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Description 

The  present  invention  relates  to  a  process  for 
making  a  densified  fibrous  structure  from  a  mul- 
tiplicity  of  first,  nonflammable,  nonlinear,  resilient, 
elongatable,  substantially  irreversibly  heat-set,  car- 
bonaceous  polymeric  fibers  by  locking  together  the 
fibers  with  second  fibers  of  a  carbonaceous  poly- 
meric  precursor  material,  and  then  heat  treating  the 
entire  structure  to  heat-set  the  second  fibers. 

The  fibrous  structure  of  the  present  invention 
has  utility  in  thermal  and/or  sound  insulation  ap- 
plications  and  in  filtration.  The  structures  are  den- 
sified  and  are  characterized  by  having  good  shape 
and  volume  retention  and  are  structurally  stable  to 
numerous  compression  and  unloading  cycles. 
Those  structures  having  a  relatively  high  densifica- 
tion  (as  compared  to  undensified  structures)  sur- 
prisingly  have  a  felt-like  appearance  and  few 
broken  fibers. 

A  multiplicity  of  the  carbonaceous  fibers  are 
used  to  form  a  wool-like  fluff,  felt,  web,  blanket, 
batting,  or  the  like,  and  are  hereinafter,  for  reasons 
of  brevity,  generally  referred  to  as  a  "fibrous  struc- 
ture".  Where  the  fibrous  structure  is  densified  as 
by  implantation  with  a  second  fiber,  the  structure  is 
generally  referred  to  herein  as  a  "densified  fibrous 
structure"  or  simply  as  a  "densified  structure". 

The  term  "implanting"  used  herein  generally 
refers  to  a  method  of  entangling,  intermingling  or 
interlocking  of  fibers.  Preferably,  the  fibrous  struc- 
ture  of  first  fibers  is  densified  by  stitch  locking  the 
fibrous  structure  with  the  second  fiber. 

For  many  high  temperature  insulation  applica- 
tions,  it  is  desirable  to  make  a  fibrous  structure, 
i.e.,  a  wool-like  fluff,  or  batting,  of  a  higher  den- 
sification  such  that  it  will  retain  its  integrity  and  its 
densified  structure  over  prolonged  periods  of  expo- 
sure  to  high  temperatures.  Densified  structures  are 
usable  at  temperatures  greater  than  400  °  C  and  will 
maintain  their  good  mechanical  and  physical  char- 
acteristics. 

Nonflammable,  nonlinear,  resilient  carbona- 
ceous  fibers  that  are  suitable  for  making  the  fibrous 
structures  of  the  invention  are  described  in  Eu- 
ropean  Patent  Publication  No.  0199567,  published 
October  29,  1986,  entitled  "Carbonaceous  Fibers 
with  Spring-Like  Reversible  Deflection  and  Method 
of  Manufacture,"  by  McCullough  et  al.  Prior  to  the 
present  invention,  it  has  not  been  possible  to  per- 
manently  density  a  fibrous  structure  of  the  afore- 
mentioned  nonlinear  carbonaceous  fibers  and  to 
maintain  the  integrity  of  the  densified  fibrous  struc- 
ture  at  temperatures  higher  than  400  °  C. 

At  temperatures  greater  than  400  °C,  fibers 
made  from  the  above-mentioned  carbonaceous 
polymeric  material  (including  non-flammable  p-ar- 
amid  fibers)  decompose  and,  accordingly,  the  fi- 

brous  structure  loses  its  integrity.  It  is  therefore  of 
considerable  advantage  to  be  able  to  permanently 
density  and  lock  a  fibrous  structure  together  with  a 
polymeric  fiber  which  does  not  lose  its  physical 

5  properties  at  elevated  temperatures. 
U.S.  Patent  No.  4,628,846  to  Vives  discloses 

an  apparatus  which  may  be  utilized  to  prepare  the 
fibrous  structures  of  the  invention. 

The  present  invention  is  directed  to  a  densified 
io  fibrous  structure  comprising  a  multiplicity  of  non- 

flammable,  nonlinear,  substantially  irreversibly 
heat-set,  first  carbonaceous  polymeric  fibers, 
wherein  the  first  fibers  are  resilient,  shape  reform- 
ing,  and  elongatable,  and  have  a  reversible  deflec- 

75  tion  ratio  of  greater  than  1.2:1  and  an  aspect  ratio 
greater  than  10:1,  and  at  least  one  second  nonflam- 
mable,  substantially  irreversibly  heat-set,  carbona- 
ceous  polymeric  fiber,  yarn  or  tow  implanted  in  a 
densified  interlocking  relationship  with  said  first  fi- 

20  bers  for  forming  an  interlocked  fibrous  structure. 
Preferably,  the  present  invention  resides  in  a 

fibrous  structure,  wherein  the  first  carbonaceous 
fibers  have  a  sinusoidal  or  coil-like  configuration 
and  the  fibrous  structure  is  in  the  form  of  at  least 

25  one  layer  of  a  nonwoven,  wool-like  fluff,  batting  or 
webbing,  and  said  second  carbonaceous  fiber,  yarn 
or  tow  has  a  linear  or  nonlinear  configuration  and  a 
higher  denier  than  said  first  carbonaceous  fibers. 

Advantageously,  the  second  interlocking  car- 
30  bonaceous  fibers  are  chemically  similar  or  identical 

to  the  first  carbonaceous  fibers  of  the  fibrous  struc- 
ture. 

The  invention  further  relates  to  a  densified  fi- 
brous  structure  having  a  bulk  density  of  from  4.8  to 

35  32  kg/m3. 
The  present  invention  also  relates  to  a  method 

for  forming  a  fibrous  structure  of  a  multiplicity  of 
nonflammable,  nonlinear,  substantially  irreversibly 
heat-set,  first  carbonaceous  polymeric  fibers,  com- 

40  prising  the  steps  of  implanting  into  the  first  fibers  at 
least  one  non-heat-set  second  carbonaceous  poly- 
meric  fiber,  yarn  or  tow  in  an  interlocking  relation- 
ship  with  said  first  fibers,  and  then  heat  treating  the 
fibrous  structure  in  an  inert  atmosphere  to  heat-set 

45  said  interlocking  second  fiber,  yarn  or  tow. 
The  process  of  the  invention  also  permits  the 

blending  of  the  fibrous  structure  of  the  first  fibers 
with  larger  diameter  second  carbonaceous  poly- 
meric  precursor  fibers  which  have  greater  shear 

50  resistance  in  the  implantation,  e.g.,  needle  punch- 
ing  operation.  Carbonaceous  fibers  having  a  rela- 
tively  larger  denier  may  also  be  provided  for  great- 
er  mechanical  strength. 

