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Description 

BACKGROUND  OF  THE  INVENTION 

5  This  invention  relates  to  a  thermally  bonded  nonwoven  fabric  and,  more  particularly,  to  a  thermally 
bonded  nonwoven  fabric  endowed  with  both  high  nonwoven  fabric  tenacity  and  soft  hand  formed  of 
composite  fibers  excellent  in  spinnability,  stretchability  and  also  excellent  in  fusion  bonding  characteristics 
during  formation  into  nonwoven  fabric. 

Nonwoven  fabrics  obtained  by  use  of  composite  fibers  comprising  constituents  with  different  melting 
io  points  have  been  prepared  by  a  process  which  comprises  making  composite  fibers  of  side-by-side  type  or 

sheath/core  type  from  a  higher  melting  resin  component  and  a  lower  melting  resin  component,  followed  by 
thermal  bonding  thereof  as  disclosed  formerly  in  Japanese  Patent  Publication  Nos.  22547/1969  and 
12380/1977,  which  process  has  become  the  basic  technique  for  producing  nonwoven  fabric  products  which 
are  used  as  constituent  materials  for  disposable  type  diapers,  sanitary  napkins  and  the  like  which  have 

75  been  rapidly  growing  in  the  market  in  recent  years.  In  such  process,  as  the  lower  melting  resin  component, 
high  density  polyethylene,  conventional  branched  type  low  density  polyethylene,  ethylene-vinyl  acetate 
copolymer,  atactic  polypropylene,  polybutene,  etc.  have  been  used,  while  as  the  higher  melting  resin 
component,  isotactic  polypropylene,  polyester,  polyamide,  etc.  have  been  used. 

However,  with  abrupt  growth  of  nonwoven  fabric  products  in  the  market,  it  has  become  a  great  demand 
20  to  have  a  product  which  is  excellent  in  spinnability  and  capable  of  producing  filaments  of  small  denier 

stably  and  continuously  in  carrying  out  spinning  and  capable  of  effecting  uniform  thermal  bonding  at  a  lower 
temperature  and  within  a  shorter  time  in  heat  treatment  for  forming  a  nonwoven  fabric,  and  is  also  endowed 
with  both  high  nonwoven  fabric  tenacity  and  soft  hand  when  formed  into  a  nonwoven  fabric.  DE-A-3315360 
describes  a  hot-melt  adhesive  fibre  which  does  not  have  some  of  the  undesirable  properties  of  polyethylene 

25  and  comprises  resin  containing  a-olefins  having  4-8  carbon  atoms. 
For  exhibiting  soft  hand,  the  spun  filament  is  required  to  be  of  small  denier.  In  this  regard,  soft  resins 

having  a  long  chain  branching  such  as  conventional  branched  type  low  density  polyethylene  and  ethylene- 
vinyl  acetate  copolymer  which  are  to  be  used  as  lower  melting  components,  have  generally  high 
elongational  viscosity  and  therefore  are  susceptible  to  scission  during  spinning,  whereby  drawing  ratio 

30  cannot  be  increased.  Thus  fibers  of  small  denier  can  be  prepared  with  difficulty.  Accordingly,  high  density 
polyethylene  entailing  fewer  such  problems  with  relatively  good  fiber  forming  property  has  been  employed 
primarily  as  the  lower  melting  component,  and  compositely  spun  together  with  polypropylene  or  the  like  etc. 
As  the  high  melting  component  into  fibers  of  side-by-side  type  or  sheath/core  type.  However,  high  density 
polyethylene  is  insufficient  in  fusion  bonding  characteristic  for  the  level  now  demanded  and  inferior  in 

35  productivity  due  to  high  temperature  and  long  time  required  for  heat  treatment.  Besides,  for  exhibiting  soft 
hand,  it  is  preferable  to  use  fibers  of  the  smallest  possible  fineness  and  make  specific  volume  higher  in 
nonwoven  fabric  formation  to  make  the  unit  weight  lower,  and  hence  there  is  a  tendency  that  the  effectively 
bonded  area  or  cross-over  point  number  of  the  fiber  cross-over  points  responsible  for  the  strength  of 
nonwoven  fabric  is  reduced.  Recently,  an  ethylene-a-olefin  copolymer  represented  by  linear  low  density 

40  polyethylene  which  has  approximately  comparable  spinnability  as  compared  with  high  density  polyethylene, 
is  attracting  attention  as  the  resin  meltable  at  lower  temperature,  but  no  sufficiently  satisfactory  resin 
responding  to  the  above  demands  can  be  found  yet. 

On  the  other  hand,  spinning  of  thermally  bondable  composite  fibers  is  ordinarily  practiced  at  a 
temperature  higher  than  the  melting  point  of  the  higher  melting  component  as  a  matter  of  course,  and 

45  practically  at  a  considerably  high  temperature  of  250  °C  to  350  °C,  because  the  melt  viscosities  of  the 
respective  components  are  required  to  be  adequately  controlled  for  forming  sheath/core  forms  at  the  fiber 
sections.  Therefore,  in  case  of  ethylene-a-olefin  copolymers  which  have  more  short  chain  branchings,  with 
greater  extrusion  resistance  and  larger  tendency  to  generate  heat  by  shearing  as  compared  with  high 
density  polyethylene,  the  molecular  structure  change  by  crosslinking  deterioration  during  spinning  may 

50  become  a  very  serious  problem.  This  can  be  estimated,  for  example,  from  a  great  change  in  melt  flow  rate 
before  and  after  spinning.  Such  molecular  structure  change  has  detrimental  effect  on  fusion  bonding 
characteristic  through  formation  of  oxidized  skin  on  the  fiber  surface,  in  addition  to  causing  lowering  of 
continuous  running  performance  by  fluctuation  of  the  filaments  during  spinning  due  to  thermal  decomposi- 
tion  or  by  frequent  occurrence  of  cutting  troubles  of  filaments  due  to  gel  generation  caused  by  molecular 

55  crosslinking.  As  a  countermeasure  against  these  troubles,  since  the  conditions  such  as  spinning  tempera- 
ture,  etc.  can  be  changed  with  difficulty,  sufficient  preventive  recipe  against  oxidation  deterioration  must  be 
applied  on  the  resin,  and  also  in  this  respect,  said  material  has  not  yet  been  sufficiently  investigated. 

3 



EP  0  279  511  B1 

As  stated  above,  though  it  has  been  expected  that  some  of  ethylene-a-olefin  copolymers  would  have 
more  suitable  characteristics  as  the  lower  melting  resin  component  of  thermally  bondable  composite  fibers 
than  high  density  polyethylene,  there  has  been  obtained  no  product  yet  which  is  sufficiently  satisfactory  as 
the  thermally  bonded  nonwoven  fabric  endowed  with  both  high  nonwoven  fabric  tenacity  and  soft  hand. 

5 
SUMMARY  OF  THE  INVENTION 

An  object  of  the  present  invention  is  to  obtain  fibers  for  nonwoven  fabric  free  from  these  drawbacks  of 
the  prior  art,  namely  without  filament  scission  even  at  high  ratio  spinning  draft,  with  good  hand  as  well  as 

io  good  fusion  bonding  characteristics,  and  to  obtain  a  thermally  bonded  nonwoven  fabric  endowed  with  both 
high  nonwoven  fabric  tenacity  and  soft  hand  by  the  use  thereof. 

The  present  inventors  have  studied  intensively  in  order  to  solve  the  above  problems,  and  consequently 
found  that  an  ethylene-a-olefin  copolymer  having  a  relatively  narrower  molecular  weight  distribution,  specific 
melt  flow  rate  and  density  obtained  by  copolymerization  of  ethylene  and  a  higher  a-olefin  of  butene-1  or 

is  higher  is  excellent  in  spinnability  and  stretchability  and  has  greatly  improved  fusion  bonding  characteristics, 
and  further  that  the  thermally  bonded  nonwoven  fabric  obtained  therefrom  can  have  soft  hand  as  well  as 
dramatically  improved  nonwoven  fabric  tenacity  by  restricting  the  above  mentioned  molecular  structure 
change  during  high-temperature  spinning  within  the  extent  without  any  problem  by  blending  specific 
amounts  of  a  phenol  type  antioxidant  and  a  sulfur  type  antioxidant  in  combination  thereby  to  elongate 

20  markedly  the  oxidation  induction  time  of  the  material,  thus  accomplishing  the  present  invention. 
More  specifically,  the  present  invention  provides  a  thermally  bonded  nonwoven  fabric  with  a  unit  weight 

of  10  to  40  g/m2,  comprising  20  to  100%  by  weight  of  composite  fibers  with  a  fineness  of  (0.5  to  8  denier) 
(0.06  to  0.89  tex)  and  80  to  0%  by  weight  of  other  fibers  as  the  constituent  fibers,  the  composite  fiber 
comprising  a  first  component  which  is  an  ethylene-a-olefin  copolymer  composition  comprising  an  ethylene- 

25  a-olefin  copolymer  containing  1.5  to  4%  by  weight  of  a-olefin  having  four  carbon  atoms,  0.7  to  3.5%  by 
weight  of  a-olefin  having  5  to  7  carbon  atoms  or  0.5  to  3%  by  weight  of  a-olefin  having  8  to  12  carbon 
atoms  blended  with  0.01  to  0.3%  by  weight  of  a  phenol  type  antioxidant  and  0.01  to  0.3%  by  weight  of  a 
sulfur  type  antioxidant,  having  a  Q-value  (weight  average  molecular  weight/number  average  molecular 
weight)  of  4  or  less,  a  density  of  0.940  to  0.948  g/cm3,  a  melt  flow  rate  of  5  to  30  g/10  min.  and  an  oxidation 

30  induction  time  at  210  °C  of  10  min.  or  longer,  and  a  second  component  which  is  a  thermoplastic  resin 
having  a  melting  point  higher  by  at  least  20  °  C  than  that  of  the  first  component,  with  a  constitutional  ratio 
(sectional  area  ratio)  of  the  first  component  to  the  second  component  being  35:65  to  70:30,  said  first 
component  of  the  composite  fiber  forming  at  least  a  proportion  of  the  fiber  surface  continuously  along  the 
length  of  each  fiber  and  adhering  through  melting  mutually  the  constituent  fibers. 

