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©  Process  and  apparatus  for  forming  fibers. 

©  An  apparatus  (10)  for  forming  a  nonwoven  web 
(26)  from  a  fiber  forming  thermoplastic  polymer  resin 
which  includes  a  reservoir  for  supplying  a  quantity  of 
melted  fiber  forming  thermoplastic  resin,  a  pump  for 
pumping  the  molten  resin  to  a  fiber  forming  die  (16) 
and  a  die  for  forming  a  discrete  resin  stream  to  flow 
therefrom.  The  die  includes  a  first  fluid  passageway 
(20)  for  forming  a  stream  of  fluid,  such  as  air,  in 
contact  with  and  substantially  surrounding  the 
formed  flow  of  resin  for  a  predetermined  distance 

^   within  the  die  (16)  and  an  interrupt  system  (18)  for 
^selectively  cycling  the  flow  of  resin  on  and  off  and 

clearing  the  resin  from  the  fiber  forming  die  (16).  A 
^receiving  belt  (26)  collects  the  fibers  (22)  formed 
QOfrbm  the  resin  flow  below  the  first  fluid  passageway 

spaced  at  a  predetermined  distance  (A  )  from  the  die 
S o   6). 
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PROCESS  AND  APPARATUS  FOR  FORMING  FIBERS 

The  present  invention  relates  to  a  process  and 
an  apparatus  for  forming  fibers. 

The  manufacture  of  nonwoven  fabrics  is  a  high- 
ly  developed  art.  Generally,  nonwoven  webs  or 
mats  are  made  by  forming  filaments  or  fibers  of 
varying  or  specific  diameter  and  depositing  them 
on  a  carrier  in  such  a  manner  so  as  to  cause  the 
filaments  or  fibers  to  overlap  or  entangle  as  a  web 
of  a  desired  basis  weight. 

Various  means  have  been  developed  in  an 
attempt  to  control  the  form  of  the  processed  fibers 
which  in  turn  affects  the  properties  of  the  formed 
web.  For  example,  U.S.  Patent  2,571,457  to 
Ladisch,  issued  October  16,  1951  discloses  a  spray 
nozzle  for  forming  filaments  and/or  fibers  in  diam- 
eters  of  about  one  micron  and  smaller  by  passing  a 
polymer  stream  through  the  central  orifice  of  a 
nozzle  with  an  elastic  fluid  such  as  air  being  caus- 
ed  to  spiral  towards  the  vertex  of  a  cone.  U.S. 
Patent  3,017,664  to  Ladisch,  issued  January  23, 
1962  discloses  a  fiber  forming  nozzle  wherein  a 
stream  of  polymer  material  exits  a  nozzle  orifice  in 
the  form  of  a  tube,  formation  of  the  tube  being 
caused  by  the  spreading  of  the  polymer  over  the 
outside  wall  of  a  circular  body  positioned  in  the 
orifice.  An  elastic  fluid  rotating  in  a  spiraling  man- 
ner  around  the  film  of  polymer  with  a  very  high 
velocity  creates  a  vacuum  between  the  film  and 
elastic  fluid.  Fibers  are  picked  up  from  the  film  of 
fiber  forming  liquid  and  drawn  out  to  fineness  in  the 
elastic  fluid.  Although  both  Ladisch  patents  dis- 
close  a  spiraling  air  which  surrounds  the  resin  flow 
from  an  orifice,  the  emitted  air  is  transmitted 
through  nozzle  openings  which  do  not  surround  the 
polymer  stream. 

U.  S.  Patent  3,543,332  to  Wagner  et  al,  issued 
December  1,  1970,  discloses  the  production  of 
fibers  utilizing  a  spinning  nozzle,  the  spinning  noz- 
zle  having  a  central  orifice  for  forming  a  polymer 
stream  and  additional  orifices  surrounding  the  cen- 
tral  orifice  for  the  passage  of  fiber  forming  air. 

U.  S.  Patent  3,755,527  to  Keller  et  al,  issued 
August  28,  1  973,  discloses  a  process  for  producing 
meltblown  nonwoven  synthetic  polymer  mats.  The 
meltblown  process  utilizes  a  plurality  of  extrusion 
orifices  through  which  a  melted  polymer  resin  is 
extruded.  On  each  side  of  the  plurality  of  orifices  is 
a  hot  air  slot  for  supplying  a  stream  of  hot  gas  in 
the  form  of  a  sheet  on  each  side  of  the  plurality  of 
fiber  streams  formed  from  the  resin.  To  produce 
fibers  having  diameters  between  10  and  40  urn 
combinations  of  die  tip  temperature,  resin  flow  rate, 

and  resin  molecular  weight  are  selected  to  give  an 
apparent  viscosity  in  the  die  holes  from  about  1  0  to 
800  poise.  *  The  viscosity  is  then  adjusted  into  an 
operable  range  by  varying  the  die  tip  temperature. 

5  U.  S.  Patent  3,905,734  to  Blair,  issued  Septem- 
ber  16,  1975  discloses  improvements  for  an  ap- 
paratus  for  continuous  tube  forming  by  meltblowing 
techniques.  The  assembly  utilizes  knife-like 
streams  of  forming  gas  on  each  sideof  a  polymer 

to  exit  orifice. 
U.S.  Patent  No.  3,978,185  to  Buntin  et  al,  is- 

sued  August  31,  1976  discloses  a  meltblown  non- 
woven  mat  prepared  from  thermoplastic  polymer 
fibers  which  are  alleged  to  be  substantially  com- 

75  pletely  free  of  polymer  shot  and  produced  at  a  high 
polymer  throughput  rate  in  a  specific  meltblowing 
process  in  which  thermoplastic  polymer  resins  hav- 
ing  a  specific  viscosity  range  are  degraded  in  the 
presence  of  a  free  radical  source  compound. 

20  U.S.  Patent  Nos.  to  Oshido  et  al,  4,135,903 
issued  January  23,  1979  and  4,185,981  issued 
January  29,  1  980  disclose  a  method  and  apparatus 
for  producing  fibers  from  a  heat  softening  material 
utilizing  high  speed  gas  streams  which  cause  the 

25  melted  polymer  to  rotate  around  its  central  axis  line 
and  transform  it  into  a  substantially  conical  shape 
whose  cross-section  gradually  decreases  towards 
its  flowing  direction  in  a  first  cone  and  is  caused  to 
advance  in  the  form  of  fiber  from  the  tip  of  the 

30  cone  in  the  flowing  direction  and  outwardly  in  the 
radial  direction  in  a  second  cone. 

It  remains  desirable  to  develop  further  method 
and  apparatus  for  forming  fibers  from  molten  fiber 
forming  resins  suitable  for  then  forming  mats  from 

35  the  formed  fibers  wherein  the  apparatus  and  pro- 
cess  provide  increased  throughput  on  a  per-hole 
basis  and  wider  operating  ranges. 

This  object  is  solved  by  the  process  of  in- 
dependent  claim  1  and  -the  apparatus  of  one  of 

40  independent  claims  18,  38  and  43.  Further  advanta- 
geous  features  of  the  invention  are  evident  from 
the  dependent  claims,  the  following  description, 
examples  and  drawings.  The  invention  also  pro- 
vides  special  types  of  use  of  the  apparatus  accord- 

45  ing  to  the  invention  as  evident  from  independent 
claim  54.  Further  details  of  these  uses  are  evident 
from  the  description  and  drawings.  The  claims  are 
understood  to  be  a  first  non-limiting  approach  of 
defining  the  invention  in  general  terms. 

so  The  invention  provides  means  for  manufactur- 
ing  nonwoven  fabrics  useful  for  a  wide  variety  of 
applications,  such  as  for  personal  care  products, 

*1  poise  =  100  mPa.s 
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household  cleaning  materials  and  wipers,  and  the 
like.  More  specifically,  the  present  invention  pro- 
vides  a  novel  method  and  means  for  forming  fibers 
from  a  fiber  forming  thermoplastic  polymer  resin 
suitable  for  forming  a  nonwoven  web. 

Apparatus  and  processes  described  in  the 
above  references  are  quite  capable  of  forming  flat 
mats  or  webs  of  nonwoven  material  which  are  most 
commonly  subjected  to  additional  processing  for 
incorporation  into  other  products  such  as  diapers 
and  other  personal  care  items  or  subsequent  con- 
version  into  such  items  as  disposable  workwear. 
With  the  advancement  of  nonwoven  fiber  forming 
technology,  however,  the  uses  and  applications  for 
such  materials  have  been  greatly  enhanced  and  as 
new  uses  and  applications  are  found,  the  design 
limitations  of  current  equipment  become  more  evi- 
dent.  Further,  with  the  increasing  costs  of  the  poly- 
mers  used  in  the  formation  of  fibers,  overall  pro- 
duction  costs  become  an  ever  important  factor. 
The  invention  provides  one  way  to  reduce  the  cost 
of  the  nonwoven  material  by  allowing  to  increase 
the  production  capability  of  the  equipment,  while 
with  current  meltblowing  equipment,  there  are  se- 
vere  limitations  as  to  the  amount  of  polymer 
throughput  which  can  be  tolerated  by  the  melt- 
blowing  dies.  (As  polymer  viscosities  and  pres- 
sures  increase,  so  does  the  likelihood  of  the  dies, 
themselves,  fracturing  or  "zippering"  as  it  is  known 
in  the  industry.) 

The  present  invention,  therefore  provides  an 
apparatus  and  process  which  allow  for  substantially 
higher  polymer  pressures  and  thus  higher  through- 
puts  on  a  per-hole  basis  relative  to  normal  melt- 
blown  die  tip  construction. 

Another  major  problem  in  the  previous  forma- 
tion  of  nonwoven  fibers  and  the  resultant  webs  is  a 
phenomenon  called  "shot".  Shot  occurs  when 
drawing  air  is  improperly  applied  to  the  extruded 
polymer  stream.  When  this  condition  occurs,  small 
beads  of  polymer  are  formed  along  with  the  fibers, 
thereby  giving  the  formed  web  a  very  rough  feel. 
This  can  be  caused  by  equipment  design,  im- 
proper  adjustment  of  the  air  to  polymer  ratio,  pro- 
cessing  conditions,  or  a  combination  of  the  three. 
In  almost  all  applications,  shot  is  not  desirable. 

The  present  invention,  however,  provides  a 
process  and  apparatus  with  increased  air  flow  to 
and  around  the  extruded  polymer,  when  desired,  to 
decrease  shot,  and  increase  fiber  formation  effi- 
ciency  or  reverse  the  process  when  necessary. 

As  the  demands  upon  nonwoven  materials  be- 
come  more  complex,  it  is  sometimes  desirable  to 
form  nonwoven  materials  which  are  comprised  of 
intimately  entangled  fibers  of  different  polymer 
composition  and/or  fiber  size.  The  actual  genera- 
tion  of  materials  using  more  than  one  polymer 
and/or  fiber  typically  requires  production  in  a  multi- 

bank  layered  setup  wherein  one  bank  of  dies  forms 
fibers  of  one  size  or  polymer,  while  another  set  of 
dies  produces  fibers  of  another  size  or  polymer. 

The  present  invention,  therefore,  provides  an 
5  apparatus  and  process  which  will  permit  the  forma- 

tion  of  multi-component  nonwoven  materials  in  a 
more  localized  and  efficient  manner. 

Another  drawback  with  current  meltblowing  ap- 
paratus  and  processes  are  their  inability  to  produce 

70  nonwoven  materials  which  are  three-dimensional  in 
structure  and/or  zoned  in  density  in  either  or  both 
the  machine  and  cross  directions.  A  primary  reason 
for  this  is  the  fact  that  the  meltblowing  equipment 
as  described  in  the  above  references  is  planar  in 

75  design  and  must  operate  on  a  continuous  basis 
due  to  the  heating  requirements  of  the  polymer  and 
the  problem  with  die  holes  plugging  with  stagnant 
polymer.  Consequently,  such  equipment  cannot  be 
cycled  on  and  off  to  create  nonwoven  materials 

20  having  varying  densities  and  other  attributes. 
The  present  invention,  therefore,  provides  an 

apparatus  and  process  which  allow  cyclical  release 
of  polymer  during  the  fiber  forming  process. 

With  current  meltblowing  equipment,  described 
25  in  references,  production  runs  are  made  at  a  speci- 

fied  width  which  usually  corresponds  to  the  width 
of  the  bank  of  meltblown  die  tips  or  openings. 

To  change  widths,  holes  must  be  plugged  or 
the  system  shut  down  to  refit  the  line  with  smaller 

30  or  larger  banks  of  die  tips.  The  present  invention, 
therefore  provides  an  apparatus  and  process  which 
allow  on-line  variations  in  production  widths  of  the 
nonwoven  material.  Lastly,  current  meltblowing 
equipment  often  becomes  clogged  when  the  small 

35  die  openings  become  filled  with  solidified  polymer. 
Usually,  there  is  very  little  that  can  be  done  to 
unclog  the  holes  while  the  machinery  is  running. 
While  a  few  clogged  holes  will  usually  not  affect 
production  quality,  once  enough  of  the  holes  be- 

40  come  clogged,  the  die  tip  must  be  taken  off-line 
and  cleaned  --a  costly  and  time-consuming  pro- 
cess. 