In  accordance  with  a  preferred  embodiment  of 
55  the  invention,  a  fibrous  structure  of  the  first  heat- 

set,  nonlinear,  carbonaceous  polymeric  fibers  is 
implanted  by  needle  punching  with  the  second 
fiber,  yarn  or  tow  made  from  a  carbonaceous  pre- 

2 
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cursor  material  to  increase  the  bulk  density  and 
mechanical  strength  of  the  fibrous  structure.  The 
needle  punching  causes  the  second  fibers  to  form 
loops  in  the  fibrous  structure. 

The  heat  treatment  of  the  fibrous  structure  then 
hooks  in  the  looped  stitch.  A  high  degree  of  needle 
punching  can  be  used  to  produce  a  densified 
structure  which,  after  heat  treatment,  has  a  felt-like 
feel  and  appearance. 

In  accordance  with  a  further  embodiment  of  the 
invention  two  or  more  fibrous  structures,  such  as 
battings,  may  be  joined  together.  The  fibers  of  one 
batting  can  be  utilized  as  the  interlocking  fibers  for 
the  other  batting. 

The  first  carbonaceous  fibers  preferably  pos- 
sess  a  sinusoidal  or  a  coil-like  configuration  or  a 
more  complicated  structural  combination  of  the 
two.  These  first  fibers  may  also  include  linear, 
heat-set,  carbonaceous  polymeric  fibers. 

The  carbonaceous  fibers  that  are  employed  in 
the  present  invention  have  a  carbon  content  of  at 
least  65  percent,  a  nitrogen  content  of  from  5  to  35 
percent  and  an  LOI  value  of  greater  than  40.  These 
fibers  are  particularly  identified  by  their  degree  of 
carbonization  and/or  their  degree  of  electrical  con- 
ductivity  in  the  determination  of  the  particular  use 
for  which  they  are  most  suited. 

The  first  carbonaceous  fibers,  or  matrix  fibers, 
are  prepared  by  heat  treating  a  suitable  stabilized 
carbonaceous  polymeric  precursor  material  such 
as  that  derived  from  stabilized  polyacrylonitrile 
(PAN)  based  materials  or  pitch  based  materials, 
i.e.,  materials  derived  from  petroleum  or  coal  tar 
pitch,  or  other  polymeric  materials  which  can  be 
converted  into  carbonaceous  fibers  or  fiber  struc- 
tures  which  are  nonflammable  and  thermally  stable. 

For  example,  in  the  case  of  PAN  based  fibers, 
the  fibers  are  formed  by  melt  or  wet  spinning  a 
suitable  fluid  of  a  precursor  material  and  having  a 
nominal  diameter  of  from  4  to  25  micrometers.  The 
fibers  are  collected  as  an  assembly  of  a  multiplicity 
of  continuous  filaments  in  tows  and  stabilized  by 
oxidation,  in  the  case  of  PAN  based  fibers,  in  the 
conventional  manner.  The  stabilized  fibers,  tows  or 
staple  yarn  (made  from  chopped  or  stretch  broken 
fiber  staple)  are  thereafter  formed  into  a  coil-like 
and/or  sinusoidal  form  by  knitting  the  fiber,  tow  or 
yarn  into  a  fabric  or  cloth  (recognizing  that  other 
fabric  forming  and  coil  forming  methods  can  be 
employed). 

The  so-formed  fabric  or  cloth  is  thereafter  heat 
treated,  in  a  relaxed  and  unstressed  condition,  at  a 
temperature  of  from  525  °C  to  750  °C,  in  an  inert 
atmosphere,  for  a  period  of  time  to  produce  a  heat 
induced  thermoset  reaction  wherein  additional 
cross-linking  and/or  a  cross-chain  cyclization  reac- 
tion  occurs  between  the  original  polymer  chain.  At 
the  lower  temperature  range  of  from  150°C  to 

525  °C,  the  fibers  are  provided  with  a  varying  de- 
gree  of  temporary  to  permanent  set  while  in  the 
upper  range  of  temperatures  of  525  °C  to  750  °C, 
the  fibers  are  provided  with  a  substantially  perma- 

5  nent  or  irreversible  heat-set  configuration.  What  is 
meant  by  "permanent"  or  "irreversible  heat-set"  is 
that  the  carbonaceous  fibers  possess  a  degree  of 
irreversibility  where  the  nonlinear  fibers,  when 
stretched  to  a  substantially  linear  shape,  without 

io  exceeding  their  internal  tensile  strength,  will  revert 
to  their  nonlinear  configuration  once  the  stress  on 
the  fiber  is  released.  Fibers  that  are  heat  treated  in 
accordance  with  the  above  procedure  can  be 
stretched  to  a  substantially  linear  configuration  and 

is  upon  release  will  revert  to  their  unstressed  non- 
linear  configuration.  Such  stretching  of  the  fiber  can 
be  conducted  over  many  cycles  without  breaking 
the  fiber,  such  being  the  case  even  if  additional 
tension  (without  exceeding  the  fibers  tensile 

20  strength)  is  applied  to  the  fiber  once  the  fiber  is  in 
a  substantially  linear  configuration. 

It  is,  of  course,  to  be  understood  that  the  fibers 
may  be  initially  heat  treated  at  the  higher  range  of 
temperatures,  provided  that  the  heat  treatment  is 

25  conducted  while  the  coil-like  and/or  sinusoidal  fi- 
bers  are  in  a  relaxed  or  unstressed  state  and  under 
an  inert,  nonoxidizing  atmosphere.  As  a  result  of 
the  higher  temperature  treatment  of  from  525  °  C  to 
750  °C,  a  permanently  set,  sinusoidal  or  coil-like 

30  configuration  is  imparted  to  the  fibers,  tow  or  yarn. 
The  resulting  fibers,  tow  or  yarn,  having  the  non- 
linear  structural  configurations,  which  may  be  de- 
rived  by  deknitting  a  knitted  cloth,  are  subjected  to 
other  methods  of  treatment,  known  in  the  art,  to 

35  create  an  opening,  a  procedure  in  which  the  tow  or 
the  fibers  of  the  cloth  are  separated  into  an  entan- 
gled,  wool-like  fluffy  material  in  which  the  individual 
fibers  retain  their  coil-like  or  sinusoidal  configura- 
tion,  yielding  a  fibrous  structure  of  considerable 

40  loft. 
The  stabilized  fibers  which  are  permanently  set 

into  their  desired  structural  configuration  e.g.,  by 
knitting  and  thereafter  heating  at  a  temperature  of 
greater  than  525  °C  in  a  relaxed  and  unstressed 

45  condition,  retain  their  resilient  and  reversible  de- 
flection  characteristics.  It  is  to  be  understood  that 
higher  temperatures  may  be  employed  of  up  to 
about  1500°C,  but  the  most  flexible  fibers  and  the 
smallest  loss  of  fiber  breakage,  when  carding  the 

50  fibers  to  produce  the  fluff,  is  found  in  those  fibers 
which  are  heat  treated  to  a  temperature  from 
525  °  C  to  750  °  C. 