35  The  above  ethylene-a-olefin  copolymer  to  be  used  as  the  lower  melting  resin  component  of  the 
composite  fibers  for  thermally  bonded  nonwoven  fabric  according  to  the  present  invention  is  generally 
polymerized  by  the  use  of  an  ionic  polymerization  catalyst.  For  obtaining  a  copolymer  having  a  Q-value 
necessary  for  the  lower  melting  resin  component,  it  is  preferable  to  use  a  Ziegler  catalyst,  a  Kaminsky  type 
catalyst  as  the  catalyst.  As  the  polymerization  method,  any  of  the  gas  phase  method,  the  solution  method, 

40  the  slurry  method  and  the  high  pressure  ionic  polymerization  method  conudcted  at  a  pressure  of  200 
kg/cm2  or  higher  and  a  temperature  of  150°  C  or  higher  may  be  applicable. 

The  a-olefin  to  be  used  as  the  comonomer  is  an  a-olefin  having  4  to  12  carbon  atoms  including,  for 
example,  butene-1,  pentene-1,  hexene-1,  4-methylpentene-1  ,  heptene-1,  octene-1,  nonene-1,  decene-1  and 
the  like,  preferably  butene-1,  hexene-1,  4-methylpentene-1  and  octene-1.  In  this  case,  the  a-olefin  is  not 

45  limited  to  one  kind,  but  a  multi-component  copolymer  by  use  of  two  or  more  kinds  may  also  be  used. 
When  propylene  is  used  as  the  a-olefin,  it  is  difficult  to  obtain  the  desired  Q-value  by  polymerization 

according  to  the  slurry  method  and  even  if  the  Q-value  is  satisfied  the  fiber  quality  will  be  inferior. 
The  a-olefin  content  in  the  ethylene-a-olefin  copolymer  obtained  is  0.5  to  4%  by  weight,  particularly 

preferably  1  .5  to  4%  by  weight  for  a-olefin  having  4  carbon  atoms,  0.7  to  3.5%  by  weight  for  a-olefin  having 
50  5  to  7  carbon  atoms,  and  0.5  to  3%  by  weight  for  a-olefin  having  8  to  12  carbon  atoms.  Outside  this  range, 

fusion  bonding  characteristics  and  soft  hand  cannot  be  satisfied. 
The  density  of  the  ethylene-a-olefin  copolymer  is  measured  by  the  density  gradient  column  method 

according  to  JIS  K6760,  and  is  within  the  range  of  0.930  to  0.950  g/cm3.  If  the  density  exceeds  0.950, 
fusion  bondability  at  lower  temperature  within  a  shorter  time  is  inferior,  while  with  a  density  less  than  0.930, 

55  specific  volume  on  fusion  tends  to  be  lowered  to  give  a  paper-like  nonwoven  fabric,  whereby  soft  hand 
tends  to  be  exhibited  with  difficulty,  and  also  the  tensile  strength  at  the  bonded  cross-over  point  is 
undesirably  lowered.  Particularly  preferable  density  is  from  0.940  to  0.948  g/cm3. 
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The  Q-value  of  the  copolymer,  which  is  an  important  requirement  for  the  present  invention,  is  a  ratio  of 
weight  average  molecular  weight  to  number  average  molecular  weight  measured  by  gel  permeation 
chromatography  in  o-dichlorobenzene  solution  at  140°C. 

The  ethylene-a-olefin  copolymer  having  the  Q-value  of  4  or  less  is  used  in  the  present  invention  with 
5  respect  to  spinnability,  stretchability,  fusion  bonding  characteristics,  and  storage  stability.  The  lower  limit  of 

the  Q-value  is  2  under  the  currently  used  catalyst  system  and  production  process,  however,  it  is  presumed 
that  it  may  be  possibly  made  smaller  than  2,  in  view  of  the  tendency  of  the  effect.  If  the  Q-value  of  said 
copolymer  exceeds  4,  it  is  not  preferable  because  its  spinnability  and  stretchability  are  lowered. 

Further,  it  has  been  clarified  by  the  present  inventors  that  the  Q-value  is  related  to  fusion  bonding 
io  characteristics.  That  is,  for  producing  a  nonwoven  fabric  from  the  composite  fibers  of  the  present  invention, 

shear  viscosity  at  the  bonding  interface  during  heating  by  a  heating  roll  or  a  heating  oven  should  be 
preferably  lower,  and  the  shear  viscosity  becomes  higher  if  the  Q-value  exceeds  4,  whereby  higher 
temperature  or  longer  time  is  required  for  thermal  bonding.  Further,  if  the  Q-value  is  greater  than  4,  the 
polymer  components  of  a  high  molecular  weight  are  contained  in  a  large  amount  and  therefore  gellation  is 

is  liable  to  occur  due  to  molecular  crosslinking  caused  during  prolonged  running  under  the  general  production 
conditions  wherein  extrusion  is  conducted  at  210  °C  or  higher,  whereby  spinnability  and  fusion  bonding 
characteristics  will  be  lowered.  Large  Q-value  also  means  inclusion  of  a  large  amount  of  polymer 
components  of  a  low  molecular  weight,  and  thus  the  copolymer  is  subject  to  oxidation  deterioration  under 
the  severe  heat  condition  during  extruding  to  readily  form  oxidized  skin  on  the  surface,  which  could  be  a 

20  cause  of  lowering  of  fiber  quality  with  years.  Accordingly,  as  a  countermeasure  against  this  problem, 
antioxidants  in  an  excessive  amount  must  be  added,  leading  to  a  fear  of  bleeding  or  discoloration  and  an 
economical  disadvantage. 

The  melt  flow  rate  of  the  ethylene-a-olefin  copolymer  is  5  to  50  g/10  min.,  preferably  5  to  30  g/10  min. 
If  the  melt  flow  rate  is  less  than  the  above  range,  extrusion  temperature  becomes  higher  to  readily  cause 

25  molecular  crosslinking,  while  if  the  melt  flow  rate  exceeds  the  above  range,  spinnability  of  the  composite 
fiber  will  be  abruptly  lowered. 

In  the  ethylene-a-olefin  copolymer,  the  short  chain  branchings  introduced  by  the  a-olefin  are  not 
intramolecularly  and  intermolecularly  homogeneous.  Distribution  of  such  short  chain  branchings  affects 
fusion  bonding  characteristics  of  the  fiber.  This  distribution  may  be  grasped  as,  for  example,  the  contents  of 

30  the  high  molecular  weight  component  and  the  low  crystalline  component  contained  therein.  As  regards 
fusion  bonding  characteristics,  low  crystallinity  is  preferable  for  wettability  and  melting  liquefaction,  and  high 
molecular  weight  is  preferable  with  respect  to  the  crossing  point  tensile  strength  after  solidification  by 
cooling.  Thus,  the  presence  of  a  high  molecular  weight  component  with  low  crystallinity  is  important. 
However,  if  the  amount  of  short  chain  branching  in  the  high  molecular  weight  component  is  merely 

35  increased  by  enhancing  the  copolymerization  ratio  of  the  a-olefin,  the  amount  of  low  crystalline  low 
molecular  weight  component  is  also  greatly  increased,  whereby  the  tensile  strength  at  cross-over  point  will 
be  contrariwise  lowered. 

Thus,  a  proper  amount  of  the  low  crystalline  high  molecular  weight  component  is  required.  The  amount 
of  such  component  can  be  grasped  as  the  amount  of  the  high  molecular  weight  component  of  a  molecular 

40  weight  of  5x1  0+  or  more  and  the  content  therein  of  low  crystalline  component  eluted  between  40  °C  and 
85  °C,  which  are  determined  by  carrying  out  a  fractionation  capable  of  both  crystallinity  fractination  and 
molecular  weight  fractionation  with  o-dichlorobenzene  as  the  solvent  by  the  use  of  a  gel  permeation 
chromatography  system  for  molecular  weight  fractionation  to  which  a  temperature  variable  column  for 
crystallinity  fractionation  is  connected.  This  measurement  method  is  disclosed  in  J.  Appl.  Polymer  Sci.,  vol. 

