synthe t ic   f i lamente  has  

been  in  the  use  of  kn i t ted   or  wuven  fabr ics ,   nonwoven  mate r ia l s   of  s y n t h e t i c  

filamente  also  have  exper ienced  subs tan t i a l   growth.  There  are  a  number  o f  

methods  known  today  for  producing  nonwoven  fabrics   from  synthe t ic   f i l a m e n t s  

and  mixtures  of  na tura l   and  synthet ic   f i laments.   Nonwoven  fabr ics   find  a 

var ie ty   of  uses.  A  spec i f ic   aread  in  which  nonwoven  fabr ics   have  gained 

acceptance  is  in  the  manufacture  of  carpats.   Since  nonwoven  fabr ics   made  of 

synthet ic   f ibers   r e s i s t   d e t e r i o r a t i on   caused  by  mildey,  syn the t ic   nonwoven 

fabrics  are  used  for  the  backing  material   in  carpets  and  such  carpats  a r e  

excel lent   for  use  in  areas  exposed  to  moisture,  such  as  pat ios   and  o t h e r  

cutdoor  a r e a s .  



Nonwoven  fabrics   are  used  in  many  other  areas  as  well.   For  example, 

nonwoven  fabr ics   both  fused  and  unfused  are  used  as  subs t ra tes   in  the  p roduc -  

tion  of  various  laminates  and  as  t icking  mater ia l   in  the  f u rn i t u r e   i n d u s t r y .  

Although  nonwovens  are  present ly   used  in  a  va r i e ty   of  app l i ca t ions   as  i n d i c a t e d  

above,  there  is  s t i l l   a  need  to  improve  nonwoven  fabr ics   e spec i a l l y   w i t h  

regard  to  their   dimensional  s t a b i l i t y   and  s t r e n g t h .  

Some  of  the  nonwoven  fabr ics   known  in  the  art  are  those  produced  by 

needling  f ibers   together  employing  at  l eas t   one  needle  loom.  The  s u r f a c e  

f i r s t   penetra ted  by  the  needles  of  the  needle  loom  is  often  re fer red   to  a s  

the  "face  side"  of  the  fabric  and  the  "face  side"  of  the  fabr ic   genera l ly   has 

a  much  smoother  surface  as  compared  to  the  opposite  side  of  the  fabr ic   which 

is  general ly  referred  to  as  the  "back  side"  of  the  fabr ic .   As  used  h e r e i n  

the  terms  "face  side"  of  the  fabric  and  "back  side"  of  the  fabr ic   are  i n t ended  

to  refer   to  the  respect ive   surfaces  described  above. 

In  a  number  of  app l ica t ions   it  is  des i rable   for  a  needle  punched 

nonwoven  fabric   to  have  a  subs t an t i a l   portion  of  the  f ibers   forming  the  f a c e  

side  of  the  fabric  fused  together  and  to  have  a  subs t an t i a l   port ion  of  t h e  

f ibers   forming  the  back  side  of  the  fabric  umfused  so  as  to  form  a  fuzzy  o r  

map-like  surface,   f requent ly   r e fe r red   to  as  a  beard.  Also  i t   is  des i r ab le   to  

produce  a  nonwoven  fabric  with  the  face  side  e s s e n t i a l l y   fused  and  the  back 

side  e s s e n t i a l l y   unfused  and  having  a  "beard"  which  has  a  lower  e l o n g a t i o n  

and/or  higher  u l t imate   s trength  as  compared  to  comparable  pr ior   art   f a b r i c s .  

It  is  an  object  of  the  present  invention  to  produce  a  nonwoven 

f a b r i c .  

Another  objact  of  the  invention  is  to  produce  a  fused  nonwoven 

fabric  with  improved  dimensional  s t a b i l i t y   and  s t rength  as  compared  to  fused  

nonwoven  fabrics   known  in  the  a r t .  



Another  object  of  the  present  invention  is  to  provide  a  fused  

nonwoven  fabr ic   produced  from  thermoplas t ic   s taple   f i be r s  hav ing   the  f i b e r s  

in  the  back  side  of  the  fabric  s u b s t a n t i a l l y   unfused  to  form  a  "beard"  and 

having  a  higher  ul t imate  s t rength   and/or  lower  elongation  in  comparison  to  

other  comparable  nonwoven  fabr ics   known  in  the  a r t .  

Other  objects ,   aspects  and  advantages  of  the  invention  will  be 

apparent  a f ter   studying  the  s p e c i f i c a t i o n ,   drawing  and  the  appended  c l a ims .  

Summary 

According  to  the  invention  a  fused  nonwoven  fabric  of  t h e r m o p l a s t i c  

f ibers  having  a  f i r s t   surface  and  a  second  surface  opposite  the  f i r s t   s u r f a c e  

is  produced  by  exposing  at  l eas t   one  of  the  f i r s t   and-second  surfaces  of  the  

fabric   to  inf rared   r ad ia t ion   to  the  extent  that  a  subs t an t i a l   portion  of  the  

fibers  of  the  at  l eas t   one  surface  is  fused  together  and  contact ing  at  l e a s t  

one  of  the  f i r s t   and  second  surfaces  of  the  fabric  with  at  l eas t   one  hea ted  

rol l   having  a  temperature  s u f f i c i e n t   to  fuse  together  at  least   a  portion  of  

the  f ibers   of  the  surface  in  contact  with  the  heated  ro l l .   In  one  aspect  o f  

a p p l i c a n t ' s   invention  a  fused  fabric  of  thermoplast ic   staple  f ibers   is  produced 

having  a  lower  elongation  and/or  a  higher  ul t imate  s t rength ,   p a r t i c u l a r l y  

when  the  back  side  of  the  fabr ic   is  unfused,  as  compared  to  comparable  p r i o r  

art  nonwoven  f a b r i c s .  