The  present  invention  therefore  also  provides  a 
process  and  apparatus  which  is  self-cleaning. 

45  These  and  other  features  and  advantages  of 
the  present  invention  will  become  more  apparent 
upon  a  further  review  of  the  following  specification 
and  drawings. 

In  accordance  with  the  present  invention  there 
so  is  provided  a  process  and  apparatus  of  the  type  for 

forming  a  nonwoven  web  from  a  fiber  forming 
thermoplastic  polymer  resin,  the  apparatus  includ- 
ing  reservoir  means  for  supplying  a  quantity  of 
melted  fiber  forming  thermoplastic  polymer  resin 

55  and  pump  means  for  pumping  the  resin  from  the 
reservoir  means  to  a  fiber  forming  die.  Die  means 
forms  a  discrete  flow  of  resin  which  is  pumped 
from  the  reservoir  means.  The  die  means  includes 

3 
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fiberization  means  for  forming  fibers  from  the  flow 
of  resin  utilizing  first  fluid  passage  means  for  for- 
ming  a  stream  of  fluid,  such  as  air,  which  contacts 
and  substantially  surrounds  the  formed  flow  of  res- 
in  for  a  predetermined  distance  within  the  die 
means.  The  fiberization  means  may  further  include 
a  second  fluid  passage  means  for  further  contact- 
ing  and  attenuating  the  formed  fibers.  Receiver 
means  spaced  at  an  adjustable  predetermined  dis- 
tance  from  the  die  means  collects  the  fibers 
formed  from  the  fluid  passage  means,  thereby  for- 
ming  the  nonwoven  web.  A  hydraulically  actuated 
stem  within  the  die  means  provides  an  on/off  con- 
trol  for  selectively  stopping  flow  of  the  fiber  forming 
resin.  The  stem  may  be  further  used  to  dislodge 
resinous  debris  from  the  die  means. 

Other  advantages  of  the  present  invention  will 
be  readily  appreciated  as  the  same  becomes  better 
understood  by  reference  to  the  following  detailed 
description  when  considered  in  connection  with  the 
accompanying  drawings  wherein: 

Figure  1  is  a  schematic  illustration  of  an 
apparatus  constructed  in  accordance  with  the 
present  invention; 

Figure  2  is  a  cross-sectional  view  of  the  die 
constructed  in  accordance  with  the  present  inven- 
tion; 

Figure  3  is  a  top  plan  view  of  a  die  plate 
constructed  in  accordance  with  the  present  inven- 
tion; 

Figure  4  is  a  cross-sectional  view  taken  sub- 
stantially  along  lines  4-4  of  Figure  3; 

Figure  5  is  an  enlarged  fragmentary  cross- 
sectional  view  of  the  nozzle  within  the  die  assem- 
bly; 

Figure  6  is  a  side  view  of  a  nozzle  con- 
structed  in  accordance  with  the  present  invention; 

Figure  7  is  a  plan  view  taken  substantially 
along  lines  7-7  of  Figure  6; 

Figure  8  is  a  side  view  of  another  nozzle 
constructed  in  accordance  with  the  present  inven- 
tion; 

Figure  9  is  an  end  view  of  the  nozzle  shown 
in  Figure  8; 

Figure  1  0  is  another,  side  view  of  the  nozzle 
of  Figure  6  showing  the  flute  spiral  angle  G'. 

Figure  1  1  is  a  perspective  view  of  the  nozzle 
of  Figure  6  showing  the  flute  attack  angle  H  ; 

Figure  12  is  a  side  view  of  yet  another 
embodiment  of  a  nozzle  constructed  in  accordance 
with  the  present  invention. 

Figure  13  is  a  plan  view  taken  substantially 
along  lines  13-13  of  Figure  12. 

An  apparatus  of  the  type  for  forming  a  non- 
woven  web  from  a  fiber  forming  thermoplastic  poly- 
mer  resin  is  shown  schematically  at  10  in  Figure  1. 
Generally,  the  apparatus  includes  a  reservoir  12  for 
supplying  a  quantity  of  melted  fiber  forming  ther- 

moplastic  polymer  resin.  Such  resins  are  well 
known  in  the  art.  Examples  of  such  resins  which 
can  be  used  in  the  practice  of  the  present  invention 
include  but  are  not  limited  to  polypropylene,  poly- 

s  ethylene,  polyester,  polyetherester  copolymer, 
polyurethane,  polyether-amide  copolymer,  and 
styrene-ethylene,  butylene  copolymer.  Further- 
more,  the  properties  of  such  polymers  and 
copolymers  may  be  further  enhanced  by  the  addi- 

70  tion  of  various  flow  modifiers  and  other  additives 
well  known  to  those  skilled  in  the  art. 

Many  of  these  polymers  are  difficult  if  not 
impossible  to  run  at  high  speed  throughputs  on 
existing  equipment,  such  as  meltblown  equipment, 

75  due  to  the  high  viscosities  of  the  polymers  which 
can  cause  zippering  of  the  die  at  increased  pres- 
sures.  Examples  of  such  polymers  include  PET 
polyesters,  styrene-ethylene,  butylene  copolymers, 
and  polyetherester  copolymers.  As  demonstrated 

20  by  the  examples  below,  these  polymers  can  be 
extruded  using  the  process  and  apparatus  of  the 
present  invention. 

The  reservoir  12  generally  includes  means  for 
melting  the  polymer  resin  and  maintaining  the  resin 

25  in  the  molten  state.  Typical  resins  melt  at  tempera- 
tures  in  the  range  of  149  to  260  degrees  C.  There- 
fore,  the  reservoir  must  be  able  to  maintain  resin 
temperatures  to  at  least  within  this  range.  A  pump 
14  pumps  the  molten  resin  from  the  reservoir  12  to 

30  one  or  more  fiber  forming  dies  generally  indicated 
at  16.  The  apparatus  10  includes  a  source  of 
pressurized  air  18  for  operating  an  on/off  control 
means  discussed  below  and  a  source  of  fiberiza- 
tion  fluid  20  to  fiberize  the  molten  resin  as  dis- 

35  cussed  below.  Note  that  a  single  die  16  or  a 
multiple  die  assembly,  as  in  Figures  3  and  4,  may 
be  used  to  form  fibers  and  nonwoven  materials 
according  to  the  present  invention. 

The  fibers  22  emanating  from  the  die  16  are 
40  collected  on  a  receiver  assembly  such  as  a  con- 

tinuous  wire  forming  belt  24  in  the  form  of  a  web 
26.  The  receiver  assembly  can  include  means  27 
for  producing  a  vacuum  beneath  the  receiving  por- 
tion  of  the  belt  24  to  effectively  hold  the  web  26  to 

45  the  belt  surface  and  affect  the  density  of  the  resul- 
tant  nonwoven  web  26.  The  receiving  surface  of 
the  belt  24  is  spaced  at  a  predetermined  distance 
A  from  the  die  16.  The  formed  web  26  may  be 
collected  on  a  wind-up  roller  28.  Alternatively,  the 

50  web  26  may  be  further  processed  downstream 
from  the  formation  process.  Generally,  the  forming 
distance  A  is  between  about  7  and  100  centi- 
meters. 

Referring  to  Figure  2,  the  fiber  forming  die  16 
55  in  its  simplest  terms  can  be  viewed  as  having  a 

main  housing  29  for  receiving  a  die  assembly  in- 
cluding  a  resin  nozzle  31  which  is  fitted  within  an 
air  forming  chamber  33  and  capped  with  an  air 

4 
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plate  35.  The  air  plate  35  may  include  a  plurality  of 
openings  for  being  seated  over  a  plurality  of  noz- 
zles.  Figures  3  and  4  show  four  assemblies  36  in 
alignment.  Alternatively,  the  assemblies  may  be 
aligned  in  a  plurality  of  rows  or  staggered  to  in- 
crease  the  number  of  openings  per  unit  width.  The 
resin  nozzle  31  is  in  turn  fitted  with  a  retractable 
plunger  assembly  37  (a  part  of  the  on/off  control 
means)  which'  will  permit  interruption'  of  the  resin 
flow  and  cleaning  of  the  nozzle  orifice.  The  die  16 
is  adapted  to  receive  supplies  of  both  air  and 
molten  resin.  The  air  is  separately  used  to  operate 
the  retractable  plunger  assembly  37  and  to  draw 
and  attenuate  the  molten  resin  into  fibers  as  will  be 
explained  in  more  detail  below. 

Referring  to  Figure  2,  in  tracing  the  flow  of  the 
molten  resin  from  entry  to  exit  of  the  die  16,  the 
molten  resin  first  enters  the  main  housing  29  of  the 
die  16,  through  the  resin  inlet  port  38  which  leads 
to  the  interior  of  the  nozzle  31  located  within  the 
die  16.  The  nozzle  31  contains  a  resin  chamber  or 
main  flow  body  39  which  houses  and  surrounds  the 
hydraulically  actuated  plunger  assembly  37.  con- 
sequently,  the  resin  inlet  port  38  and  main  flow 
body  39  are  in  fluid  communication  with  one  an- 
other.  As  the  molten  resin  enters  the  main  flow 
body  39  it  fills  and  pressurizes  the  chamber.  The 
molten  resin  is  then  released  from  the  chamber 
through  a  resin  fluid  capillary  40  to  form  fibers  via 
a  resin  outlet  orifice  41  located  within  the  air  plate 
assembly  35.  Initially,  the  plunger  assembly  37  is 
seated  against  the  base  of  the  resin  outlet  orifice 
41  thereby  preventing  release  of  the  molten  resin. 
When  the  plunger  37  is  retracted  and  therefore 
unseated  from  the  resin  outlet  orifice  41,  the  resin 
is  then  permitted  to  escape  from  the  main  flow 
body  39  and  thus  begin  the  formation  of  the  fibers 
22. 

To  fiberize  and  attenuate  the  resin  exiting  the 
resin  outlet  orifice  41  ,  fiberization/attenuation  air  or 
other  fluid  is  used  to  surround  and  draw  the  resin 
into  fibers  22.  consequently,  the  die  means  16  is 
equipped  with  primary  and,  if  desired,  secondary 
fiberization  means  for  drawing  and  attenuating  the 
fibers  22. 

Air  or  another  fluid  fiberization  source  enters 
the  die  16  through  a  fluid  inlet  port  42.  As  can  be 
seen  from  Figure  2,  the  fluid  inlet  port  42  is  in  fluid 
communication  with  the  air  forming  chamber  33 
which  is  formed  by  the  space  between  the  interior 
of  the  main  die  housing  29/air  plate  35  of  the  die 
16  and  the  exterior  of  the  nozzle  31.  The  air 
forming  chamber  33  surrounds  at  least  the  lower 
portion  of  the  nozzle  31  and  extends  into  the  air 
plate  assembly  35  where  it  terminates  in  an  annular 
fluid  outlet  port  43.  The  fluid  outlet  port  43  typically 
has  a  diameter  ranging  from  3.0  to  5.0  millimeters. 
It  is  this  fluid  outlet  port  43  which  forms  the  pri- 

mary  means  for  attenuating  and  fiberizing  the  fi- 
bers  22.  As  the  fluid  outlet  port  43  is  reduced  in 
diameter  the  fiberization/attenuation  air  is  increased 
in  velocity  causing  the  fibers  22  to  be  attenuated 

5  more  severely. 
To  further  attenuate  and  fiberize  the  molten 

fibers  22,  a  secondary  fiberization  means  may  also 
be  used.  Referring  to  Figures  2  and  3,  the  air  plate 
assembly  35  may  be  fitted  with  secondary  fluid 

w  outlet  ports  44  spaced  radially  and  axially  outward 
from  the  first  or  primary  fluid  outlet  port  43  to 
create  a  plurality  of  secondary  fluid  streams  which 
impinge  upon  and  further  fiberize  the  molten  resin 
into  fibers.  These  secondary  fluid  outlet  ports  44 

75  are  in  fluid  communication  with  the  air  supply  20 
via  fluid  channels  45  which  connect  the  secondary 
fluid  outlet  ports  44  with  the  air  forming  chamber 
33.  Alternatively,  and  not  shown,  the  secondary 
fluid  outlet  ports  44  may  be  connected  to  an  in- 

20  dependent  pressurized  fluid  source  so  the  type 
and/or  pressure  of  the  fluid  emanating  therefrom 
may  be  controlled  independently  of  the  primary 
fiberization  fluid.  Important  to  proper  fiber  and  web 
formation  is  the  balance  between  the,  formation  of 

25  the  fibers  and  their  subsequent  attenuation.  Thus 
the  design  and  interaction  between  the  nozzle  31 
with  its  resin  outlet  41  and  the  primary  and  secon- 
dary  fiberization  fluid  streams  will  be  set  forth  in 
yet  further  detail. 