45  26,  pp.  4217  -  4231  (1981).  Preferable  amounts  are  8  to  25%  by  weight  for  the  high  molecular  weight 
component  of  5  x  10+  or  more,  and  10  to  35%  by  weight  for  the  low  crystalline  component  content  in  that 
component. 

In  the  present  invention,  it  is  necessary  to  elongate  to  some  extent  the  oxidation  induction  time,  which 
is  generally  deemed  to  be  a  measure  of  oxidative  deterioration  resistance,  in  view  of  the  above  various 

50  problems  during  spinning  due  to  the  molecular  structural  change  of  the  resin  and  for  preserving  lowering  of 
fusion  bonding  characteristics  due  to  surface  oxidation  of  the  fibers  at  the  level  practically  without  problem. 
It  has  been  found  that,  when  the  oxidation  induction  time  as  determined  by  the  method  as  described  below 
is  elongated  to  10  minutes  or  longer,  decrease  in  melt  flow  rate  of  the  resin  after  spinning  to  that  before 
spinning  is  suppressed  within  10%  and  hence  no  substantial  change  is  occurred  in  the  molecular  weight 

55  distribution.  Provided  that  the  Q-value  of  the  ethylene-a-olefin  copolymer  to  be  used  in  the  present  invention 
is  suitable,  elongation  to  the  above  mentioned  degree  of  the  oxidation  induction  time  can  be  sufficiently 
achieved  by  use  of  a  small  amount  of  combined  antioxidants,  namely  by  the  use  in  combination  of  0.01  to 
0.3%  by  weight  of  a  phenol  type  antioxidant  and  0.01  to  0.3%  by  weight  of  a  sulfur  type  antioxidant. 

5 
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Further,  the  elongation  of  oxidation  induction  time  according  to  the  present  invention  is  accompanied  by 
additional  advantage  that  coloration  and  odor  due  to  deterioration  can  be  successfully  overcome. 

Such  phenol  type  antioxidants  may  include  1  ,1  ,3-tris(2-methyl-4-hydroxy-5-t-butylphenyl)butane,  4,4'- 
thiobis(6-t-butyl-m-cresol),  1  ,3,5-trimethyl-2,4,6-tris(3,5-di-t-butyl-4-hydroxybenzyl)benzene,  n-octadecyl-/3- 

5  (4'-hydroxy-3',5'-di-t-butylphenyl)propionate,  tris(3,5-di-t-butyl-4-hydroxybenzyl)isocyanurate,  4,4'- 
butylidene-bis(6-t-butyl-m-cresol),  1  ,3,5-tris(4-t-butyl-3-hydroxy-2,6-dimethylbenzyl)isocyanurate,  bis[3,3-bis- 
(4'-hydroxy-3'-t-butylphenyl)butyric  acid]glycol  ester,  triethylene  glycol-bis[3-(3-t-butyl-4-hydroxy-5-methyl- 
phenyl)propionate],  2,6-di-t-butyl-4-ethylphenol,  butylated  hydroxyanisole,  distearyl(4-hydroxy-3-methyl-5-t- 
butyl)benzylmalonate,  propyl  gallate,  octyl  gallate,  dodecyl  gallate,  tocopherol,  2,2'-methylenebis(4-methyl- 

io  6-t-butylphenol),  2,2'-methylenebis(4-ethyl-6-t-butylphenol),  2,4-bis(n-octylthio)-6-(4-hydroxy-3,5-di-t- 
butylanilino)-1  ,3,5-triazine,  1  ,6-hexanediol-bis[3-(3,5-di-t-butyl-4-hydroxyphenyl)propionate],2,2-thio- 
diethylenebis[3-(3,5-di-t-butyl-4-hydroxyphenyl)propionate],  2,2-thiobis(4-methyl-6-t-butylphenol),  N,N'- 
hexamethylenebis(3,5-di-t-butyl-4-hydroxy-hydrocinnamide),  3,5-di-t-butyl-4-hydroxybenzylphosphonate 
diethyl  ester,  bis[2-methyl-4-{3-n-alkyl(C12  or  C14)thiopropionyloxy}-5-t-butylphenyl]sulfide,  3,9-bis[1,1- 

15  dimethyl-2-{^-(3-t-butyl-4-hydroxy-5-methylphenyl)propionyloxy}ethyl]-2,4,8,10-tetraoxaspiro[5,5]undecane, 
2,2'-ethylidenebis(4,6-t-butylphenol). 

Particularly  preferred  are  n-octadecyl-/H4'-hydroxy-3',5'-di-t-butylphenyl)propionate,  tris(3,5-di-t-butyl-4- 
hydroxybenzyl)isocyanurate,  1  ,3,5-tris(4-t-butyl-3-hydroxy-2,6-dimethylbenzyl)isocyanurate. 

On  the  other  hand,  sulfur  type  antioxidants  may  include  di-myristyl-3,3'-thio-di-propionate,  di-tridecyl- 
20  3,3'-thio-di-propionate,  di-stearyl-3,3'-thio-di-propionate,  di-lauryl-3,3'-thio-di-propionate,  laurylstearyl-3,3'- 

thio-di-propionate,  3,3'-thio-di-propionic  acid,  di-cetyl-3,3'-thio-di-propionate,  di-stearyl-3,3'-methyl-3,3'-thio- 
di-propionate,  bis[2-methyl-4-{3-n-alkyl(Ci2  or  Ci4)-thio-propionyloxy}-5-t-butylphenyl]sulfide,  pentaerytrid- 
tetra(/Hauryl-thiopropionate),  di-octadecyl-di-sulfide,  2-mercaptobenzimidazole,  2-mercapto-5-methyl-ben- 
zimidazole. 

25  Particularly  preferred  are  di-myristyl-3,3'-thio-di-propionate,  di-lauryl-3,3'-thio-di-propionate,  di-stearyl- 
3,3'-thio-di-propionate,  lauryl-stearyl-3,3'-thio-di-propionate,  penta-erytrid-tetra(/Hauryl-thiopropionate). 

The  thermoplastic  resin  to  be  used  for  the  higher  melting  resin  component  of  the  composite  fiber  in  the 
present  invention  is  a  resin  having  a  melting  point  higher  by  at  least  20  °  C  than  that  of  the  above  mentioned 
ethylene-a-olefin  copolymer  as  the  lower  melting  resin  component.  Specifically,  there  may  be  included,  for 

30  example,  propylene  polymers  such  as  isotactic  polypropylene,  propylene-ethylene  block  copolymer,  pro- 
pylene-ethylene  random  copolymer,  polyamides  such  as  6-nylon,  6,6-nylon,  1,1  -nylon,  polyesters  such  as 
polyethyleneterephthalate,  polytetramethyleneterephthalate,  and  4-methylpentene-1  polymer,  etc.  In  the 
case  of  propylene  polymers,  preferably  used  are  those  having  melt  flow  rate  of  5  to  500  g/10  min.,  and 
those  having  melt  flow  rate  of  5  to  100  g/10  min.  are  particularly  preferable  when  the  composite  fiber  with 

35  the  ethylene-a-olefin  copolymer  as  the  lower  melting  resin  component  is  drawn  with  a  drawing  ratio  of  4-fold 
or  more,  because  drawing  can  be  effected  with  the  adhesiveness  at  the  interface  beween  the  lower  melting 
resin  component  and  the  higher  melting  resin  component  being  maintained.  The  use  of  thermoplastic  resin 
having  lower  melting  point  is  not  preferred  since  the  strength  of  fiber  that  is  a  basic  property  of  the  fiber  is 
lowered  and  shrinkage  deformation  after  formation  into  nonwoven  fabric  will  be  undesirably  greater. 

40  Specifically,  it  is  preferred  that  the  melting  point  of  the  higher  melting  resin  component  is  150°  C  or  higher. 
Preparation  of  a  composite  fiber  by  the  use  of  both  such  components  may  be  practiced  in  a 

conventional  manner  using  a  conventional  device  for  composite  extrusion  spinning.  There  may  be  men- 
tioned  a  manner,  for  example,  wherein  two  extruders  are  used  and  the  lower  melting  resin  component  and 
the  higher  melting  resin  component  are  respectively  melt-extruded,  and  both  are  led  through  gear  pumps 

45  into  a  spinneret  with  composite  spinning  orifices  of  sheath/core  type  or  side-by-side  type  and  spun  through 
this  spinneret  to  form  the  composite  fiber.  In  general,  an  unstretched  composite  fiber  is  drawn  under 
heating  to  2-  to  5-times  to  form  a  final  composite  fiber  of  (0.5  to  8  denier)  0.06  to  0.89  tex.  When  the 
composite  fiber  obtained  is  of  the  sheath/core  type,  the  core  is  not  necessarily  at  the  center  in  the  cross- 
section,  and  therefore  the  thickness  of  the  sheath  may  be  nonuniform  in  places.  The  composite  fiber 

50  constituting  ratio  of  the  lower  melting  resin  component/the  higher  melting  resin  component  is  35:65  to 
70:30,  preferably  40:60  to  70:30,  in  terms  of  sectional  area  ratio.  This  value  has  been  determined  with 
respect  to  spinnability,  stretchability,  fusion  characteristics,  and  nonwoven  fabric  tenacity. 

