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Description 

FIELD  OF  THE  INVENTION 

5  The  present  invention  relates  to  a  friction  material  useful  in  power  transmission  and  braking  in 
automobiles  and  other  vehicles.  The  present  invention  relates  further  to  a  method  for  producing  such  friction 
material. 

BACKGROUND  OF  THE  INVENTION 
70 

Asbestos  has  conventionally  been  used  as  principal  reinforcements  for  friction  materials  after  being 
shaped  and  cured  together  with  thermosetting  resins  and  auxiliary  reinforcements.  However,  asbestos, 
which  is  a  carcinogenic  substance  presents  safety  and  health  problems  during  both  manufacture  and  use. 
Under  these  circumstances,  demand  has  increased  for  non-asbestos  friction  materials.  Friction  materials 

75  generally  are  required  to  have  friction  coefficients  of  from  0.3  to  0.5  and  to  ensure  high  wear  resistance  and 
mechanical  strength  at  temperatures  of  about  500  °  C. 

A  variety  of  fibrous  materials  have  been  used  as  non-asbestos  materials.  For  example,  Japanese  Patent 
Application  (OPI)  No.  113641/1983  (U.S.  Patent  4,259,397)  discloses  the  use  of  preoxidized  fibers  produced 
by  heattreating  acrylic  (PAN)  fibers  at  from  about  200  to  400  °C  in  air  (the  term  "OPI"  as  used  herein  refers 

20  to  a  "published  unexamined  Japanese  patent  application").  However,  the  preoxidized  fibers  with  a  tensile 
strength  of  from  about  1  to  3  g/d  and  a  tensile  modulus  of  elasticity  of  from  about  50  to  150  g/d  are  not 
satisfactory  as  fibrous  reinforcement  materials.  In  particular,  the  fibers  are  appreciably  low  in  tensile 
modulus  of  elasticity  as  compared  with  asbestos.  In  addition,  the  weight  of  the  fibers  reduces  at  about 
500  °  C  which  is  the  temperature  that  should  be  withstood  by  friction  materials,  and  the  fibers  have  a 

25  tendency  to  form  cracks  in  the  surface  of  the  friction  material  due  to  effluent  gas  and  shrinking  in  volume  of 
the  fibers. 

The  use  of  carbon  fibers  derived  from  PAN,  as  fibrous  reinforcement  materials  has  also  been  disclosed, 
for  example,  in  Japanese  Patent  Application  (OPI)  Nos.  9660/80  and  9659/80  (U.S.  Patent  4,259,397).  The 
carbon  fibers  are  usually  produced  by  calcining  preoxidized  fiber  at  1,000°  C  or  higher  in  an  inert  gas  to 

30  obtain  fibers  having  a  carbon  content  of  at  least  90  wt%  and  a  bond  nitrogen  content  of  from  about  1  to  8 
wt%,  and  they  typically  exhibit  a  tensile  strength  of  at  least  about  13  g/d,  a  tensile  modulus  of  elasticity  of 
from  about  1,400  to  1,800  g/d  and  an  electric  specific  resistance  of  no  more  than  about  0.01  Ocm.  However, 
when  they  are  used  as  reinforcement  for  friction  materials,  the  carbon  fibers  provide  low  friction  coefficients, 
which  is  disadvantageous  in  the  properties  required  in  braking  and  power  transmission.  The  carbon  fibers 

35  also  have  the  disadvantage  that  their  high  heat  conductivity  causes  increased  heat  transfer  to  the  support  of 
a  friction  material  or  the  mating  member  (usually  made  of  a  metal),  thereby  impairing  the  mechanical 
characteristics  of  the  mating  member. 

Recently,  an  attempt  has  been  made  to  use  carbon  fibers  derived  from  pitch  as  fibrous  reinforcement 
materials.  These  carbon  fibers  have  a  tensile  strength  of  from  about  2  to  6  g/d  and  a  tensile  modulus  of 

40  elasticity  of  from  about  200  to  300  g/d.  In  addition  to  their  low  performance  and  poor  characteristics  as 
reinforcement  materials,  these  carbon  fibers  suffer  from  the  disadvantage  of  low  adhesion  to  molding  resins. 
DE-OS  29  26  616  describes  a  friction  material  comprising  a  preoxidized  fiber  derived  from  acrylic  fibers 
containing  at  least  5  wt.%  of  bond  oxygen.  Additionally,  a  carbonateous  fiber  may  be  added.  Furthermore,  a 
binding  agent,  glass  fibers,  steel  wool  or  phenol  formic  aldehyde  fibers  may  be  added  to  such  material. 

45  An  object  of  the  present  invention  is  to  provide  a  friction  material  containing  a  reinforcement  material  and 
having  a  suitable  friction  coefficient  (generally  from  about  0.3  to  0.45)  and  high  wear  resistance. 

Another  object  of  the  present  invention  is  to  provide  a  friction  material  having  a  low  weight  reduction  at 
a  higher  temperature  and  a  low  heat  conductivity. 

It  is  a  further  object  of  the  invention  to  provide  a  friction  material  which  does  not  contain  asbestos. 
50  The  above  stated  and  other  objects  of  the  present  invention  can  be  attained  by  a  friction  material  containing 

from  about  0.5  to  29  wt.%  of  carbonaceous  fibers  with  a  bond  nitrogen  content  of  from  about  14  to  21  wt.%, 
1  to  20  wt.%  of  aramid  fibers,  based  on  the  total  weight  of  the  friction  material,  or  1  to  20  wt.%  of 
phosphate  fibers,  based  on  the  total  weight  of  the  friction  material,  as  a  reinforcement,  and  a  thermosetting 
resin. 

55  Preferred  embodiments  of  the  friction  material  of  the  present  invention  are  contained  in  claims  2  to  17.  A 
method  for  producing  the  friction  material  of  the  present  invention  is  contained  in  claim  18;  preferred 
embodiments  of  this  method  are  disclosed  in  claims  19  and  20. 
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DETAILED  DESCRIPTION  OF  THE  INVENTION 

The  carbonaceous  fibers  suitable  for  use  in  the  present  invention  may  be  prepared  by  the  following 
procedures  using  acrylic  fibers.  The  acrylic  fibers  are  derived  from  an  acrylic  polymer  such  as  an 

5  acrylonitrile  homopolymer,  a  copolymer,  or  a  mixture  thereof,  each  preferably  containing  at  least  about  85 
wt%  acrylonitrile. 