30  As  shown  in  more  detail  in  Figure  5  and  in 
conjunction  with  Figure  2,  the  resin  outlet  orifice  41 
and  annular  fluid  outlet  port  43  come  together 
directly  above  an  annular  wall  46  located  in  the  air 
plate  35  of  the  die  16.  The  height  of  the  annular 

35  wall  46  is  defined  by  the  distance  B  between  lines 
48  and  49.  This  distance  b'  is  currently  limited  by 
machining  capabilities;  however,  the  height  B  of 
annular  wall  46  is  preferably  less  than  0.5  millime- 
ters.  If  this  height  becomes  excessively  large,  mol- 

40  ten  resin  emanating  from  the  resin  outlet  41  will 
collect  on  the  annular  wall  46,  thus  causing  large 
droplets  of  molten  resin  to  be  conveyed  onto  the 
formed  web  26.  These  large  droplets  are  called 
"shot"  and  may  or  may  not  be  desirable  depend- 

45  ing  upon  the  end  use  of  the  fibers/nonwoven  web. 
Because  the  resin  outlet  orif  ice  41  and  fluid 

outlet  port  43  come  together  directly  above  the 
annular  wall  46,  the  nozzle  31  and  thus  the  resin 
outlet  orifice  41  can  be  changed  relative  to  the  air 

so  plate  35  to  vary  the  amount  of  recess  within  the  die 
16.  This  distance  C  is  measured  between  the  end 
of  the  resin  outlet  orifice  41  (line  50)  and  the 
bottom  of  the  annular  wall  46  (line  48).  By  adjusting 
this  distance  c',  the  effects  of  the  air  flowing  from 

55  fluid  outlet  port  43  can  be  varied  to  fine  tune  the 
fiberization  of  the  molten  resin.  Preferably,  the  re- 
cess  distance  C  is  between  0  and  5  millimeters, 
although  the  distance  depends  upon  air  flow  re- 

5 
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quirements,  polymer  viscosity  and  various  other 
factors  which  in  combination  result  in  the  effective 
control  and  fiberization  of  the  molten  resin.  At  0.0 
millimeters  or  no  recess  the  end  of  the  nozzle,  i.e., 
the  resin  outlet  orifice  41,  and  the  fluid  outlet  port 
43  lie  substantially  in  the  same  plane  defined  by 
the  exterior  surface  of  the  air  plate  portion  35  of  the 
die  housing  29.  This  same  plane  would  also  in- 
clude  line  48  shown  in  Figure  5.  Generally,  as  the 
distance  C  ,  is  decreased,  the  air  emanating  from 
the  fluid  outlet  port  43  is  at  a  higher  velocity 
causing  the  resin  emanating  from  the  resin  outlet 
orifice  41  to  be  attenuated  more  severely.  Con- 
versely,  as  the  distance  C  is  increased,  the  air 
emanating  from  the  fluid  outlet  port  43  is  at  a  lower 
velocity  causing  the  resin  emanating  from  the  resin 
outlet  orifice  41  to  be  attenuated  less  severely. 
Also  note  that  in  certain  instances  it  may  be  desir- 
able  to  extend  the  nozzle  31  beyond  the  plane 
defined  by  the  exterior  surface  of  the  die  housing 
29. 

Referring  to  Figures  2  and  5,  air  is  fed  to  the 
fluid  outlet  port  43  via  the  inlet  port  42  in  the  side 
of  the  main  housing  29  in  die  16.  The  inlet  port  42 
directs  the  air  into  the  air  forming  chamber  33 
which  surrounds  the  nozzle  31  and  which  is  in 
communication  with  the  fluid  outlet  port  43  in  the 
air  plate  35.  The  air  forming  chamber  33  has  a 
cavity  surface  generally  shown  at  56.  The  cavity 
surface  56  has  a  substantially  cylindrical  portion  58 
having  a  substantially  annular  shape  when  viewed 
in  cross  section  and  a  second  frustoconical  portion 
60  located  within  the  air  plate  35.  Surface  60  is 
inclined  at  what  is  termed  the  primary  fluid  flow 
angle  defined  by  angle  D  in  Figures  4  and  5.  This 
is  the  angle  at  which  the  primary  fiberization  fluid  is 
directed  at  the  flow  of  molten  resin  which  is  travel- 
ing  along  first  axis  61  .  The  primary  fluid  flow  angle 
D  is  the  angle  between  the  vertical  or  first  axis  61 
of  the  nozzle  31  and  a  line  51  tangent  to  the 
surface  of  the  frustoconical  portion  60.  Generally, 
the  primary  fluid  flow  angle  D  should  be  between 
about  15  and  60  degrees.  Also  note  that  this  first 
axis  61  defines  the  initial  flow  path  of  the  molten 
resin  as  it  exits  the  resin  outlet  orifice  41  . 

Referring  to  Figures  2  through  5,  the  air  plate 
assembly  35  may  be  equipped  with  secondary 
fluid  outlet  ports  44  spaced  radially  and  axially 
outward  from  the  first  or  primary  fluid  outlet  port  43 
to  create  a  plurality  of  secondary  fluid  streams 
which  impinge  upon  and  further  fiberize  the  molten 
resin  into  fibers.  These  secondary  fluid  outlet  ports 
44  are  in  fluid  communication  with  the  air  supply 
20  via  fluid  channels  45  which  connect  the  secon- 
dary  fluid  outlet  ports  44  with  the  air  forming  cham- 
ber  33.  Alternatively,  and  not  shown,  the  secondary 
fluid  outlet  ports  44  may  be  connected  to  an  in- 
dependent  fluid  source  so  the  type  and/or  pressure 

of  the  fluid  emanating  therefrom  may  be  controlled 
independently  of  the  primary  fiberization  source. 
Note  too  that  the  secondary  fluid  outlet  ports  44 
may  have  round  or  other  shaped  cross-sections  of 

5  varying  dimensions  to  produce  different  fiber  for- 
ming  effects. 

The  secondary  fluid  outlet  ports  44  are  angled 
radially  inward  towards  the  longitudinal  axis  61  of 
the  nozzle  31  so  that  the  secondary  fiberization 

70  fluid  impinges  upon  the  preliminarily  formed  fibers 
22  at  a  predetermined  angle.  This  angle  is  called 
the  secondary  fluid  flow  angle  E  and  is  measured 
as  the  interior  angle  between  the  first  axis  of  the 
resin  flow  (also  the  longitudinal  axis  61  of  nozzle 

75  31)  and  a  line  52  tangent  to  any  one  of  the  fluid 
streams  emanating  from  the  secondary  fluid  outlet 
ports  44.  See  Figure  "5.  This  angle  E  may  be 
varied  between  1  and  45  degrees. 

The  concave  bottom  surface  62  of  the  air  plate 
20  35  in  combination  with  the  primary  and  secondary 

fiberization  fluid  flows  provides  a  confined  fiberiza- 
tion  area  wherein  the  primary  fiberization  fluid 
through  outlet  port  43  contacts  and  substantially 
surrounds  the  flow  of  resin  from  resin  outlet  orifice 

25  41.  Next,  the  secondary  fiberization  fluid  impinges 
upon  the  preliminarily  formed  fibers.  Upon  exiting 
the  die,  the  fiberization  air  exiting  the  primary  and 
secondary  fluid  outlet  ports  43  and  44  behaves  as 
a  freely  expanding  jet.  A  very  high  level  of  turbu- 

30  lence  is  created  with  this  type  of  jet  expansion 
which  causes  the  molten  resin  stream  to  be  pulled 
and  drawn  in  random  directions,  thereby  attenuat- 
ing  and  fiberizing  the  molten  resin  stream  to  a  very 
high  degree.  The  secondary  fiberization  streams 

35  impinge  upon  the  spread  of  fibers  formed  by  the 
primary  fiberization  fluid  flow  and  at  the  point  of 
collision  of  the  two  flows  the  fiberization  fluid  is 
redirected  to  produce  a  non-circular  expanding  jet 
as  shown  by  the  arrows  63,  64,  65  and  66  in  Figure 

40  5.  This  type  of  turbulent  fiberization  process  is 
similar  to  the  meltblowing  process  which  is  com- 
mon  within  the  industry.  In  contrast,  however,  the 
process  and  apparatus  of  the  present  invention 
allows  throughputs  on  a  per-hole  basis  which  are 

45  as  much  as  50  times  those  compared  with  current 
meltblown  equipment  and  techniques.  With  con- 
tinuous  filament  fiberization  processes,  such  as 
spunbonding,  the  fiberization  air  is  controlled  in  the 
laminar  region.  This  causes  the  molten  resin  to  be 

so  attenuated  in  a  controlled  environment.  The  advan- 
tages  of  the  turbulent  fiberization  process  is  that  a 
higher  degree  of  attenuation  can  be  achieved  than 
is  possible  through  the  laminar,  continuous  filament 
process.  This  higher  degree  of  attenuation  can 

55  result  in  the  formation  of  smaller  size  fibers. 
Besides  variations  in  the  primary  and  secon- 

dary  fiberization  fluid  flow  about  the  fibers,  vari- 
ations  can  also  be  made  in  the  nozzle  31  to  affect 
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fiber  formation.  As  shown  in  more  detail  in  Figures 
6  and  7,  a  first  embodiment  of  the  nozzle  31 
includes  a  first  axial  portion  68  having  a  first  pre- 
determined  radial  extent  and  with  an  axial  end 
portion  70  including  a  land  surface  72,  the  land 
surface  72  including  the  resin  outlet  orifice  41  .  The 
axial  end  portion  70  has  a  second  predetermined 
radial  extent  which  is  less  than  the  first  radial 
extent  of  the  first  axial  portion  68.  The  nozzle 
portion  31  further  includes  a  tapered  axial  portion 
74  extending  between  the  first  axial  portion  68  and 
the  axial  end  portion  70.  The  angle  of  the  tapered 
axial  portion  74  is  defined  as  the  interior  angle  F 
between  the  longitudinal  axis  61  of  the  nozzle  31 
and  a  line  73  tangent  to  the  surface  of  the 
frustoconical  portion  74.  Generally,  this  frustocon- 
ical  angle  F  is  between  about  15  and  60  degrees. 
In  addition,  the  nozzle  31  may  include  a  threaded 
end  portion  75  for  connecting  the  nozzle  31  into 
the  main  housing  29  of  the  die  16. 

The  nozzle  31  may  include  further  means  for 
directing  the  flow  of  the  fluid  thereabout.  This  fluid 
flow  directing  means  may  comprise  a  plurality  of 
flutes  76  on  the  outer  surface  of  the  nozzle  31  .  The 
flutes  76  may  extend  over  the  tapered  axial  portion 
74,  the  axial  end  portion  70,  and  into  the  land 
surface  72. 

In  a  second  embodiment  of  the  nozzle  portion 
of  the  present  invention  shown  in  Figures  8  and  9 
wherein  like  structures  are  shown  by  primed  num- 
bers,  the  nozzle  31  '  does  not  include  an  axial  end 
portion  70.  Rather,  the  land  surface  72  is  directly 
adjacent  the  distal  edge  of  the  tapered  axial  portion 
74  .  As  shown  in  both  the  embodiments  of  Figures 
7  and  9,  the  flutes  76,  76'  extend  into  the  land 
surfaces  72,  72  . 

The  fiberization  air  source  20  provides  a  pri- 
mary  air  flow  supply  entering  into  the  die  through 
the  fluid  inlet  42  shown  in  Figure  2.  The  inner 
cavity  33  provides  a  balancing  channel  for  distribut- 
ing  the  incoming  air  about  the  nozzle  31.  The  air 
balances  around  the  nozzle  31  and  is  then  directed 
towards  the  fluid  outlet  port  43  of  the  air  flow 
channel  defined  within  the  cavity  33  due  to  the  air 
pressure  utilized  in  the  system.  This  primary  air 
flows  over  the  flutes  76,  76  that  have  been  cut  into 
the  outside  diameter  of  the  nozzle  on  compound 
angles  thereby  causing  the  fiberization  air  to  spiral 
about  and  attenuate  the  newly-formed  fibers  22. 

The  flute  spiral  angle  G  around  the  nozzle  tip 
is  the  interior  angle  measured  between  the  first 
axis  61  of  the  nozzle  31  and  a  line  78  parallel  to 
the  longitudinal  axis  of  one  of  the  flutes  76,  shown 
as  angle  G'  in  Figure  10.  The  flute  spiral  angle  G' 
should  generally  be  between  about  20  and  45 
decrees.  This  spiral  angle  determines  the  rotational 
and  centrifugal  force  of  the  fluid  flow  acting  on  the 
molten  resin  stream  emitted  from  the  resin  outlet 

orifice  41  . 
The  flute  attack  angle  H  determines  how 

quickly  the  air  contacts  the  resin  stream.  This  an- 
gle  is  the  angle  measured  between  the  longitudinal 

5  axis  61  of  the  nozzle  31  and  a  line  79  parallel  to 
the  interior  surface  83  of  one  of  the  flutes  76.  See 
Figure  11.  The  attack  angle  H  in  conjunction  with 
the  angle  of  the  frustoconical  portion  60  of  the  air 
forming  chamber  33  determines  the  collision  loca- 

70  tion  of  the  primary  air  flow  as  it  flows  over  the 
flutes  76  and  contacts  the  stream  of  molten  resin 
which  exits  the  resin  outlet  orifice  41.  The  flute 
attack  angle  h'  should  generally  range  between 
about  7  and  60  degrees. 