Further  according  to  the  invention  apparatus  i s  provided  compr is ing ,  

infrared  fusion  means  being  su i tab le   for  exposing  the  f ibers   of  at  l eas t   one 

surface  of  a  nonwoven  fabr ic   having  a  f i r s t   surface  and  a  second  s u r f a c e  

opposite  said  f i r s t   surface,  and  fusing  together  at  least   a  portion  of  s a i d  

f ibers ;   and  at  least   one  heated  ro l l   being  sui table   f o r . con t ac t i ng   at  l e a s t  

one  of  said  f i r s t   and  second surfaces   of  sais  fabric ,   and  fusing  together  the  

fibers  of  the  surface  in  contact  with  the  heated  r o l l .  



Brief  Descr ip t ion   of  the  Drawing 

To  fu r the r   describe  the  invention  the  at tached  drawing  is  p rov ided  

in  which: 

FIGURE  1  is  a  top  view  of  the  schematic  r e p r e s e n t a t i o n   of  an  

embodiment  of  the  apparatus  of  the  invention  including  apparatus  su i t ab le   f o r  

producing  an  unfused  nonwoven  fabr ic ;   and 

FIGURE  2  is  an  e leva t iona l   view  of  the  apparatus  of  FIGURE  1 .  

Detailed  Descr ip t ion   of  the  I nven t ion  

The  present  invention  is  pr imari ly   based  upon  the  discovery  that  an 

improved  fused  nonwoven  f a b r i c  i s   produced  when  an  unfused  fabr ic   is  sub jec t ed  

to  fusion  temperatures  employing  infrared  r ad i a t ion   and  at  l eas t   one  hea t ed  

ro l l .   If  the  same  unfused  nonwoven  fabric  is  fused  by  subject ing  the  f a b r i c  

to  fusion  temperatures  employing  only  infrared  r ad i a t ion   or  only  at  least   one 

heat  ro l l ,   then  the  fused  fabric  generally  has  a  higher  e longat ion  a n d / o r  

lower  u l t imate   s t rength .   Prior  to  the  present  invention  it  was  known  t h a t  

rol l   fusion  of  a  fabric   pr imari ly  fused  the  surface  of  the  fabr ic   and  t h a t  

the  f ibers   on  or  near  the  fused  surface  were  f l a t t ened   which  destroyed  t h e  

f ibers '   cross  sect ion  and  weakened  the  f ibers .   Also  pr ior   to  the  i n v e n t i o n  

it  was  known  that  in f rared   rad ia t ion   of  a  fabric  not  only  fused  the  f ibers   on 

or  near  the  surface  exposed  to  the  infrared  r ad i a t i on ,   but  that  i n f r a r e d  

radia t ion   fused  f ibers   in  the  central   portion  of  the  fabr ic   and  even  f i b e r s  

on  the  surface  opposite  the  surface  exposed  to  the  inf rared   r ad i a t i on .   I t  

was  known  pr ior   to  the  present  invention  that  an  inf rared   fused  f a b r i c  

generally  had  a  lower  elongation  and/or  a  higher  ul t imate  s t rength   as  compared 

to  a  comparable  ro l l   fused  fabr ic .   Thus  it  was  su rp r i s ing   to  discover  that  a 

fabric  exposed  to  infrared  rad ia t ion   and  rol l   fused  genera l ly   has  a  lower 

elongation  and/or  higher  ul t imate  s trength  ss  compared  to  a  comparable  i n f r a r e d  

fused  or  ro l l   fused  f a b r i c .  



In  a  prefer red   embodiment  of  the  invention  s taple  f ibers   p o s i t i o n e d  

on  the  back  side  of  a  fabric   are  s u b s t a n t i a l l y   unfused  and  a  s u b s t a n t i a l  

portion  of  the  s taple  f ibers   posi t ioned  on  the  face  side  of  the  fabr ic   and 

between  the  face  side  and  the  back  side  of  the  fabric  are  fused.  In  order  to  

achieve  a  fabr ic   described  in  the  prefer red   embodiment,  it  was  s u r p r i s i n g l y  

found  that  the  combination  of  inf rared   fusion  and  rol l   fusion  in  accordance  

with  the  present  invention  must be  used  in  order  to  produce  a  fused  f a b r i c  

with  the  highest   u l t imate   s t rength   and/or  the  lowest  elongation  p o s s i b l e .  

While  it  is  not  e s sen t i a l   except  in  the  preferred  embodiment  of  t he  

invention,  it  is  general ly   des i rab le   to  expose  the  fabric  to  inf rared   r a d i a t i o n  

f i r s t   and  subsequently  to  contact  the  fabric   with  a  heated  ro l l .   When  t h e  

fabric  is  contacted  with  the  heated  ro l l ,   the  fusion  that  takes  place  i s  

e s s e n t i a l l y   on  the  surface  and  the  f ibers   on  or  near  the  surface  are  f l a t t e n e d  

so  that  when  that  surface  is  subsequently  subjected  to  infrared  r ad i a t ion   t h e  

f la t tened   f ibers   tend  to  reduce  pene t ra t ion   of  the  infrared  r a d i a t i o n .  

Nonwoven  fabr ics   su i t ab le   for  use  in  the  invention  can  be  a lmost  

any  unfused  nonwoven  fabr ics   produced  from  the  thermoplast ic   f ibe r s .   In  t h e  

preferred  embodiments  of  the  invention  the  thermoplast ic   f ibers   are  s t a p l e  

fibers  and  the  nonwoven  fabr ic   is  naedle  punched.  Generally  the  nonwoven 

fabric  employed  has  a  weight  within  the  range  of  about  2  oz/yd2  to  about  20 

os/yd2 ;  however,  the  weight  of  the  fabric   employed is  more  often  within  t he  

range  of  about  2.5  oz/yd  to  about  4.5  oz /yd2.  