Examples  of  monomer  capable  of  polymerizing  with  acrylonitrile  include  acidic  group-containing 
monomers  such  as  itaconic  aid,  methallylsulfonic  acid,  allylsulfonic  acid,  acrylic  acid,  and  sodium  and 
potassium  salts  thereof,  neutral  monomers  such  as  methyl  acrylate,  methyl  methacrylate,  vinyl  chloride, 

io  vinyl  acetate,  hydroxyethyl  methacrylate,  polyoxyethylene  methacrylate,  and  basic  monomers  such  as  vinyl 
pyridine,  vinyl  imidazole  and  dimethylaminoethyl  acrylate.  A  more  preferred  amount  of  acrylonitrile  in  the 
acrylic  polymer  is  at  least  about  90  wt%.  An  example  of  a  preferred  acrylic  polymer  is  a  copolymer 
containing  at  least  about  90  wt%  of  acrylonitrile,  about  0.5  to  2  wt%  of  itaconic  acid  and  about  1  to  5  wt% 
of  methyl  acrylate.  This  copolymer  provides  carbonaceous  fibers  having  a  low  thermoshrinkage.  A  friction 

is  material  forming  less  cracking  at  a  higher  temperature  can  be  obtained  by  using  such  fibers. 
The  acrylic  fiber  is  oxidized  in  air  at  from  about  200  to  300  °C  for  from  about  0.1  to  4  hours  under  a 

tension  of  from  about  1  to  300  mg/d  to  produce  preoxidized  fibers.  It  is  preferred  that  a  tension  is  applied  to 
the  fibers  so  that  the  shrinkage  of  the  fibers  during  the  preoxidation  is  from  about  25  to  95%,  most 
preferably  from  about  50  to  90%  of  the  free  shrinkage  of  the  fiber.  The  thus-obtained  preoxidized  fibers  are 

20  then  calcinated  at  from  about  450  to  900  °  C  in  an  inert  gas  such  as  nitrogen  gas  or  steam  for  from  about 
0.1  to  15  minutes  under  a  tension  of  from  about  1  to  300  mg/d.  The  carbonaceous  fibers  used  in  the 
present  invention  have  a  bond  nitrogen  content  of  from  about  14  to  21  wt%.  Such  fibers  usually  have  a 
bond  oxygen  content  of  from  about  3  to  10  wt%  and  a  bond  carbon  content  of  from  about  69  to  83  wt%, 
preferably  from  about  73  to  80  wt%  (a  bond  atom  content  means  a  content  of  the  atom  chemically  bonded 

25  in  the  carbon  fiber). 
Carbonaceous  fiber  which  are  produced  by  the  method  disclosed  in  U.S.  Patent  4,671,950  and  which 

satisfy  the  requirements  of  the  present  invention  can  be  used  in  the  present  invention. 
If  the  nitrogen  content  of  the  carbonaceous  fibers  is  less  than  about  14  wt%,  the  fibers  cannot  provide  a 

sufficient  friction  coefficient  to  the  friction  material,  and  the  carbon  fibers  have  poor  adhesion  to  resins.  If 
30  the  nitrogen  content  exceeds  about  21  wt%,  the  tensile  strength  and  the  tensile  modulus  of  elasticity  of  the 

fibers  is  reduced  and  the  friction  material  containing  such  fibers  has  poor  flexural  strength  and  flexural 
modulus  of  elasticity.  The  nitrogen  content  is  preferably  from  about  17  to  18  wt%. 

The  carbonaceous  fibers  used  in  the  present  invention  preferably  have  a  density  of  at  least  1.5  g/cm3,  a 
tensile  strength  of  from  about  3  to  35  g/d,  a  tensile  elongation  of  from  about  1  to  5%,  and  a  tensile  modulus 

35  of  elasticity  of  from  about  200  to  1,300  g/d.  Carbonaceous  fibers  having  a  nitrogen  content  of  from  about  14 
to  21  wt%  exhibit  an  electric  specific  resistance  of  from  about  0.1  to  107  Ocm  or  insulating  performance. 
This  property,  combined  with  low  heat  conductivity,  makes  such  fibers  advantageous  for  use  in  friction 
materials.  Particularly  preferred  carbonaceous  fibers  are  those  which  have  a  tensile  strength  of  at  least 
about  5  g/d  and  a  tensile  modulus  of  elasticity  of  from  about  500  to  700  g/d.  The  mean  diameter  of  the 

40  fibers  is  usually  from  about  4.0  to  10  urn,  and  the  mean  length  of  the  fiber  is  preferably  from  about  0.01  to 
6  mm  and  more  preferably  from  about  0.02  to  3  mm  in  view  of  uniform  dispersion  of  the  fibers  in  the 
friction  material. 

In  consideration  of  reinforcement  effects  and  the  friction  coefficient,  the  carbonaceous  fibers  are 
incorporated  in  the  friction  material  of  the  present  invention  in  an  amount  of  from  about  0.5  to  29  wt% 

45  based  on  the  total  weight  of  the  friction  material.  If  the  carbonaceous  fiber  content  is  less  than  about  0.5 
wt%,  the  intended  reinforcement  effects  are  insufficient.  If  the  fiber  content  exceeds  about  29  wt%,  it 
becomes  difficult  to  properly  adjust  the  friction  coefficient. 

Auxiliary  materials  to  be  incorporated  in  the  friction  material  of  the  present  invention  include  fibers  such 
as  aramid  fibers,  steel  fibers,  alumina  fibers,  alumina-silica  fibers,  phosphate  fibers,  potassium  titanate 

50  fibers,  copper  fibers,  and  brass  fibers.  These  fibers  are  conventionally  used  as  reinforcements,  and  copper 
fibers  and  brass  fibers  are  also  used  as  an  antiwearing  agent. 

The  fibers  generally  have  a  mean  length  of  from  about  0.03  to  5  mm  and  a  mean  diameter  of  from 
about  5  to  20  urn.  The  content  of  fibers  used  as  an  auxiliary  material  is  generally  from  about  1.0  to  20  wt% 
based  on  the  total  weight  of  the  friction  material. 

55  Other  suitable  auxiliary  materials  within  the  scope  of  the  present  invention  include  calcium  carbonate, 
alumina  powder,  silica  powder,  which  are  used  to  control  the  friction  coefficient.  The  particle  size  of  these 
compounds  is  usually  from  about  0.5  to  20  urn.  Furthermore,  other  auxiliary  materials  that  are  commonly 
employed  in  known  friction  materials  may  be  used. 
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The  auxiliary  materials  are  used  in  a  proper  amount  depending  on  the  amounts  of  carbonaceous  fiber 
and  the  resin  and  characteristics  thereof  to  obtain  desired  friction  characteristics. 

With  a  view  to  providing  improved  friction  characteristics,  aramid  fibers  (with  trade  names  such  as 
Kevlar  (manufactured  by  Du  Pont),  Conex  (manufactured  by  Teijin  Co.),  TWARON  (manufactured  by  ENKA 

5  Co.),  and  TECHNORA  (manufactured  by  Teijin  Co.))  are  preferably  incorporated  as  auxiliary  materials  in  an 
amount  of  from  about  0.5  to  10  wt%. 

