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Description 

BACKGROUND  OF  THE  INVENTION 

5  1  .  Field  of  the  Invention 

The  present  invention  relates  to  boronized  sliding  material  and  a  method  for  producing  the  same.  More 
particularly,  the  present  invention  relates  to  sintered  sliding  material,  a  part  of  which  is  boronized,  and  to  a 
method  for  producing  the  same. 

70 
2.  Description  of  Related  Arts 

Boronizing  is  widely  applied  to  steel  materials  which  have  undergone  rolling,  forging,  and  casting,  so  as 
to  improve  the  wear-resistance,  oxidation-resistance,  and  corrosion-resistance  thereof.  While  boronizing 

75  exhibits  such  improved  properties,  it  has  a  drawback  in  that  embrittlement  occurs  due  to  the  hardness  and 
brittleness  of  the  borides.  A  very  brittle  layer  of  FeB  is  likely  to  form  particularly  on  the  treated  surface.  FeB 
readily  cracks  ad  embrittles,  so  that  the  material,  on  which  FeB  is  formed,  is  inappropriate  for  use  as  sliding 
material. 

The  sintered  material  is  usually  used  as  is.  The  sintered  material  may  occasionally  be  subjected  to 
20  post-treatment,  such  as  rolling,  wire-drawing,  swaging,  forging,  rolling,  sizing  or  coining.  In  coining,  the 

sintered  material  is  placed  in  a  die  and  is  rolled.  Surface  treatment  of  the  sintered  material  is  not  usual. 
Prior  art  of  the  surface  treatment  of  the  sintered  material  is  now  surveyed. 
Material  standard  FN-0200-T  stipulated  in  MPIF  (Metal  Powder  Institute  Federation)  specification  relates 

to  a  case-hardenable  material,  which  is  characterized  by  addition  of  Ni  and  by  a  relatively  high  density  in 
25  the  range  of  from  7.2  to  7.6.  In  addition,  SMF  2  stipulated  in  JPMA  (Japan  Powder  Metallurgy  Association) 

specification  relates  to  material  which  is  carburizable.  Cu  added  in  an  amount  of  3  %  or  less  makes  the 
pores  to  disappear  and  hence  creates  the  carburizing  property. 

Japanese  Unexamined  Patent  Publication  No.  60-21371  relates  to  a  boronizing  method.  According  to 
this  method,  a  metallic  container  filled  with  Cr  powder  is  compressed.  The  Cr  powder  is  then  sintered  under 

30  such  a  condition  that  no  pinholes  are  formed,  and  hence  the  sintered  body  has  true  density.  Machining  is 
then  carried  out  to  remove  the  container  to  obtain  a  wrought  material.  This  wrought  material  having  no 
pinholes,  is  then  boronized.  The  method,  therefore,  is  not  the  boronizing  of  sintered  material. 

Case-hardening  or  carburizing  of  sintered  material  has  heretofore  been  known,  whereby  the  sintered 
material  as  a  whole  is  hardened.  However,  hardening  a  part  of  the  surface  of  the  sintered  material,  such  as 

35  the  inner  surface  of  a  tubular  material,  by  boronizing  has  not  been  possible. 
According  to  an  experiment  by  the  present  inventors,  the  inner  surface  of  a  tubular  sintered  material 

was  subjected  to  boronizing.  The  boronizing  gas,  which  was  in  the  generally  generated  amount,  passed 
through  the  pores  and  leaked  toward  the  outer  surface  of  the  tubular  sintered  material.  Since  boronizing  in 
itself  was  impossible,  the  desired  treated  layer  was  evidently  not  formed  on  the  inner  surface.  When  the 

40  boronizing  was  carried  out  while  generating  a  large  amount  of  the  boronizing  gas,  not  only  the  surface  but 
also  the  interior  of  the  sintered  body  were  boronized.  In  addition,  a  considerable  amount  of  brittle  FeB  is 
formed  on  the  surface  of  the  pores  which  are  present  in  the  interior  of  the  sintered  body.  The  sintered  body 
was  therefore  embrittled  as  a  whole  by  the  boronizing. 