In  order  to  more  fu l ly   understand  the  present  invention  FIGURES  1 

and  2  are  provided  which  include  apparatus  in  accordance  with  a p p l i c a n t ' s  

invention  and  apparatus  for  producing  a  nonwoven  fabric  su i tab le   for  use  i n  

the  invention.  Referring  to FIGURES  1  and  2  a  bat t-forming  means  ia  s h o w n  

comprising  two  web-forming  t ra ins   A  and  A'  in  which  feed means  10,10'  such  as  

bale  breakers,   blender  boxes,  feed  boxes,  e tc . ,   fead  f ibers  in  the  form  of  

s taple,   such  as  polypropylene  s taple ,   to  carding  machines  12,12' .   The  c a rd ing  



machines  12,12'  produce  carded  webs  14,14'  of  f ibers   which  are  picked  up  by 

the  takeoff  aprons  16,16'  of  c ross lappers   20,20' .   Crosslappers   20,20'  a l s o  

comprise  lapper  aprons  18,18'  which  t r averse   a  c a r r i e r   means,  such  as  f l o o r  

apron  38,  in  a  r e c ip roca t i ng   motion  laying  the  webs  14,14'  to  form  a  bat t   36 

on  the  floor  apron  38 .  

The  carded  webs  14,14'  are  laid  on  floor  apron  38  to  build  up 

several  th icknesses   to  produce  batt   36.  The  f ibers   forming  ba t t   36  a r e  

oriented  pr imar i ly   in  the  f i l l   d i r ec t i on ,   that  is,  a  d i r ec t ion   p e r p e n d i c u l a r  

or  normal  to  the  d i r ec t ion   of  movement  of  bat t   36  posi t ioned  on  floor  apron  38. 

Two  web-forming  t ra ins   A  and  A'  or  more  are  used  to  increase  the  speed  of  t he  

overall   operat ion;   however,  one  such  web-forming  t ra in   can  be  employed. 

As  used  throughout  the  s p e c i f i c a t i o n   and  claims,  the  term  " f i l l  

d i rec t ion"   means  the  d i r ec t ion   t ransverse   to  the  d i rec t ion   of  movement  o f  

batt   36  on  f loor  apron  38.  The  term  "warp  d i r ec t i on"   means  the  d i r e c t i o n  

pa ra l l e l   to  the  d i r ec t ion   of  movement  of  batt   36  on  f loor  apron  38. 

A  f i r s t   d ra f t ing   means  40,  comprising  at  leas t   two  sets  of  n i p  

ro l l s   or  an  in le t   apron  42  and  one  set  of  nip  ro l l s   44,  is  used  to  d r a f t  

batt  36.  As  used  herein  the  terms  s t r e t ch ing ,   drawing  and  d ra f t ing   a r e  

synonymous.  In  FIGURES  1  and  2  the  f i r s t   draf t ing   means  comprises  five  s e t s  

of  nip  ro l l s   44,  46,  48,  50  and  52  and  in le t   apron  42  and  out le t   apron  54. 

Each  set  of  nip  ro l l s   is  shown  as  a  one-over-two  conf igura t ion ,   which  works 

very  well,  but  almost  any  arrangement  can  be  used,  such  as  a  one -ove r -one ,  

two-over-one,  e tc . ,   as  well  as  mixtures  of  nip  ro l l   conf igura t ions .   The 

drafted  batt   56  then  is  passed  to  needle  loom  58  wherein  the  bat t   is  naedled 

at  a  density  in  the  range  of  100  to  1000  punches  per  square  inch  and  at  a 

needle  pene t ra t ion   in  the  range  of  from  about  1/4  inch  to  about  3/4  i n c h .  

Cas  or  more  neadle  looms  can be  used.  The  needle  looms  can  be  e i ther   s i n g l e  

needle  board  or  a  double  needle  board  looms. 



The  d ra f ted ,   needled  batt   60  is  again  draf ted  in  the  warp  d i r e c t i o n  

by  a  second  d ra f t ing   means  62  comprising  at  l eas t   two  sets  of  nip  ro l l s   64 

and  66  or  an  in le t   apron  and  one  set  of  nip  ro l l s   (not  shown).  The  needled  

batt  68  which  was  drafted  in  the  warp  d i r ec t ion   both  before  and  a f te r   n e e d l i n g  

is  passed  under  ro l l   70  to  a  third  draf t ing   means,  such  as  tenter   frame  72 

which  draf ts   needled  batt  68  in  the  f i l l   d i r ec t ion   to  produce  bat t   75.  As 

shown  c lear ly   in  FIGURE  2,  tenter   frame  72  comprises  a  f i l l - d r a f t i n g   means  74 

and  a  tensioning  means  76.  Tensioning  means  76  is  not  used  to  draf t   batt   77, 

but  to  subject   batt   77  to  tension  in  the  f i l l   d i r e c t i o n .  