The  second  carbonaceous  fibers  that  are  used 
in  the  present  invention  include  fibers  that  are 

55  capable  of  interlocking  with  the  first  fibers  of  the 
fibrous  structure  described  above  and  that  are  ca- 
pable  of  withstanding  the  high  temperatures  dis- 
closed.  The  second  fibers  may  be  derived  from  a 

3 
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separate  thread,  may  be  fibers  of  an  adjacent  bat- 
ting,  or  may  be  blended  into  the  first  fibers  forming 
the  wool-like  fluff  or  batting  and  used  for  den- 
sification. 

Preferably,  the  interlocking  second  fibers  may 
be  prepared  from  the  same  or  a  similar  stabilized 
carbonaceous  polymeric  precursor  material  as  the 
first  fibers.  For  example,  a  suitable  stabilized  pre- 
cursor  material  can  be  selected  from  PAN  or  pitch 
based  materials  (i.e.,  petroleum  or  coal  tar),  or 
other  polymeric  materials  that  are  thermally  stable 
at  the  high  temperature  of  interest  as  described 
above  such  as,  for  example,  aramid  fibers,  particu- 
larly  the  aromatic  polyaramides,  e.g.,  KEVLAR™  (a 
trademark  of  E.  I.  du  Pont  de  Nemours  &  Co.,  Inc.). 

PAN  based  fibers  can  be  collected  as  an  as- 
sembly  of  a  multiplicity  of  continuous  filaments  in 
tows  and  stabilized  by  oxidation  in  a  conventional 
manner.  The  stabilized  second  fibers,  tows  or  sta- 
ple  yarn  (made  from  chopped  or  stretch  broken 
fiber  staple)  are  thereafter,  in  accordance  with  the 
present  invention,  implanted  into  the  first  carbona- 
ceous  fiber  structure  to  form  the  fibrous  structure 
or  a  densified  structure. 

When  implanted  into  the  fibrous  structure,  the 
second  carbonaceous  fibers  may  be  incorporated 
into  the  structure  as  a  linear  or  nonlinear  fiber 
before  permanently  heat-setting  the  second  fibers. 

The  second,  nonlinear  fibers  can  be  prepared 
in  a  similar  manner  as  the  first  fibers,  by  imparting 
to  the  fibers  a  temporary  set  by  heat  treating  these 
fibers  in  a  relaxed  and  unstressed  condition  at  a 
temperature  range  of  from  150°C  to  525  °C  in  an 
inert  atmosphere.  The  fibers  are  provided  with  a 
varying  degree  of  temporary  to  permanent  set  with 
an  increase  in  temperature  in  the  specified  tem- 
perature  range.  The  fibers  are  then  permanently 
set  by  a  chemical  treatment  or  by  heat  treating  the 
fibrous  structure  after  the  interlocking  step.  Prefer- 
ably,  the  heat  treatment  is  at  a  temperature  of 
525  °  C  and  above  such  that  the  fibers  are  provided 
with  a  permanent  set. 

When  the  second  carbonaceous  fibers  are  per- 
manently  heat-set,  integrity  and  handleability  is  im- 
parted  to  the  fibrous  structure  comprising  the  com- 
bination  of  the  first  and  second  carbonaceous  fi- 
bers. 

As  with  the  first  fibers,  temperatures  of  up  to 
about  1500°C  may  be  employed  to  impart  a  per- 
manent  set  to  the  second  fibers,  but  the  most 
flexible  and  smallest  loss  of  fiber  breakage  is  found 
in  those  fibers  that  are  heat  treated  to  a  tempera- 
ture  of  from  525  °  C  to  750  °  C. 

The  interlocked  fibrous  structure  is  utilized  in 
high  temperature  thermal  insulating  and  sound  ab- 
sorbing  structures  and  may  be  classified  into  three 
groups  depending  upon  the  particular  use  and  the 
environment  that  the  structures  in  which  they  are 

incorporated  are  placed. 
In  a  first  group,  the  carbonaceous  fibers  used 

in  the  fibrous  structure  of  the  present  invention  are 
electrically  nonconductive.  The  term  nonconductive 

5  applies  to  a  resistance  of  greater  than  4  x  10G 
ohms/cm  when  measured  on  a  6K  tow  of  fibers 
each  having  a  diameter  of  from  7  to  20  microns. 
The  specific  resistivity  of  each  fiber  is  greater  than 
about  102  ohms/cm. 

io  In  a  second  group,  the  carbonaceous  fibers 
used  in  the  fibrous  structure  of  the  present  inven- 
tion  are  classified  as  being  partially  electrically 
conductive  (i.e.,  having  a  low  electrical  conductiv- 
ity)  and  have  a  carbon  content  of  less  than  85 

is  percent.  When  the  precursor  stabilized  fiber  is  an 
acrylic  fiber,  i.e.,  a  PAN  based  fiber,  the  percent- 
age  nitrogen  content  is  from  5  to  35  percent, 
preferably,  from  16  to  20  percent.  These  partially 
conductive  fibers  are  excellent  for  use  as  insulation 

20  for  aerospace  vehicles  as  well  as  insulation  in 
areas  where  public  safety  is  a  concern.  The  struc- 
tures  formed  therefrom  are  lightweight,  have  low 
moisture  absorbency,  good  abrasive  strength  to- 
gether  with  good  appearance  and  handle. 

25  The  larger  the  amount  of  carbon  content  in  the 
carbonaceous  fibers,  the  higher  the  degree  of  elec- 
trical  conductivity.  Such  fibers  still  retain  a  wool-like 
appearance  when  formed  into  a  densified  structure, 
especially  when  the  majority  of  the  fibers  are  non- 

30  linear,  e.g.,  coil-like.  Also,  the  greater  the  percent- 
age  of  coil-like  fibers  in  the  structure,  the  greater  is 
the  resiliency  of  the  structure.  As  a  result  of  the 
greater  carbon  content,  structures  prepared  with 
these  partially  conductive  fibers  also  have  greater 

35  sound  absorbing  properties  and  result  in  a  more 
effective  thermal  barrier  at  higher  temperatures. 
These  fibers  have  an  electrical  resistance  of  from  4 
x  10G  to  4  x  103  ohms/cm  when  measured  on  a  6K 
tow  of  fibers,  wherein  each  fiber  has  a  diameter  of 

40  from  7  to  20  micrometers. 
In  a  third  group  are  carbonaceous  fibers  having 

a  carbon  content  of  at  least  85  percent.  These 
fibers,  as  a  result  of  their  high  carbon  content,  have 
superior  thermal  insulating  and  sound  absorbing 

45  characteristics.  The  coil-like  or  sinusoidal  shape  of 
the  fibers  in  the  fibrous  structure  provides  an  in- 
sulation  which  has  good  compressibility  and  resil- 
iency  while  maintaining  improved  thermal  insulating 
efficiency.  The  fibrous  structure  prepared  with  the 

50  third  group  of  fibers  has  particular  utility  in  the 
insulation  of  furnaces  and  in  areas  of  high  heat  and 
noise. 