In  order  to  further  improve  friction  characteritics,  especially  in  decreasing  wear  and  to  obtain  a  higher 
friction  coefficient,  it  is  preferred  that  phosphate  fibers  are  used  in  the  friction  material  of  the  present 
invention  in  amounts  such  that  the  amounts  of  carbon  fibers  and  phosphate  fibers  satisfy  each  of  the 

io  formulae  (1)  to  (3): 

1.5   ̂ x  +  y   ̂ 30.0  (1) 
0.5   ̂ x   ̂ 29.0  (2) 
1  .0   ̂ y   ̂ 20.0  (3) 

15 
wherein  x  represents  the  content  of  the  carbonaceous  fibers  and  y  represents  the  content  of  the  phosphate 
fibers  in  wt%  based  on  the  total  weight  of  the  friction  material. 

The  phosphate  fibers  are  made  of  calcium  sodium  metaphosphate  having  an  approximate  formula  of 
2CaO*Na2  0*3P2  05.  They  usually  have  a  specific  gravity  of  from  about  2.5  to  3.0,  a  tensile  strength  of  from 

20  about  5  to  15  g/d,  and  modulus  of  elasticity  of  from  about  300  to  700  g/d,  a  mean  fiber  diameter  of  from 
about  0.5  to  15  urn  and  a  mean  fiber  length  of  from  about  10  to  500  urn.  (Detailed  descriptions  of  suitable 
phosphate  fibers  are  provided  in  the  report  of  32nd  International  SAMPE  (The  Society  for  the  Advancement 
of  Material  and  Process  Engineering)  Symposium  (April  6-9,  1987)  and  U.S.  Patent  4,346,028). 

When  the  fibers  are  used  in  a  friction  material,  they  exhibit  prolonged  heat  resistance  comparable  to 
25  that  of  asbestos. 

The  total  of  the  carbonaceous  fibers  content  (x)  and  the  phosphate  fibers  content  (y)  is  preferably  within 
the  range  of  from  about  1.5  to  30.0  wt%.  If  x  +  y  is  less  than  about  1.5  wt%,  the  antiwearing  properties  and 
the  anticracking  properties  of  the  friction  material  cannot  be  improved  sufficiently.  It  is  more  preferred  that  x 
+  y  is  at  least  about  6.0.  If  x  +  y  is  more  than  about  30  wt%,  the  stability  of  friction  coefficient  of  the 

30  friction  material  cannot  be  improved  sufficiently.  It  is  more  preferred  that  x  +  y  is  not  more  than  about  25.0. 
If  the  carbonaceous  fibers  content  (x)  is  less  than  about  0.5  wt%,  the  strength  of  the  friction  material  is 

insufficient,  cracks  easily  form  as  the  temperature  of  the  friction  material  rises  up  to  500  °  C,  and  the 
antiwearing  properties  of  the  friction  material  are  low.  It  is  more  preferred  that  x  is  more  than  about  1.0  wt%. 

If  the  carbonaceous  fibers  content  exceeds  about  29.0  wt%,  the  friction  coefficient  of  the  resulting 
35  friction  mateial  cannot  be  adjutsted  to  the  desired  level  (generally  from  about  0.3  to  0.45).  It  is  more 

preferable  that  x  is  not  more  than  about  15  wt%. 
If  the  phosphate  fibers  content  (y)  is  less  than  about  1.0  wt%,  the  improvement  in  friction  coefficient  is 

low.  It  is  more  preferred  that  y  is  more  than  about  5.0.  If  y  exceeds  about  20.0  wt%,  an  unnecessarily  high 
friction  coefficient  of  the  resulting  friction  material  is  obtained,  and  an  improved  anticracking  property  cannot 

40  be  obtained.  It  is  more  preferred  that  y  is  not  more  than  about  15  wt%. 
Thermosetting  resins  suitable  for  use  in  the  present  invention  include  thermosetting  resins  such  as  a 

phenol  resin,  a  melamine  resin,  a  condensate  product  of  a  cashew  nut  shell  liquid  and  an  aldehyde,  an 
epoxy  resin,  and  modified  products  thereof  such  as  a  phenol-modified  melamine  resin  and  an  epoxy- 
modified  phenol  resin.  These  thermosetting  resins  are  usually  incorporated  in  an  amount  of  from  about  5  to 

45  35  wt%.,  preferably  from  about  10  to  30  wt%,  based  on  the  total  weight  of  the  friction  material. 
The  friction  material  of  the  present  invention  may  be  produced  by  the  following  procedures:  The 

carbonaceous  fibers  cut  to  a  desired  length  and  an  auxiliary  material  are  metered  in  predetermined 
amounts,  dispersed  and  mixed  in  a  mixer  (preferable  rotational  speed  is  from  about  1,000  to  10,000  rpm) 
for  about  10  minutes,  impregnated  with  a  predetermined  amount  of  a  thermosetting  resin,  charged  into  a 

50  mold,  and  given  a  desired  shape  by  heat-curing  and  pressure  application.  If  desired,  the  shaped  product 
may  be  post-cured  after  taking  out  from  the  mold. 

Besides  being  cut,  the  carbonaceous  fibers  may  be  continuous,  or  in  the  form  of  staple  fibers  or  yarns. 
If  used  in  the  form  of  yarns,  the  carbonaceous  fibers  may  be  blended  with  other  fibers.  In  this  latter  case,  it 
is  preferred  that  a  thermosetting  resin,  such  as  a  phenolic  resin,  an  epoxy  resin  and  a  melamine  resin,  is 

55  impregnated  in  blended  yarns  before  shaping. 
The  friction  material  of  the  present  invention  does  not  require  asbestos,  so  it  is  desirable  both  from  the 

viewpoint  of  safety  and  a  public  health.  In  addition,  the  friction  coefficient  of  the  material  is  stable  and  the 
temperature  dependency  is  small,  with  values  of  at  least  0.25  being  always  kept.  In  addition,  this  friction 

4 
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material  has  high  mechanical  characteristics  and  provides  excellent  power  transmitting  and  braking 
capabilities  when  used  in  automobiles  or  power-driven  machines.  Since  carbonaceous  fibers  have  excellent 
adhesion  properties,  it  provides  a  friction  material  excellent  in  antiwearing  properties  and  with  high  flexural 
strength. 

5  The  following  specific  examples  are  provided  only  for  the  purpose  of  illustrating  the  present  invention  in 
greater  detail  and  are  not  to  be  construed  as  limiting  the  scope  of  the  present  invention.  Unless  otherwise 
noted,  all  parts,  percents  and  ratios  in  the  following  examples  are  by  weight. 