Inf ra red   heating  means  80  and  82  are  shown  on  opposite  sides  of  the  

unfused  batt   or  fabr ic .   Infrared  heating  means  82  is  posi t ioned  to  expose 

the  face  side  of  fabr ic   77  to  infrared  r ad ia t ion   s u f f i c i e n t   to  fuse  t o g e t h e r  

at  least   a  port ion  of  the  f ibers   on  the  face  side  and  inf rared   heating  means  80 

is  posi t ioned  to  expose  the  back  side  of  fabric  77  to  inf rared   r a d i a t i o n  

su f f i c i en t   to  fuse  together  at  least   a  portion  of  the  f ibers   on  the  back 

side.  While  only  one  infrared  heating  means  is  shown  on  each  side  of  fabric  77 

two  or  more  inf rared   heating  means  can  be  employed  on  e i ther   or  both  sides  of  

fabric  77  if  d e s i r e d .  

Subsequent  to  tensioning  means  76  are  two  ro l l s   86  and  88  wherein 

at  least   one  of  said  ro l l s   is  heated  to  a  temperature  s u f f i c i e n t   to  fuse  

together  a  port ion  of  the  f ibers   of  the  surface  of  fabr ic   84.  Fore  than  one 

heated  ro l l   can  be  emplyoed  for  e i ther   or  both  sides  of  the  fabr ic ,   if  d e s i r e d ;  

however,  it  is  general ly   s u f f i c i e n t   to  pos i t ion  one  ro l l   which  can  be  hea ted  

to  the  desired  temperature  on  the  face  side  of  fabric  84,  such  as  ro l l   88, 

and  one  ro l l   which  can  be  heated  to  the  desired  temperature  on  the  back  s i d e  

of  fabr ic   84,  such  as  rol l   86. 



In  an  opt ional   embodiment  of  the  apparatus  of  the  invent ion  a 

second  tensioning  means  102  and  associa ted   infrared  fusion  means  104  and  106 

can  be  used  in  order  to  subject   the  fabr ic   84  to  inf rared   r a d i a t i o n   subsequent  

to  fusion  of  the  f i b e r s  o f   the  fabric   with  heated  ro l l s ;   however,  i t   i s  

emphasized  that  this  add i t iona l   equipment  is  optional  and  such  equipment  i s  

only  needed  when  it  is  desired  to  fuse  the  fabr ic   with  in f ra red   r a d i a t i o n  

after   the  fabric   is  ro l l   fused.  When  inf rared   fusion  means  104  and  106  a r e  

employed,  in f rared   fusion  means  80  and  82  and  tensioning  sec t ion   76  g e n e r a l l y  

ara  not  required  although  tensioning  means  76  is  recommended  in  order  t o  

s t a b i l i z e   fabric   75  exi t ing  d ra f t ing   means  74. 

The  fabric   90  ex i t ing   ro l l s   86  and  88  and  tensioning  means  102,  i f  

fused,  passes  over  id le r   r o l l s   90  and  94  and  is  rol led  up  over  windup  r o l l s   98 

and 100,  at  leas t   one  of  which  is  driven  by  a  su i tab le   power  means  (not  

shown)  to  produce  a  ro l l   of  fused  fabric   96. 

In  the  operation  of  the  apparatus  shown  in  FIGURES  1  and  2  s y n t h e t i c  

thermoplastic  f ibers   in  the  form  of  staple  are  passed  from  feed  means  1 0 , 1 0 '  

to  carding  machines  12,12'  to  produce  carded  webs  14,14' .   The  carded  webs 

14,14'  are  picked  up  by  takeoff  aprons  16,16'  of  cross lappers   20 ,20 ' .   Lapper 

aprons  18,18'  lay  the  carded  webs  on  f loor  apron  38  to  produce  ba t t   36.  The 

number  of  webs  used  to  form  batt   36  depends  upon  a  number  of  va r i ab l e s ,   such 

as  the  desired  weight  of  the  bat t ,   the  weight  of  the  webs,  the  amount  t h e  

batt   is  drafted  during  the  process,   etc.  The  batt  36  is  then  draf ted  in  t h e  

warp  d i rec t ion   by  su i t ab le   means,  such  as  the  five  sets  of  nip  r o l l s   44,  46, 

48,  50  and  52.  When  using  nip  ro l l s   only  two  sets  of  nip  ro l l s   ac tua l ly   a r e  

required  to  draft   the  bat t ;   however,  the  use  of  more  than  two  sets  of  n i p  

r o l l s ,   such  as  the  five  nip  ro l l s   shown,  provides  a  more  uniform  d r a f t i n g  

since  between  any  set  of  n i p  r o l l s   a  smaller  draf t ing   rat io  can  be  used  and 

s t i l l   obtain  the  overal l   desired  draf t ing   ra t io .   In  addi t ion ,   the  batt   i s  



frequently  drafted  between  the  nip  formed  by  the  feed  apron  and  the  f i r s t   s e t  

of  nip  ro l l s   44.  The  batt  36  is  draf ted  because  each  set  of  nip  ro l l s   i s  

operated  at  a  success ively   higher  speed  than  the  speed  of  the  preceding  i n l e t  

apron  or  set  of  nip  ro l l s .   Generally  it  has  been  found  that  u t i l i z a t i o n   o f  

more  sets  of  nip  ro l l s   and  smaller  draf t   r a t ios   between  each  set  of  nip  r o l l s  

produces  a  more  uniform  fabr ic   than  u t i l i z a t i o n   of  fewer  sets  of  nip  r o l l s  

with  h i g h e r  d r a f t   r a t i o s ;   however,  at  some  point  add i t iona l   sets  of  nip  r o l l s  

with  reduced  draf t   r a t ios   between  each  set  of  n i p  r o l l s   will   not  improve  the  

product.  In  addi t ion,   there  is  a  maximum  speed  at  which  the  batt  at  a  g iven  

weight  can  be  produced  due  to  the  l i m i t a t i o n s   of  the  ba t t - forming  equipment. 