The  fibrous  assembly  to  be  formed  into  a  nonwoven  fabric  by  heat  treatment  in  the  present  invention  is 
not  limited  to  the  heat-fusible  composite  fibers  alone,  and  a  mixture  of  said  composite  fibers  with  other 

55  fibers  may  also  be  used.  In  this  case,  from  the  standpoint  of  nonwoven  fabric  tenacity  and  hand,  other 
fibers  should  preferably  comprise  less  than  80%  by  weight  of  the  mixture  as  a  whole  and  have  a  fiber 
diameter  of  1.1  tex  (10  denier)  or  less.  Specifically,  for  example,  there  may  be  included  natural  fibers  such 
as  cotton,  etc.,  regenerated  fibers  such  as  viscose  rayon,  etc.,  synthetic  fibers  such  as  polyester  fibers, 
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polypropylene  fibers,  acrylic  fibers,  etc.,  and,  a  mixture  of  plural  kinds  of  fibers  may  be  used  according  to 
necessity.  Preparation  of  the  fibrous  assembly  from  the  composite  fibers  alone  or  a  mixture  with  other  fibers 
may  be  practiced  any  conventional  method  such  as  the  air-laid  method,  the  carding  method  and  the  wet- 
laid  method.  As  a  method  for  effecting  thermal  bonding  of  the  above  fibrous  assembly  at  a  temperature 

5  between  the  melting  point  of  the  lower  melting  resin  component  and  the  melting  point  of  the  higher  melting 
resin  component,  there  can  be  employed  a  method  in  which  a  suction  drum  type  dryer,  a  suction  band  type 
dryer,  a  Yankee  dryer  or  a  conventional  calender  roll  or  embossing  roll  is  used.  The  thermally  bonded 
nonwoven  fabric  of  the  present  invention,  which  is  particularly  required  to  have  both  high  nonwoven  fabric 
tenacity  and  soft  hand,  must  have  a  unit  weight  of  10  to  40  g/m2. 

io  In  acordance  with  the  present  invention,  a  thermally  bonded  nonwoven  fabric  having  soft  hand  as  well 
as  dramatically  improved  nonwoven  fabric  tenacity  is  obtained  due  to  the  use  of  a  specific  composite  fiber 
of  the  sheath/core  type  or  the  side-by-side  type  which  can  inhibit  the  molecular  structure  change  in  high 
temperature  spinning  to  the  level  without  any  problem,  is  excellent  in  spinnability,  stretchability  and  also 
excellent  in  thermal  fusion  bonding  characteristics  when  formed  into  nonwoven  fabric,  by  using  a  specific 

is  ethylene-a-olefin  copolymer  at  the  sheath  portion  and  imparting  thereto  an  oxidation  induction  time  of  a 
specific  period  or  longer  by  blending  a  phenol  type  antioxidant  and  a  sulfur  type  antioxidant  with  the 
copolymer. 

In  the  following  Examples,  evaluations  were  made  according  to  the  methods  as  described  below: 
(1)  Melt  flow  rate  of  ethylene-a-olefin  copolymer  (MFR):  JIS  K6760; 

20  (2)  Melt  flow  rate  of  polypropylene  or  propylene-ethylene  random  copolymer  (MFR):  ASTM  D1238; 
(3)  Density:  JIS  K6760  (Density  gradient  column  method); 
(4)  Q-value:  value  of  weight  average  molecular  weight  measured  by  gel  permeation  chromatography  at 
140°C  in  o-di-chlorobenzene  solution  divided  by  number  average  molecular  weight; 
(5)  Melting  point:  5  mg  of  a  sample  is  sampled  from  a  sheet  with  a  thickness  of  1  mm  press  molded  at 

25  160°C,  set  on  a  DSC  device  (produced  by  Perkin  Elmer  Co.),  elevated  in  temperature  to  160°C, 
maintained  at  that  temperature  for  about  3  minutes,  and  then  cooled  down  to  30°  C  at  a  temperature 
dropping  rate  of  10°C/min.  Then,  of  the  melting  peaks  appearing  when  the  temperature  is  elevated  from 
this  state  to  160°C  at  an  elevation  rate  of  10°C/min.,  the  peak  temperature  of  the  maximum  peak  is 
defined  as  the  melting  point; 

30  (6)  Oxidation  induction  time:  in  a  platinum  sample  pan  of  a  differential  thermobalance  produced  by 
Rigaku  Denki  Co.,  5  mg  of  a  sample  with  a  thickness  of  0.5  mm  of  a  press  sheet  is  mounted,  elevated  in 
temperature  in  nitrogen  atmosphere  to  210  °C  and  then  oxidized  by  passing  oxygen  to  the  sample  at  a 
flow  rate  of  50  ml/min.  The  time  from  the  point  at  which  nitrogen  is  changed  over  to  oxygen  to  the  point 
at  which  the  temperature  of  the  sample  pan  begins  to  be  elevated  by  oxidation  heat  generation  is 

35  defined  as  the  oxidation  induction  time; 
(7)  High  molecular  weight  component  and  low  crystalline  component  therein:  by  use  of  a  gel  permeation 
chromatography  system  for  molecular  weight  fractionation  to  which  a  temperature  variable  column  for 
crystallinity  fractionation  is  connected,  cross  fractionation  capable  of  both  crystallinity  fractionation  and 
molecular  weight  fractionation  is  performed  with  o-dichlorobenzene  as  the  solvent  to  determine  the 

40  proportions  of  the  high  molecular  weight  component  with  molecular  weight  of  5x1  0+  or  more  and  the  low 
crystalline  component  therein  eluted  between  40  °  C  and  85  °  C; 
(8)  Spinnability:  a  nozzle  with  a  die  length  of  4.0  mm  and  a  die  diameter  of  2.1  mm  is  set  on  a  melt 
tension  tester  produced  by  Toyo  Seiki  Co.  and  7  g  of  a  sample  is  filled  therein.  After  the  temperature  is 
set  at  140°C,  a  piston  rod  is  permitted  to  fall  at  a  speed  of  5  mm  per  minute  to  extrude  the  molten 

45  strand.  The  strand  is  taken-up  by  passing  through  rolls  with  a  radius  of  70  mm  rotating  in  opposite 
directions.  The  rotational  speed  of  the  rolls  is  gradually  elevated,  and  the  take-up  speed  when  the  strand 
is  cut  is  determined  as  a  measure  of  spinnability; 
(9)  Hand  of  the  nonwoven  fabrics:  organoleptic  test  is  conducted  by  5  members. 

O:  judged  as  soft  by  all  the  members, 
50  A:  judged  as  soft  by  1  to  4  of  the  members, 

x:  judged  as  lacking  softness  by  all  the  members; 
(10)  Nonwoven  fabric  tenacity:  breaking  tenacity  (g)  is  measured,  according  to  JIS  L1085  (the  testing 
method  of  nonwoven  padding  cloth),  on  a  test  strip  of  50  mm  width  with  a  grip  interval  of  100  mm  and  a 
tensile  speed  of  300  mm/min.  Using  the  value  thus  obtained,  the  nonwoven  tenacity  (km)  is  determined 

55  by  the  following  formula: 
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N o n w o v e n  
f a b r i c  
t e n a c i t y  

B r e a k i n g   t e n a c i t y   ( g )  

U n i t   w e i g h t   o f  
n o n w o v e n   f a b r i c  
( g / m 2 )  

S a m p l e  
w i d t h  
(mm) 

(11)  Specific  volume:  calculated  from  the  unit  weight  of  nonwoven  fabric  (g/m2)  and  the  thickness 
io  determined  under  a  load  of  10  g/cm2;  and 

(12)  Intrinsic  viscosity:  measured  at  25  °C  by  use  of  a  1:1  solvent  mixture  of  phenol  and  ethane 
tetrachloride. 

Examples  1  -  6  and  Comparative  Examples  1  -  6 
15 

By  use  of  the  respective  ethylene-a-olefin  copolymer  compositions  polymerized  with  a  Ziegler  catalyst 
as  shown  in  Table  1  for  the  sheath  component  and  the  propylene  type  polymers  as  shown  in  the  same 
Table  for  the  core  component,  melt  spinning  was  performed  with  a  composite  ratio  of  sheath/core  of  50/50, 
through  a  sheath/core  type  composite  spinning  orifice  with  a  diameter  of  0.5  mm  at  an  extrusion 

20  temperature  of  260  °C  for  the  sheath  component,  and  300  °C  for  the  core  component  and  an  orifice 
temperature  of  270  °C  to  obtain  an  unstretched  fiber.  At  this  time,  feeding  of  the  core  component  was 
temporarily  stopped  and  only  the  sheath  component  was  spun  to  obtain  a  sample  for  measurement  of  MFR 
after  spinning. 