Preferably,  the  third  group  of  fibers  which  are 
utilized  are  derived  from  stabilized  acrylic  fibers 

55  and  have  a  nitrogen  content  of  less  than  10  per- 
cent.  As  a  result  of  the  still  higher  carbon  content, 
the  fibrous  structures  are  more  electrically  conduc- 
tive.  That  is,  the  electrical  resistance  is  less  than  4 

4 
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x  103  ohms/cm  when  measured  by  a  6K  tow  of 
fibers,  wherein  each  fiber  has  a  diameter  of  from  7 
to  20  micrometers. 

The  precursor  stabilized  acrylic  fibers  which 
are  advantageously  utilized  in  preparing  the  fibrous 
structures  are  selected  from  acrylonitrile  homo- 
polymers,  acrylonitrile  copolymers  and  acrylonitrile 
terpolymers.  The  copolymers  preferably  contain  at 
least  about  85  mole  percent  of  acrylonitrile  units 
and  up  to  15  mole  percent  of  one  or  more  mon- 
ovinyl  units  copolymerized  with  styrene, 
methylacrylate,  methyl  methacrylate,  vinyl  chloride, 
vinylidene  chloride,  vinyl  pyridine  and  the  like.  Also 
the  acrylic  filaments  may  comprise  terpolymers 
wherein  the  acrylonitrile  units  are  preferably  at 
least  about  85  mole  percent. 

It  is  to  be  further  understood  that  carbonaceous 
precursor  starting  materials  may  have  imparted  to 
them  an  electrically  conductivity  property  on  the 
order  of  that  of  metallic  conductors  by  heating  a 
fibrous  structure  to  a  temperature  above  about 
1000°C  in  a  nonoxidizing  atmosphere.  The  elec- 
troconductive  property  may  be  obtained  from  se- 
lected  starting  materials  such  as  pitch  (petroleum 
or  coal  tar),  polyacetylene,  acrylonitrile  based  ma- 
terials,  e.g.,  a  polyacrylonitrile  copolymer 
(PANOX™  or  GRAFIL-01  ™  ),  polyphenylene,  poly- 
vinylidene  chloride  (SARAN™,  trademark  of  The 
Dow  Chemical  Company),  and  the  like. 

In  accordance  with  a  feature  of  the  invention 
antistatic  fibers,  i.e.,  fibers  that  have  the  ability  to 
dissipate  an  electrostatic  charge,  can  be  inserted 
into  the  fibrous  structure  which  also  serve  as  the 
interlocking  and  densifying  fibers. 

Preferred  precursor  materials  are  prepared  by 
melt  spinning  or  wet  spinning  the  precursor  materi- 
als  in  a  known  manner  to  yield  a  monofilament 
fiber  or  multifilament  tow.  The  fibers,  yarn  or  tow 
are  then  made  into  a  woven  fabric  or  knitted  cloth 
by  any  of  a  number  of  commercially  available 
techniques.  The  fabric  or  cloth  is  then  heated  to  a 
temperature  above  525  °C,  preferably  above 
550  °  C,  and  thereafter  deknitted  and  carded  to  pro- 
duce  the  wool-like  fluff  that  is  employed  in  the 
fibrous  structure  of  the  invention. 

If  desired,  the  densified  fibrous  structure  can 
be  heat  treated  to  form  carbon  or  graphite  struc- 
tures.  The  present  process  permits  the  preparation 
of  carbon  or  graphite  structures  without  compli- 
cated  knitting  operations. 

It  is  understood  that  all  percentages  as  herein 
utilized  are  based  on  weight  percent. 

Particular  embodiments  of  the  present  inven- 
tion  are  set  forth  in  the  following  examples: 

Example  1 

A.  A  nonlinear  carbonaceous  fiber  tow  which 
had  been  heat  treated  to  550  °  C  was  opened  on 

5  a  Shirley  opener  and  was  blended  with  25  per- 
cent  dogbone  shaped  larger  denier  OPF  (ox- 
idized  PAN  fiber)  obtained  from  RK  Carbon  Fi- 
bers,  Inc.  of  Philadelphia,  Pennsylvania.  The 
dogbone  OPF  had  a  temporary  crimp  which  was 

io  set  at  a  temperature  of  200  °C  prior  to  blending. 
Battings  were  combined  and  run  through  a  nee- 
dle  punch  machine  and  densified  from  a  thick- 
ness  of  7.5  cm  to  1  .8  cm  with  the  same  precur- 
sor  fibers. 

is  B.  The  resulting  densified  batting  or  felt  from 
Part  A,  which  contained  the  dogbone  OPF  lock 
stitches,  was  heat  treated  at  700  °C  under  a 
nitrogen  atmosphere  for  60  minutes.  The  result- 
ing  densified  batting  or  felt  had  good  permanent 

20  integrity  and  was  stable  to  a  temperature  greater 
than  400  °  C. 

Example  2 

25  Following  the  procedure  of  Example  1A,  a  den- 
sified  batting  was  formed.  The  resulting  batting  was 
then  heat  treated  at  a  temperature  of  1500°C  for 
60  minutes  to  produce  a  uniform  carbon  structure 
which  was  suitable  as  sound  and  thermal  insula- 

30  tion. 

Claims 

1.  A  densified  fibrous  structure  comprising  a  mul- 
35  tiplicity  of  nonflammable,  nonlinear,  substan- 

tially  irreversibly  heat-set,  first  carbonaceous 
polymeric  fibers,  wherein  the  first  fibers  are 
resilient,  shape  reforming,  and  elongatable  and 
have  a  reversible  deflection  ratio  of  greater 

40  than  1.2:1  and  an  aspect  ratio  greater  than 
10:1,  characterized  in  that  said  structure  further 
comprises  at  least  one  second  nonflammable, 
substantially  irreversibly  heat-set,  carbona- 
ceous  polymeric  fiber,  yarn  or  tow  implanted  in 

45  an  interlocking  relationship  with  said  first  fibers 
for  forming  a  densified  interlocked  fibrous 
structure. 

2.  The  structure  of  Claim  1,  wherein  said  inter- 
so  locking  fibrous  structure  has  a  bulk  density  of 

from  4.8  to  32  kg/m3. 

3.  The  structure  of  Claim  1  ,  wherein  said  first  and 
second  carbonaceous  fibers  are  derived  from 

55  stabilized  polymeric  precursor  fibers  or  pitch 
based  precursor  fibers  having  a  diameter  of 
from  4  to  25  micrometers. 