Thus,  as  in  almost  any  process,  the  most  economical  operat ion  r e q u i r e s  

cons idera t ion   of  a  number  of  va r i ab le s ,   and  in  p a r t i c u l a r   the  various  parameters  

of  the  mater ia l   processed.  For  example,  some  of  the  var iab les   of  the  p rocessed  

material   which  a f fec t   the  draf t ing   process  are  s taple  polymer,  s taple  l e n g t h  

and  denier,   s taple  f in i sh ,   degree  of  crimp,  weight  of  the  ba t t ,   etc.  Gener- 

ally  from  about  2  to  about  6  sets  of  nip  ro l l s   are  u t i l i z ed   with  an  o v e r a l l  

draft   ra t io   within  a  range  of  about  1.01  to  about  4  and  a  maximum  draft   r a t i o  

between  sets  of  nip  ro l l s   of  2.  However,  a  very  good  product  is  produced 

u t i l i z i n g   from  about  3  to  5  sets  of  nip  ro l l s   with  an  overal l   draft   r a t i o  

within  a  range  of  about  1.2  to  1.8  and  a  maximum  draft   ra t io   between  sets  o f  

nip  ro l l s   of  1 . 3 .  

The  drafted  batt  56  is  then  passed  to  needle  loom  58  wherein  t h e  

batt   is  needled  to  make  a  more  coherent  mater ia l .   As  s ta ted  above ,   one  o r  

more  needle  loons  can  be  used  and  in  addi t ion  each  neadle  loon  can  be  a 

double  board  needle  loom.  It  is  noted  that  the  batt  will  experience  some 

d ra f t ing   as  it  passes  through  the  needle  loom  which  must  be  taken  into  c o n s i d -  

erat ion  in  determining  the  operating  speeds  of  equipment  posi t ioned  subsequent  

to  the  needle  loom.  It  is  not  uncommon  to  experience  draf t ing   at  a  rat io  i n  



the  range  of  from  about  1.3  to  about  2,  employing  one  single  board  need le  

loom  or  one  double  board  needle  loom.  The  larger   d r a f t i ng   r a t i o s   in  t h e  

above  range  are  normally  experienced  using  a  double  needle  board  loom. 

The  d ra f ted ,   needle  bat t   is  again  draf ted  in  the  warp  d i r ec t ion   i n  

a  second  d ra f t ing   means  62,  such  as  employing  nip  r o l l s   64  and  66,  and 

operating  the  speed  of  nip  ro l l s   66  at  a  s l i g h t l y  h i g h e r   speed  than  n i p  

ro l l s   64.  The  d ra f t   ra t io   employed  in  the  second  d ra f t ing   zone is   a l s o  

selected  depending  upon  the  mater ia l   processed.  Generally  the  draf t   ra t io   i n  

the  second  d ra f t ing   zone  is  within  a  range  of  about  1.01  to  about  2;  however, 

a  good  product  is  produced  u t i l i z i n g   a  draft   r a t io   within  a  range  of  about  

1.3  to  about  1 . 5 .  

Needled  bat t   68  which  has  been  draf ted  in  the  warp  d i r ec t ion   b o t h  

before  and  a f te r   needling  is  then  passed  to  a  third  d r a f t i ng   zone,  i n d i c a t e d  

by  tenter   frame  72  which  draf ts   the  batt   in  the  f i l l   d i r ec t i on   through  t h e  

use  of  diverging  tracks  73  which  grasp  the  fabr ic   at  the  i n l e t   and  draf t   t h e  

fabric  as  the  tracks  slowly  diverge  from  one  another.   The  f i l l - d r a f t i n g  

rat io  depends  upon  a  number  of  va r i ab les ,   such  as  s taple  length,   denier ,   b a t t  

weight,  needle  densi ty,   etc.  Generally  the  f i l l - d r a f t i n g   ra t io   is  within  a 

range  of  about  1.01  to  about  1.5;  however,  a  f i l l - d r a f t i n g   ra t io   within  a 

range  of  about  1.1  to  about  1.3  produces  a  good  product.  In  one  aspect  o f  

the  invention  tenter   frame  72  contains  a  tens ioning  means  76  which  a p p l i e s  

tension  to  the  fabric   in  at  least   the  f i l l   d i r ec t i on   78  while  the  fabric   i s  

fused  when  subjected  to  infrared  r a d i a t i o n .  

After  the  fabric  84  passes  through  tensioning  means  76  fabric  84  i s  

passed  between  the  nip  of  two  ro l l s   86  and  88  which  are  used  to  c o n t a c t  

fabric  84  with  at  l eas t   oae  heated  ro l l   having  a  temperature  s u f f i c i e n t   t o  

fuse  together   at  least   a  portion  of  the  f ibers   of  the  fabr ic   in  contact  w i t h  

the  bested  ro l l .   The  fused  fabric  then  passes  to  the  rollup  saction  as 

previously  described  unless  the  second  tensioning  means  102  is  employed  a l s o  

as  previuously  d e s c r i b e d .  



Synthetic  thermoplas t ic   s taple   in  general  can  be  used  in  accordance 

with  the  present  invent ion.   For  example,  polyolef ina  such  as  po lypropy lene ,  

polyesters   such  as  polyethylene  t e r e p h t h a l a t e ,   polyamides  such  as  po lycap ro -  

lactam,  and  mixtures  thereof  are  su i t ab le .   P a r t i c u l a r l y   good  r e su l t s   have 

been  obtained  employing  polypropylene  s taple .   When  polypropylene  f ibers   a r e  

used  to  produce  the  nonwoven  fabr ic   the  temperature  of  the  fusion  ro l l   o r  

ro l l s   employed  is  general ly   within  a  range  of  about  310°F  (154°C)  to  about  

340°F  (171°C);  however,  temperatures  within  a  range  of  about  320°F  (160°C)  to  

about  330°F  (165°C)  are  more  common. 