After  the  unstretched  fibers  were  drawn  to  form  composite  fibers  of  (2  denier)  0.22  tex  and  then  given 
25  mechanical  crimp,  they  were  cut  to  a  fiber  length  of  51  mm  to  obtain  staple  composite  fibers.  The 

characteristics  of  the  composite  fibers  are  shown  in  the  same  Table.  Next,  the  composite  fibers  were 
passed  through  a  carding  machine  to  form  fibrous  webs,  and  the  fibrous  webs  were  subjected  to  heat 
treatment  by  a  suction  band  type  dryer  at  a  temperature  in  the  range  of  125  °  C  to  145  °  C  as  shown  in  Table 
2  for  30  seconds  to  obtain  nonwoven  fabrics  shown  in  Table  2.  The  properties  of  the  nonwoven  fabrics  are 

30  shown  in  the  same  Table.  It  is  apparent  from  comparison  of  Examples  with  Comp.  Examples  that  Q-value 
should  be  preferably  smaller  and  those  of  Examples  are  excellent  in  spinnability  and  thermal  fusion  bonding 
characteristics  and  have  soft  hand  as  thermally  bonded  nonwoven  fabrics  and  dramatically  improved 
nonwoven  fabric  tenacity.  More  particularly,  nonwoven  fabrics  shown  in  Examples  not  only  exhibit  high 
nonwoven  fabric  tenacity  after  heat  treatment  at  135°C  or  higher,  but  also  exhibit  high  nonwoven  fabric 

35  tenacity  even  after  heat  treatment  at  lower  temperature  than  that  range,  namely  at  130°C.  Besides,  it  can 
be  appreciated  that  nonwoven  fabrics  with  soft  hand  can  be  obtained  over  such  heat  treatment  temperature 
region. 

40 

45 

50 

55 
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Fiber  preparation  examples  Fiber  preparation  comparative  examples 

5  1 3 « 5 1 2 3 4 5 6  

Antioxidant  (wt%) 
AO-2  0.05  0.05  0.05  0.05  0.05  0.05  0.05  -  0  05  0  05 A°-3  . . . . .   -  -  0.03  -  - AO-«  0.05  0.05  0.05  0.05  0.05  0.05  0.05  -  0.05  0.05 

10  MFR  (g/10  min.)  15.0  6.0  20  15.0  15  20  —  15  —  — 
Density  (g/cm»  0545  0.942  0545  -  -  0.960  0526  0545  -  -  

Q-value  (-)  3.3  3.5  -  3.3  5.5  4.2  3.6  3.3  -  -  

content  (wt.%)  ,  ,  2.5  Z.7  2.6  2.5  3.6  0.6  7.7  JL5  —  -» 
|  ffi-P-CC)  128  127  129  128  129  131  125  128  —  — 
o 
I"  SpinnabiUtydn/min.)  )500  410  >500  —  360  440  >500  —  •  _> S  1  ■ 
jc  High  molecular  weight 
«  component  (wt_%)  165  228  14<<  165  27.1  18.9  1JL2  16.5  —  — 
x: 

UwervsUlUne  14  6  23J  18.0  14.6  19.4  0  40.6  14.6  -  -  component  (vrt.%) 
Oxidation  induction ?5  time(minj  45  4 3 4 4 4 5   44  45  -   2J>  45  -  

MFR  after 
spinning  (g/10  min.)  14~*  BS  19  0  14-s  "J  19-4  18.6  12.8  14.4  14.3 

c  Thermoplastic  resin  pp  -»  _ » _ » _ »   EPP  pp 
30  . 1   MFR  (g/10  min.)  2 0 - -   -  -  _>  10 *"  ° S  °  m.p.CC)  16.5  -  -  -  -  -  -  -  145.6  165 

Take-up 
speed  (m/min.)  640  600  640  -  600  640  -  -  -  -  

35 £  Drawing  ratio  (tiroes)  4  0  4.4  4.0  4.0  4.4  4.0  4  0  4  0  4  0  4  0 
«u  . 
-tj*"  Sheath/core  50/50  -  -  35/65  50/50  -  —  -  -  30/70 o  composite  ratio r. E 
o  Fineness  (d)  2.0  —  —  —  -> '  -  1  1  1  1  1 

(Note) 

AO-3: 
ACM: 
PP: 

5  EPP: 

t-̂ -iiyui  uAjf-̂ -.u-uiiiieiny  loenzyi/jsocyanurate 
-octadecyl-Ji-(4*-hydroxy-3*,5,-di-t-butylphenyl)propionate 
i-myristy  1-3,  3'-thjo-di  -propionate 
olypropylenc 
ropylene-ethylene  random  copolymer  with  ethylene  content  of  4.8  wt.% 



EP  0  279  511  B1 

CD  _  „  CO  CO  CO  C"-  CD <°  f ix  t  '  i g S 0 . ^ ^   ^  O O O O O  Oqj  O O O O O  

P<  lO  rH  lO  CO  C3 
m  «°  f ix  t  •  i  8  SS  ^  "J  *~.  ^  O O O x x  
0>  g  <U  O O O O O  

"a.  , 
E  B"*  ^  "ti1  CO  CO  O  rH *  ~*  E x   t  »  «  S  9  °-  m-  ^  °°.  «J  O  O  O  <3  X 
o> 

-S 
9-  CO  _  ^  O  rH  CT>  r-< £  «  g  x  |  i i ^ c S - i   ^ « 2 « - :   O  O  <1  X  X cd  O  OJ  O O O O O  

6 
o  - O  9*  M  „  „  oo  io  co  en «  f ix   t  i  i  S S 0 ^ - ^ .   a ? « > 0 0 0 < ] < l  o  o)  o  o  o  o  

P.  rH  _  „  CO  rH  ITJ  N  CO 
-«  f ix   o  i  i S S < = >   .̂  < q » « > 0 0 0 0 < l  O  O  O O O O O  
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s»ipo  3"qEJ  U3A°W  U°N 

Examples  7  -  8  and  Comparative  Examples  7  -  8 

By  use  of  the  respective  ethylene-a-olefin  copolymer  compositions  shown  in  Table  3  (obtained  by 
polymerization  with  a  Ziegler  catalyst)  for  the  sheath  component  and  the  polyethyleneterephthalate  shown 

55  in  the  same  Table  for  the  core  component,  sheath/core  type  composite  unstretched  fibers  were  obtained  by 
performing  melt  spinning  through  a  sheath/core  type  composite  spinning  orifice  with  a  diameter  of  0.5  mm 
at  an  extrusion  temperature  for  the  sheath  component  of  270  °C,  an  extrusion  temperature  for  the  core 
component  of  295  °  C  and  an  orifice  temperature  of  285  °  C. 
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The  unstretched  fibers  were  drawn  at  80  °  C  at  drawing  ratios  shown  in  Table  3  and  given  mechanical 
crimp  and  then  cut  to  a  fiber  length  of  51  mm  to  obtain  staple  composite  fibers.  The  characteristics  of  the 
composite  fibers  are  shown  in  the  same  Table. 

Next,  after  the  composite  fibers  were  formed  into  fibrous  webs  by  passing  through  a  carding  machine, 
they  were  subjected  to  heat  treatment  at  a  temperature  in  the  range  of  125  °  C  to  145  °  C  as  shown  in  Table 
4  for  30  seconds,  by  passing  through  a  suction  band  type  dryer  to  obtain  nonwoven  fabrics  shown  in  Table 
4.  The  properties  of  the  nonwoven  fabrics  are  shown  in  the  same  Table. 