Example  1 
70 

Acrylic  fibers  made  from  95  wt%  acrylonitrile  and  5  wt%  methyl  acrylate  (tensile  strength:  4.5  g/d; 
tensile  modulus  of  elasticity:  88  g/d;  mean  monofilament  denier:  1.5  d;  total  denier,  4.5  x  105)  were  treated 
in  air  at  240°  C  under  a  tension  of  50  mg/d  for  4  hours  to  obtain  preoxidized  fibers  having  a  tensile  strength 
of  2  g/d,  a  tensile  modulus  of  elasticity  of  90  g/d,  a  density  of  1.43  g/cm3,  and  a  bond  oxygen  content  of 

75  7%. 
The  fibers  were  then  calcinated  in  a  nitrogen  gas  atmosphere  at  600  °  C  under  a  tension  of  30  mg/d  for 

3  minutes  to  obtain  carbonaceous  fibers.  The  fibers  had  a  bond  nitrogen  content  of  19%,  a  bond  carbon 
content  of  70%,  a  tensile  strength  of  8  g/d,  a  tensile  modulus  of  elasticity  of  550  g/d,  an  electric  specific 
resistance  of  3  x  10G  Ocm,  a  mean  diamter  of  10  urn. 

20  The  carbonaceous  fibers  were  cut  into  3  mm  mean  lengths  with  a  guillotine  cutter.  The  cut  fibers  (20 
parts),  a  calcium  carbonate  powder  (mean  particle  diamter:  15  urn;  50  parts)  and  a  phenolic  resin  (a 
phenolformaldehyde  resin  having  a  molecular  weight  of  about  500;  30  parts)  were  mixed  in  a  Loedige  mixer 
for  5  minutes  (Loedige  AG,  West  German).  The  resulting  mixture  was  charged  into  a  circular  mold  at  150°C 
and  heat-cured  at  a  pressure  of  15  kg/cm2  for  1  hour.  The  cured  product  was  taken  out  from  the  mold  and 

25  subjected  to  further  heat  curing  at  200°  C  for  4  hours  to  obtain  a  clutch  facing  in  an  annular  form  having  3.5 
mm  thick,  130  mm  in  inside  diameter  and  200  mm  in  outside  diameter.  The  performance  of  the  clutch 
facing  was  evaluated  in  accordance  with  Japanese  Industrial  Standard  (JIS)  D  4311. 

Test  apparatus  :  dynamometer  with  inertia  of  0.1  kgfm/sec2 
Mating  member  for  sliding  :  FC  25  of  JIS  G  5501  (gray  cast  iron  product) 

30  Initial  sliding  speed  :  7  m/sec 
Rotational  speed  :  2,000  rpm 
Face  pressure  :  10  kgf/cm2 
The  coefficient  of  friction  was  kept  at  0.25  to  0.31  up  to  a  surface  temperature  of  500  °  C,  and  the 

friction  coefficient  after  10+  stops  was  not  less  than  0.25,  and  the  total  amount  of  wear  during  the  test  was 
35  not  more  than  0.2  g.  These  values  show  that  the  clutch  facing  fabricated  in  Example  1  was  an  excellent 

friction  material.  The  flexural  strength  of  this  clutch  facing  was  5.0  kgf/mm2.  By  observing  the  broken 
surface  using  an  electron  microscope,  it  was  confirmed  that  excellent  adhesiveness  was  obtained. 

Comparative  Example  1 
40 

A  clutch  facing  was  fabricated  using  the  preoxidized  fibers  prepared  as  an  intermediate  in  the  process 
described  in  Example  1  .  A  clutch  facing  was  also  fabricated  from  carbonized  fibers  having  a  bond  nitrogen 
content  of  8%  (outside  the  scope  of  the  present  invention),  a  bond  carbon  content  of  83%,  a  tensile 
strength  of  20  g/d,  a  tensile  modulus  of  elasticity  of  1,250  g/d  and  an  electric  specific  resistance  of  8  x  10-3 

45  Ocm  and  which  had  been  prepared  by  carbonizing  the  above-described  carbonaceous  fibers  in  a  nitrogen 
gas  atmosphere  at  1,050°  C  for  3  minutes  under  a  tension  of  50  mg/d. 

The  two  comparative  clutch  facings  were  evaluated  for  their  friction  characteristics,  and  the  following 
results  were  obtained.  The  clutch  facing  fabricated  from  the  preoxidized  fibers  had  friction  coefficients  that 
were  within  the  range  of  from  0.3  to  0.23  up  to  a  temperature  of  500  °  C,  however,  many  cracks  formed  in 

50  the  surface  of  the  clutch  facing.  The  clutch  facing  fabricated  from  the  carbonized  fibers  had  a  friction 
coefficient  as  low  as  0.21  .  It  was  therefore  clear  that  both  comparative  clutch  facings  were  not  suitable  as 
friction  materials. 

Comparative  Example  2 

Carbonaceous  fibers  with  a  bond  nitrogen  content  of  23%  (outside  the  scope  of  the  present  invention) 
were  prepared  in  the  same  manner  as  in  Example  1  except  that  the  temperature  of  the  nitrogen  gas 
atmosphere  was  changed  to  350  °  C.  A  clutch  facing  was  fabricated  from  these  fibers  as  in  Example  1  .  The 

5 
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clutch  facing  was  subjected  to  evaluation  of  its  friction  characteristics;  the  friction  coefficient  was  0.3  -  0.27, 
however,  the  amount  of  wear  was  0.5  g  or  more.  These  data  show  the  poor  performance  of  the  clutch  facing 
as  a  friction  material. 

5  Example  2 

Carbonaceous  fibers  having  a  bond  nitrogen  content  of  18%,  a  bond  carbon  content  of  72%,  a  tensile 
strength  of  6  g/d,  a  tensile  modulus  of  elasticity  of  560  g/d  and  an  electric  specific  resistance  of  4  x  10G 
Ocm  were  prepared  in  the  same  manner  as  in  Example  1  except  that  nitrogen  gas  was  replaced  by  steam. 

io  The  carbonaceous  fibers  were  cut  into  1  mm  mean  lengths  with  a  guillotine  cutter  and  using  these  cut 
fibers,  clutch  facings  were  fabricated  as  in  Example  1  except  that  the  content  of  the  cut  fibers  was  changed 
as  shown  in  Table  1  below. 

The  characteristics  of  these  friction  materials  were  evaluated  in  the  s  ame  manner  as  in  Example  1  and 
the  results  are  summarized  in  Table  1.  Table  1  clearly  shows  that  the  clutch  facing  containing  the 

is  carbonaceous  fibers  in  an  amount  within  the  range  of  the  present  invention  provide  superior  characteristics 
as  a  friction  material. 