The  synthet ic   s taple  su i t ab le   for  use  in  a p p l i c a n t ' s   invention  can 

be  selected  over  a  r e l a t i v e l y   wide  range.  Generally  synthet ic   s taple   has  a 

length  within  a  range  of  about  1-1/2  inches  (3.81  cm)  to  about  10  inches  

(25.4  cm).  Good  r e s u l t s   can  be  obtained  employing  a  s taple  length  within  a 

range  of  about  2-1/2  inches  (6.35  cm)  to  about  4  inches  (10.2  cm).  S t a p l e  

denier  can  be  se lected  from  a  wide  range  of  deniers.   Normally  the  denier  i s  

within  a  range  of  about  1  to  about  20;  however,  deniers  within  a  range  o f  

about  1.5  to  about  8  are  more  common. 

Quartz  heaters  and  f o i l - s t r i p   haaters  have  been  used  as  the  i n f r a r e d  

rad ia t ion   source  in  accordance  with  the  present  invention;  however,  t he  

present  invention  is  not  l imited  by  the  pa r t i cu l a r   source  used  to  subject  t he  

fabric  to  the  infrared  r ad i a t i on .   At  the  present  time  it  appears  that  t h e  

f o i l - s t r i p   heaters   are  prefer red   because  they  provide  be t te r   control   of  the  

fusion  p roce s s .  

In  general,   fabr ics   with  a  var ie ty   of  widths  can  be  produced  i n  

accordance  with  the  present  invention;   however,  the  invention  is  p a r t i c u l a r l y  

a p p l i c a b l e  f o r   the  production  of  wide,  nonwoven  fabr ics ,   that  is,  f a b r i c s  

having  a  width  wi th in  a   range  of  about  108  inches  (274.3  cm) to  230  inches  

(584. 2  cm). 



EXAMPLE 

Five  fused  fabr ic   samples  were  made  using  the  apparatus  of  FIGURES  1 

and  2  except  that  the  optional   tensioning  means  102  and  the  associa ted  i n f r a r e d  

fusing  means  104  and  106  were  not  employed.  The  samples  produced  in  runs  1, 

2 and  3  were  control   samples.  The  fabric  of  run  1  was  fused  using  i n f r a r e d  

rad ia t ion   only  and  the  fabr ics   of  runs  2  and  3  were  fused  using  ro l l   f u s i o n  

only.  The  fabr ics   of  runs  4  and  5  were  f i r s t   fused  with  inf rared   r a d i a t i o n  

and  subsequently  fused  with  a  heated  ro l l   in  accordance  with  the  p r e s e n t  

invention.   All  fabr ics   (runs 1  through  5)  were  produced  with  4-denier   p o l y -  

propylene  s tap le ,   3-1/4  inches  (8.25  cm)  long  and  only  the  face  side  of  t h e  

fabrics   was  exposed  to  infrared  r ad ia t ion   and/or  a  heated  ro l l   in  order  t o  

produce  a  fabr ic   in  which  the  f ibers   on  the  back  side  ware  s u b s t a n t i a l l y  

unfused.  All  fabr ics   weighed  3.1  ox/yd2  and  were  produced  under  e s s e n t i a l l y  

the  same  condit ions  except  for  the  fusion  condi t ions .   All  fabr ics   were  150 

inches  (381  cm)  wide  except  the  fabric  of  run  2  which  was  120  inches  (304.8  cm) 

wide.  The  inf rared   heaters  employed  in  runs  1,  4  and  5  were  Leeco  speed  f o i l  

heaters ,   model  2-224-A,  manufactured  by  Joyal  I ndus t r i e s ,   Inc. ,   Coventry,  

R.I.  In  runs  1,  4  and  5  the  infrared  heaters   were  stacked  and  p o s i t i o n e d  

t ransverse   with  respect   to  the  d i rec t ion   of  movement  of  the  fabr ic .   The 

fusion  condit ions  for  each  of  the  runs  are  provided  in  Table  I  balow: 



The  physical   p roper t i es   of  the  fabr ics   produced  are  provided  i n  

Table  II  below. 

As  c lear ly   indicated  in  Table  II  the  ul t imate  s t rength  of  the  

fabric  of  runs  4  and  5  was  higher  as  compared  to  the  fabr ics   of  runs  2  and  3 .  

The  ul t imate   s t rength   of  the  fabric  of  run  1  was  higher  than  the  fabrics   of  

runs  4  and  5  in  the  warp  d i rec t ion ,   but  as  noted  above  the  fabric  of  r u n  1  

did  not  have  a  s u b s t a n t i a l l y   unfused  back  side.  The  f i l l   u l t imate   s t r e n g t h  

of  runs  4  and  5  is  p a r t i c u l a r l y   noteworthy  and  ia  the  highest  in  all   i s n t a n c e s .  

It  is  pointed  out  that  the  elongation  values  were  not  exactly  the  same  in  a l l  

runs;  however,  except  for  run  2,  the  elongation  values  are  considered  compar- 

able.  It  is  normally  accepted  that  if  elongation  is  lower,  ul t imate  a t r a n g t h  

is  lower,  thus  the  ul t imate  s t rength  of  the  fabric  in  run  2  would  be  even 



lower  if  the  e longat ion  values  were  lower.  The  tear  s t rength   values  for  the  

fabrics  of  runs  4  and  5  as  compared  to  the  fabr ics   of  runs  1,  2  and  3  a r e  

somewhat  improved,  although  the  values  for  ul t imate  s t rength   are  g e n e r a l l y  

considered  more  accurate  for  purposes  of  comparison. 