45  SUMMARY  OF  THE  INVENTION 

It  is  therefore  an  object  of  the  present  invention  to  provide  a  sintered  sliding  material  having  a 
boronized  layer  only  on  the  desired  surface,  which  material  exhibits  improved  surface  properties  along  with 
improved  strength  and  load  resistance. 

50  It  is  another  object  of  the  present  invention  to  provide  a  method  for  producing  the  sintered  sliding 
material  mentioned  above. 

In  accordance  with  the  objects  of  the  present  invention,  there  is  provided  a  sintered  ferrous  sliding 
material  comprising  a  boronized  surface  region  having  a  first  porosity  of  5%  or  less  and  comprising  a  10- 
150  urn  thick  boride  layer  at  least  partially  therein,  and  an  interior  region  having  a  second  porosity  of  less 

55  than  30%  and  higher  than  the  first  porosity,  the  boride  being  exposed  on  the  boronized  surface  region  and 
being  essentially  not  formed  in  the  interior  region. 

There  is  also  provided  a  method  for  producing  the  sintered  sliding  material  comprising  the  steps  of 
preparing  a  sintered  ferrous  material  having  a  second  porosity  of  less  than  30%:  applying  a  pressure  to  at 
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least  a  selected  part  of  the  surface  of  the  sintered  ferrous  material,  so  as  to  decrease  the  porosity  of  the 
selected  surface  to  a  first  porosity  of  5%  or  less,  smaller  than  the  second  porosity;  and,  boronizing  at  least 
the  selected  parts  of  the  surface  with  a  boronizing  agent  to  form  a  sliding  material  with  a  10-150  urn  thick 
boride  layer. 

5 
DESCRIPTION  OF  THE  PREFERRED  EMBODIMENTS 

The  mother  materials  to  be  boronized  may  be  such  various  ferrous  materials  as  sintered  iron,  and 
sintered  ferrous  alloy  materials  based  on  Fe-C,  Fe-C-Cu,  Fe-Ni,  Fe-Ni-Cu,  Fe-Mn,  and  Fe-C-Mn  with  or 

io  without  S  additive.  The  boronizing  method  which  can  be  used  in  the  present  invention  may  be  any  one  of 
the  solid,  liquid  and  gas  methods,  but  the  solid  method  is  particularly  preferred.  The  boride  phase  is  thinly 
formed,  by  the  boronizing,  on  the  inner  or  outer  surface  of  a  tubular  sintered  body  where  the  wear- 
resistance  is  to  be  imparted.  The  boride  phase  is  also  thinly  formed,  by  the  boronizing,  on  a  surface  of  a 
sheet  where  the  wear-resistance  is  to  be  imparted.  The  surface  of  the  sliding  material,  which  does  not  slide 

is  against  the  opposite  member  and  hence  is  not  required  to  be  wear-resistant,  should  be  desirably  free  of  the 
boride,  with  the  result  that  reduction  of  fatigue  strength  and  the  like  due  to  the  presence  of  the  boride  is 
lessened  as  much  as  possible. 

The  porosity  of  the  surface  region  of  the  sliding  material  according  to  the  present  invention  is  lower 
than  that  of  the  interior  region  and  is  less  than  5  %.  This  is  because,  if  the  porosity  of  the  surface  region 

20  exceeds  5  %,  the  boronizing  gas  leaks  to  the  interior  of  the  sintered  body.  When  this  happens,  the  desired 
surface  is  not  boronized.  Occasionally,  the  boronizing  is  possible,  but  even  a  deep  part  of  the  interior  region 
or  the  interior  region  as  a  whole  is  boronized,  with  the  result  that  brittle  FeB  is  formed  widely  in  the  interior, 
and  hence  the  sliding  material  embrittles.  In  addition,  if  the  porosity  of  the  surface  is  the  same  as  that  of  the 
interior,  stress  is  liable  to  concentrate  on  the  boronized  surface.  In  this  case,  the  load  resistance  is  impaired 

25  or  the  interior  region  is  liable  to  embrittle  depending  upon  the  porosity. 
The  porosity  of  the  surface  region  is  preferably  2  %  or  more  for  the  following  reasons.  When  the 

porosity  of  the  surface  region  is  in  the  range  of  from  2  to  5  %,  only  a  trace  amount  of  the  boronizing  gas  is 
leaked.  This  leads  to  the  boronizing  of  the  desired  surface  and  also  to  enhancement  of  the  boronizing 
speed  at  the  initial  stage  because  the  boronizing  gas  fills  the  pores  in  the  surface  region.  As  the  boronizing 