T a b l e   1 

20 
C a r b o n a c e o u s   C a l c i u m   P h e n o l i c   F r i c t i o n   Amount  o f  

f i b e r   c a r b o n a t e   r e s i n   c o e f f i c i e n t   wear   *1 
( p a r t s )   ( p a r t s )   ( p a r t s )   ( g )  

25  0 .1*1  6 9 . 9   30  b r o k e   and  made  s a m e  
m e a s u r e m e n t  
i m p o s s i b l e  

1 0 . 0   6 0 . 0   30  0 . 2 6   -  0 . 2 8   0 . 1 8  

20 

30 
50 .0*1   2 0 . 0   30  0 . 2 1   -  0 . 2 3   0 . 1 0  

35  ( N o t e s )   *1:  O u t s i d e   t h e   s c o p e   of  t he   p r e s e n t   i n v e n t i o n  

*2:  T o t a l   wear   a m o u n t   d u r i n g   104  s t o p s  

Example  3 

A  clutch  facing  was  fabricated  in  the  same  manner  as  in  Example  1  except  that  a  pulp  of  carbonaceous 
fibers  and  aramid  fibers  (Kevlar-29)  was  used  in  a  total  content  of  20  parts. 

45  The  characteristics  of  the  clutch  facing  as  a  friction  material  were  evaluated  in  the  same  manner  as  in 
Example  1  and  shown  in  Table  2.  The  results  show  that  the  use  of  aramid  fibers  contributed  to  an 
improvement  in  the  effectiveness  of  the  clutch  facing. 

50 

55 

6 



EP  0  292  997  B1 

70 

T a b l e   2 

C o n t e n t   o f  
C o n t e n t   of  c a r b o n a c e o u s   F r i c t i o n   Amount  o f * 2  

a r a m i d   f i b e r s   f i b e r s   c o e f f i c i e n t   w e a r  
( p a r t s )   ( p a r t s )   ( g )  

0 .3   1 9 . 7   0 . 2 5   -  0 . 3 1   0 . 1 6  
10 

1 0 . 0   1 0 . 0   0 . 2 8   -  0 . 3 3   0 . 1 8  

1 9 . 7   0 .3   0 . 2 9   -  0 . 37*3   0 . 1 3  

75  *1  and  *2:  t he   same  as  in  E x a m p l e   2 
*3:  B r a k i n g   was  u n s t a b l e   due  to  a  l a r g e   f l u c t u a -  

t i o n   of  f r i c t i o n   c o e f f i c i e n t .  

20 
Example  4 

Carbonaceous  fibers  were  prepared  as  in  Example  1  and  cut  into  3  mm  mean  lengths.  Fifteen  parts  of 
these  cut  fibers  were  mixed  in  a  Loedige  mixer  with  50  parts  of  the  calcium  carbonate  powder  and  35  parts 

25  of  the  phenolic  resin.  The  mixture  was  charged  into  a  mold  and  compressed  at  a  pressure  of  150  kgf/cm2 
and  at  170°  C  for  30  minutes  to  produce  an  automotive  disk  brake  pad. 

The  pad  was  subjected  to  a  constant-speed  friction  test  (JIS  D  4411);  the  friction  coefficient  at  350  °C 
was  0.28  and  the  amount  of  wear  was  1.85  x  10-7  x  cm3/kg.m. 

The  braking  characteristics  of  the  pad  were  evaluated  with  a  brake  dynamometer.  It  proved  to  be  more 
30  resistant  to  fade  than  an  asbestos  based  pad  and  had  reduced  wear  in  comparison  with  the  latter.  The 

asbestos  based  pad  was  fabricated  by  processing  a  mixture  of  asbestos  (25  parts),  calcium  carbonate  (40 
parts)  and  a  phenolic  resin  (35  parts)  in  the  same  manner  as  described  above. 

Example  5 
35 

Acrylic  fibers  made  from  93  wt%  acrylonitrile  and  7  wt%  methyl  acrylate  (tensile  strength,  4.9  g/d; 
tensile  elastic  modulus,  88  g/d;  thickness,  1.5  d;  total  fineness,  4.5  x  105  d)  was  treated  in  air  at  245  °C 
under  a  tension  of  60  mg/d  for  3.5  hours  to  make  preoxidized  fibers  having  a  tensile  strength  of  2.1  g/d,  a 
tensile  elastic  modulus  of  90  g/d,  a  specific  gravity  of  1.42,  and  a  bond  oxygen  content  of  8  wt%. 

40  The  fibers  were  then  calcinated  in  a  nitrogen  gas  atmosphere  at  600  °  C  under  a  tension  of  30  mg/d  for 
2.5  minutes  to  make  carbonaceous  fibers.  The  fibers  had  a  bond  nitrogen  content  of  18  wt%,  a  bond  carbon 
content  of  71  wt%,  a  tensile  strength  of  8.2  g/d,  a  tensile  modulus  of  elasticity  of  550  g/d,  and  an  electric 
specific  resistance  of  3.6  x  105  Ocm. 

The  carbonaceous  fibers  were  cut  into  3  mm  lengths  with  a  guillotine  cutter.  The  cut  fibers,  phosphate 
45  fibers,  calcium  carbonate  and  a  phenolic  resin  (the  latter  three  materials  are  the  same  as  those  used  in 

Example  1)  were  mixed  in  a  Loedige  mixer  in  amounts  shown  in  Table  3  below.  Each  of  the  resulting 
mixture  was  charged  into  a  circular  mold  at  170°C  and  compressed  at  a  pressure  of  20  kgf/cm2  for  30 
minutes  to  produce  a  ring  (outside  diameter,  100  mm;  inside  diameter,  60  mm;  thickness,  10  mm).  The 
friction  characteristics  of  the  thus  obtained  rings  (Samples  No.1  -  9)  were  evaluated  with  test  apparatus 

50  under  the  conditions  set  forth  below,  and  the  results  obtained  are  shown  in  Table  3. 
Test  apparatus  :  dynamometer  with  inertia  of  0.1  kgfm/sec2 
Mating  member  for  sliding  :  FC-25  (JIS  G  5501) 
Initial  sliding  speed  :  10  m/sec 
Face  pressure  :  20  kgf/cm2 

55 
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From  Table  3  it  can  be  seen  that  the  friction  material  of  the  present  invention  (Samples  1-4  and  6) 
provide  excellent  results  with  respect  to  the  friction  coefficient  and  the  wear  amount,  and  when  each  amount 

55  of  carbonaceous  fibers,  phosphate  fibers  and  the  total  amount  of  these  fibers  satisfied  all  of  formulae  (1),  (2) 
and  (3)  (Samples  1,  2  and  3)  more  excellent  results,  especially  in  the  torque  characteristics,  can  be 
obtained. 
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Claims 

1.  A  friction  material  comprising  from  about  0.5  to  29  wt.%  of  carbonaceous  fibers  with  a  bond  nitrogen 
content  of  from  about  14  to  21  wt.%,  1  to  20  wt.%  of  aramid  fibers,  based  on  the  total  weight  of  the 

5  friction  material,  or  1  to  20  wt.%  of  phosphate  fibers,  based  on  the  total  weight  of  the  friction  material, 
as  a  reinforcement,  and  a  thermosetting  resin. 