As  is  apparent  from  the  Table,  the  nonwoven  fabrics  shown  in  Examples  were  greater  nonwoven  fabric 
tenacity,  and  softer  hand  as  compared  with  those  shown  in  Comparative  Examples. 
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c 
c o 
§• 
o u 

a v X. CO 

6  7  7  8 

ioxidant  (wt.%) 
AO-2  0.05  0.05  0.05 
AO-3  -  o.03 
ACM  0.05  0.05  0.05 

Ft  (g/10  min.)  15  20  20  15 

usity  (g/cm"  0.945  0.945  0.926  0.945 
-value  (-)  3.3  35  36  33 
a-olefin  butene-1  butene-1  butene-1  butene-1 
tent  (wt.%)  2.5  2.6  7.7  2.5 

m.p.(*C)  128  129  125  128 

bility(m/min.)  £00  )500  >500  >500 
jlecular  weight 
*nent(wt.%)  »«■«  ".4  12.2  16.5 

crystalline  14  6  18  „  40  g  u  g onent(wt%) 

ion  induction 
me  (min.)  45  44  «  2-5 

(PR  after 
ng  (g/10  min.)  14  2  18-8  18.6  12.2 

oplastic  resin  pet  PET  PET  PET 

isic  viscosity  0.68  0.68  0.68  0.68 

m.p.  CC)  260  260  260  260 

Take-up 
sd  (m/min.)  860  860  860  860 

g  ratio  (times)  3.7  3.7  3.7  3  7 

eath/core 
posit*  ratio  50/50  50/50  50/50  50/50 

neness  (d)  2.0  2.0  2.0  2.0 

ris-(4-t-butyl-3-hydroxy-2,6-dimethylbemyl)isocyanurate 
leeyl-p^4'-hydroxy-3',5'-di-t-butylphenyl)propionate 
istyl-3,3'-thio-di-propionate 
tyleneterephthalaU 
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T a b l e   4 

C o m p a r a t i v e  
Example   and  Compara t i ve   E x a m p l e s   E x a m p l e s  

example   No.  1  j 
7  8  7  8  

Composite  fiber  (cor responding   ex  q  ex  7  comp.  c o m p .  
No.  in  Table  3)  "  "  ex.7  ex .8  

Mixing  ratio  (wt.%)  0  —  0  —  ■ 
to 

u  a  F ineness   (d)  _  
J=  -H  — 
0  Fiber  length  (mm)  _  

Uni t   weight   (g/m2)  31  30  29  3 1  

Specific  volume  (cm3/g)  75  72  70  71  

125  0.03  0.03  0.04  0 . 0 2  

Nonwoven  fabric  g  130  0.52  0.40  0.26  0 . 3 5  
e 

«  tenaci ty  (km)  g o   135  0.63  0.51  0.32  0 . 4 1  
U  U  w  
«  ( lateral   direction]  *  

g.  140  0.66  0.57  0.38  0 . 4 4  

|  » "   145  0.68  0.58  0.39  0 . 4 7  

*  125  O  O  O  O  
0  Hand  u  —  
*  g  130  O  O  O  O  

e  . 
S ?   135  O  O  O  O  
U  w  
^   140  O  O  A  O  

s u   145  O  O  A  A  

Examples  9-10  and  Comparative  Examples  9 - 1 0  

By  use  of  the  respective  ethylene-a-olefin  copolyemr  compositions  shown  in  stable  5  (obtained  by 
polymerization  with  a  Ziegler  catalyst)  for  the  first  component  and  the  polypropylene  shown  in  the  same 
Table  for  the  second  component,  side-by-side  type  composite  unstretched  fibers  were  obtained  by 
performing  melt  spinning  through  a  side-by-side  type  composite  spinning  orifice  with  a  diameter  of  0.5  mm 
at  an  extrusion  temperature  for  the  first  component  of  260  °C,  an  extrusion  temperature  for  the  core 
component  of  300  0  C  and  an  orifice  temperature  of  270  0  C. 

The  unstretched  fibers  were  drawn  at  90  0  C  at  drawing  ratios  shown  in  Table  5  and  driven  mechanical 
crimp  and  then  cut  to  a  fiber  length  of  51  mm  to  obtain  staple  composite  fibers.  The  characteristics  of  the 
composite  fibers  are  shown  in  the  same  Table. 

Next,  after  the  composite  fibers  were  formed  into  fibrous  webs  by  passing  through  a  carding  machine, 
they  were  subjected  to  heat  treatment  in  the  same  manner  as  the  preceding  examples  to  obtain  nonwoven 
fabrics  shown  in  Table  6.  The  properties  of  the  nonwoven  fabrics  are  shown  in  the  same  Table. 
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As  is  apparent  from  the  Table,  the  nonwoven  fabrics  shown  in  Examples  were  greater  nonwoven  fabric 
tenacity,  and  softer  hand  as  compared  with  those  shown  in  Comparative  Examples. 

5  Table  5 

Fiber  preparation  Fiber  preparation 
examples  comparative  examples 

10 
8  9  9  10 

Antioxidant  (wL%) 
AO-2  0.05  0.05  0.05 
AO-3  "  0.03 

15 
AO-4  005  005  0.05 

MFR  (g/10  min.)  15.0  6.0  20  15 

Density  (g/cm"  0.945  0.942  0.926  0.945 
20  Q-value  (-)  3.3  3.5  3.6  3.3 

a-olefin  butene-1  -»■  butene-1  -<■ 
content  (wL%)  2.5  2.7  7.7  2.5 

„  g  m.p.CC)  128  127  125  128 
0 
|-  Sp:nnability(m/min.)  )500  410  >500  )500 Q U 
u  High  molecular  weight 
2  component  (wt*)  165  228  122  165 
•U 

30  Low  crystalline  14  6  23  3  40  6  14  6 
component  (wt.%) 

Oxidation  induction 
time  (min.)  45  43  45  2.5 

MFR  after 
35  spinning  (g/10  min.)  14  4  6  9  18  8  12  9 

*j  Thermoplastic  resin  pp  _»  pp  _> u c 
1  g.  MFR  (g/10  min.)  20  20 0  a 0  0 

40  "  °  m.p.CO  165  -►  165 

Take-up 
speed  (m/min.)  640  600  640  640 

Jj  Drawing  ratio  (times)  4.0  4.4  4.0  4.0 
u  j>  —  —   _   —  —  ̂—  ̂—  —  _  —  —  

45  •-<  <m  First  component/second 
0  component  50/50  -►  50/50  -» 
6  composite  ratio 
0 

Fineness  (d)  2.0  —  »  2.0  -* 

50 
(Note) 
AO-2:  l,3,5-triŝ 4-t-butyl-3-hydroxy-2,6-dimethylbenzyl)isocyanurate 
AO-3:  n-octadecyl-B-(4'-nydroxy-3',5'-di-t-butylphenyl)propionate 
AO-4:  di-myristyl-3,3'-thio-di-propionat« 
PP:  polypropylene 
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T a b l e   6 

5  C o m p a r a t i v e  
Example   and  C o m p a r a t i v e   E x a m p l e s   E x a m p l e s  

9  10  9  10  

Composite  fiber  (cor responding   ex  g  ex  9  comp.  comp.  
No.  in  Table  5)  "  '  ex.9  ex .10  

Mixing  ratio  (wt.%)  0  —  0  —  - 
15 01 

a  F ineness   (d)  _  _  _  _  u  jo OJ  .̂ 1 
g  Fiber  length  (mm)  _  _  _  _  

20 
Uni t   weight   (g/m2)  32  30  29  3 0  

Specific  volume  (cm3/g)  61  66  44  59  

25  125  0.04  0.03  0.08  0 . 0 2  
u 

Nonwoven  fabric  S  130  0.75  0.70  0.59  0 .51  

.2  tenaci ty   (km)  So°  135  0.91  0.89  0.68  0 . 6 5  
u  u  ^  

10  «°  4-1  • 
£  ( la teral   direction)  u  g-  140  0.98  0.95  0.69  0 .70  
c  ej  o> 
£  «  145  1.05  0.99  0.72  0 .71  
0 
I  nan^  125  O  O  O  O  

^  g  Hand  u  Z  S  130  O  O  O  O  
E 
S.°  135  O  O  A  O  

40  *j  e  140  O  O  A  O  

w  ^  
145  A  O  X  A  

45 
Claims 

1.  A  thermally  bonded  nonwoven  fabric  with  a  unit  weight  of  10  to  40  g/m2,  comprising  20  to  100%  by 
weight  of  composite  fibers  with  a  fineness  of  0.06  to  0.89  tex  (0.5  to  8  denier)  and  80  to  0%  by  weight 

50  of  other  fibers  as  the  constituent  fibers,  the  composite  fibers  comprising  a  first  component  and  a 
second  component,  wherein  the  first  component  is  an  ethylene-a-olefin  copolymer  composition  with  the 
ethylene-a-olefin  copolymer  having  a  Q-value  (weight  average  molecular  weight/number  average 
molecular  weight)  of  4  or  less,  with  a  constitutional  ratio  (sectional  area  ratio)  of  the  first  component  to 
the  second  component  being  35:65  to  70:30,  said  first  component  of  the  composite  fiber  forming  at 

55  least  a  proportion  of  the  fiber  surface  continuously  along  the  length  of  each  fiber  and  adhering  through 
melting  mutually  the  constituent  fibers,  characterised  in  that  the  ethylene-a-olefin  copolymer  comprises 
1  .5  to  4%  by  weight  of  a-olefin  having  four  carbon  atoms,  or  0.7  to  3.5%  by  weight  of  a-olefin  having  5 
to  7  carbon  atoms,  or  0.5  to  3%  by  weight  of  a-olefin  having  8  to  12  carbon  atoms,  blended  with  0.01 
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to  0.3%  by  weight  of  a  phenol  type  antioxidant  and  0.01  to  0.3%  by  weight  of  a  sulfur  type  antioxidant, 
a  density  of  0.940  to  0.948  g/cm3,  a  melt  flow  rate  of  5  to  30  g/10  min.  and  an  oxidation  induction  time 
at  210  °C  of  10  min.  or  longer,  and  the  second  component  is  a  thermoplastic  resin  having  a  melting 
point  higher  by  at  least  20  °  C  than  that  of  the  first  component. 