5 
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4.  The  structure  of  claim  3,  wherein  said  poly- 
meric  precursor  fibers  are  acrylic  fibers  se- 
lected  from  acrylonitrile  homopolymers,  ac- 
rylonitrile  copolymers  and  acrylonitrile  ter- 
polymers,  wherein  said  copolymers  and  ter- 
polymers  contain  at  least  85  mole  percent 
acrylic  units  and  up  to  15  mole  percent  of  one 
or  more  monovinyl  units  copolymerized  with 
another  polymer. 

5.  The  structure  of  any  one  of  the  preceding 
claims,  wherein  said  carbonaceous  fibers  have 
a  carbon  content  of  greater  than  65  percent,  a 
nitrogen  content  from  5  to  35  percent  and  an 
LOI  value  of  greater  than  40. 

6.  The  structure  of  Claim  5,  wherein  said  car- 
bonaceous  fibers  are  electrically  conductive 
and  have  a  carbon  content  of  at  least  85  per- 
cent  and  an  electrical  resistance  of  less  than  4 
x  103  ohms/cm  when  measured  on  a  6K  tow  of 
fibers  in  which  each  fiber  has  a  nominal  diam- 
eter  of  from  7  to  20  micrometers. 

7.  The  structure  of  Claim  5,  wherein  said  car- 
bonaceous  fibers  are  electrically  nonconduc- 
tive  or  do  not  possess  any  electrostatic  dis- 
sipating  characteristics,  have  a  carbon  content 
of  less  than  85  percent,  and  an  electrical  resis- 
tance  of  greater  than  4  x  10G  ohms/cm  when 
measured  on  a  6K  tow  of  fibers  in  which  each 
fiber  has  a  nominal  diameter  of  from  7  to  20 
micrometers. 

8.  The  structure  of  Claim  5,  wherein  said  car- 
bonaceous  fibers  have  a  low  electrical  con- 
ductivity  and  electrostatic  dissipating  charac- 
teristics,  a  carbon  content  of  less  than  85  per- 
cent,  and  an  electrical  resistance  of  from  4  x 
10G  to  4  x  103  ohms/cm  when  measured  on  a 
6K  tow  of  fibers  in  which  each  fiber  has  a 
nominal  diameter  of  from  7  to  20  micrometers. 

9.  The  structure  of  any  one  of  the  preceding 
claims,  wherein  the  first  carbonaceous  fibers 
have  a  sinusoidal  or  coil-like  configuration  and 
the  fibrous  structure  is  in  the  form  of  a  non- 
woven,  wool-like  fluff,  batting  or  web,  and  said 
second  carbonaceous  fiber  has  a  linear  or  non- 
linear  configuration  and  a  higher  denier  than 
said  first  carbonaceous  fibers. 

10.  A  process  for  forming  a  fibrous  structure  of  a 
multiplicity  of  nonflammable,  nonlinear,  sub- 
stantially  irreversibly  heat-set,  first  carbona- 
ceous  polymeric  fibers,  characterized  by  im- 
planting  into  the  first  fibers  at  least  one  non- 
heat-set  second  carbonaceous  polymeric  fiber, 

yarn  or  tow  in  an  interlocking  relationship  with 
said  first  fibers,  and  then  heat  treating  the 
fibrous  structure  in  an  inert  atmosphere  to 
heat-set  said  interlocking  second  fiber,  yarn  or 

5  tow. 

11.  The  process  of  Claim  10,  wherein  the  second 
fiber,  yarn  or  tow  is  made  from  a  precursor 
carbonaceous  polymeric  material  capable  of 

io  being  irreversibly  heat-set  to  form  a  carbona- 
ceous  fiber,  yarn  or  tow  which  is  similar  or 
identical  in  composition  to  said  first  heat-set 
carbonaceous  fibers 

is  12.  The  process  of  Claim  10  or  11,  wherein  said 
fibers  are  acrylic  fibers,  and  including  the  step 
of  heat  treating  the  fibrous  structure  containing 
the  second  non-heat-set  interlocking  fibers  at  a 
temperature  above  525  °C  in  an  inert  atmo- 

20  sphere  to  impart  a  permanent  set  to  the  sec- 
ond  fiber,  yarn  or  tow. 

13.  The  process  of  Claims  10,  11  or  12,  wherein 
the  fibrous  structure  is  in  the  form  of  a  wool- 

25  like  fluff,  matting,  felting  or  batting,  and  said 
second  fiber,  yarn  or  tow  is  present  in  said 
fibrous  structure  to  density  the  structure  to  a 
bulk  density  of  from  4.8  to  32  kg/m3  to  provide 
integrity  and  handleability  to  the  structure. 

30 
14.  The  process  of  any  one  of  claims  10  to  13, 

wherein  the  implementation  of  the  second  fi- 
bers  into  the  first  fibers  is  accomplished  by 
needle-punching. 

35 
15.  The  process  of  any  one  of  Claims  10  to  14, 

wherein  said  second  carbonaceous  fibers  are 
selected  from  fibers  that  are  of  the  same  or  a 
different  composition  from  said  first  carbona- 

40  ceous  fibers. 

16.  The  process  of  any  one  of  Claims  10  to  15, 
wherein  said  implanted  second  fiber  is  derived 
from  at  least  one  second  batting  of 

45  polyacrylonitrile  fibers  superimposed  on  said 
first  batting,  interlocking  the  polyacrylonitrile 
fiber  from  said  second  batting  with  the  heat-set 
fibers  of  said  first  batting,  and  then  heat  treat- 
ing  the  entire  densified  structure  to  substan- 

50  tially  permanently  heat-set  said  second  batting. 

17.  The  process  of  any  one  of  Claims  10  to  16, 
wherein  the  second  fiber  is  a  linear  or  a  non- 
linear  fiber. 

55 
18.  The  process  of  any  one  of  Claims  10  to  17, 

wherein  the  fibrous  structure  comprises  a  plu- 
rality  of  battings. 

6 
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19.  The  process  of  Claim  18,  wherein  at  least  one 
said  batting  comprises  carbonaceous  fibers 
having  a  carbon  content  of  at  least  85  percent. 

20.  The  process  of  Claim  18,  wherein  at  least  one 
of  said  batting  includes  linear  fibers. 

21.  The  method  of  any  one  of  Claims  10  to  20, 
wherein  said  fibers  have  a  reversible  deflection 
ratio  of  greater  than  1.2:1,  an  aspect  ratio 
greater  than  10:1,  and  a  limited  oxygen  index 
value  greater  than  40. 