2.  The  friction  material  as  claimed  in  claim  1  ,  wherein  said  carbonaceous  fibers  are  obtained  from  acrylic 
fibers. 

10 
3.  The  friction  material  as  claimed  in  claim  2,  wherein  said  carbonaceous  fibers  are  obtained  by  calcining 

preoxidized  fibers  derived  from  acrylic  fibers,  at  from  about  450  to  900  °  C  in  an  inert  gas. 

4.  The  friction  material  as  claimed  in  claim  2,  wherein  said  preoxidized  fiber  is  obtained  by  oxidizing 
is  acrylic  fibers  containing  at  least  about  85  wt%  of  acrylonitrile. 

5.  The  friction  material  as  claimed  in  claim  3,  wherein  said  preoxidizing  is  conducted  under  a  tension  such 
that  the  shrinkage  of  the  fibers  during  preoxidation  is  from  about  25  to  95%  of  the  free  shrinkage  of  the 
fiber. 

20 
6.  The  friction  material  as  claimed  in  claim  3,  wherein  said  preoxidizing  is  conducted  at  from  about  200  to 

300°  C  for  about  0.1  to  4  hours  under  a  tension  of  from  about  1  to  300  mg/d. 

7.  The  friction  material  as  claimed  in  claim  3,  wherein  said  calcining  is  conducted  for  about  0.1  to  15 
25  minutes  under  a  tension  of  from  about  1  to  300  mg/d. 

8.  The  friction  material  as  claimed  in  claim  1  ,  wherein  said  carbonaceous  fibers  contain  bond  carbon  in  an 
amount  of  from  about  69  to  83  wt%. 

30  9.  The  friction  material  as  claimed  in  claim  1  ,  wherein  said  carbonaceous  fibers  contain  bond  carbon  in  an 
amount  of  from  about  73  to  80  wt%. 

10.  The  friction  material  as  claimed  in  claim  1,  wherein  said  carbonaceous  fiber  contains  bond  oxygen  in  an 
amount  of  from  about  3  to  10  wt%. 

35 
11.  The  friction  material  as  claimed  in  claim  1,  wherein  said  carbonaceous  fibers  have  a  tensile  modulus  of 

elasticity  of  from  about  200  to  1,300  g/d. 

12.  The  friction  material  as  claimed  in  claim  1,  wherein  said  carbonaceous  fiber  have  an  electric  specific 
40  resistance  of  from  about  1  to  107  Ocm. 

13.  The  friction  material  as  claimed  in  claim  1,  wherein  said  auxiliary  material  comprises  phosphate  fibers, 
provided  that  the  weight  percentages  of  carbonaceous  fibers  and  phosphate  fibers  satisfy  each  of 
formulae  (1),  (2)  and  (3): 

45 
(1)  1.5   ̂ x  +  y   ̂ 30.0; 
(2)  0.5   ̂ x   ̂ 29.0;  and 
(3)  1.0^  y^  20.0, 

50  wherein  x  represents  the  content  of  the  carbonaceous  fibers  and  y  represents  the  content  of  the 
phosphate  fibers  based  on  the  total  weight  of  the  friction  material. 

14.  The  friction  material  as  claimed  in  claim  1,  wherein  said  thermosetting  resin  is  present  in  an  amount  of 
from  about  5  to  35  wt%  based  on  the  total  weight  of  the  friction  material. 

55 
15.  The  friction  material  as  claimed  in  claim  1,  wherein  said  thermosetting  resin  is  selected  from  the  group 

consisting  of  a  phenol  resin,  a  melamine  resin,  a  condensate  product  of  a  cashew  nut  shell  liquid  and 
an  aldehyde,  an  epoxy  resin,  and  modified  products  thereof. 

9 
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16.  The  friction  material  as  claimed  in  claim  1,  wherein  the  friction  coefficient  of  said  materiael  is  from 
about  0.3  to  0.45. 

17.  A  method  for  the  production  of  a  friction  material  according  to  claim  1,  which  comprises  mixing 
5  carbonaceous  fibers  and  auxiliary  material,  impregnating  the  fibers  mixture  with  a  thermosetting  resin, 

and  molding  by  heat-curing,  said  carbonaceous  fibers  have  a  bond  nitrogen  content  of  from  about  14  to 
21  wt%  and  is  incorporated  in  the  friction  material  in  an  amount  of  from  about  0.5  to  29  wt%. 

18.  The  method  for  production  of  a  friction  material  as  in  claim  17,  wherein  said  carbonaceous  fibers  are 
io  produced  by  preoxidizing  acrylic  fibers  at  from  about  200  to  300°  C  for  from  about  0.1  to  4  hours  in  air 

under  a  tension  of  from  about  1  to  300  mg/d,  and  calcining  the  thus  obtained  fibers  at  from  about  450 
to  900°  C  in  an  inert  gas  under  a  tension  of  from  about  1  to  300  mg/d  for  0.1  to  15  minutes. 

19.  The  method  for  production  of  a  friction  material  as  in  claim  17,  wherein  said  carbonaceous  fibers 
is  contains  bond  carbon  of  from  about  69  to  83  wt%. 

20.  The  friction  material  as  in  claim  1  ,  wherein  said  material  contains  calcium  carbonate,  alumina  powder  or 
silica  powder. 

20  Patentanspruche 

1.  Friktionsmaterial,  umfassend  von  etwa  0,5  bis  29  Gew.%  an  kohlenstoffhaltigen  Fasern  mit  einem 
Gehalt  an  gebundenem  Sticktoff  von  etwa  14  bis  21  Gew.%,  1  bis  20  Gew.%  Aramidfasern,  bezogen 
auf  das  Gesamtgewicht  des  Friktionsmaterials,  oder  1  bis  20  Gew.%  Phosphatfasern,  bezogen  auf  das 

25  Gesamtgewicht  des  Friktionsmaterials,  als  eine  Verstarkung,  und  ein  warmehartbares  Harz. 

2.  Friktionsmaterial  nach  Anspruch  1  , 
dadurch  gekennzeichnet,  da/S 
die  kohlenstoffhaltigen  Fasern  von  Acrylfasern  erhalten  sind. 

30 
3.  Friktionsmaterial  nach  Anspruch  2, 

dadurch  gekennzeichnet,  da/S 
die  kohlenstoffhaltigen  Fasern  durch  Kalzinieren  von  voroxidierten  Fasern,  die  sich  von  Acrylfasern 
ableiten,  bei  etwa  450  bis  900  °C  in  einem  Inertgas  erhalten  sind. 