30  advances,  expansion  of  the  sintered  material  occurs  and  the  pores  of  the  surface  region  gradually  diminish. 
The  boride  then  fills  the  pores  of  the  surface  region.  The  leakage  amount  is  therefore  further  reduced,  so 
that  the  boronizing  of  the  interior  is  further  prevented.  A  trace  amount  of  the  boronizing  gas,  which  is  leaked 
from  the  surface  region  to  the  interior,  is  exhausted  through  the  porous  interior  to  the  exterior  of  the  sintered 
body.  Note  the  high  porosity  of  the  interior  facilitates  the  exhaustion  of  the  leaked  gas.  When  the  porosity  of 

35  the  surface  region  is  2  %  or  more,  the  pressure  required  for  forming  the  surface  region  is  advantageously 
lower  than  in  the  case  of  forming  the  surface  region  having  porosity  of  less  than  2  %.  In  addition,  the 
equipment  for  applying  the  pressure  is  uncomplicated  and  inexpensive. 

The  surface  region  has  preferably  a  thickness  of  from  0.05  to  2  mm,  more  preferably  from  0.1  to  1  mm, 
most  preferably  0.2  to  0.6  mm.  The  best  thickness  is  approximately  0.5  mm. 

40  According  to  a  preferred  embodiment  of  the  present  invention,  an  intermediate  region  having  porosity 
greater  than  5  %  but  smaller  than  that  of  the  interior  region  is  formed  between  the  two  regions.  The  porosity 
of  the  intermediate  region  is  adjusted  by  means  of  applying  pressure  to  the  sintered  body.  The  porosity  of 
the  interior  region  remains  unchanged  by  the  pressure  application.  The  porosity  of  the  intermediate  region 
in  the  proximity  of  the  surface  region  and  the  interior  region  is  preferably  close  to  those  of  the  two  regions, 

45  respectively.  The  porosity  of  the  intermediate  region  preferably  gradually  decreases  from  the  one  to  the 
other  of  the  above-mentioned  ones.  The  intermediate  region  described  above  is  advantageous  from  the 
following  points  of  view,  that  is;  the  bonding  strength  between  the  surface  region  and  the  interior  region  is 
enhanced;  absorbability  of  load  is  enhanced;  gas  is  easily  exhausted;  and  the  sintered  material  is  easily 
produced. 

50  The  intermediate  and  interior  regions  enable  a  higher  load  resistance  to  be  attained  than  that  attained 
only  by  the  interior  region.  The  intermediate  region  is  preferably  from  0.5  to  1.5  mm  in  thickness.  The  sum 
of  the  intermediate  and  surface  regions  is  preferably  from  2  mm  or  less.  The  boride  phase  is  preferably 
formed  only  in  the  surface  region  but  may  be  formed  also  in  the  surface  part  of  the  intermediate  region  in 
the  case  where  the  surface  region  is  thin. 

55  The  porosity  of  the  interior  region  is  so  high,  preferably  6  %  or  more,  that  it  is  not  boronized.  When  the 
interior  region  is  boronized,  the  FeB  layer  is  not  removed  by  grinding,  and  hence  the  sliding  material  is 
brittle.  Such  sliding  material  exhibits  a  low  load  resistance,  because  the  surface  of  the  pores  cracks  when 
the  sliding  material  is  subjected  to  load.  A  non-boronized  interior  region  having  the  high  porosity  as 

3 
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described  above  behaves  as  a  cushion  when  the  sliding  material  is  subjected  to  load.  The  load  resistance  is 
therefore  enhanced.  When  the  porosity  of  the  interior  region  is  very  low,  the  powder  metallurgical  conditions 
for  obtaining  a  high  sintered  body  become  severe.  On  the  other  hand,  when  the  porosity  of  the  interior 
region  becomes  very  high,  for  example  30  %  or  more,  the  strength  is  so  low  as  to  make  the  sintered  body 

5  inappropriate  for  the  sliding  member.  The  porosity  value  of  the  interior  region  described  above  indicates  the 
average  value  of  the  values  varying  in  the  interior  region  from  the  border  in  contact  with  the  surface  region 
to  the  surface  opposite  to  the  boronized  surface. 