Patentanspruche 

1.  Verdichtete  Faserstruktur,  die  eine  Vielzahl 
nicht-brennbarer,  nicht-linearer,  im  wesentli- 
chen  irreversibel  thermofixierter,  erste  Kohlen- 
stoff-Polymerfasern  umfaBt,  worin  die  ersten 
Fasern  elastisch,  Gestalt  wiederannehmend 
und  dehnbar  sind  und  ein  reversibles  Bie- 
gungsverhaltnis  von  mehr  als  1,2:1  und  ein 
Seitenverhaltnis  von  mehr  als  10:1  aufweisen, 
dadurch  gekennzeichnet,  dal3  die  Struktur  wei- 
ter  mindestens  eine  zweite  nicht-brennbare,  im 
wesentlichen  irreversibel  thermofixierte  Kohlen- 
stoff-Polymerfaser,  ein  Gam  oder  ein  Werg- 
garn  umfaBt,  das  in  einer  mit  den  ersten  Fa- 
sern  Verbindenden  Beziehung  zur  Bildung  ei- 
ner  verdichteten,  miteinander  verbundenen  Fa- 
serstruktur  implantiert  ist. 

2.  Struktur  nach  Anspruch  1,  worin  die  miteinan- 
der  verbindende  Faserstruktur  eine  Rohdichte 
von  von  4,8  bis  32  kg/m3  aufweist. 

3.  Struktur  nach  Anspruch  1,  worin  die  erste  und 
zweite  Kohlenstoffaser  von  stabilisierten,  poly- 
meren  Vorlauferfasern  oder  von  auf  Pech  ba- 
sierenden  Vorlauferfasern  mit  einem  Durch- 
messer  von  von  4  bis  25  urn  abgeleitet  ist. 

4.  Struktur  nach  Anspruch  3,  worin  die  polymeren 
Vorlauferfasern  Acrylfasern  sind,  ausgewahlt 
unter  Acrylnitril-Homopolymeren,  Acrylnitril-Co- 
polymeren  und  Acrylnitril-Terpolymeren,  worin 
die  Copolymere  und  die  Terpolymere  minde- 
stens  85  Mol-%  Acryl-Einheiten  und  bis  zu  15 
Mol-%  einer  oder  mehrerer  mit  einem  anderen 
Polymer  copolymerisierten  Monovinyl-Einhei- 
ten  enthalten. 

5.  Struktur  nach  einem  der  vorhergehenden  An- 
pruche,  worin  die  Kohlenstoffasern  einen  Koh- 
lenstoffgehalt  von  mehr  als  65  %  und  einen 
LOI-Wert  von  mehr  als  40  aufweisen. 

6.  Struktur  nach  Anspruch  5,  worin  die  Kohlen- 
stoffasern  elektrisch  leitfahig  sind  und  einen 
Kohlenstoffgehalt  von  mindestens  85  %  und 
einen  elekrischen  Widerstand  von  weniger  als 

5  4x1  03  Ohm/cm  aufweisen,  gemessen  an  einem 
6K  Werggarn  aus  Fasern  mit  einem  jeweiligen 
Nominal-Durchmesser  von  7  bis  20  urn. 

7.  Struktur  nach  Anspruch  5,  worin  die  Kohlen- 
io  stoffasern  nicht  elektrisch  leitfahig  sind,  und 

keine  elektrostatisch  sich  entlastende  Eigen- 
schaften  aufweisen,  einen  Kohlenstoffgehalt 
von  weniger  als  85  Prozent  und  einen  elektri- 
schen  Widerstand  von  mehr  als  4x1  03 

is  Ohm/cm,  gemessen  an  einem  6K  Werggarn 
aus  Fasern  mit  einem  jeweiligen  Nominal- 
Durchmesser  von  von  7  bis  20  urn  besitzen. 

8.  Struktur  nach  Anspruch  5,  worin  die  Kohlen- 
20  stoffasern  eine  niedrige  elektrische  Leitfahig- 

keit  und  elektrostatisch  sich  entlastende  Eigen- 
schaften  aufweisen,  einen  Kohlenstoffgehalt 
von  weniger  als  85  Prozent  und  einen  elektri- 
schen  Widerstand  von  4x1  0G  bis  4x1  03 

25  Ohm/cm,  gemessen  an  einem  6K  Werggarn 
aus  Fasern  mit  einem  jeweiligen  Nominal- 
Durchmesser  von  7  bis  20  urn  besitzen. 

9.  Struktur  nach  einem  der  vorhergehenden  An- 
30  spruche,  worin  die  ersten  Kohlenstoffasern 

eine  sinusformige  oder  eine  Knaulahnliche 
Konfiguration  aufweisen  und  die  Faserstruktur 
in  Form  eines  nicht  verwobenen,  Woll-ahnli- 
chen  Flaums,  einer  Watte  oder  eines  Stoffes 

35  vorliegt  und  die  zweite  Kohlenstoffaser  eine 
lineare  oder  nicht-lineare  Konfiguration  und  ein 
hoheres  Denier  als  die  erste  Kohlenstoffaser 
aufweist. 

40  10.  Verfahren  zur  Herstellung  einer  Faserstruktur 
aus  einer  Vielzahl  nicht-brennbarer,  nicht-linea- 
rer,  im  wesentlichen  irreversibel  thermofixier- 
ten,  ersten  Kohlenstoff-Polymerfasern,  gekenn- 
zeichnet  durch  Implantieren  von  mindestens 

45  einer,  nicht  thermofixierten,  zweiten  Kohlen- 
stoff-Polymerfaser,  eines  Gams  oder  eines 
Werggarns  in  die  ersten  Fasern  in  einer  mitein- 
ander  verbindenden  Beziehung  mit  den  ersten 
Fasern,  und  nachfolgender  Hitze-Behandlung 

50  der  Faserstruktur  in  einer  inerten  Atmosphare 
urn  die  miteinander  verbindende  zweite  Faser, 
das  Gam  oder  das  Werggarn  thermozufixieren. 

11.  Verfahren  nach  Anspruch  10,  worin  die  zweite 
55  Faser,  das  Gam  oder  das  Werggarn  aus  einem 

Vorlaufer  Kohlenstoff-Polymermaterial  herge- 
stellt  ist,  das  irreversibel  thermofixiert  werden 
kann  urn  eine  Kohlenstoffaser,  ein  Gam  oder 

7 
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ein  Werggarn  zu  bilden,  das  in  seiner  Zusam- 
mensetzung  zu  den  ersten,  thermofixierten 
Kohlenstoffasern  ahnlich  oder  identisch  ist. 

12.  Verfahren  nach  Anspruch  10  oder  11,  worin  die 
Fasern  Acrylfasern  sind,  und  das  den  Schritt 
der  Hitze-Behandlung  der  Faserstruktur,  die 
die  zweiten,  nicht  thermofixierten,  miteinander 
verbindenden  Fasern  enthalt,  in  einer  inerten 
Atmosphare  bei  einer  Temperatur  von  uber 
525  °C  einschlieBt,  urn  die  zweite  Faser,  das 
Gam  oder  das  Werggarn  mit  einer  permanen- 
ten  Fixierung  zu  vesehen. 