5 
2.  The  thermally  bonded  nonwoven  fabric  according  to  claim  1,  wherein  the  ethylene-a-olefin  has  been 

polymerized  using  an  ionic  polymerization  catalyst. 

3.  The  thermally  bonded  nonwoven  fabric  according  to  any  of  the  preceding  claims,  wherein  the  a-olefin 
io  having  4  to  12  carbon  atoms  is  a  member  selected  from  the  group  consisting  of  butene-1,  hexene-1,  4- 

methylpentene-1  and  octene-1  . 

4.  The  thermally  bonded  nonwoven  fabric  according  to  any  of  the  preceding  claims,  wherein  the  ethylene- 
a-olefin  copolymer  contains  8  to  25%  by  weight  of  a  high  molecular  weight  component  of  5x1  0+  or 

is  more,  which  high  molecular  weight  component  contains  10  to  35%  by  weight  of  a  low  crystalline 
component. 

5.  The  thermally  bonded  nonwoven  fabric  according  to  any  of  the  preceding  claims,  wherein  the  phenol 
type  antioxidant  is  a  compound  selected  from  the  group  consisting  of  n-octadecyl-(/H4'-hydroxy-3',5'- 

20  di-t-butylphenyl)propionate,  tris(3,5-di-t-butyl-4-hydroxybenzyl)isocyanurate,  1  ,3,5-tris(4-t-butyl-3- 
hydroxy-2,6-dimethylbenzyl)isocyanurate. 

6.  The  thermally  bonded  nonwoven  fabric  according  to  any  of  the  preceding  claims,  wherein  the  sulfur 
type  antioxidant  is  a  compound  selected  from  the  group  consisting  of  di-myristyl-3,3'-thio-di-propionate, 

25  di-lauryl-3,3'-thio-di-propionate,  di-stearyl-3,3'-thio-di-propionate,  lauryl-stearyl-3,3'-thio-di-propionate, 
penta-erytrid-tetra(/Hauryl-thiopropionate). 

7.  The  thermally  bonded  nonwoven  fabric  according  to  any  of  the  preceding  claims,  wherein  the 
thermoplastic  resin  used  as  the  second  component  of  the  composite  fiber  is  a  resin  selected  from  the 

30  group  consisting  of  a  propylene  polymer,  polyamide  and  polyester. 

8.  The  thermally  bonded  nonwoven  fabric  according  to  claim  7,  wherein  the  propylene  polymer  is  an 
isotactic  polypropylene,  propylene-ethylene  block  copolymer  or  propylene-ethylene  random  copolymer, 
the  polyamide  is  6-nylon,  66-nylon  or  11  -nylon,  and  the  polyester  is  polyethyleneterephthalate  or 

35  polytetramethyleneterephthalate. 

9.  The  thermally  bonded  nonwoven  fabric  according  to  claim  7,  wherein  the  thermoplastic  resin  is  a 
propylene  polymer  having  melt  flow  rate  of  5  to  500g/10min. 

40  10.  The  thermally  bonded  nonwoven  fabric  according  to  any  of  the  preceding  claims,  wherein  the 
thermoplastic  resin  has  a  melting  point  of  150°  C  or  higher. 

11.  The  thermally  bonded  nonwoven  fabric  according  to  any  of  the  preceding  claims,  wherein  said  other 
fibers  have  fineness  of  1.1  tex  (10  denier)  or  lower. 

45 
12.  The  thermally  bonded  nonwoven  fabric  according  to  any  of  the  preceding  claims,  wherein  said  other 

fibers  are  selected  from  the  group  consisting  of  cotton  fibers,  viscose  rayon  fibers,  polyester  fibers, 
polypropylene  fibers,  acrylic  fibers  and  the  mixtures  thereof. 

so  Patentanspruche 

1.  Thermisch  gebondetes  Faservlies  mit  einem  Raumgewicht  von  10  bis  40  g/cm2  umfassend 
20  bis  100  Gew.%  Verbundfasern  mit  einer  Feinheit  von  0,06  bis  0,89  Tex  (0,5  bis  8  Denier);  und  80 
bis  0  Gew.%  andere  Fasern  als  Faserbestandteil,  wobei  die  Verbundfasern  eine  erste  Komponente  und 

55  eine  zweite  Komponente  enthalten,  die  erste  Komponente  eine  Ethylen-alpha-Olefin-Copolymer-Zusam- 
mensetzung  mit  dem  Ethylen-alpha-Olefin-Copolymer  ist,  das  einen  Q-Wert  (Gewichtsmittel  des  Mole- 
kulargewichts/Zahlenmittel  des  Molekulargewichts)  von  4  oder  weniger  hat;  das  Konstitutionsverhaltnis 
(sektionales  Bereichsverhaltnis)  der  ersten  Komponente  zu  der  zweiten  Komponente  von  35:65  bis 
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70:30  ist;  die  erste  Komponente  der  Verbundfasern  mindestens  einen  Teil  der  Faseroberflache 
kontinuierlich  entlang  der  Lange  jeder  Faser  bildet  und  die  Fasern  des  Faserbestandteils  durch 
Schmelzen  miteinander  verklebt  sind, 
dadurch  gekennzeichnet,  dal3  das  Ethylen-alpha-Olefin-Copolymer  1  ,5  bis  4  Gew.%  alpha-Olefin  mit  4 

5  Kohlenstoffatomen,  oder  0,7  bis  3,5  Gew.%  alpha-Olefin  mit  5  bis  7  Kohlenstoffatomen,  oder  0,5  bis  3 
Gew.%  alpha-Olefin  mit  8  bis  12  Kohlenstoffatomen,  vermischt  mit  0,01  bis  0,3  Gew.%  eines 
Antioxidans  vom  Phenoltyp  und  0,01  bis  0,3  Gew.%  eines  Antioxidans  vom  Schwefeltyp  enthalt;  eine 
Dichte  von  0,940  bis  0,948  g/cm3,  eine  FlieBfahigkeit  von  5  bis  30  g/10  min  und  eine  Oxidationsinduk- 
tionszeit  bei  210  °C  von  10  min  oder  mehr  aufweist;  und  die  zweite  Komponente  ein  thermoplastisches 

io  Harz  ist,  dessen  Schmelzpunkt  mindestens  20  °C  hoher  als  jener  der  ersten  Komponente  ist. 

2.  Thermisch  gebondetes  Faservlies  nach  Anspruch  1,  bei  dem  das  Ethylen-alpha-Olefin  unter  Verwen- 
dung  eines  ionischen  Polymerisationskatalysators  polymerisiert  wurde. 

is  3.  Thermisch  gebondetes  Faservlies  nach  einem  der  vorangehenden  Anspruche,  bei  dem  das  alpha- 
Olefin,  das  4  bis  12  Kohlenstoffatome  hat,  ein  aus  der  aus  Buten-(1),  Hexen-(1),  4-Methylpenten-(1)  und 
Octen-(1)  bestehenden  Gruppe  ausgewahltes  Glied  ist. 

4.  Thermisch  gebondetes  Faservlies  nach  einem  der  vorangehenden  Anspruche,  bei  dem  das  Ethylen- 
20  alpha-Olefin-Copolymer  8  bis  25  Gew.%  einer  Komponente  mit  einem  hohen  Molekulargewicht  von  5  x 

10+  oder  mehr  enthalt,  wobei  die  Komponente  mit  hohem  Molekulargewicht  10  bis  35  Gew.%  einer 
Komponente  mit  niedriger  Kristallinitat  enthalt. 

5.  Thermisch  gebondetes  Faservlies  nach  einem  der  vorangehenden  Anspruche,  bei  dem  das  Antioxidans 
25  des  Phenoltyps  eine  Verbindung  ist,  die  aus  der  aus  n-Octadecyl-(/H4'-hydroxy-3',5'-di-t-butylphenyl)- 

propionat,  Tris(3,5-di-t-butyl-4-hydroxybenzyl)isocyanurat;  1  ,3,5-Tris(4-t-butyl-3-hydroxy-2,6-dimethyl- 
benzyl)isocyanurat  bestehenden  Gruppe  ausgewahlt  ist. 

6.  Thermisch  gebondetes  Faservlies  nach  einem  der  vorangehenden  Anspruche,  bei  dem  das  Antioxidans 
30  vom  Schwefeltyp  eine  Verbindung  ist,  die  aus  der  aus  Di-myristyl-3,3'-thiodipropionat,  Di-lauryl-3,3'- 

thiodipropionat,  Di-stearyl-3-3'-thiodipropionat,  Lauryl-stearyl-3,3'-thiodipropionat,  Pentaerythrittetra(/3- 
lauryl-thiopropionat)  bestehenden  Gruppe  ausgewahlt  ist. 