The  distribution  of  porosity  of  the  interior  region  should  preferably  be  such  that  porosity  is  smaller  at 
the  part  nearer  the  surface  and  greater  at  the  more  inner  part.  When  the  porosity  of  the  interior  region  is 

io  great,  the  intermediate  region  is  preferably  formed  so  as  to  provide  a  homogeneous  distribution  of  the  strain 
in  the  interior  region.  The  intermediate  region  has  preferably  a  thickness  of  from  0.5  to  1.5  mm  and  has 
porosity  between  those  of  the  surface  region  and  the  interior  region,  for  example  from  6  to  15  %.  The  stress 
applied  to  a  portion  of  the  surface  region  is  transmitted  to  the  intermediate  region  bordering  on  the  interior 
region.  The  stress  is  spread  widely  in  the  intermediate  layer,  because  such  layer  is  more  dense  than  the 

is  surface  region.  The  stress  then  transmitted  to  the  interior  region  therefore  does  not  locally  concentrate. 
When  the  load,  to  which  the  sliding  material  is  subjected,  is  low,  the  boride  phase  may  be  formed  such 

that  it  intrudes  slightly,  i.e.,  several  tens  of  urn,  into  the  interior  region.  Preferably,  the  thickness  of  the 
boride  phase  is  controlled  such  that  it  is  less  than  the  surface  region,  and  hence,  the  non-boronized  surface 
region  free  of  boride  remains  beneath  the  boronized  surface  region.  In  this  case,  the  boride  phase,  the 

20  surface  region  without  the  boride  phase  (hereinafter  referred  to  as  "the  intermediate  layer"),  and  the  interior 
region  are  successively  formed  beneath  the  surface  of  the  sliding  member.  When  such  sliding  member  is 
subjected  to  load,  the  intermediate  layer  as  a  whole  transmits  the  stress  uniformly  to  the  interior  region, 
since  the  intermediate  layer  has  a  high  density  or  a  low  porosity.  That  is,  such  intermediate  layer  has  a  high 
strength  and,  therefore,  it  has  no  weak  portion  where  stress  is  liable  to  concentrate;  hence  the  force  is 

25  transmitted  to  the  whole  intermediate  layer.  Contrary  to  this,  when  the  boride  phase  is  in  direct  contact  with 
the  interior  region,  stress  concentration  is  liable  to  take  place  at  such  contact  point,  which  easily  incurs  local 
transmission  of  the  stress  to  the  interior  region  and  destruction  of  the  sliding  member.  In  this  regard,  the 
surface  region  is  preferably  thicker  than  the  boride  layer  described  in  the  following. 

The  boride  layer  is  partly  removed  by  a  thickness  of  a  few  microns,  i.e.,  the  brittle  FeB  formed  on  the 
30  surface  of  the  sliding  member  is  removed,  by  means  of  grinding  and  the  like. 

The  sintered  material,  which  has  been  boronized  and  then  treated  as  described  above,  is  used  as  the 
sliding  member.  As  is  proposed  in  Japanese  Patent  Application  No.  63-181671  (US  Patent  Application  S.N. 
369,974),  a  dual  phase  of  Fe2B  and  Fe3B  may  appear  on  the  surface  where  the  FeB  phase  has  been 
removed.  The  thickness  of  the  boride  layer  is  from  10  to  150  urn,  preferably  from  30  to  100  urn.  When  the 

35  thickness  of  the  boride  phase  is  less  than  10  urn,  the  wear-resistance  is  poor.  On  the  other  hand,  when  the 
thickness  of  the  boride  layer  exceeds  150  urn,  a  large  amount  of  brittle  FeB  is  formed,  and  shape  distortion 
of  the  sliding  member  becomes  likely  to  occur  due  to  the  boronizing.  When  shape  distortion  occurs,  the 
interior  of  the  boride  layer  is  subjected  to  deformation,  which  makes  the  strength  reduction  likely  to  occur. 