35 
4.  Friktionsmaterial  nach  Anspruch  2, 

dadurch  gekennzeichnet,  da/S 
die  voroxidierte  Faser  durch  Oxidation  von  Acrylfasern  erhalten  ist,  die  zumindest  etwa  85  Gew.% 
Acrylnitril  enthalten. 

40 
5.  Friktionsmaterial  nach  Anspruch  3, 

dadurch  gekennzeichnet,  da/S 
die  Voroxidation  unter  einer  solchen  Spannung  durchgefuhrt  wird,  da/S  die  Schrumpfung  der  Fasern 
wahrend  der  Voroxidation  von  etwa  25  bis  95%  der  freien  Schrumpfung  der  Faser  ist. 

45 
6.  Friktionsmaterial  nach  Anspruch  3, 

dadurch  gekennzeichnet,  da/S 
das  Voroxidieren  bei  etwa  200  bis  300  °C  fur  etwa  0,1  bis  4  Stunden  unter  einer  Spannung  von  etwa  1 
bis  300  mg/d  durchgefuhrt  ist. 

50 
7.  Friktionsmaterial  nach  Anspruch  3, 

dadurch  gekennzeichnet,  da/S 
das  Kalzinieren  fur  etwa  0,1  bis  15  Minuten  unter  einer  Spannung  von  etwa  1  bis  300  mg/d 
durchgefuhrt  ist. 

55 
8.  Friktionsmaterial  nach  Anspruch  1  , 

dadurch  gekennzeichnet,  da/S 
die  kohlenstoffhaltigen  Fasern  gebundenen  Kohlenstoff  in  einer  Menge  von  etwa  69  bis  83  Gew.% 
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enthalten. 

9.  Friktionsmaterial  nach  Anspruch  1  , 
dadurch  gekennzeichnet,  da/S 

5  die  kohlenstoffhaltigen  Fasern  gebundenen  Kohlenstoff  in  einer  Menge  von  etwa  73  bis  80  Gew.% 
enthalten. 

10.  Friktionsmaterial  nach  Anspruch  1, 
dadurch  gekennzeichnet,  da/S 

io  die  kohlenstoffhaltige  Faser  gebundenen  Sauerstoff  in  einer  Menge  von  etwa  3  bis  10  Gew.%  enthalt. 

11.  Friktionsmaterial  nach  Anspruch  1, 
dadurch  gekennzeichnet,  da/S 
die  kohlenstoffhaltigen  Fasern  einen  Zugelastizitatsmodul  von  etwa  200  bis  1300  g/d  aufweisen. 

15 
12.  Friktionsmaterial  nach  Anspruch  1, 

dadurch  gekennzeichnet,  da/S 
die  kohlenstoffhaltige  Faser  einen  elektrischen  spezifischen  Widerstand  von  etwa  1  bis  107  Ohm  cm 
aufweist. 

20 
13.  Friktionsmaterial  nach  Anspruch  1, 

dadurch  gekennzeichnet,  da/S 
das  Hilfsmaterial  Phosphatfasern  enthalt,  mit  dem  Vorbehalt,  da/S  die  Gewichtsprozente  der  kohlenstoff- 
haltigen  Fasern  und  der  Phosphatfasern  jeweils  den  folgenden  Formeln  (1),  (2)  und  (3)  genugen: 

25 
(1)  1,5   ̂ x  +  y   ̂ 30,0 
(2)  0,5   ̂ x   ̂ 29,0;  und 
(3)  1,0^  y^  20,0, 

30  worin  x  den  Gehalt  der  kohlenstoffhaltigen  Fasern  und  y  den  Gehalt  der  Phosphatfasern  bedeuten, 
bezogen  auf  das  Gesamtgewicht  des  Friktionsmaterials. 

14.  Friktionsmaterial  nach  Anspruch  1, 
dadurch  gekennzeichnet,  da/S 

35  das  warmehartbare  Harz  in  einer  Menge  von  etwa  5  bis  35  Gew.%  vorhanden  ist,  bezogen  auf  das 
Gesamtgewicht  des  Friktionsmaterials. 

15.  Friktionsmaterial  nach  Anspruch  1, 
dadurch  gekennzeichnet,  da/S 

40  das  warmehartbare  Harz  aus  der  Gruppe  ausgewahlt  ist,  bestehend  aus  einem  Phenolharz,  einem 
Melaminharz,  einem  Kondensatprodukt  einer  CashewnuCschalenflussigkeit  und  einem  Aldehyd,  einem 
Epoxyharz  und  modifizierten  Produkten  davon. 

16.  Friktionsmaterial  nach  Anspruch  1, 
45  dadurch  gekennzeichnet,  da/S 

der  Friktionskoeffizient  des  Materials  von  etwa  0,3  bis  0,45  ist. 

17.  Verfahren  zur  Herstellung  eines  Friktionsmaterials  nach  Anspruch  1, 
umfassend  das  Mischen  von  kohlenstoffhaltigen  Fasern  und  Hilfsmaterial,  Impragnieren  der  Fasermi- 

50  schung  mit  einem  warmehartbaren  Harz  und  Formen  durch  Warmehartung,  wobei  die  kohlenstoffhalti- 
gen  Fasern  ein  Gehalt  an  gebundenem  Stickstoff  von  etwa  14  bis  21  Gew.%  aufweisen  und  in  das 
Friktionsmaterial  in  einer  Menge  von  etwa  0,5  bis  29  Gew.%  eingefugt  werden. 

18.  Verfahren  zur  Herstellung  eines  Friktionsmaterials  nach  Anspruch  17, 
55  dadurch  gekennzeichnet,  da/S 

die  kohlenstoffhaltigen  Fasern  durch  Voroxidieren  von  Acrylfasern  bei  etwa  200  bis  300  °C  fur  etwa  0,1 
bis  4  Stunden  an  Luft  unter  einer  Spannung  von  etwa  1  bis  300  mg/d  und  durch  Kalzinieren  der  somit 
erhaltenen  Fasern  bei  etwa  450  bis  900  °C  in  einem  Inertgas  unter  einer  Spannung  von  etwa  1  bis  300 
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mg/d  fur  0,1  bis  15  Minuten  hergestellt  werden. 

19.  Verfahren  zur  Herstellung  eines  Friktionsmaterials  nach  Anspruch  17, 
dadurch  gekennzeichnet,  da/S 

5  die  kohlenstoffhaltigen  Fasern  gebundenen  Kohlenstoff  von  etwa  69  bis  83  Gew.%  enthalten. 