13.  Verfahren  nach  Anspruchen  10,  11  oder  12, 
worin  die  Faserstruktur  in  Form  eines  Woll- 
ahnlichen  Flaums,  einer  Mattierung,  eines  Filz 
oder  einer  Watte  vorliegt,  und  die  zweite  Fa- 
ser,  das  Gam  oder  das  Werggarn  in  der  Faser- 
struktur  vohanden  ist,  urn  die  Struktur  zu  einer 
Rohdichte  von  von  4,8  bis  32  Kg/m3  zu  ver- 
dichten,  urn  die  Struktur  mit  Integritat  und 
Handhabbarkeit  zu  versehen. 

14.  Verfahren  nach  einem  der  Anspruche  10  bis 
13,  worin  die  Implantierung  der  zweiten  Fasern 
in  die  ersten  Fasern  durch  Nadelstanzen  er- 
reicht  wird. 

15.  Verfahren  nach  einem  der  Anspruche  10  bis 
14,  worin  die  zweiten  Kohlenstoffasern  ausge- 
wahlt  werden  unter  Fasern,  die  die  gleiche 
oder  eine  andere  Zusammensetzung  haben  als 
die  ersten  Kohlenstoffasern. 

16.  Verfahren  nach  einem  der  Anspruche  10  bis 
15,  worin  die  implantierte,  zweite  Faser  von 
einer  Watte  abgeleitet  ist. 

17.  Verfahren  nach  einem  der  Anspruche  10  bis 
16,  worin  die  zweite  Faser  ein  lineare  oder 
nicht-lineare  Faser  ist. 

18.  Verfahren  nach  einem  der  Anspruche  10  bis 
17,  worin  die  Faserstruktur  eine  Vielzahl  von 
Watten  umfaBt. 

19.  Verfahren  nach  Anspruch  18,  worin  mindestens 
eine  Watte  Kohlenstoffasern  mit  einem  Kohlen- 
stoffgehalt  von  mindestens  85  %  umfaBt. 

20.  Verfahren  nach  Anspruch  18,  worin  mindestens 
eine  Watte  lineare  Fasern  einschlieBt. 

21.  Verfahren  zur  Herstellung  einer  vielfaltigen 
Watte-Struktur,  umfassend  die  Schritte  eine  er- 
sten  Watte  einer  ersten  nicht-linearen,  elasti- 
schen,  Gestalt  wiederannehmenden,  dehnba- 

ren,  nicht-brennbaren,  thermofixierten,  von  oxi- 
diertem  Polyacrylnitril  abgeleiteten  Kohlenstof- 
faser  zur  Verfugung  zu  stellen,  wobei  die  Fa- 
sern  ein  reversibles  Biegungsverhaltnis  von 

5  mehr  als  1,2:1,  ein  Seitenverhaltnis  von  mehr 
als  10:1  und  einen  begrenzten  Sauerstoff-ln- 
dexwert  von  mehr  als  40  aufweisen,  minde- 
stens  eine  zweite  Watte  aus  Polyacrylnitril-Fa- 
sern  auf  die  erste  Watte  zu  uberschichten,  die 

io  Polyacrylnitril-Fasern  der  zweiten  Watte  mit 
den  thermofixierten  Fasern  der  ersten  Watte  zu 
verbinden,  und  dann  die  gesamte  verdichtete 
Struktur  mit  Hitze  zu  behandeln  urn  die  zweite 
Watte  im  wesentlichen  permanent  thermozufi- 

15  xieren. 

Revendicatlons 

1.  Structure  fibreuse  densifiee  comportant  une 
20  multiplicity  de  premieres  fibres  polymeres  car- 

bonees,  ininflammables,  non  lineaires,  fixees 
par  la  chaleur  de  fagon  sensiblement  irreversi- 
ble,  structure  dans  laquelle  les  premieres  fi- 
bres  sont  elastiques,  retrouvent  leur  forme, 

25  sont  etirables  et  presentent  un  rapport  de  de- 
formation  reversible  superieur  a  1,2:1  et  un 
rapport  d'aspect  superieur  a  10:1,  structure 
caracterisee  par  le  fait  que  ladite  structure 
comporte  en  outre  au  moins  une  seconde  fi- 

30  bre,  ou  fil  ou  filasse,  polymere  carbonee,  inin- 
flammable,  fixee  par  la  chaleur  de  fagon  sensi- 
blement  irreversible,  implantee  par  enchevetre- 
ment  avec  lesdites  premieres  fibres  pour  for- 
mer  une  structure  fibreuse  enchevetree  densi- 

35  fiee. 

2.  Structure  selon  la  revendication  1  ,  dans  laquel- 
le  ladite  structure  fibreuse  d'enchevetrement 
presente  une  densite  apparente  allant  de  4,3  a 

40  32  kg/m3. 

3.  Structure  selon  la  revendication  1  ,  dans  laquel- 
le  lesdites  premieres  et  lesdites  secondes  fi- 
bres  carbonees  sont  derivees  de  fibres  d'un 

45  materiau  precurseur  polymere  stabilise  ou  de 
fibres  d'un  materiau  precurseur  a  base  de  poix 
presentant  un  diametre  de  4  a  25  microns. 

4.  Structure  selon  la  revendication  3,  dans  laquel- 
50  le  lesdites  fibres  en  materiau  precurseur  poly- 

mere  sont  des  fibres  acryliques  choisies  parmi 
des  homopolymeres  d'acrylonitrile,  des  copo- 
lymeres  d'acrylonitrile  et  des  terpolymeres 
d'acrylonitrile,  lesdits  copolymeres  et  terpoly- 

55  meres  contenant  au  moins  85  moles  pour-cent 
de  groupements  acryliques  et  jusqu'a  15  Mo- 
les  pour-cent  d'un  ou  plusieurs  groupements 
monovinyliques  copolymerises  avec  un  autre 
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polymere. 

5.  Structure  selon  I'une  quelconque  des  revendi- 
cations  precedentes,  dans  laquelle  lesdites  fi- 
bres  carbonees  ont  une  teneur  en  carbone 
superieure  a  65  pour-cent,  une  teneur  en  azote 
allant  de  5  a  35  pour-cent,  et  une  valeur  de 
I'indice  d'oxygene  limite  superieure  a  40. 

6.  Structure  selon  la  revendication  5,  dans  laquel- 
le  lesdites  fibres  carbonees  sont  electrique- 
ment  conductrices  et  presentent  une  teneur  en 
carbone  d'au  moins  85  pour-cent  et  une  resis- 
tance  electrique  inferieure  a  4  x  103  ohms/cm 
mesuree  sur  une  filasse  6K  de  fibres  dans 
laquelle  chaque  fibre  a  un  diametre  nominal 
allant  de  7  a  20  microns. 