The  sintered  material,  whose  porosity  of  the  surface  part  is  different  from  that  of  the  interior  region,  is 
40  produced  by  means  of  sintering  by  a  conventional  method  to  provide  a  sintered  body  having  virtually 

uniform  porosity  throughout  the  body  and  then  applying  pressure  to  the  sintered  body.  Specific  methods  for 
diminishing  the  pores  are  rolling,  die-pressing,  and  die-forming  with  rotary  discs.  Any  other  method  may  be 
used.  However,  sizing  is  usually  performed  in  order  to  preserve  the  life  of  jigs.  The  sizing  is  preferably 
carried  out  such  that  the  size  of  a  workpiece  is  decreased  by  approximately  from  3  to  10  %.  When  size 

45  reduction  by  sizing  is  less  than  3  %,  the  effects  due  to  the  size  reduction  are  slight.  On  the  other  hand, 
working  exceeding  10  %  size  reduction  is  difficult.  The  working  method  of  sizing  is  dependent  upon  the 
shape  of  the  workpiece.  For  example,  when  a  workpiece  is  tubular,  the  inner  surface  of  the  tubular 
workpiece  is  subjected  to  ironing  by  means  of  a  die  in  the  form  of  a  mandrel  tapered  front  end,  so  as  to 
diminish  the  pores  of  the  inner  surface,  or  the  outer  surface  of  the  tubular  workpiece  is  subjected  to  ironing 

50  by  means  of  a  tubular  die,  so  as  to  diminish  the  pores  on  the  outer  surface. 
As  described  above,  the  sintered  material  can  be  boronized  without  incurring  embrittlement  due  to 

borides,  because  the  porosities  of  the  surface  region  and  the  interior  region  are  set  as  described  above. 
The  sintered  material  is  partially  boronized,  with  the  result  that  the  sintered  sliding  material  having  improved 
wear-resistance,  oxidation-resistance,  load-resistance,  and  fatigue-resistance  is  provided. 

55  The  present  invention  is  described  with  reference  to  the  examples  and  the  drawings. 
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BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Fig.  1  is  a  schematic  drawing  of  the  boronized  surface  of  sintered  sliding  material  in  the  inventive 
Example  1  . 

5  Figs.  2  and  3  are  the  metal  photographs  of  the  boronized  surface  in  the  inventive  Example  1  . 

Examples 

Sintered  material  was  produced  by  sintering  SMF3030  (Fe-C  based  sintered  material)  stipulated  in 
70  JPMA  specification  for  sintered  material  for  mechanical  and  constructional  use.  The  density  of  the  sintered 

material  was  7.0  g/cm3,  which  corresponded  to  porosity  of  16  %.  The  shape  of  the  sintered  material  was 
cylindrical,  20  mm  in  the  inner  diameter  and  40  mm  in  the  outer  diameter.  The  inner  surface  of  the  tubular 
sintered  material  was  subjected  to  the  sizing  to  decrease  the  inner  diameter  to  19.2  mm,  namely,  the  sizing 
dimension  was  0.8  mm  and  the  sizing  ratio  was  4  %.  Subsequently,  the  sintered  material  was  boronized  at 

75  900  °C  for  1  hour.  The  boronizing  agent  used  was  a  powder  mixture  consisting  of  3  to  20  parts  of  B+C,  50 
to  80  parts  of  SiC,  10  to  30  parts  of  C,  and  from  0.5  to  7  parts  of  potassium  borofluoride.  This  powder 
mixture  was  brought  into  contact  with  only  the  surface  to  be  boronized.  The  boronizing  was  so  carried  out. 

Referring  to  Fig.1,  pores  3  and  the  boride  layer  1a  of  the  boronized  surface  are  schematically 
illustrated.  A  part  of  the  FeB  phase  formed  on  the  top  surface  of  the  boronized  material  was  removed  by 

20  grinding  and  is  not  shown  in  Fig.  1.  The  surface  region  is  denoted  by  1  and  has  a  thickness  of  0.5  mm.  The 
intermediate  region  is  denoted  by  2a.  The  border  between  the  boride  layer  1a  and  the  mother  material  is  in 
a  zigzag  pattern.  The  thickness  of  the  boride  layer  herein  is  the  average  thickness  measured  at  the  average 
position  of  the  convexities  and  concavities. 