15  In  a  third  embodiment  of  the  nozzle  shown  in 
Figures  12  and  13,  the  nozzle  31  does  not  include 
flutes  on  the  tapered  axial  portion  74  or  on  the  land 
surface  72.  The  absence  of  the  flutes  in  this  third 
embodiment  minimizes  rotational  forces  in  the  air 

20  stream.  This  may  be  preferred  for  certain  molten 
polymers  which  have  relatively  low  melt  strength. 

It  can  be  seen  that  there  are  many  surfaces 
within  the  die  housing  29  which  can  be  varied  to 
modify  the  flow  characteristics  and  thus  the  forma- 

25  tion  of  the  fibers  22  created  by  the  present  appara- 
tus  and  process.  A  particularly  advantageous  fea- 
ture  of  the  present  invention  is  the  interchangeabil- 
ity  of  the  nozzles  31  .  By  removing  the  air  plate  35, 
the  nozzle  31  can  be  removed  and  a  new  nozzle 

30  inserted.  As  a  result,  changes  in  resin  and  fiber 
formation  can  be  complemented  by  changes  in 
nozzles. 

Additional  versatility  is  added  to  the  present 
invention  by  the  fact  .that  it  is  provided  with  a 

35  means  for  selectively  stopping  and  starting  the  flow 
of  resin  and  thus  the  formation  of  fibers.  In  multi- 
die  configurations  such  as  are  shown  in  Figures  3 
and  4,  it  is  possible  to  cycle  one,  some,  or  all  of 
the  nozzles  on  and  off.  As  a  result,  it  is  possible  to 

40  interrupt  the  fiber  formation  process,  thereby  creat- 
ing  individual  discrete  nonwoven  webs.  In  addition, 
by  being  able  to  cycle  select  nozzles  on  and  off, 
nonwoven  webs  can  be  created  with  varying  basis 
weight  in  either  or  both  of  the  machine-and  cross- 

es  directions.  In  in-line  processes,  such  as  the  forma- 
tion  of  personal  care  products  (diapers,  sanitary 
napkins,  etc.),  it  is  therefore  possible  to  tailor  de- 
sign  specific  areas  and  attributes  of  the  product, 
as,  for  example,  zoned  absorbency.  To  accomplish 

50  this,  the  apparatus  10  includes  on/off  control  means 
for  selectively  stopping  and  starting  resin  flow  from 
the  resin  outlet  orifice  41  while  simultaneously  dis- 
lodging  resinous  debris  therefrom. 

Referring  to  Figures  2  and  5,  the  on/off  control 
55  means  includes  a  pneumatic  fixture  generally  in- 

dicated  at  90  which  is  connected  to  and  therefore 
forms  a  part  of  the  main  die  housing  29.  Extending 
from  the  pneumatic  fixture  90  into  the  main  flow 
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body  39  is  a  plunger  assembly  or  reciprocating 
stem  92  having  a  distal  tip  94  located  above  the 
resin  flow  capillary  40.  The  stem  92  has  an  un- 
seated  condition,  as  shown  in  Figures  2  and  5, 
wherein  the  tip  94  is  retracted  into  the  main  flow 
body  39  and  spaced  from  the  capillary  40  and  a 
seated  condition  (not  shown)  wherein  the  stem  92 
is  reciprocated  to  seat  the  tip  94  against  the  capil- 
lary  40.  By  seating  the  stem  92,  a  hydrostatic 
pressure  is  created  in  the  capillary  40  which  dis- 
lodges  any  debris  located  therein  and  restricts  flow 
of  molten  resin  from  the  resin  flow  outlet  41  . 

The  pneumatic  fixture  90  includes  a  pneumatic 
chamber  96,  including  an  upper  chamber  96a  and 
a  lower  chamber  96b,  shown  in  Figure  2.  The  stem 
92  includes  an  end  portion  98  extending  into  the 
pneumatic  chamber  96.  The  end  portion  98  of  the 
stem  92  has  a  piston  100  mounted  thereon  and 
fitted  with  seals  102  to  contact  the  walls  of  cham- 
ber  96  to  form  the  upper  and  lower  chambers  96a 
and  96b,  respectively  The  chamber  96  includes  a 
pair  of  hydraulic  fluid  ports  104,  106  opening  into 
the  pneumatic  chamber  96  for  supplying  varying 
fluid  pressure  on  each  side  of  the  piston  100  to 
reciprocate  the  piston  100  within  the  pneumatic 
chamber  96  thereby  reciprocating  the  stem  92  be- 
tween  the  seated  (off)  and  unseated  (on)  condi- 
tions. 

The  main  flow  body  39  includes  a  stem  port 
108  with  the  stem  92  extending  through  the  stem 
port  108.  The  die  16  includes  a  high  temperature 
resistant  dynamic  seal  110  for  allowing  sliding  en- 
gagement  while  perfecting  a  seal  between  the  stem 
92  and  the  stem  port  1  08  to  prevent  the  passage  of 
molten  resin  through  the  port  108.  The  seal  110 
can  be  U-shaped  in  cross-section  so  as  to  expand 
into  the  space  between  the  stem  92  and  the  wall  of 
the  port  108  upon  pressure  applied  by  the  incom- 
ing  polymer  resin.  Thus,  the  seal  110  provides  a 
separation  between  the  molten  material  and  the 
outside  environment  under  molten  material  pres- 
sure  conditions.  The  seal  mechanism  should  pro- 
vide  a  positive  seal  at  temperatures  up  to  350 
degrees  C. 

Operation  of  the  on/off  mechanism  involves 
selectively  pressurizing  either  the  upper  chamber 
96a  or  the  lower  chamber  96b.  To  turn  the  mecha- 
nism  on  and  start  the  flow  of  molten  resin  from 
resin  outlet  orif  ice  41,  the  pressure  from  upper 
chamber  96a  is  relieved  through  fluid  port  104  and 
pressurized  air  is  fed  into  lower  chamber  96b  via 
fluid  port  106.  As  a  result  of  the  pressure  imbal- 
ance  on  either  side  of  the  piston  100,  the  piston 
100  moves  further  into  the  upper  chamber  96a 
unseating  the  tip  94  of  the  stem  92  from  the 
capillary  40  and  thereby  allowing  the  release  of  the 
molten  resin  from  the  main  flow  body  39  through 
resin  outlet  orifice  41.  To  turn  off  the  mechanism 

and  interrupt  the  flow  of  molten  resin  the  above 
procedure  is  reversed.  Namely,  the  pressure  from 
the  lower  chamber  96b  is  decreased  and  the  pres- 
sure  in  the  upper  chamber  96a  is  increased,  again 

5  causing  a  pressure  imbalance  which  forces  the  tip 
94  of  stem  92  to  seat  against  the  capillary  40  and 
cut  off  the  flow  of  molten  resin.  Additionally,  this 
action  will  create  a  sufficient  hydrostatic  pressure 
within  capillary  40  to  dislodge  any  debris  located 

io  therein.  Alternatively,  it  should  be  appreciated  that 
the  pneumatic  fixture  90  may  be  modified  by,  as 
an  example,  adding  a  mechanical  spring  (not 
shown)  within  one  of  the  chambers  96a  or  96b  to 
further  act  upon  the  piston  100  to  maintain  the 

15  stem  92  in  either  a  seated  or  unseated  condition 
absent  the  use  of  air  pressure  in  the  opposite 
chamber.  Thus,  the  present  invention  can  be  uti- 
lized  under  varying  conditions  to  provide  a  very 
useful  range  of  throughputs,  significantly  higher 

20  than  meltblowing  processes. 
The  present  invention  further  provides  a  novel 

process  for  forming  the  nonwoven  web  16,  gen- 
erally  including  the  steps  of  supplying  a  quantity  of 
melted  fiber-forming  thermoplastic  resin,  pumping 

25  the  resin  to  the  fiber-forming  die  16,  forming  a 
discrete  flow  of  resin  to  flow  from  the  die  16, 
flowing  a  stream  of  fiberization  fluid,  such  as  air,  in 
contact  and  substantially  surrounding  the  formed 
flow  or  resin,  and  collecting  the  formed  fibers  at  a 

30  predetermined  distance  A  from  the  die  16.  More 
specifically,  the  flow  of  fiberization  fluid  is  con- 
tained  completely  about  the  resin  for  a  predeter- 
mined  distance,  the  distance  being  called  the  die 
recess  distance  C  which  is  the  distance  between 

35  lines  48  and  50  in  Figure  5.  This  distance  can  be 
varied  by  recessing  the  outlet  orifice  from  the  pri- 
mary  air  opening  43. 

The  method  further  includes  the  step  of  bal- 
ancing  the  fluid  flow  from  the  fluid  inlet  port  42 

40  about  the  nozzle  31  within  the  die  16  in  the  air 
forming  chamber  33.  The  flow  of  fluid  is  directed 
about  the  nozzle  31  by  flowing  the  fluid  over  the 
flutes  76  formed  on  the  exterior  of  the  nozzle  31  . 
The  spread  of  the  fibers  is  directed  and  further 

45  fiberized  by  forming  the  secondary  fiberization  fluid 
flow  including  at  least  two  fluid  streams  impinging 
on  the  fibers  formed  by  the  substantially  surround- 
ing  primary  air  flow  and  colliding  the  fluid  streams 
to  form  a  non-circular  expanding  jet  as  shown  in 

so  Figure  5  by  arrows  63  through  66.  The  secondary 
fiberization  fluid,  flowing  from  the  two  outlet  orifices 
44  on  opposite  sides  of  the  surrounding  fluid,  flows 
at  ah  angle  towards  the  surrounding  fluid  flow, 
defined  by  angle  E  in  Figure  5. 

55  The  process  further  includes  the  step  of  selec- 
tively  stopping  the  flow  of  resin  from  the  resin 
outlet  orifice  41  .  To  stop  the  resin  flow,  the  stem  92 
is  reciprocated  so  that  the  distal  tip  94  of  the  stem 
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92  seats  against  the  surface  of  the  resin  outlet 
capillary  40  to  stop  the  resin  flow  and  unseats  the 
distal  tip  94  from  the  resin  outlet  capillary  40  to 
unstop  the  resin  flow.  The  seating  of  the  distal  tip 
94  creates  a  hydrostatic  pressure  in  the  capillary 
40  to  dislodge  debris  from  the  capillary  40  and  the 
resin  outlet  orifice  41  .  The  stem  92  reciprocates  by 
pneumatic  actuation  of  the  piston  100  connected  to 
the  stem  92  disposed  within  the  pneumatic  cham- 
ber  96  to  seat  and  unseat  the  distal  tip  94.  The 
stem  92  can  be  reciprocated  with  short  or  long 
strokes. 

In  operation,  the  resin  outlet  orifice  41  has  a 
preferred  diameter  of  between  0.5  and  1  .0  millime- 
ters,  although  trials  have  shown  effective  fiberiza- 
tion  utilizing  a  polymer  orifice  diameter  of  up  to  3 
millimeters.  The  nozzle  recess  C  has  been  varied 
between  0  and  5  millimeters  with  resulting  effective 
fiberization.  The  nozzle  temperature  has  been  var- 
ied  between  138  and  330  degrees  C.  Tests  have 
shown  an  effective  air  flow  of  56  to  1558  standard 
liters  per  minute  per  nozzle  with  resulting  effective 
fiberization.  Nozzle  air  pressure  has  been  varied 
between  6.9  and  172  kPa  with  some  trials'  utilizing 
pressures  as  high  as  317  kPa.  Fiberization  air 
temperatures  have  been  varied  between  137  and 
343  degrees  C  depending  on  the  polymer  utilized. 
A  forming  distance  A  between  the  nozzle  tip  and 
the  landing  area  of  the  receiving  belt  has  been 
varied  between  15  and  64  centimeters  although 
some  trials  have  been  successful  utilizing  a  dis- 
tance  as  low  as  7.5  centimeters  or  as  high  as  102 
centimeters.  Polymer  throughput  has  been  varied 
between  0.76  and  38  grams  per  minute  per  nozzle 
although  other  trials  have  achieved  throughputs  up 
to  151  grams  per  minute  per  nozzle  and  as  low  as 
0.1  grams  per  minute  per  nozzle.  Polymers  which 
can  be  fiberized  with  the  present  invention  include, 
but  are  not  limited  to,  polypropylene,  polyethylene, 
polybutylene,  PET  polyester,  PETG  copolyester, 
PBT  polyester,  ethylene  vinyl  acetate  copolymer, 
polyurethane,  polyetherester  copolymers,  and 
styrene/ethylene-butylene  copolymers. 