7.  Thermisch  gebondetes  Faservlies  nach  einem  der  vorangehenden  Anspruche,  bei  dem  das  als  zweite 
35  Komponente  der  Verbundfaser  verwendete  Harz  aus  der  aus  Propylenpolymer,  Polyamid  und  Polyester 

bestehenden  Gruppe  ausgewahlt  ist. 

8.  Thermisch  gebondetes  Faservlies  nach  Anspruch  7,  bei  dem  das  Propylenpolymer  ein  isotaktisches 
Polypropylen,  ein  Propylen-Ethylen-Blockcopolymer  oder  ein  statistisches  Propylen-Ethylen-Copolymer 

40  ist;  das  Polyamid  6-Nylon,  66-Nylon  oder  11  -Nylon  ist;  und  das  Polyester  Polyethylenterephthalat  oder 
Polytetramethylenterephthalat  ist. 

9.  Thermisch  gebondetes  Faservlies  nach  Anspruch  7,  bei  dem  das  thermoplastische  Harz  ein  Propylen- 
polymer  mit  einer  FlieBfahigkeit  von  5  bis  500  g/10  min  ist. 

45 
10.  Thermisch  gebondetes  Faservlies  nach  einem  der  vorangehenden  Anspruche,  bei  dem  das  thermopla- 

stische  Harz  einen  Schmelzpunkt  von  150°C  oder  hoher  hat. 

11.  Thermisch  gebondetes  Faservlies  nach  einem  der  vorangehenden  Anspruche,  bei  dem  die  anderen 
50  Fasern  eine  Feinheit  von  1,1  Tex  (10  Denier)  oder  weniger  haben. 

12.  Thermisch  gebondetes  Faservlies  nach  einem  der  vorangehenden  Anspruche,  bei  dem  die  anderen 
Fasern  aus  der  aus  Baumwollfasern,  Viskosefasern,  Polyesterfasern,  Polypropylenfasern,  Acrylfasern 
und  Gemischen  der  genannten  bestehenden  Gruppe  ausgewahlt  sind. 

55 
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Revendicatlons 

1.  Tissu  non  tisse  obtenu  par  liaison  thermique,  ayant  une  masse  unitaire  de  10  a  40  g/m2,  comprenant 
de  20  a  100  %  en  poids  de  fibres  composites  ayant  un  titre  de  0,06  a  0,89  tex  (0,5  a  8  denier)  et  de 

5  80  a  0  %  en  poids  d'autres  fibres  servant  de  fibres  constituantes,  les  fibres  composites  comprenant  un 
premier  composant  et  un  deuxieme  composant,  ou  le  premier  composant  est  une  composition  d'un 
copolymere  de  I'ethylene  et  d'une  a-olefine,  ayant  une  valeur  Q  (rapport  de  la  masse  moleculaire 
moyenne  en  poids  a  la  masse  moleculaire  moyenne  en  nombre)  de  4  ou  moins,  et  ayant  un  rapport  de 
constitution  (rapport  des  aires  transversales)  du  premier  composant  au  deuxieme  composant  compris 

io  entre  35:65  et  70:30,  le  premier  composant  de  la  fibre  composite  formant  au  moins  une  certaine 
proportion  de  la  surface  de  la  fibre,  en  continu  le  long  de  chaque  fibre,  et  adherant  par  fusion  mutuelle 
des  fibres  constituantes,  caracterise  en  ce  que  le  copolymere  de  I'ethylene  et  d'une  a-olefine  contient 
de  1,5  a  4  %  en  poids  d'une  a-olefine  ayant  4  atomes  de  carbone,  ou  de  0,7  a  3,5  %  en  poids  d'une 
a-olefine  ayant  de  5  a  7  atomes  de  carbone,  ou  de  0,5  a  3  %  en  poids  d'une  a-olefine  ayant  de  8  a  12 

is  atomes  de  carbone,  en  melange  avec  0,01  a  0,3  %  en  poids  d'un  oxydant  de  type  phenol  et  de  0,01  a 
0,3  %  en  poids  d'un  oxydant  de  type  sulfure,  avec  une  masse  volumique  de  0,940  a  0,948  g/cm3,  un 
indice  de  fluidite  de  5  a  30  g/10  mn  et  un  temps  d'induction  de  I'oxydation  a  210  °C  de  10  min  ou  plus, 
le  deuxieme  composant  etant  une  resine  thermoplastique  ayant  un  point  de  fusion  superieur  d'au  moins 
20  °C  a  celui  du  premier  composant. 

20 
2.  Tissu  non  tisse  obtenu  par  liaison  thermique  selon  la  revendication  1,  dans  lequel  le  copolymere  de 

I'ethylene  et  d'une  a-olefine  a  ete  polymerise  a  I'aide  d'un  catalyseur  de  polymerisation  ionique. 

3.  Tissu  non  tisse  obtenu  par  liaison  thermique  selon  I'une  quelconque  des  revendications  precedentes, 
25  dans  lequel  I'a-olefine  ayant  de  4  a  12  atomes  de  carbone  est  un  compose  choisi  dans  le  groupe 

comprenant  le  butene-1  ,  l'hexene-1  ,  le  4-methylpentene-1  et  l'octene-1  . 

4.  Tissu  non  tisse  obtenu  par  liaison  thermique  selon  I'une  quelconque  des  revendications  precedentes, 
dans  lequel  le  copolymere  de  I'ethylene  et  d'une  a-olefine  contient  de  8  a  25  %  en  poids  d'un 

30  composant  a  grande  masse  moleculaire  egale  a  5x1  0+  ou  plus,  lequel  composant  a  grande  masse 
moleculaire  contient  de  10  a  35  %  en  poids  d'un  composant  a  faible  cristallinite. 

5.  Tissu  non  tisse  obtenu  par  liaison  thermique  selon  I'une  quelconque  des  revendications  precedentes, 
dans  lequel  I'anti-oxydant  de  type  phenol  est  un  compose  choisi  dans  le  groupe  comprenant  le  (0-4'- 

35  hydroxy-3',5'-di-t-butylphenyl)propionate  de  n-octadecyle,  I'isocyanurate  de  tris(3,5-di-t-butyl-4-hydroxy- 
benzyle)  et  I'isocyanurate  de  1  ,3,5-tris-(4-t-butyl-3-hydroxy-2,6-dimethylbenzyle). 

6.  Tissu  non  tisse  obtenu  par  liaison  thermique  selon  I'une  quelconque  des  revendications  precedentes, 
dans  lequel  I'anti-oxydant  de  type  soufre  est  un  compose  choisi  dans  le  groupe  comprenant  le  3,3'- 

40  thio-di-propionate  de  di-myristyle,  le  3,3'-thio-di-propionate  de  di-lauryle,  le  3,3'-thio-di-propionate  de  di- 
stearyle,  le  3,3'-thio-di-propionate  de  lauryl-stearyle  et  le  tetra(/Haurylthiopropionate)  de  penta-erythri- 
tol. 

7.  Tissu  non  tisse  obtenu  par  liaison  thermique  selon  I'une  quelconque  des  revendications  precedentes, 
45  dans  lequel  la  resine  thermoplastique  utilisee  comme  deuxieme  composant  de  la  fibre  composite  est 

une  resine  choisie  dans  le  groupe  comprenant  les  polymeres  du  propylene,  les  polyamides  et  les 
polyesters. 

8.  Tissu  non  tisse  obtenu  par  liaison  thermique  selon  la  revendication  7,  dans  lequel  le  polymere  du 
50  propylene  est  un  polypropylene  isotactique,  un  copolymere  sequence  du  propylene  et  de  I'ethylene  ou 

un  copolymere  statistique  du  propylene  et  de  I'ethylene,  le  polyamide  et  le  nylon  6,  le  nylon  66  ou  le 
nylon  1  1  ,  et  le  polyester  est  le  poly(terephtalate  d'ethylene)  ou  le  poly(terephtalate  de  tetramethylene). 

9.  Tissu  non  tisse  obtenu  par  liaison  thermique  selon  la  revendication  7,  dans  lequel  la  resine  thermoplas- 
55  tique  est  un  polymere  du  propylene  ayant  un  indice  de  fluidite  de  5  a  500  g/10  mn. 

10.  Tissu  non  tisse  obtenu  par  liaison  thermique  selon  I'une  quelconque  des  revendications  precedentes, 
dans  lequel  la  resine  thermoplastique  a  un  point  de  fusion  de  150  °C  ou  plus. 

18 



EP  0  279  511  B1 

1.  Tissu  non  tisse  obtenu  par  liaison  thermique  selon  I'une  quelconque  des  revendications  precedentes, 
dans  lequel  les  autres  fibres  ont  un  titre  de  1,1  tex  (10  denier)  ou  moins. 

2.  Tissu  non  tisse  obtenu  par  liaison  thermique  selon  I'une  quelconque  des  revendications  precedentes, 
dans  lequel  les  autres  fibres  sont  choisies  dans  le  groupe  comprenant  les  fibres  de  coton,  les  fibres  de 
viscose-rayonne,  les  fibres  de  polyester,  les  fibres  de  polypropylene,  les  fibres  acryliques  et  leurs 
melanges. 
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