20.  Friktionsmaterial  nach  Anspruch  1  , 
dadurch  gekennzeichnet,  da/S 
das  Material  Kalziumkarbonat,  Aluminiumoxidpulver  oder  Siliziumoxidpulver  enthalt. 

10 
Revendications 

1.  Materiau  de  frottement  comprenant  environ  0,5  a  29%  en  poids  de  fibres  carbonees  avec  une  teneur 
en  azote  lie  d'environ  14  a  21%  en  poids,  1  a  20%  en  poids  de  fibres  d'aramide,  ou  1  a  20%  en  poids 

is  de  fibres  de  phosphate  par  rapport  au  poids  total  du  materiau  de  frottement,  en  tant  qu'agent  de 
renforcement,  et  une  resine  thermodurcissable. 

2.  Materiau  de  frottement  selon  la  revendication  1  ,  dans  lequel  lesdites  fibres  carbonees  sont  obtenues  a 
partir  de  fibres  acryliques. 

20 
3.  Materiau  de  frottement  selon  la  revendication  2,  dans  lequel  lesdites  libres  carbonees  sont  obtenues 

par  calcination  de  libres  preoxydees  derivees  de  fibres  acryliques,  a  environ  450  a  900  °C  dans  un  gaz 
inerte. 

25  4.  Materiau  de  frottement  selon  la  revendication  2,  dans  lequel  ladite  fibre  preoxydee  est  obtenue  par 
oxydation  de  fibres  acryliques  contenant  au  moins  environ  85%  en  poids  d'acrylonitrile. 

5.  Materiau  de  frottement  selon  la  revendication  3,  dans  lequel  ladite  preoxydation  est  effectuee  sous  une 
tension  telle  que  le  retrait  des  fibres  lors  de  la  preoxydation  est  d'environ  25  a  95%  du  retrait  libre  de 

30  la  fibre. 

6.  Materiau  de  frottement  selon  la  revendication  3,  dans  lequel  ladite  preoxydation  est  effectuee  a  environ 
200  a  300  °C  pendant  environ  0,1  a  4  heures,  sous  une  tension  d'environ  1  a  300  mg/d. 

35  7.  Materiau  de  frottement  selon  la  revendication  3,  dans  lequel  ladite  calcination  est  effectuee  pendant 
environ  0,1  a  15  minutes  sous  une  tension  d'environ  1  a  300  mg/d. 

8.  Materiau  de  frottement  selon  la  revendication  1  ,  dans  lequel  lesdites  fibres  carbonees  contiennent  du 
carbone  lie  dans  une  proportion  d'environ  69  a  83%  en  poids. 

40 
9.  Materiau  de  frottement  selon  la  revendication  1  ,  dans  lequel  lesdites  libres  carbonees  contiennent  du 

carbone  lie  dans  une  proportion  d'environ  73  a  80%  en  poids. 

10.  Materiau  de  frottement  selon  la  revendication  1,  dans  lequel  ladite  fibre  carbonee  contient  de  I'oxygene 
45  lie  dans  une  proportion  d'environ  3  a  10%  en  poids. 

11.  Materiau  de  frottement  selon  la  revendication  1,  dans  lequel  lesdites  libres  carbonees  ont  un  module 
d'elasticite  sous  traction  d'environ  200  a  1300  g/d. 

50  12.  Materiau  de  frottement  selon  la  revendication  1,  dans  lequel  lesdites  libres  carbonees  ont  une 
resistance  electrique  specifique  d'environ  1  a  1070cm. 

13.  Materiau  de  frottement  selon  la  revendication  1,  dans  lequel  ledit  materiau  auxiliaire  comprend  des 
fibres  de  phosphate,  sous  reserve  que  les  pourcentages  ponderaux  des  fibres  carbonees  et  des  fibres 

55  de  phosphate  repondent  a  chacune  des  formules  (1),  (2)  et  (3): 

(1)  1,5   ̂ x  +  y   ̂ 30,0 
(2)  0,5   ̂ x   ̂ 29,0  et 
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(3)  1  ,0   ̂ y   ̂ 20,0 

ou  x  represente  la  teneur  en  fibres  carbonees  et  y  represente  la  teneur  en  fibres  de  phosphate  par 
rapport  au  poids  total  du  materiau  de  frottement. 

14.  Materiau  de  frottement  selon  la  revendication  1,  dans  lequel  la  resine  thermodurcissable  est  presente 
dans  une  proportion  d'envrion  5  a  35%  en  poids  par  rapport  au  poids  total  du  materiau  de  frottement. 

15.  Materiau  de  frottement  selon  la  revendication  1,  dans  lequel  ladite  resine  thermodurcissable  est  choisie 
dans  le  groupe  constitue  d'une  resine  phenolique,  d'une  resine  de  melamine,  d'un  produit  condense 
d'un  liquide  de  coquille  de  noix  de  cajou  et  d'un  aldehyde,  d'une  resine  epoxy  et  de  produits  modifies 
derives  de  ceux-ci. 

16.  Materiau  de  frottement  selon  la  revendication  1,  le  coefficient  de  frottement  dudit  materiau  etant 
d'environ  0,3  a  environ  0,45. 

17.  Procede  pour  la  production  d'un  materiau  de  frottement  selon  la  revendication  1,  qui  comprend  le 
melange  de  fibres  carbonees  et  d'un  materiau  auxiliaire,  I'impregnation  du  melange  de  fibres  par  une 
resine  thermodurcissable,  et  le  moulage  par  durcissement  thermique,  les  libres  carbonees  ayant  une 
teneur  en  azote  lie  d'environ  14  a  21%  en  poids  et  etant  incorporees  au  materiau  de  frottement  dans 
une  proportion  d'environ  0,5  a  29%  en  poids. 

18.  Procede  pour  la  production  d'un  materiau  de  frottement  selon  la  revendication  17,  dans  lequel  lesdites 
fibres  carbonees  sont  produites  par  preoxydation  de  fibres  acryliques  a  environ  200  a  300  °  C  pendant 
environ  0,1  a  4  heures  dans  de  I'air,  sous  une  tension  d'environ  1  a  300  mg/d,  et  calcination  des  fibres 
ainsi  obtenues  a  environ  450  a  900  °C  sous  une  atmosphere  de  gaz  inerte  et  sous  une  tension 
d'environ  1  a  300  mg/d  pendant  0,1  a  15  minutes. 

19.  Procede  pour  la  production  d'un  materiau  de  frottement  selon  la  revendication  17,  dans  lequel  lesdites 
fibres  carbonees  ont  une  teneur  en  carbone  lie  d'environ  69  a  83%  en  poids. 

20.  Materiau  de  frottement  selon  la  revendication  1,  dans  lequel  ledit  materiau  contient  du  carbonate  de 
calcium,  une  poudre  d'alumine  ou  une  poudre  de  silice. 
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