To  demonstrate  the  functional  attributes  and 
properties  of  the  apparatus  and  products  produced 
by  the  present  invention,  a  series  of  experiments, 
as  presented  below,  were  run  using  an  apparatus 
of  the  type  shown  schematically  in  Figure  1  and 
including  a  general  die  tip  assembly  such  as  is 
shown  in  Figure  2.  In  all  the  examples,  structurally 
both  the  nozzle  tip  geometry  and  the  air  plate 
geometry  can  be  varied  to  change  the  characteris- 
tics  of  the  resultant  fiber  formation.  In  addition,  both 
the  nozzle  recess  distance  and  the  forming  dis- 
tance  between  the  die  and  the  receiver  can  be 
varied  to  affect  the  fiber  formation  and  the  at- 
tributes  of  the  resultant  nonwoven  web.  Depending 
upon  the  particular  polymer  used,  other  factors  can 

be  varied  to  affect  fiber  formation  including  the 
melt  temperature  of  the  polymer,  the  polymer 
throughput  rate  in  grams  per  hole  (nozzle)  per 
minute,  air  flow  in  standard  liters  per  minute  per 

5  nozzle,  and  lastly,  air  temperature  of  the  forming 
air.  In  most  cases,  the  resin  was  extruded  through 
a  four-nozzle  head  assembly.  However,  in  Exam- 
ples  VIII,  IX,  XIII  and  XIV,  a  single-nozzle  assembly 
was  used;  in  Example  IV  an  eight  nozzle  assembly 

70  was  used,  and  in  Example  XII  an  eighteen  nozzle 
assembly  was  used.  All  data  are  given  on  a  per 
hole  (nozzle)  basis. 

75  EXAMPLE  I 

A  PET  polyester  manufactured  by  Eastman 
Chemical  Products,  Inc.  and  designated  No.  9028 
was  extruded  at  a  melt  temperature  of  287  degrees 

20  C  at  a  throughput  of  3.1  grams  per  hole  per  minute 
resulting  in  a  melt  pressure  of  455  kPa.  The 
fiberization  fluid  was  air  at  a  flow  rate  of  177 
standard  liters  per  minute  per  nozzle  with  an  air 
temperature  of  293  degrees  C.  The  nozzles  located 

25  within  the  die  housing  had  a  first  axial  portion 
diameter  of  12  millimeters,  a  cylindrical  end  portion 
diameter  of  5  millimeters,  a  resin  outlet  orifice 
diameter  of  1  millimeter  with  the  angle  of  the 
frustoconical  section  being  45  degrees.  The  noz- 

30  zles  included  six  flutes  having  a  flute  spiral  angle  of 
20  degrees  and  a  flute  attack  angle  of  7  degrees. 
Air  flow  geometry  included  a  primary  air  opening 
diameter  of  5  millimeters,  a  primary  fluid  flow  angle 
of  45  degrees  and  two  secondary  air  orifices  both 

35  having  a  1.5  millimeter  diameter  with  a  180  degree 
separation.  The  secondary  fluid  flow  angle  was  45 
degrees.  The  nozzle  recess  distance  was  2  mil- 
limeters  and  the  forming  distance  between  the  die 
and  the  receiver  was  38.1  0  centimeters.  Under  the 

40  above  conditions,  the  average  fiber  diameter  was 
15.5  u.m  the  web  formed  from  the  extruded  fibers 
had  a  density  of  approximately  0.061  grams  per 
cubic  centimeter  and  the  average  shot  size  using 
an  optical  microscope  was  0.015  square  millime- 

45  ters. 

EXAMPLE  II 

so  A  PETG  copolyester  manufactured  by  Eastman 
Chemical  Products,  Inc.  and  designated  Kodar 
6763  was  extruded  at  a  melt  temperature  of  287 
degrees  C  at  a  throughput  of  7.4  grams  per  hole 
per  minute,  resulting  in  a  melt  pressure  of  896  kPa. 

55  The  fiberization  fluid  was  air  at  a  flow  rate  of  127 
standard  liters  per  minute  per  nozzle  with  an  air 
temperature  of  283  degrees  C.  The  nozzles  located 
within  the  die  housing  had  a  first  axial  portion 
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diameter  of  12  millimeters,  a  cylindrical  end  portion 
diameter  of  5  millimeters,  a  resin  outlet  orifice 
diameter  of  1  millimeter  with  the  angle  of  the 
frustoconical  section  being  45  degrees.  The  noz- 
zles  included  six  flutes  having  a  flute  spiral  angle  of 
20  degrees  and  a  flute  attack  angle  of  7  degrees. 
Air  flow  geometry  included  a  primary  air  opening 
diameter  of  5  millimeters,  a  primary  fluid  flow  angle 
of  45  degrees  and  two  secondary  air  orifices  both 
having  a  2.0  millimeter  diameter  with  a  180  degree 
separation.  The  secondary  fluid  flow  angle  was  45 
degrees.  The  nozzle  recess  distance  was  2  mil- 
limeters  and  the  forming  distance  between  the  die 
and  the  receiver  was  58  centimeters.  Under  the 
above  conditions,  the  average  fiber  diameter  was 
24.9  urn  the  web  formed  from  the  extruded  fibers 
had  a  density  of  approximately  0.050  grams  per 
cubic  centimeter  and  the  average  shot  size  using 
an  optical  microscope  was  0.0076  square  millime- 
ters. 

EXAMPLE  III 

Polyurethane  manufactured  by  B.  F.  Goodrich 
and  designated  Estane  5740x732  was  extruded  at 
a  melt  temperature  of  216  degrees  C  at  a  through- 
put  of  6.6  grams  per  hole  per  minute  resulting  in  a 
melt  pressure  of  827  kPa.  The  fiberization  fluid  was 
air  at  a  flow  rate  of  184  standard  liters  per  minute 
per  nozzle  with  an  air  temperature  of  232  degrees 
C.  The  nozzles  located  within  the  die  housing  had 
a  first  axial  portion  diameter  of  12  millimeters,  a 
cylindrical  end  portion  diameter  of  5  millimeters,  a 
resin  outlet  orifice  diameter  of  1  millimeter  with  the 
angle  of  the  frustoconical  section  being  45  de- 
grees.  The  nozzles  included  six  flutes  having  a 
flute  spiral  angle  of  20  degrees  and  a  flute  attack 
angle  of  7  degrees.  Air  flow  geometry  included  a 
primary  air  opening  diameter  of  5  millimeters,  a 
primary  fluid  flow  angle  of  45  degrees  and  two 
secondary  air  orifices  both  having  a  1.5  millimeter 
diameter  with  a  180  degree  separation.  The  secon- 
dary  fluid  flow  angle  was  25  degrees.  The  nozzle 
recess  distance  was  2  millimeters  and  the  forming 
distance  between  the  die  and  the  receiver  was 
centimeters.  Under  the  above  conditions,  the  aver- 
age  fiber  'diameter  was  24  u,m  the  web  formed 
from  the  extruded  fibers  had  a  density  of  approxi- 
mately  0.150  gm/cm3  and  the  average  shot  size 
using  an  optical  microscope  was  0.0098  square 
millimeters. 

EXAMPLE  IV 

A  styrene-ethylene-butylene-styrene  copolymer 
manufactured  by  The  Shell  Chemical  Company 

and  designated  Kraton  G-2740X  was  extruded  at  a 
melt  temperature  of  238  degrees  C  at  a  throughput 
of  3.7  grams  per  hole  per  minute  resulting  in  a  melt 
pressure  of  586  kPa.  The  fiberization  fluid  was  air 

5  at  a  flow  rate  of  120  standard  liters  per  minute  per 
nozzle  with  an  air  temperature  of  263  degrees  C. 
The  nozzles  located  within  the  die  housing  had  a 
first  axial  portion  diameter  of  12  millimeters,  a 
cylindrical  end  portion  diameter  of  4  millimeters,  a 

70  resin  outlet  orifice  diameter  of  1  millimeter  with  the 
angle  of  the  frustoconical  section  being  45  de- 
grees.  The  nozzles  included  six  flutes  having  a 
flute  spiral  angle  of  20  degrees  and  a  flute  attack 
angle  of  45  degrees.  Air  flow  geometry  included  a 

75  primary  air  opening  diameter  of  4  millimeters,  a 
primary  fluid  flow  angle  of  45  degrees  and  three 
secondary  air  orifices  on  each  side  of  the  primary 
air  openings,  all  having  a  1.5  millimeter  diameter. 
The  secondary  fluid  flow  angles  were  each  45 

20  degrees.  The  nozzle  recess  distance  was  2  mil- 
limeters  and  the  forming  distance  between  the  die 
and  the  receiver  was  23  centimeters.  Under  the 
above  conditions,  the  average  fiber  diameter  was 
86  urn,  the  web  formed  from  the  extruded  fibers 

25  had  a  density  of  approximately  0.161  gm/cm3  and 
the  average  shot  size  using  an  optical  microscope 
was  0.025  square  millimeters. 

30  EXAMPLE  V 

A  polymer  containing  by  weight  83%  Dow 
chemical  Aspun-6814  polyethylene,  12%  Allied 
Chemical  AC-9  polyethylene,  4%  blue  polyethylene 

35  coloring  and  1%  wetting  agent  was  extruded  at  a 
melt  temperature  of  232  degrees  C  at  a  throughput 
of  18.9  grams  per  hole  per  minute  using  a  melt 
pressure  of  2758  kPa.  The  fiberization  fluid  was  air 
at  a  flow  rate  of  348  standard  liters  per  minute  per 

40  nozzle  with  an  air  temperature  of  210  degrees  C. 
The  nozzles  located  within  the  die  housing  had  a 
first  axial  portion  diameter  of  12  millimeters,  a 
cylindrical  end  portion  diameter  of  5  millimeters,  a 
polymer  exit  orifice  diameter  of  1  millimeter  with 

45  the  angle  of  the  frustoconical  section  being  45 
degrees.  The  nozzles  included  six  flutes  having  a 
flute  spiral  angle  of  20  degrees  and  a  flute  attack 
angle  of  7  degrees.  Air  flow  geometry  included  a 
primary  air  opening  diameter  of  5  millimeters,  a 

50  primary  fluid  flow  angle  of  45  degrees  and  two 
secondary  air  orifices  with  180  degrees  separation, 
both  having  a  2  millimeter  diameter.  The  secondary 
fluid  flow  angle  was  45  degrees.  The  nozzle  recess 
distance  was  4  millimeters  and  the  forming  dis- 

ss  tance  between  the  die  and  the  receiver  was  54 
centimeters.  Under  the  above  conditions,  the  aver- 
age  fiber  diameter  was  21  urn  ,  the  web  formed 
from  the  extruded  fibers  had  a  density  of  approxi- 
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nately  0.072  gm/cm3  and  the  average  shot  size 
jsing  an  optical  microscope  was  0.24  square  mil- 
imeters. 

EXAMPLE  VI 

A  blend  of  93.5%  Himont  Profax  PF-015  poly- 
propylene,  4.0%  Standridge  Color  Corp.  5834  blue 
polypropylene  color  concentrate  and  2.5%  wetting 
agent  was  extruded  at  a  melt  temperature  of  235 
degrees  C  at  a  throughput  of  18.9  grams  per  hole 
per  minute  resulting  in  a  melt  pressure  of  1172 
kPa.  The  fiberization  fluid  was  air  at  a  flow  rate  of 
266  standard  liters  per  minute  per  nozzle  with  an 
air  temperature  of  235  degrees  C.  The  nozzles 
located  within  the  die  housing  had  a  first  axial 
portion  diameter  of  12  millimeters,  a  cylindrical  end 
portion  diameter  of  5  millimeters,  a  resin  outlet 
orifice  diameter  of  1  millimeter  with  the  angle  of  the 
frustoconical  section  being  45  degrees.  The  noz- 
zles  included  six  flutes  having  a  flute  spiral  angle  of 
20  degrees  and  a  flute  attack  angle  of  7  degrees. 
Air  flow  geometry  included  a  primary  air  opening 
diameter  of  4  millimeters,  a  primary  fluid  flow  angle 
of  45  degrees  and  two  1.5  millimeter  diameter 
secondary  air  orifices  on  each  side  of  the  primary 
air  openings.  The  secondary  fluid  flow  angle  was 
45  degrees.  The  nozzle  recess  distance  was  2 
millimeters  and  the  forming  distance  between  the 
die  and  the  receiver  was  48  centimeters.  Under  the 
above  conditions,  the  average  fiber  diameter  was 
21  urn,  the  web  formed  from  the  extruded  fibers 
had  a  density  of  approximately  .080  gm/cm3  and 
the  average  shot  size  using  an  optical  microscope 
was  0.1  1  square  millimeters. 