25  Example  1 

The  surface  region  1  (0.5  mm  thick)  had  a  porosity  of  4  %.  The  porosities  of  the  interior  region  2b  and 
the  intermediate  region  2a  (1.0  mm  thick)  were  16%  and  7  %  respectively  (at  the  center  of  the  region  2a). 
The  pores  in  the  regions  1a,  1b,  2a,  which  were  affected  by  sizing,  were  bonded  or  deformed  and 

30  diminished  to  a  thin  elongated  shape.  As  a  result,  the  porosity  in  the  surface  region  1  and  intermediate 
region  2a  was  decreased  by  the  sizing.  The  average  thickness  of  the  boride  layer  1a  was  50  urn.  Metal 
microscopic  photographs  of  the  boride  layer  are  shown  in  Fig.  2  (magnification  of  100)  and  in  Fig.  3 
(magnification  of  400).  As  is  clear  from  Figs.  2  and  3,  the  boride  layer  is  formed  only  on  the  surface  of 
sintered  material. 

35 
Comparative  Example 

In  this  example,  the  ferrous  sintered  material  having  15  %  of  the  porosity  was  not  subjected  to  sizing 
but  was  directly  boronized  as  a  whole.  The  boronizing  was  carried  out  by  the  method  of  Example  1  .  The 

40  boride  was  formed  on  the  surface  of  the  sintered  material  and  on  the  surface  of  the  pores  in  the  interior  of 
the  sintered  material.  The  FeB  was  therefore  present  in  the  interior  of  the  sintered  material. 

The  wear  resistance  of  the  boronized  materials  according  to  Example  1  and  Comparative  Example  was 
tested  under  the  following  condition. 

Tester:  a  plate-journal  friction  tester 
45  Speed:  4  m/sec 

Load:  10  kg 
Quantity  of  lubricating  oil:  1cc/min 
Testing  time:  1  Hr 
Opposed  material:  high  Si-AI 

50  The  results  were  as  follows. 

Coefficient  of  Friction  Dept  of  wear(u.m) 

Test  material  Opposed  material 

Example  1  0.08  0.5  0.5 
Comprative  Example  0.10  2.5  70 
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The  load  resistance  was  tested  under  the  following  condition. 
Speed:  15m/sec 
Load:  succesive  increase  by  40  kgf/10  min 
Lubrication:  oil-supply  with  a  pad 

5  Opposed  material:  high  Si-AI 
The  seizure  load  was  410  kg/cm2  in  Example  1,  while  the  seizure  load  was  300  kg/cm2  in  Comparative 

Example. 

Example  2 
10 

In  the  present  example,  the  porosity  of  the  surface  region  1  (0.5  mm  thick)  was  2  %.  The  porosity  of 
the  interior  region  2b  was  16  %.  The  porosity  of  the  intermediate  region  2a  (1  mm  thick)  varied  from  6  to  15 
%.  The  thickness  of  the  boride  layer  1a  was  80  urn  thick.  The  boronizing  was  carried  out  by  the  method 
described  above.  The  boride  layer  was  formed  only  on  the  inner  surface  of  the  tubular  sintered  material. 

15 
Claims 

1.  A  sintered  ferrous  sliding  material  comprising  a  boronized  surface  region  having  a  first  porosity  of  5% 
or  less  and  comprising  a  10-150  urn  thick  boride  layer  at  least  partially  therein,  and  an  interior  region 

20  having  a  second  porosity  of  less  than  30%  and  higher  than  the  first  porosity,  the  boride  being  exposed 
on  the  boronized  surface  region  and  being  essentially  not  formed  in  the  interior  region. 

2.  A  sintered  ferrous  sliding  material  according  to  claim  1,  further  comprising  an  intermediate  region 
between  the  surface  region  and  the  interior  region  having  a  third  porosity  greater  than  the  first  porosity 

25  and  smaller  than  the  second  porosity. 

3.  A  sintered  ferrous  sliding  material  according  to  claim  1  or  2,  wherein  the  first  porosity  is  from  2  to  5%. 

4.  A  sintered  ferrous  sliding  material  according  to  any  one  of  claims  1  through  3,  wherein  the  second 
30  porosity  is  from  6  to  30  %. 