7.  Structure  selon  la  revendication  5,  dans  laquel- 
le  lesdites  fibres  carbonees  sont  electrique- 
ment  non  conductrices  ou  ne  possedent  pas 
de  caracteristiques  de  dissipation  electro  stati- 
que,  presentent  une  teneur  en  carbone  infe- 
rieure  a  85  pour-cent  et  une  resistance  electri- 
que  superieure  a  4  x  10G  ohms/cm  mesure  sur 
une  filasse  6K  de  fibres  dans  laquelle  chaque 
fibre  a  un  diametre  nominal  allant  de  7  a  20 
microns. 

8.  Structure  selon  la  revendication  5,  dans  laquel- 
le  lesdites  fibres  carbonees  ont  une  faible 
conductivity  electrique  et  de  faibles  caracteris- 
tiques  de  dissipation  electrostatique,  une  te- 
neur  en  carbone  inferieure  a  85  pour-cent,  et 
une  resistance  electrique  allant  de  4  x  10G  a  4 
x  103  ohms/cm  mesuree  sur  une  filasse  6K  de 
fibres  dans  laquelle  chaque  fibre  a  un  diametre 
nominal  allant  de  7  a  20  microns. 

9.  Structure  selon  I'une  quelconque  des  revendi- 
cations  precedentes,  dans  laquelle  les  premie- 
res  fibres  carbonees  presentent  une  configura- 
tion  sinuso'fdale  ou  en  spirale  et  la  structure 
fibreuse  a  la  forme  d'une  couche  non  tissee, 
de  duvet  laineux,  de  nappe  ou  de  voile,  et 
ladite  seconde  fibre  carbonee,  presente  une 
configuration  lineaire  ou  non  lineaire  et  une 
valeur  en  deniers  superieure  a  celle  desdites 
premieres  fibres  carbonees. 

10.  Procede  pour  former  une  structure  fibreuse 
constitute  d'une  multiplicity  de  premieres  fi- 
bres  polymeres  carbonees  ininflammables,  non 
lineaires,  fixees  par  la  chaleur  de  fagon  sensi- 
blement  irreversible,  caracterise  par  le  fait  qu'il 
consiste  a  implanter  dans  les  premieres  fibres 
au  moins  une  seconde  fibre,  ou  fil  ou  filasse, 
polymere  carbonee,  non  fixee  par  la  chaleur, 

en  enchevetrement  avec  lesdites  premieres  fi- 
bres,  puis  a  traiter  par  la  chaleur  la  structure 
fibreuse  en  atmosphere  inerte  pour  fixer  par  la 
chaleur  ladite  seconde  fibre,  ou  fil  ou  filasse, 

5  d'enchevetrement. 

11.  Procede  selon  la  revendication  10,  dans  lequel 
les  secondes  fibres,  ou  fil,  ou  filasse,  sont 
faites  a  partir  d'un  materiau  polymere  carbone 

io  precurseur  pouvant  etre  fixe  par  la  chaleur  de 
fagon  irreversible  pour  former  une  fibre,  ou  fil, 
ou  filasse,  carbonee  qui  est  de  composition 
similaire  ou  identique  a  celle  desdites  premie- 
res  fibres  carbonees  fixees  par  la  chaleur. 

15 
12.  Procede  selon  la  revendication  10  ou  11,  dans 

lequel  lesdites  fibres  sont  des  fibres  acryliques 
et  qui  comporte  I'etape  consistant  a  traiter  par 
la  chaleur,  a  une  temperature  superieure  a 

20  525  °C  sous  atmosphere  inerte,  la  structure 
fibreuse  contenant  les  secondes  fibres  d'en- 
chevetrement  non  traitees  par  la  chaleur,  pour 
donner  un  fixage  permanent  a  la  seconde  fi- 
bre,  ou  fil  ou  filasse. 

25 
13.  Procede  selon  les  revendications  10,  11  ou  12, 

dans  lequel  la  structure  a  la  forme  d'un  duvet 
laineux,  d'un  tapis,  d'un  feutre  ou  d'une  nappe, 
et  dans  lequel  ladite  seconde  fibre,  ou  fil  ou 

30  filasse,  est  presente  dans  ladite  structure  fi- 
breuse  pour  densifier  la  structure  pour  lui  don- 
ner  une  densite  apparente  allant  de  4,8  a  32 
kg/m3  et  lui  donner  integrite  et  facilite  d'utilisa- 
tion. 

35 
14.  Procede  selon  I'une  quelconque  des  revendi- 

cations  10  a  13,  dans  lequel  la  mise  en  oeuvre 
des  secondes  fibres  dans  les  premieres  fibres 
s'accomplit  par  aiguilletage. 

40 
15.  Procede  selon  I'une  quelconque  des  revendi- 

cations  10  a  14  dans  lequel  lesdites  secondes 
fibres  carbonees  sont  choisies  parmi  les  fibres 
qui  sont  de  la  meme  composition  que  lesdites 

45  premieres  fibres  carbonees,  ou  d'une  composi- 
tion  differente. 

16.  Procede  selon  I'une  quelconque  des  revendi- 
cations  10  a  15,  dans  lequel  ladite  seconde 

50  fibre  implantee  est  derivee  d'au  moins  une 
seconde  nappe  de  fibres  polyacrylonitriles  su- 
perposee  sur  ladite  premiere  nappe,  consistant 
a  enchevetrer  les  fibres  polyacrylonitriles  de 
cette  seconde  nappe  avec  les  fibres  fixees  par 

55  la  chaleur  de  ladite  premiere  nappe,  puis  a 
traiter  par  la  chaleur  I'ensemble  de  la  structure 
densifiee  pour  fixer  par  la  chaleur  de  fagon 
sensiblement  permanente  ladite  seconde  nap- 

9 



17  EP  0  336  464  B1  18 

pe. 

17.  Procede  selon  I'une  quelconque  des  revendi- 
cations  10  a  16,  dans  lequel  la  seconde  fibre 
est  une  fibre  lineaire  ou  non  lineaire.  5 

18.  Procede  selon  I'une  quelconque  des  revendi- 
cations  10  a  17,  dans  lequel  la  structure  fibreu- 
se  comporte  une  pluralite  de  nappes. 

10 
19.  Procede  de  la  revendication  18,  dans  lequel  au 

moins  I'une  desdites  nappes  comporte  des 
fibres  carbonees  presentant  une  teneur  en  car- 
bone  d'au  moins  85  pour-cent. 

15 
20.  Procede  de  la  revendication  18,  dans  lequel  au 

moins  I'une  desdites  nappes  inclut  des  fibres 
lineaires. 

21.  Procede  selon  I'une  quelconque  des  revendi-  20 
cations  10  a  20,  dans  lequel  lesdites  fibres 
presentent  un  rapport  de  deformation  reversi- 
ble  superieur  a  1,2:1,  un  rapport  d'aspect  su- 
perieur  a  10:1  et  une  valeur  d'indice  d'oxygene 
limite  superieure  a  40.  25 
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