EXAMPLE  VII 

Profax  PF-015  polypropylene  was  extruded  at 
a  melt  temperature  of  260  degrees  C  at  a  through- 
put  of  2.8  grams  per  hole  per  minute  resulting  in  a 
melt  pressure  of  1  03  kPa.  The  fiberization  fluid  was 
air  at  a  flow  rate  of  545  standard  liters  per  minute 
per  nozzle  with  an  air  temperature  of  260  degrees 
C.  The  nozzles  located  within  the  die  housing  had 
a  first  axial  portion  diameter  of  12  millimeters,  a 
cylindrical  end  portion  diameter  of  1  .25  millimeters 
and  a  resin  outlet  orifice  diameter  of  1  millimeter 
with  the  angle  of  the  frustoconical  section  being  30 
degrees.  The  nozzles  had  no  flutes.  Air  flow  geom- 
etry  included  a  primary  air  opening  diameter  of  3 
millimeters,  a  primary  fluid  flow  angle  of  30  de- 
grees  and  three  secondary  air  orifices  on  each  side 
of  the  air  plate,  all  having  a  1  .5  millimeter  diameter. 
The  secondary  fluid  flow  angle  was  45  degrees. 
The  nozzle  recess  distance  was  0.5  millimeters  and 

the  forming  distance  between  the  die  and  the  re- 
ceiver  was  48  centimeters.  Under  the  above  con- 
ditions,  the  average  fiber  diameter  was  2.3  urn  the 
web  formed  from  the  extruded  fibers  had  a  density 

5  of  approximately  0.069  gm/cm3  and  the  average 
shot  size  using  an  optical  microscope  was  0.034 
square  millimeters. 

70  EXAMPLE  VIII 

Himont  Profax  PF-015  polypropylene  was  ex- 
truded  at  a  melt  temperature  of  260  degrees  C  at  a 
throughput  of  148  grams  per  hole  per  minute  re- 

75  suiting  in  a  melt  pressure  of  1710  kPa.  The 
fiberization  fluid  was  air  at  a  flow  rate  of  1558 
standard  liters  per  minute  per  nozzle  with  an  air 
temperature  of  260  degrees  C.  The  nozzle  located 
within  the  die  housing  had  a  first  axial  portion 

20  diameter  of  12  millimeters,  a  cylindrical  end  portion 
diameter  of  5  millimeters,  a  resin  outlet  orif  ice 
diameter  of  1  millimeter  with  the  angle  of  the 
frustoconical  section  being  45  degrees.  The  nozzle 
included  six  flutes  having  a  flute  spiral  angle  of  20 

25  degrees  and  a  flute  attack  angle  of  7  degrees.  Air 
flow  geometry  included  a  primary  air  opening  di- 
ameter  of  5  millimeters,  a  primary  fluid  flow  angle 
of  45  degrees  and  two  secondary  air  orifices  both 
having  a  1.5  millimeter  diameter  with  a  180  degree 

30  separation.  The  secondary  fluid  flow  angle  was  45 
degrees.  The  nozzle  recess  distance  was  2  mil- 
limeters  and  the  forming  distance  between  the  die 
and  the  receiver  was  38  centimeters.  Under  the 
above  conditions,  the  average  fiber  diameter  was 

35  30  urn  the  web  formed  from  the  extruded  fibers 
had  a  density  of  approximately  0.069  gm/cm3  and 
the  average  shot  size  using  an  optical  microscope 
was  0.30  square  millimeters. 

40 
EXAMPLE  IX 

Himont  Profax  PF-015  polypropylene  was  ex- 
truded  at  a  melt  temperature  of  260  degrees  C  at  a 

45  throughput  of  37  grams  per  hole  per  minute  using 
a  melt  pressure  of  690  kPa.  The  fiberization  fluid 
was  air  at  a  flow  rate  of  651  standard  liters  per 
minute  per  nozzle  with  an  air  temperature  of  260 
degrees  C.  The  nozzles  located  within  the  die 

50  housing  had  a  first  axial  portion  diameter  of  12 
millimeters,  a  cylindrical  end  portion  diameter  of  5 
millimeters,  a  polymer  exit  orifice  diameter  of  1 
millimeter  with  the  angle  of  the  frustoconical  sec- 
tion  being  45  degrees.  The  nozzles  included  six 

55  flutes  having  a  flute  spiral  angle  of  20  degrees  and 
a  flute  attack  angle  of  7  degrees.  Air  flow  geometry 
included  a  primary  air  opening  diameter  of  5  mil- 
limeters,  a  primary  fluid  flow  angle  of  45  degrees 
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and  two  secondary  air  orifices  both  having  a  1.5 
millimeter  diameter  with  a  180  degree  separation. 
The  secondary  fluid  flow  angle  was  45  degrees. 
The  nozzle  recess  distance  was  2  millimeters  and 
the  forming  distance  between  the  die  and  the  re- 
ceiver  was  38  centimeters.  Under  the  above  con- 
ditions,  the  average  fiber  diameter  was  3.1  um  the 
web  formed  from  the  ertruded  fibers  had  a  density 
of  approximately  0.049  gm/cm3  and  the  average 
shot  size  using  an  optical  microscope  was  0.078 
square  millimeters. 

EXAMPLE  X 

Arnitel  EM-450  polyetherester  copolymer  man- 
ufactured  by  Akzo  was  extruded  at  a  melt  tempera- 
ture  of  266  degrees  C  at  a  throughput  of  2.95 
grams  per  hole  per  minute  resulting  in  a  melt 
pressure  of  869  kPa.  The  fiberization  fluid  was  air 
at  a  flow  rate  of  404  standard  liters  per  minute  per 
nozzle  with  an  air  temperature  of  264  degrees  C. 
The  nozzles  located  within  the  die  housing  had  a 
first  axial  portion  diameter  of  12  millimeters,  a 
cylindrical  end  portion  diameter  of  5  millimeters,  a 
resin  outlet  orifice  diameter  of  1  millimeter  with  the 
angle  of  the  frustoconical  section  being  45  de- 
grees.  The  nozzles  included  six  flutes  having  a 
flute  spiral  angle  of  20  degrees  and  a  flute  attack 
angle  of  7  degrees.  Air  flow  geometry  included  a 
primary  air  opening  diameter  of  5  millimeters,  a 
primary  fluid  flow  angle  of  45  degrees  and  two 
secondary  air  orifices  both  having  a  1.5  millimeter 
diameter  with  a  180  degree  separation.  The  secon- 
dary  fluid  flow  angle  was  25  degrees.  The  nozzle 
recess  distance  was  2  millimeters  and  the  forming 
distance  between  the  die  and  the  receiver  was  24 
centimeters.  Under  the  above  conditions,  the  aver- 
age  fiber  diameter  was  12  urn,  the  web  formed 
from  the  extruded  fibers  had  a  density  of  approxi- 
mately  0.104  gm/cm3  and  the  average  shot  size 
using  an  optical  microscope  was  0.058  square  mil- 
limeters. 

EXAMPLE  XI 

Himont  Profax  PF-015  polypropylene  was  ex- 
truded  at  a  smelt  temperature  of  260  degrees  C  at 
a  throughput  of  23  grams  per  hole  per  minute 
resulting  in  a  melt  pressure  of  1931  kPa.  The 
drawing  air  was  at  an  air  flow  rate  of  375  standard 
liters  per  minute  per  nozzle  with  an  air  temperature 
of  274  degrees  C.  The  nozzles  located  within  the 
die  housing  had  a  first  axial  portion  diameter  of  1  2 
millimeters,  a  cylindrical  end  portion  diameter  of  4 
millimeters,  a  resin  outlet  orifice  diameter  of  0.5 
millimeters  with  the  angle  of  the  frustoconical  sec- 

tion  being  45  degrees.  The  nozzles  included  six 
flutes  having  a  flute  spiral  angle  of  20  degrees  and 
a  flute  attack  angle  of  7  degrees.  Air  flow  geometry 
included  a  primary  air  opening  diameter  of  5  mil- 

5  limeters,  a  primary  fluid  flow  angle  of  45  degrees 
and  two  secondary  air  orifices  each  having  a  2 
millimeters  diameter  with  a  180  degree  separation. 
The  secondary  fluid  flow  angle  was  45  degrees. 
The  nozzle  recess  distance  was  2  millimeters  and 

70  the  forming  distance  between  the  die  and  the  re- 
ceiver  was  13  centimeters.  Under  the  above  con- 
ditions,  the  average  fiber  diameter  was  5.7  u.m  the 
web  formed  from  the  extruded  fibers  had  a  density 
of  approximately  0.035  gm/cm3  and  the  average 

75  shot  size  using  an  optical  microscope  was  0.079 
square  millimeters. 

EXAMPLE  XII 
20 

Profax  PF-015  polypropylene  was  extruded  at 
a  melt  temperature  of  260  degrees  C  at  a  through- 
put  of  0.34  grams  per  hole  per  minute  resulting  in 
a  melt  pressure  of  69  kPa.  The  fiberization  fluid 

25  was  air  at  a  flow  rate  of  136  standard  liters  per 
minute  per  nozzle  with  an  air  temperature  of  304 
degrees  C.  The  nozzles  located  within  the  die 
housing  had  a  first  axial  portion  diameter  of  12 
millimeters,  a  cylindrical  end  portion  diameter  of 

30  1.25  millimeters,  a  resin  outlet  orifice  diameter  of  1 
millimeter  with  the  angle  of  the  frustoconical  sec- 
tion  being  30  degrees.  The  nozzles  had  no  flutes. 
Air  flow  geometry  included  a  primary  air  opening 
diameter  of  4  millimeters,  a  primary  fluid  flow  angle 

35  of  45  degrees  and  three  secondary  air  orifices  on 
each  side  of  each  resin  outlet  orifice,  all  having  a 
1.5  millimeter  diameter.  The  secondary  fluid  flow 
angle  was  45  degrees.  The  nozzle  recess  distance 
was  2  millimeters  and  the  forming  distance  be- 

40  tween  the  die  and  the  receiver  was  39  centimeters. 
Under  the  above  conditions,  the  average  fiber  di- 
ameter  was  less  than  2.0  ,  the  web  formed  from 
the  extruded  fibers  had  a  density  of  approximately 
0.039  gm/cm3  and  the  average  shot  size  using  an 

45  optical  microscope  was  0.020  square  millimeters. 

EXAMPLE  XIII 

so  Himont  Profax  PF-015  polypropylene  was  ex- 
truded  at  a  melt  temperature  of  260  degrees  C  at  a 
throughput  of  38.4  grams  per  hole  per  minute 
resulting  in  a  melt  pressure  of  462  kPa.  The 
fiberization  fluid  was  air  at  a  flow  rate  of  1104 

55  standard  liters  per  minute  per  nozzle  with  an  air 
temperature  of  260  degrees  C.  The  nozzle  located 
within  the  die  housing  had  a  first  axial  portion 
diameter  of  12  millimeters,  a  cylindrical  end  portion 
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diameter  of  5  millimeters,  a  resin  outlet  orifice 
diameter  of  2  millimeters  with  the  angle  of  the 
frustoconical  section  being  45  degrees.  The  nozzle 
included  six  flutes  having  a  flute  spiral  angle  of  20 
degrees  and  a  flute  attack  angle  of  7  degrees.  Air 
flow  geometry  included  a  primary  air  opening  di- 
ameter  of  5  millimeters,  a  primary  fluid  flow  angle 
of  45  degrees  and  two  secondary  air  orifices  both 
having  a  1.5  millimeter  diameter  with  a  180  degree 
separation.  The  secondary  fluid  flow  angle  was  45 
degrees.  The  nozzle  recess  distance  was  2  mil- 
limeters  and  the  forming  distance  between  the  die 
and  the  receiver  was  38  centimeters.  Under  the 
above  conditions,  the  average  fiber  diameter  was 
3.3  u,m  the  web  formed  from  the  extruded  fibers 
had  a  density  of  approximately  0.095  gm/cm3  and 
the  average  shot  size  using  an  optical  microscope 
was  0.14  square  millimeters. 

EXAMPLE  XIV 

Himont  Profax  PF-015  polypropylene  was  ex- 
truded  at  a  melt  temperature  of  260  degrees  C  at  a 
throughput  of  38.3  grams  per  hole  per  minute 
resulting  in  a  melt  pressure  of  283  kPa.  The 
fiberization  fluid  was  air  at  a  flow  rate  of  651 
standard  liters  per  minute  per  nozzle  with  an  air 
temperature  of  260  degrees  C.  The  nozzle  located 
within  the  die  housing  had  a  first  axial  portion 
diameter  of  12  millimeters,  a  cylindrical  end  portion 
diameter  of  5  millimeters,  a  resin  outlet  orifice 
diameter  of  3  millimeters  with  the  angle  of  the 
frustoconical  section  being  45  degrees.  The  nozzle 
included  six  flutes  having  a  flute  spiral  angle  of  20 
degrees  and  a  flute  attack  angle  of  7  degrees.  Air 
flow  geometry  included  a  primary  air  opening  di- 
ameter  of  5  millimeters,  a  primary  fluid  flow  angle 
of  45  degrees  and  two  secondary  air  orifices  both 
having  a  1.5  millimeter  diameter  with  a  180  degree 
separation.  The  secondary  fluid  flow  angle  was  45 
degrees.  The  nozzle  recess  distance  was  2  mil- 
limeters  and  the  forming  distance  between  the  die 
and  the  receiver  was  38  centimeters.  Under  the 
above  conditions,  the  average  fiber  diameter  was 
3.1  the  web  formed  from  the  extruded  fibers  had  a 
density  of  approximately  0.065  gm/cm3  and  the 
average  shot  size  using  an  optical  microscope  was 
0.075  square  millimeters. 