5.  A  sintered  ferrous  sliding  material  according  to  any  one  of  claims  1  through  4,  wherein  the  boride  is 
essentially  not  formed  in  the  intermediate  region. 

35  6.  A  sintered  ferrous  sliding  material  according  to  any  one  of  claims  1  through  5,  wherein  the  surface 
region  has  a  thickness  of  from  0.05  to  2  mm. 

7.  A  sintered  ferrous  sliding  material  according  to  claim  5  or  6,  wherein  the  intermediate  region  has  a 
thickness  of  from  0.5  to  1.5  mm. 

40 
8.  A  method  for  producing  a  sintered  ferrous  sliding  material,  comprising  the  steps  of  preparing  a  sintered 

ferrous  material  having  a  second  porosity  of  less  than  30%:  applying  a  pressure  to  at  least  a  selected 
part  of  the  surface  of  the  sintered  ferrous  material,  so  as  to  decrease  the  porosity  of  the  selected 
surface  to  a  first  porosity  of  5%  or  less,  smaller  than  the  second  porosity;  and,  boronizing  at  least  the 

45  selected  parts  of  the  surface  with  a  boronizing  agent  to  form  a  sliding  material  with  a  10-150  urn  thick 
boride  layer. 

9.  A  method  according  to  claim  8,  wherein  the  pressure  is  applied  by  a  sizing. 

50  10.  A  method  according  to  claim  9,  wherein  the  sizing  reduces  the  size  of  the  sintered  ferrous  material  by 
3  to  10%. 

Patentanspruche 

55  1.  Gesintertes  eisenhaltiges  Gleitmaterial  mit  einem  borierten  Oberflachenbereich,  der  eine  erste  Porositat 
von  5%  oder  weniger  hat  und  wenigstens  teilweise  in  sich  eine  10  bis  150  urn  dicke  Boridschicht 
aufweist,  und  mit  einem  inneren  Bereich,  der  eine  zweite  Porositat  von  weniger  als  30%  und  groBer  als 
die  erste  Porositat  hat,  wobei  das  Borid  auf  dem  borierten  Oberflachenbereich  freiliegt  und  im 
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wesentlichen  nicht  in  dem  inneren  Bereich  gebildet  ist. 

2.  Gesintertes  eisenhaltiges  Gleitmaterial  nach  Anspruch  1,  das  ferner  einen  Zwischenbereich  zwischen 
dem  Oberflachenbereich  und  dem  inneren  Bereich  umfaBt,  der  eine  dritte  Porositat  hat,  die  groBer  als 

5  die  erste  Porositat  und  kleiner  als  die  zweite  Porositat  ist. 

3.  Gesintertes  eisenhaltiges  Gleitmaterial  nach  Anspruch  1  oder  2,  bei  dem  die  erste  Porositat  zwischen  2 
und  5%  betragt. 

io  4.  Gesintertes  eisenhaltiges  Gleitmaterial  nach  einem  der  Anspruche  1  bis  3,  bei  dem  die  zweite  Porositat 
zwischen  6  und  30%  betragt. 

5.  Gesintertes  eisenhaltiges  Gleitmaterial  nach  einem  der  Anspruche  1  bis  4,  bei  dem  das  Borid  im 
wesentlichen  nicht  in  dem  mittleren  Bereich  gebildet  ist. 

15 
6.  Gesintertes  eisenhaltiges  Gleitmaterial  nach  einem  der  Anspruche  1  bis  5,  bei  dem  der  Oberflachenbe- 

reich  eine  Dicke  von  0,05  bis  2  mm  hat. 

7.  Gesintertes  eisenhaltiges  Gleitmaterial  nach  Anspruch  5  oder  6,  bei  dem  der  Zwischenbereich  eine 
20  Dicke  von  0,5  bis  1  ,5  mm  hat. 