The  above  runs  c l ea r ly   show  that  the  fabr ics   of  runs  4  and  5  which 

were  produced  in  accordance  with  the  present  invention  provide  lower  e l onga -  

tions  and/or  higher  u l t imate   s t rengths   as  compared  to  the  pr ior   art  f a b r i c s  

produced  in  runs  1,  2  and  3. 



1.  A  method  for   the   m a n u f a c t u r e   of  a  f u s e d   nonwoven  f a b r i c   f r o m  

an  u n f u s e d   nonwoven  f a b r i c   of  t h e r m o p l a s t i c   f i b e r s ,   s a i d   u n -  

f u s e d   f a b r i c   h a v i n g   a  f i r s t   s u r f a c e   and  a  second   s u r f a c e   o p p o -  
s i t e   s a i d   f i r s t   s u r f a c e ,   c o m p r i s i n g ,   in  c o m b i n a t i o n ,   the   s t e p s  

o f :  

e x p o s i n g   at   l e a s t   one  of  s a i d   f i r s t   and  second   s u r f a c e s   o f  

the  u n f u s e d   f a b r i c   to  i n f r a r e d   r a d i a t i o n   to  the  e x t e n t   t h a t  

a  s u b s t a n t i a l   p o r t i o n   of  the  f i b e r s   f o r m i n g   s a i d   at  l e a s t  

one  s u r f a c e   a re   fu sed   t o g e t h e r ,   a n d  

c o n t a c t i n g   a t   l e a s t   one  of  s a id   f i r s t   and  second   s u r f a c e s  o f  

the  u n f u s e d   f a b r i c - w i t h   at  l e a s t   one  h e a t e d   r o l l   h a v i n g   a  

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

the  f i b e r s   f o r m i n g   the   s u r f a c e   in  c o n t a c t   wi th   t he   h e a t e d   r o l l .  



2.  A  method  in  a c c o r d a n c e   wi th   c l a i m   1  w h e r e i n   the   u n f u s e d  

f a b r i c   is  f i r s t   e x p o s e d   to  i n f r a r e d   r a d i a t i o n   and  s u b s e -  

q u e n t l y   c o n t a c t e d   wi th   s a i d   at   l e a s t   one  h e a t e d   r o l l .  

3.  A  method  in  a c c o r d a n c e   w i th   c l a i m s   1  or  2  w h e r e i n   only   s a i d  
f i r s t   s u r f a c e   is  e x p o s e d   to  i n f r a r e d   r a d i a t i o n   and  s a i d  

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

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

tween  s a i d   f i r s t   s u r f a c e   and  s a i d - s e c o n d   s u r f a c e   a r e  
f u s e d   t o g e t h e r ,   and  the  f i b e r s   f o r m i n g   the  s econd   s u r -  
f ace   r e m a i n   s u b s t a n t i a l l y   u n f u s e d .  

4.  A  method  in  a c c o r d a n c e   w i th   c l a i m s - 1   to  3  w h e r e i n   only   t h e  

f i r s t   s u r f a c e   is  c o n t a c t e d   wi th   the   h e a t e d   r o l l .  

5.  A  method   in  a c c o r d a n c e   wi th   c l a ims   1  to  4  w h e r e i n - t h e   u n f u s e d  
f a b r i c   is  a  n e e d l e   punched   nonwoven  f a b r i c   of  t h e r m o -  

p l a s t i c   p o l y p r o p y l e n e   s t a p l e   f i b e r s ,   and  the   f i r s t   s u r -  
f ace   is  the  f ace   s i de   of  the   u n f u s e d   f a b r i c   and  the  s e -  
cond  s u r f a c e   is  the   back  s ide   of  the   u n f u s e d   f a b r i c ,  
w h e r e i n   the   back  s i de   has  a  fuzzy   s u r f a c e   and  the  f u s e d  

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

f a b r i c ' s   e l o n g a t i o n   as  d e t e r m i n e d   by  ASTM  D  1 1 1 7 - 7 4 .  

6.  A  method  in  a c c o r d a n c e   wi th   c l a i m s   1  to  5  w h e r e i n   the  w e i g h t  
of  the  u n f u s e d   f a b r i c   is  w i t h i n   the  r ange   of  abou t   2  o z / y d 2  

to  abou t   20  o z / y d  .  

7.  The  method  in  a c c o r d a n c e   wi th   c la ims   1  to  6  w h e r e i n   the  w e i g h t  
of  the  u n f u s e d   f a b r i c   is  w i t h i n   the  r ange   of  abou t   2 . 5  
oz /yd2   to  a b o u t   4.5  o z / y d 2 .  

8.  A  method  in  a c c o r d a n c e   wi th   c l a i m   1  w h e r e i n   the  u n f u s e d  

nonwoven  f a b r i c   is  p r o d u c e d   by  
(a)  f o r m i n g   a  b a t t   c o m p r i s i n g   t h e r m o p l a s t i c   s t a p l e   f i b e r s  

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

(b)  p a s s i n g   s a i d   b a t t   to  a  f i r s t   d r a f t i n g   z o n e ;  



(c)  d r a f t i n g   s a i d   b a t t   in  s a i d   f i r s t   d r a f t i n g   zone  in  a  
s econd   d i r e c t i o n ,   s a i d   s econd   d i r e c t i o n   b e i n g   p r i -  

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

(d)  n e e d l i n g   s a i d   d r a f t e d   b a t t   to  p r o d u c e   a  n e e d l e d   b a t t ;  
(e)  d r a f t i n g   s a i d   n e e d l e d   b a t t   in  a  second   d r a f t i n g   z o n e  

in  s a i d   second   d i r e c t i o n ;   a n d  

(f)  t hen   d r a f t i n g   s a i d   n e e d l e d   b a t t   in  a  t h i r d   d r a f t i n g  

zone  in  s a i d   f i r s t   d i r e c t i o n   to  p r o d u c e   an  u n f u s e d  

f a b r i c .  