From  the  foregoing  examples,  it  can  be  seen 
that  the  process  and  apparatus  of  the  present  in- 
vention  permit  the  formation  of  fibers  and  resultant 
nonwoven  webs  from  a  wide  variety  of  polymers 
under  various  conditions.  Typical  meltblown  equip- 
ment  under  the  very  best  of  conditions  can  only 
process  standard  polymers  at  rates  of  no  more 
than  3  grams  per  hole  per  minute.  With  certain 
polymers,  even  these  throughputs  are  not  possible 

due  to  the  danger  of  the  meltblown  dies  zippering. 
In  contrast,  the  process  and  the  apparatus  of  the 
present  invention  has  been  shown  to  be  able  to 
process  polymers  at  rates  as  high  as  150  grams 

5  per  hole  per  minute.  In  port,  this  higher  throughput 
capability  is  due  to  the  higher  melt  pressure  capa- 
bility  of  the  nozzle.  As  spelled  out  in  the  working 
examples,  melt  pressures  up  to  2758  kPa  can  be 
withstood.  Other  experiments  have  shown  melt 

w  pressures  as  high  as  6900  kPa  can  be  withstood 
without  failure  of  equipment.  This  is  in  contrast  to 
meltblown  die  tip  pressures  which  are  believed  to 
have  maximum  let  pressures  of  only  2100  kPa. 
Thus,  the  present  apparatus  may  be  used  in  single 

75  or  multiple  die  configurations  which,  on  a  per  hole 
basis,  will  far  exceed  current  meltblown  capabil- 
ities.  As  a  result,  the  apparatus  of  the  present 
invention  may  be  used  in  areas  where  space  con- 
straints  are  critical.  In  addition,  the  apparatus  may 

20  be  used  to  create  localized  fiber  formation  thereby 
permitting  the  creation  of  the  nonwoven  webs  cav- 
ing  wide  variances  in  their  basis  weights.  Non- 
woven  webs  with  variances  in  their  basis  weights  in 
excess  of  10%  have  been  created  by  localized 

25  increases  and/or  reductions  in  fiber  formations  in 
either  or  both  of  the  machine  and  cross-directions. 
Consequently,  it  can  be  seen  that  the  process  and 
apparatus  of  the  present  invention  can  be  applied 
in  a  wide  variety  of  applications  to  enhance  current 

30  nonwoven  forming  techniques. 
The  invention  has  been  described  in  an  illustra- 

tive  manner,  and  it  is  to  be  understood  that  the 
terminology  which  has  been  used  is  intended  to  be 
in  the  nature  of  words  of  description  rather  than  of 

35  limitation.  Obviously,  many  modifications  and  vari- 
ations  of  the  present  invention  are  possible  in  light 
of  the  above  teachings.  It  is,  therefore,  to  be  under- 
stood  that  within  the  scope  of  the  appended  claims 
the  invention  may  be  practiced  otherwise  than  as 

40  specifically  described. 

Claims 

45  1.  A  process  for  forming  fibers  from  a  fiber 
forming  resin  comprising  the  steps  of: 

(a)  forming  a  flow  of  resin  from  a  die  housing 
having  at  least  one  resin  outlet  orifice,  said  flow 
extending  along  a  first  axis,  and 

so  (b)  fiberizing  said  resin  to  form  fibers  by 
flowing  a  primary  fiberization  fluid  in  completely 
surrounding  contact  with  said  flow  of  resin,  said 
primary  fiberization  fluid  contacting  said  flow  of 
resin  at  a  primary  fluid  flow  angle  of  between  about 

55  15  and  60  degrees,  said  angle  being  measured  as 
an  interior  angle  between  the  intersection  of  the 
first  axis  of  said  flow  of  resin  and  a  line  tangent  to 
the  flow  of  said  primary  fiberization  fluid. 

13 
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2.  The  process  of  claim  1  which  includes  the 
step  of  further  fiberizing  said  resin  by  contacting 
said  resin  with  a  flow  of  a  secondary  fiberization 
fluid  including  at  least  two  fluid  streams  which  each 
impinge  upon  said  resin  at  a  secondary  fluid  flow 
angle  of  between  about  1  and  45  degrees,  said 
angle  being  measured  as  an  interior  angle  between 
the  intersection  of  the  first  axis  of  said  flow  of  resin 
and  a  line  tangent  to  the  flow  of  said  fluid  stream. 

3.  The  process  of  one  of  the  preceding  claims 
wherein  said  flow  of  resin  is  at  a  melt  pressure  of 
less  than  or  equal  to  6900  kPa. 

4.  The  process  of  one  of  the  preceding  claims 
wherein  said  flow  of  resin  i5  at  a  throughput  of 
about  0.1  to  151  grams  per  orifice  per  minute, 
preferably  of  about  0.75  to  38.0  grams  per  orifice 
per  minute. 

5.  The  process  of  one  of  the  preceding  claims, 
wherein  said  primary  fiberization  fluid  flows  at  a 
rate  of  about  57  to  1  558  standard  liters  per  minute, 
preferably  at  a  rate  of  about  57  to  708  standard 
liters  per  minute. 

6.  The  process  of  one  of  the  preceding  claims 
which  further  includes  the  step  of  angling  said 
primary  fiberization  fluid  flow  such  that  it  spirals 
about  said  first  axis  of  said  flow  of  resin. 

7.  The  process  of  one  of  the  preceding  claims 
wherein  said  primary  fiberization  fluid  is  at  a  pres- 
sure  of  between  about  6.9  and  317  kPa,  preferably 
of  between  about  6.9  and  1  72  kPa. 

8.  The  process  of  one  of  the  preceding  claims 
wherein  said  primary  fiberization  fluid  is  at  a  tem- 
perature  of  between  about  137°  C  and  344°  C. 

9.  The  process  of  one  of  the  preceding  claims 
wherein  said  at  least  one  resin  ouotlet  orifice  has  a 
diameter  of  between  about  0.25  and  3.0  millime- 
ters,  preferably  of  between  about  0.5  and  1.0  mil- 
limeters 

10.  The  process  of  one  of  the  preceding  claims 
which  further  includes  the  step  of  collecting  said 
fibers  in  the  form  of  a  nonwoven  web. 

11.  The  process  of  claim  10  wherein  said  col- 
lection  of  said  fibers  in  the  form  of  a  nonwoven 
web  takes  place  at  a  distance  of  from  about  7.5  to 
102  cm,  preferably  of  from  about  15  to  64  cm  from 
said  resin  outlet  orifice. 

12.  A  process  for  forming  fibers  from  a  fiber 
forming  resin  especially  according  to  one  of  the 
preceding  claims,  comprising  the  steps  of: 

(a)  pumping  a  molten  fiber  forming  resin  into 
one  or  more  die  assemblies,  each  of  said  assem- 
blies  having  a  resin  chamber  for  receiving  said 
molten  fiber  forming  resin  and  a  resin  outlet  orifice 
in  fluid  communicatioon  with  said  chamber  for  dis- 
charging  said  resin,  each  said  assembly  further 
including  a  retractable  plunger  within  said  resin 
chamber  having  a  closed  position  wherein  said 
plunger  is  in  contact  with  said  resin  outlet  orifice  to 

prevent  flow  of  said  resin  from  said  orifice  and  an 
open  position  wherein  said  plunger  is  retracted 
from  said  resin  outlet  orifice  to  allow  the  flow  of 
said  resin  from  said  orifice; 

5  (b)  retracting  one  or  more  of  said  plungers 
from  said  closed  to  said  open  positions  to  intermit- 
tently  form  flows  of  resin  from  said  outlet  orifices 
having  said  plungers  in  an  open  position,  said  flows 
extending  along  individual  first  axes; 

70  (c)  interrupting  one  or  more  of  said  flows  of 
resin  by  selectively  cycling  said  plungers  between 
said  open  and  closed  positions. 

13.  The  process  of  claim  11,  which  further 
includes  the  step  of  fiberizing  said  resin  flows  to 

75  form  fibers  by  flowing  a  primary  fiberization  fluid  in 
completely  surroundinding  contact  with  each  said 
flow  of  resin,  said  primary  fiberization  fluid  contact- 
ing  each  said  resin  flow  at  a  primary  fluid  flow 
angle  of  between  about  15  and  60  degrees,  said 

20  angle  being  measured  as  an  interior  angle  between 
the  intersection  of  the  first  axis  of  each  said  flows 
of  resin  and  a  line  tangent  to  the  flow  of  said 
primary  fiberization  fluid  about  said  individual  flows 
of  resin. 

25  14.  The  process  of  claim  13  which  additionally 
includes  the  step  of  further  fiberizing  said  resin 
flows  prior  to  collecting  said  fibers  by  contacting 
said  individual  resin  flows  with  a  flow  of  a  secon- 
dary  fiberization  fluid  including  at  least  two  fluid 

30  streams  which  each  impinge  upon  said  resin  flows 
at  a  secondary  fluid  flow  angle  of  between  about  1 
and  45  degrees,  said  angle  being  measured  as  an 
interior  angle  between  the  intersection  of  the  first 
axis  of  each  of  said  flows  of  resin  and  a  line 

35  tangent  to  the  flow  of  said  secondary  fiberization 
fluid  flows  about  said  individual  flows  of  resin. 

15.  The  process  of  one  of  claims  12  to  14 
which  further  includes  the  step  of  angling  at  least 
one  of  said  primary  fiberization  fluid  flows  such  that 

40  it  spirals  about  said  first  axis  of  said  flow  of  resin. 
16.  The  process  of  one  of  claims  12  to  15 

further  comprising  the  step  of  collecting  said  fibers 
in  the  form  of  a  nonwoven  web. 

17.  The  process  of  one  of  claims  12  to  16, 
45  wherein  said  interruption  of  said  flow  of  resin 

causes  the  formation  of  separate  nonwoven  webs 
and/or  the  formation  of  a  nonwoven  web  having 
variations  in  its  basis  weight  of  at  least  10  percent. 

18.  An  apparatus  (10)  for  forming  fibers  (22) 
50  from  a  fiber  forming  resin  comprising: 

a  die  housing  (29)  including  a  resin  chamber  for 
receiving  a  supply  of  molten  fiber  forming  resin, 
said  chamber  having  a  resin  outlet  orifice  (41)  in 
fluid  communication  therewith  for  emitting  said 

55  molten  resin  in  the  form  of  a  flow,  said  flow  defin- 
ing  a  first  axis  (61  )  and 
primary  fiberization  means  (43)  completely  sur- 
rounding  said  resin  outlet  orifice  (41)  for  drawing 
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said  resin  into  fibers  (22). 
19.  The  apparatus  of  claim  18  wherein  said 

fiberization  means  includes  a  fluid  outlet  port  (43) 
in  said  die  housing  completely  surrounding  said 
flow  of  resin  from  said  resin  outlet  orifice  (41)  and  a 
primary  fiberization  fluid  emanating  from  said  fluid 
outlet  port  (43)  for  fiberizing  said  resin  to  form 
fibers  (22)  said  primary  fiberization  fluid  contacting 
said  flow  of  resin  at  a  primary  fluid  flow  angle  (D  ) 
of  between  about  15  and  60  degrees,  said  angle 
being  measured  as  an  interior  angle  between  the 
intersection  of  the  first  axis  (61)  of  said  flow  of 
resin  and  a  line  tangent  (51)  to  the  flow  of  said 
primary  fiberization  fluid. 

20.  The  apparatus  of  claim  18  or  19  which 
further  includes  secondary  fiberization  means  (44) 
located  exteriorly  from  said  primary  fiberization 
means  (43)  for  supplying  a  secondary  fiberization 
fluid  which  further  fiberizes  said  resin  into  fibers 
(22). 

21.  The  apparatus  of  claim  20  wherein,,  said 
secondary  fiberization  means  comprises  a  secon- 
dary  fiberization  fluid  including  at  least  two  fluid 
streams  which  each  impinge  upon  said  flow  of 
resin  at  a  secondary  fluid  flow  angle  (E  )  of  be- 
tween  about  1  and  45  degrees,  said  angle  being 
measured  as  an  interior  angle  between  the  inter- 
section  of  the  first  axis  (61)  of  said  flow  of  resin 
and  a  line  tangent  (52)  to  the  flow  of  said  fluid 
stream. 

22.  The  apparatus  of  claim  21  wherein  said  at 
least  two  fluid  streams  are  syMMetrically  spaced 
radially  and  circumferentially  about  said  first  axis 
(61)  exteriorly  from  said  fluid  outlet  port  (41). 