8.  Verfahren  zur  Herstellung  eines  gesinterten  eisenhaltigen  Gleitmaterials,  umfassend  die  Schritte: 
Erzeugung  eines  gesinterten  eisenhaltigen  Materials  mit  einer  zweiten  Porositat  von  weniger  als  30%; 
Ausubung  eines  Druckes  auf  wenigstens  einen  ausgewahlten  Teil  der  Oberflache  des  gesinterten 

25  eisenhaltigen  Materials,  urn  so  die  Porositat  der  ausgewahlten  Oberflache  auf  eine  erste  Porositat  von 
5%  oder  weniger  und  kleiner  als  die  zweite  Porosiotat  zu  vermindern;  und  Borieren  wenigstens  der 
ausgewahlten  Teile  der  Oberflache  mit  einem  Borierungsmittel,  urn  ein  Gleitmaterial  mit  einer  10  bis 
150  u.  dicken  Boridschicht  zu  bilden. 

30  9.  Verfahren  nach  Anspruch  8,  bei  dem  der  Druck  durch  Kalibrieren  erzeugt  wird. 

10.  Verfahren  nach  Anspruch  9,  bei  dem  das  Kalibrieren  die  GroBe  des  gesinterten  eisenhaltigen  Materials 
urn  3  bis  10%  vermindert. 

35  Revendicatlons 

1.  Materiau  glissant  ferreux  fritte  comportant  une  region  de  surface  boruree  ayant  une  premiere  porosite 
de  5%  ou  moins  et  comprenant  une  couche  de  borure  d'une  epaisseur  de  10  -  150  urn  au  moins 
partiellement  sur  cette  derniere,  et  une  region  d'interieur  ayant  une  seconde  porosite  de  moins  de  30% 

40  et  superieure  a  la  premiere  porosite  ;  le  borure  etant  degage  sur  la  region  de  surface  boruree  et  n'etant 
sensiblement  pas  forme  dans  la  region  de  I'interieur. 

2.  Materiau  glissant  ferreux  fritte  selon  la  revendication  1  ,  comprenant  en  outre  une  region  intermediaire 
entre  la  region  de  surface  et  la  region  de  I'interieur,  qui  possede  une  troisieme  porosite  plus  grande 

45  que  la  premiere  porosite  et  plus  petite  que  la  seconde  porosite. 

3.  Materiau  glissant  ferreux  fritte  selon  la  revendication  1  ou  2  dans  lequel  la  premiere  porosite  est  de  2  a 
5%. 

50  4.  Materiau  glissant  ferreux  fritte  selon  I'une  quelconque  des  revendications  1  a  3  dans  lequel  la  seconde 
porosite  est  de  6  a  30  %. 

5.  Materiau  glissant  ferreux  fritte  selon  I'une  quelconque  des  revendications  1  a  4  dans  lequel  le  borure 
n'est  sensiblement  pas  forme  dans  la  region  intermediaire. 

55 
6.  Materiau  glissant  ferreux  fritte  selon  I'une  quelconque  des  revendications  1  a  5  dans  lequel  la  region  de 

surface  possede  une  epaisseur  de  0,05  a  2  mm. 

7 



EP  0  416  947  B1 

.  Materiau  glissant  ferreux  fritte  selon  la  revendication  5  ou  6  dans  lequel  la  region  intermediaire  possede 
une  epaisseur  de  0,5  a  1,5  mm. 

.  Procede  de  production  d'un  materiau  glissant  ferreux  fritte  comportant  les  etapes  consistant  a  : 
preparer  un  materiau  ferreux  fritte  ayant  une  seconde  porosite  de  moins  de  30  %;  appliquer  une 
pression  sur  au  moins  une  partie  choisie  de  la  surface  du  materiau  ferreux  fritte,  de  maniere  a  faire 
decroltre  la  porosite  de  la  surface  choisie  jusqu'a  une  premiere  porosite  de  5  %  ou  moins,  plus  faible 
que  la  seconde  porosite  ;  et  borurer  au  moins  les  parties  choisies  de  la  surface  avec  un  agent  borurant 
afin  de  former  un  materiau  glissant  avec  une  couche  de  borure  d'une  epaisseur  de  10  -  150  urn. 

.  Procede  selon  la  revendication  8  dans  lequel  la  pression  est  appliquee  par  un  calibrage. 

0.  Procede  selon  la  revendication  9  selon  lequel  le  calibrage  reduit  la  dimension  du  materiau  ferreux  fritte 
de  3  a  10  %. 
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