9.  A  method  in  a c c o r d a n c e   w i th   c l a i m   8  w h e r e i n   the  f i b e r s   o f  

s a i d   u n f u s e d   f a b r i c   are   s u b j e c t e d   to  t e n s i o n   in  at  l e a s t  
the   f i r s t   d i r e c t i o n   when  the  f i b e r s   of  the   u n f u s e d   f a b r i c  

are  f u s e d   t o g e t h e r   by  i n f r a r e d   r a d i a t i o n .  

10.  A  method  in  a c c o r d a n c e   w i th   c l a i m   1  w h e r e i n   bo th   s u r -  
f a c e s   of  s a i d   u n f u s e d   f a b r i c   are   e x p o s e d   to  i n f r a r e d   r a d i a -  
t i o n   and  only   one  of  s a i d   s u r f a c e s   is  c o n t a c t e d   wi th   a t  
l e a s t   one  h e a t e d   r o l l .  

11.  A  method  in  a c c o r d a n c e   wi th   c l a i m   1  w h e r e i n   b o t h   s u r -  
f a c e s   of  s a i d   u n f u s e d   f a b r i c   are   exposed   to  i n f r a r e d  
r a d i a t i o n   and  c o n t a c t e d   wi th   at   l e a s t   one  h e a t e d   r o l l .  

12.  A  method  in  a c c o r d a n c e   w i th   c l a i m   1  w h e r e i n   one  s u r f a c e  
of  s a i d   u n f u s e d   f a b r i c   is  e x p o s e d   to  i n f r a r e d   r a d i a t i o n  

and  bo th   s u r f a c e s   are  c o n t a c t e d   wi th   at  l e a s t   one  h e a t e d  

r o l l .  



13.  Apparatus  comprising:  

in f ra red   fusion  means  being  su i tab le   for  exposing  the  t h e r m o p l a s t i c  

f ibers  of  at  leas t   one  surface  of  a  nonwoven  fabric   having  a  f i r s t   surface  and 

a  second  surface  opposite  said  f i r s t   surface,  and  fusing  together   at  least   a 

portion  of  s a i d  f i b e r s ;   and 

at  leas t   one  heated  ro l l   being  su i tab le   for  contact ing  at  l eas t   one 

of  said  f i r s t   and  second  surfaces  and  fusing  together  the  f ibers   of  the  s u r f a c e  

in  contact  with  the  heated  r o l l .  

14.  Apparatus  according  to  claim  13  wherein  said  inf rared   f u s ion  

means  is  posi t ioned  to  fuse  together  f ibers   of  said  fabric   prior  to  said  a t  

least   one  heated  r o l l .  

1 5 .   Apparatus  according  to  claim  14  wherein  said  inf rared   f u s ion  

means  is  su i t ab l e   for  exposing  only  said  f i r s t   surface  of  the  fabr ic   to  i n -  

frared  r ad ia t ion   to  the  extent  that  a  subs tan t i a l   port ion  of  the  f ibers   p o s i -  

tioned  on  the  f i r s t   surface  and  between  said  f i r s t   surface  and  said  second 

surface  is  fused,  and  the  f ibers   on  the  second  surface  remain  s u b s t a n t i a l l y  

unfused.  

16.  Apparatus  according  to  claim  15  wherein  the  at  leas t   one  hea ted  

roll   is  su i tab le   for  contacting  only  the  f i r s t   surface  with  the  at  least   one 

heated  r o l l .  

17.  Apparatus  according  to  claim  16  wherein  the  f i r s t   surface  is  the  

face  side  of  a  nonwoven  fabric  produced  from  the  s taple  f ibers   and  the  second 

surface  is  the  back  side  of  the  f a b r i c .  



18.  Apparatus  according  to  claim  13  further   comprising 

means  for  forming  a  batt   of  s taple  f ibers   wherein  said  f ibers   a r e  

oriented  pr imari ly   in  a  f i r s t   d i r e c t i o n ;  

ca r r ie r   means  for  receiving  said  batt   from  said  forming  means  and 

t ranspor t ing   said  batt   of  f ibers   in  a  second  d i r ec t ion   which  is  normal  to  s a i d  

f i r s t   d i r e c t i o n ;  

f i r s t   d raf t ing   means  for  receiving  said  batt   of  f ibers   from  sa id  

car r ie r   means  and  draf t ing   said  bat t   in  said  second  d i r e c t i o n ;  

needling  means  for  needling  said  drafted  batt  and  producing  a  needled 

b a t t ;  

second  d ra f t ing   means  for  d ra f t ing   said  needled  batt  in  said  second 

d i rec t ion;   and 

third  draf t ing   means  for  draf t ing   the  needled,  drafted  batt   in  the  

f i r s t   d i r e c t i o n ;  

and  means  for  passing  said  batt   drafted  in  said  f i r s t   d i rec t ion   to  

said  in f ra f red   fusion  means  and  said  at  least   one  heated  r o l l .  

19.  Apparatus  in  accordance  with  claim  18  wherein  the  i n f r a r e d  

fusion  means  and  the  third  d ra f t ing   means  are  posit ioned  r e l a t i v e   to  one 

another  so  that  the  fabric  is  exposed  to  infrared  rad ia t ion   simultaneously  wi th  

being  drafted  in  the  f i r s t   d i r e c t i o n .  
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