23.  The  apparatus  of  one  of  claims  18  to  22, 
wherein  said  die  housing  (29)  has  an  external  sur- 
face  which  defines  a  plane  with  said  resin  outlet 
orifice  (41)  and  said  fluid  outlet  port  (43)  lying 
substantially  in  the  same  plane  defined  by  said 
external  surface  of  said  die  housing. 

24.  The  apparatus  of  one  of  claims  18  to  22, 
wherein  said  fluid  outlet  port  (43)  lies  substantially 
within  a  plane  (48)  defined  by  said  external  surface 
of  said  die  housing  and  said  resin  outlet  orifice  (41) 
is  recessed  within  said  die  housing  a  distance  (C  ) 
not  exceeding  5  millimeters  as  measured  from  said 
plane  (48). 

25.  The  apparatus  of  one  of  claims  18  to  24, 
wherein  said  resin  outlet  orifice  (41  )  has  a  diameter 
from  about  0.25  to  3.0  millimeters. 

26.  The  apparatus  of  one  of  claims  18  to  25 
wherein  said  fluid  outlet  port  (43)  has  a  diameter 
between  about  3  and  5  millimeters. 

27.  The  apparatus  of  one  of  claims  18  to  26 
wherein  said  primary  fiberization  fluid  and  said 
secondary  fiberization  fluid  are  fed  from  separate 
supplies  of  fluid. 

28.  The  apparatus  of  one  of  claims  18  to  27 

wherein  said  die  housing  (29)  further  includes  a 
nozzle  (31)  located  therein  and  at  least  partially 
surrounded  by  a  fiberization  fluid  chamber  (33) 
which  terminates  in  said  fluid  outlet  port  (43)  said 

5  nozzle  (31)  including  said  resin  chamber  and  said 
resin  outlet  orifice  (41). 

29.  The  apparatus  of  claim  28  wherein  said 
nozzle  (31)  is  removabley  retained  within  said  die 
housing  (29). 

10  30.  The  apparatus  of  claim  28  or  29  wherein 
said  nozzle  exterior  surface  includes  a  first  axial 
portion  (68)  having  a  first  predetermined  radial  ex- 
tent  and  an  axial  end  portion  (70)  having  a  land 
surface  (72)  including  said  resin  outlet  orifice  (41) 

75  extending  therethrough  and  having  a  second  pre- 
determined  radial  extent  which  is  less  than  said 
first  radial  extent,  said  nozzle  (31)  including  a  ta- 
pered  axial  portion  (74)  extending  between  said 
first  axial  portion  (68)  and  said  axial  end  portion 

20  (70). 
31.  The  apparatus  of  one  of  claims  28  to  30 

wherein  said  nozzle  (31)  has  a  nozzle  exterior 
surface,  said  nozzle  exterior  surface  having  a  plu- 
rality  of  flutes  (76)  adjacent  said  resin  outlet  orifice 

25  (41)  to  direct  said  primary  fiberization  fluid. 
32.  The  apparatus  of  claim  31  wherein  nozzle 

(31)  has  a  flute  attack  angle  (H')  of  about  7  to  60 
degrees. 

33.  The  apparatus  of  one  of  claims  31  and  32 
30  wherein  said  nozzle  (31)  has  a  flute  spiral  angle 

(G)  of  about  20  to  45  degrees. 
34.  The  apparatus  of  one  of  claims  30  to  33, 

wherein  said  nozzle  (31)  has  a  frustoconical  angle 
(F')  of  about  1  5  to  60  degrees. 

35  35.  The  apparatus  of  one  of  claims  31  to  34 
wherein  said  tapered  axial  portion  (74)  including 
said  plurality  of  flutes  (76)  said  flutes  (76)  extend- 
ing  into  said  land  surface. 

36.  The  apparatus  of  claim  35  wherein  said 
40  axial  end  portion  (70)  includes  a  substantially  cylin- 

drical  outer  surface  including  said  flutes  (76). 
37.  The  apparatus  of  one  of  claims  18  to  36 

which  further  includes  collection  means  (24)  for 
receiving  said  fibers  (22)  in  the  form  of  a  nonwoven 

45  web  (26). 
38.  An  apparatus  especially  according  to  one 

of  claims  18  to  37  for  intermittently  forming  fibers 
from  a  fiber  forming  resin  comprising: 

(a)  a  die  housing  (29) 
so  (b)  a  die  assembly  located  within  said  hous- 

ing  including  a  resin  chamber  for  receiving  a  sup- 
ply  of  molten  fiber  forming  resin,  said  chamber 
having  a  resin  outlet  orifice  (41)  in  fluid  commu- 
nication  therewith  for  emitting  said  molten  resin  in 

55  the  form  of  a  flow,  said  flow  defining  a  first  axis, 
(c)  fiberization  means  (43,44)  for  drawing 

said  flow  of  molten  resin  into  fibers,  and 
(d)  on/off  control  means  (37)  for  selectively 
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interrupting  flow  of  said  molten  resin  from  said 
resin  outlet  orifice  (41  ). 

39.  The  apparatus  of  claim  38  wherein  said 
on/off  control  means  includes  a  plunger  (37)  within 
said  resin  chamber  having  a  closed  position 
wherein  said  plunger  (37)  is  in  contact  with  said 
resin  outlet  orifice  (41)  for  preventing  flow  of  said 
molten  resin  from  said  orifice  (41)  and  an  open 
position  wherein  said  plunger  (37)  is  retracted  from 
said  orifice  (41)  to  allow  flow  of  said  molten  resin 
from  said  orifice. 

40.  The  apparatus  of  claim  38  or  39  wherein 
said  die  housing  (29)  includes  a  hydraulic  chamber, 
said  plunger  (37)  inclluding  an  end  portion  extend- 
ing  into  said  hydraulic  chamber  (96)  including  a 
piston  (100)  mounted  thereon,  said  chamber  in- 
cluding  hydraulic  fluid  ports  (104,  106)  opening  into 
said  hydraulic  chamber  for  supplying  varying  fluid 
pressure  on  each  side  of  said  piston  (100)  to 
reciprocate  said  piston  (100)  within  said  hydraulic 
chamber  (96)  to  move  said  plunger  (37)  between 
said  open  and  closed  positions. 

41.  The  apparatus  of  one  of  claims  38  to  40 
wherein  said  fiberization  means  (43,  44)  includes  a 
primary  fiberization  fluid  which  completely  sur- 
rounds  said  flow  of  molten  resin. 

42.  The  apparatus  of  claim  41  wherein  said  die 
housing  (29)  includes  a  fluid  outlet  port  (43)  com- 
pletely  surrounding  said  resin  outlet  orifice  (41)  for 
emitting  said  primary  fiberization  fluid. 

43.  An  apparatus  especially  according  to  one 
of  claims  18  to  42  for  forming  a  nonwoven  web 
from  a  fiber  forming  resin  comprising: 

(a)  a  die  housing, 
(b)  a  plurality  of  die  assemblies  (16)  located 

within  said  housing,  each  die  assembly  (16)  includ- 
ing  a  resin  chamber  for  receiving  a  supply  of 
molten  fiber  forming  resin,  each  of  said  chambers 
having  a  resin  outlet  orifice  (41)  in  fluid  commu- 
nication  therewith  for  emitting  said  molten  resin  in 
the  form  of  a  flow,  said  flow  extending  preferably 
along  a  first  axis, 

(c)  fiberization  means  (43,  44)  for  drawing 
said  flows  of  molten  resin  into  fibers  which  are 
collected  in  the  form  of  a  nonwoven  web  (26)  and 

(d)  on/off  control  means  (37)  for  selectively 
interrupting  said  flow  of  resin  from  at  least  one  of 
said  resin  outlet  orifices  (41  )  to  vary  the  density  of 
said  nonwoven  web  (26). 

44.  The  apparatus  of  claim  43  wherein  said 
on/off  control  means  includes  a  plunger  (37)  within 
said  resin  chamber  having  a  closed  position 
wherein  said  plunger  (37)  is  in  contact  with  said 
resin  outlet  orifice  (41)  to  prevent  flow  of  said 
molten  resin  from  said  orifice  and  an  open  position 
wherein  said  plunger  (37)  is  retracted  from  said 
orifice  to  allow  flow  of  said  molten  resin  from  said 
orifice  (41  ). 

45.  The  apparatus  of  claim  43  or  44  wherein 
said  die  housing  (29)  includes  a  hydraulic  chamber 
(96)  said  plunger  (37)  including  an  end  portion 
extending  into  said  hydraulic  chamber  (96)  and 

5  including  a  piston  (100)  mounted  thereon,  said 
chamber  (96)  including  hydraulic  fluid  ports  (104, 
106)  opening  into  said  hydraulic  chamber  (96)  for 
supplying  varying  fluid  pressure  on  each  side  of 
said  piston  (100)  to  reciprocate  said  piston  (100) 

w  within  said  hydraulic  chamber  (96)  to  move  said 
plunger  (37)  between  said  open  and  closed  posi- 
tions. 

46.  The  apparatus  of  one  of  claims  43  to  45 
wherein  said  fiberization  means  includes  a  fluid 

15  outlet  port  (43)  in  said  die  housing  (29)  completely 
surrounding  said  flow  of  resin  from  said  resin  outlet 
orifice  (41)  and  a  primary  fiberization  fluid  emanat- 
ing  from  said  fluid  outlet  port  (43)  for  fiberizing  said 
resin  to  form  fibers,  said  primary  fiberization  fluid 

20  contacting  said  flow  of  resin  at  a  primary  fluid  flow 
angle  (D  )  of  between  about  15  and  60  degrees, 
said  angle  being  measured  as  an  interior  angle 
between  the  intersection  of  the  first  axis  (61)  of 
said  flow  of  resin  and  a  line  tangent  (51)  to  the  flow 

25  of  said  primary  fiberization  fluid. 
47.  The  apparatus  of  one  of  claims  43  to  46, 

wherein  said  fiberization  means  further  includes  a 
secondary  fiberization  fluid  including  at  least  two 
fluid  streams  which  each  impinge  upon  said  flow  of 

30  resin  at  a  secondary  fluid  flow  angle  (E  )  of  be- 
tween  about  1  and  45  degrees,  said  angle  being 
measured  as  an  interior  angle  between  the  inter- 
section  of  the  first  axis  (61)  of  said  flow  of  resin 
and  a  line  tangent  (52)  to  the  flow  of  said  fluid 

35  stream. 
48.  The  apparatus  of  one  of  claims  43  to  47 

wherein  said  die  housing  (29)  further  includes  a 
nozzle  (31)  located  therein  and  at  least  partially 
surrounded  by  a  fiberization  fluid  chamber  (33) 

40  which  terminates  in  said  fluid  outlet  port,  said  noz- 
zle  including  said  resin  chamber  and  said  resin 
outlet  orifice  (41  ). 

49.  The  apparatus  of  claim  48  wherein  said 
nozzle  (31)  is  removably  retained  within  said  die 

45  housing  (29). 
50.  The  apparatus  of  claim  48  or  49  wherein 

said  nozzle  (31)  has  a  nozzle  exterior  surface,  said 
nozzle  exterior  surface  having  a  plurality  of  flutes 
(76)  adjacent  said  resin  outlet  orifice  (41)  to  direct 

50  said  primary  fiberization  fluid. 
51.  The  apparatus  of  one  of  claims  48  to  50 

wherein  said  nozzle  (31)  exterior  surface  includes  a 
first  axial  portion  (68)  having  a  first  predetermined 
radial  extent  and  an  axial  end  portion  (70)  having 

55  preferably  a  substantial  cylindrical  outer  surface 
having  a  land  surface  (72)  including  said  resin 
outlet  orifice  (41)  extending  therethrough  and  hav- 
ing  a  second  predetermined  radial  extent  which  is 
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less  than  said  first  radial  extent,  said  nozzle  (31) 
including  a  tapered  axial  portion  (74)  extending 
between  said  first  axial  portion  (68)  and  said  axial 
end  portion  (70)  including  said  plurality  of  flutes 
(76),  said  flutes  (76)  extending  into  said  land  sur-  5 
face  (72)  and  preferably  are  situated  in  the  cylin- 
drical  outer  surface. 

52.  The  apparatus  of  claim  51  wherein  said 
nozzle  (31)  has  a  flute  attack  angle  (H  )  of  about  7 
to  60  degrees  and  a  flute  spiral  angle  (G  )  of  about  10 
20  to  45  degrees. 

53.  The  apparatus  of  one  of  claims  47  to  52 
wherein  said  nozzle  (31)  has  a  frustoconical  angle 
(F  )  of  about  15  to  degrees. 

54.  Use  of  the  apparatus  according  to  one  of  75 
claims  43  to  53,  for  forming  a  nonwoven  web  of 
varying  basis  weight  and/or  for  forming  individual 
nonwoven  webs  in  a  continuous  formation  process. 
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