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@  A  preform  cutting  element  for  a  rotary  drill  bit 
includes  a  cutting  table  (18)  of  polycrystalline 
diamond  material  having  a  front  cutting  face,  a 
peripheral  surface,  and  a  rear  face  bonded  to  a 
substrate  of  cemented  tungsten  carbide.  The 
cutting  table  includes  an  outer  peripheral  por- 
tion  (20),  defining  at  least  a  part  of  the  peripher- 
al  surface,  which  is  formed  of  a  first  form  of 
diamond,  for  example  of  larger  grain  size, 
which  is  of  greater  impact  resistance  than  a 
second  form  of  diamond  forming  other  portions 
(19)  of  the  cutting  table.  This  protects  the  cut- 
ting  edge  of  the  cutting  element  against  impact 
damage  in  use,  particularly  before  a  significant 
wear  flat  has  formed. 
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The  invention  relates  to  cutting  elements  for  ro- 
tary  drill  bits  for  use  in  drilling  or  coring  holes  in  sub- 
surface  formations.  The  invention  may  be  applied  to 
a  number  of  different  kinds  of  rotary  drill  bits,  includ- 
ing  drag  bits,  roller  cone  bits  and  percussion  bits.  5 

Byway  of  example,  the  invention  will  be  primarily 
described  in  relation  to  cutting  elements  for  use  on  ro- 
tary  drag  bits  of  the  kind  comprising  a  bit  body  having 
a  shank  for  connection  to  a  drill  string  and  an  inner 
passage  for  supplying  drilling  fluid  to  the  face  of  the  10 
bit,  the  bit  body  carrying  a  plurality  of  cutting  ele- 
ments.  Each  cutting  element  comprises  a  preform 
element,  often  in  the  form  of  a  circular  tablet,  includ- 
ing  a  cutting  table  of  superhard  material  having  a  front 
cutting  face,  a  peripheral  surface,  and  a  rearface,  the  15 
rear  face  of  the  cutting  table  being  bonded  to  a  sub- 
strate  of  material  which  is  less  hard  than  the  super- 
hard  material. 

The  cutting  table  usually  comprises  polycrystal- 
line  diamond,  although  other  superhard  materials  are  20 
available,  such  as  cubic  boron  nitride.  The  substrate 
of  less  hard  material  is  often  formed  from  cemented 
tungsten  carbide,  and  the  cutting  table  and  substrate 
are  bonded  together  during  formation  of  the  cutting 
element  in  a  high  pressure,  high  temperature  forming  25 
press.  This  forming  process  is  well  known  and  will  not 
be  described  in  detail. 

Since  the  substrate  is  of  less  hard  material  than 
the  cutting  table,  the  two-part  arrangement  of  the  cut- 
ting  element  provides  a  degree  of  self-sharpening  30 
since,  in  use,  the  less  hard  substrate  wears  away 
more  easily  than  the  harder  cutting  table. 

The  preform  cutting  element  may  be  directly 
mounted  on  the  bit  body  or  may  be  bonded  to  a  car- 
rier,  for  example  also  of  cemented  tungsten  carbide,  35 
the  carrier  being  in  turn  received  in  a  socket  in  the  bit 
body.  The  bit  body  may  be  machined  from  metal,  usu- 
ally  steel,  or  may  be  formed  from  an  infiltrated  tung- 
sten  carbide  matrix  by  a  powder  metallurgy  process. 

In  such  cutting  elements  the  cutting  table  is  nor-  40 
mally  formed  from  a  superhard  material  having  high 
abrasion  resistance  since  this  is  necessary  for  effec- 
tive  operation  and  long  life  of  the  cutting  elements  un- 
der  operating  conditions.  However,  the  cutting  ele- 
ments  may  also  be  subjected  to  substantial  impact  45 
loads  when  the  drill  is  in  use  down  a  borehole.  For  ex- 
ample,  such  impact  loads  can  resultfrom  the  impinge- 
ment  of  the  drill  bit  on  the  bottom  of  the  borehole 
when  it  is  first  introduced  into  the  borehole,  or  may  oc- 
cur  when  the  cutting  elements  strike  hard  occlusions  50 
in  a  softer  formation.  Also,  impact  can  arise  due  to 
other  unexpected  or  unpredictable  irregularities  in 
the  motion  of  the  bit,  for  example  the  development  of 
the  phenomenon  known  as  "bit  whirl". 

Such  impact  loads  may  result  in  cracking  or  chip-  55 
ping  of  the  cutting  table  or  in  spalling,  that  is  to  say 
the  separation  and  loss  of  superhard  material  over 
part  of  the  cutting  surface  of  the  table.  Such  damage 

reduces  the  cutting  efficiency  of  the  element  and  in 
severe  cases  may  result  in  it  becoming  completely  in- 
effective.  Impact  damage  to  cutting  elements  is  par- 
ticularly  liable  to  occur  when  a  drill  bit  is  new  or  com- 
paratively  new,  since  at  that  stage  significant  wear 
flats  will  not  have  been  formed  on  the  cutting  edges 
of  the  cutting  elements,  with  the  result  that  any  im- 
pact  loads  are  concentrated  on  a  very  small  area  of 
each  cutting  element. 

The  impact  resistance  of  the  cutting  table  may  be 
increased  by  appropriate  selection  of  the  composition 
of  the  superhard  material  but,  generally  speaking,  an 
increase  in  impact  resistance  will  result  in  a  reduction 
in  abrasion  resistance.  The  actual  composition  select- 
ed  is  usually  therefore  a  compromise  between  these 
requirements. 

The  present  invention  sets  out  to  provide  preform 
cutting  elements  which  are  highly  resistant  to  impact, 
particularly  when  the  cutting  elements  are  compara- 
tively  new,  and  yet  which  will  still  have  the  required 
degree  of  abrasion  resistance  for  normal  drilling  op- 
erations.  A  further  feature  of  preferred  embodiments 
of  the  invention  is  that  the  cutting  elements  may  also 
be  of  enhanced  cutting  effectiveness. 

According  to  the  invention  there  is  provided  a 
preform  cutting  element  including  a  cutting  table  of 
superhard  material  having  a  front  cutting  face,  a  per- 
ipheral  surface,  and  a  rearface  bonded  to  a  substrate 
of  material  which  is  less  hard  than  the  superhard  ma- 
terial,  the  cutting  table  including  an  outer  peripheral 
portion,  defining  at  least  a  part  of  said  peripheral  sur- 
face,  which  is  formed  of  a  first  superhard  material 
which  is  of  greater  impact  resistance  than  a  second 
superhard  material  forming  other  portions  of  the  cut- 
ting  table. 

Thus,  since  the  material  of  greater  impact  resis- 
tance  is  provided  at  the  periphery  of  the  cutting  ele- 
ment,  the  element  will  be  highly  resistant  to  impact 
damage  when  new.  However,  by  the  time  the  impact 
resistant  material  at  the  periphery  has  been  worn 
away  so  that  the  more  abrasion  resistant  material  is 
in  contact  with  the  formation,  the  resultant  wear  flat 
on  the  cutting  table  will  have  the  effect  of  spreading 
over  a  greater  area  any  impact  loads  which  may  occur 
and  reducing  the  risk  of  damage  to  the  cutting  ele- 
ment  as  a  result  of  such  impact  loads. 

Preferably  said  outer  peripheral  portion  extends 
around  the  entire  periphery  of  the  cutting  table.  Pre- 
ferably  also  the  outer  peripheral  portion  is  disposed 
around  the  junction  between  the  front  cutting  face 
and  the  peripheral  surface  of  the  cutting  table,  so  as 
to  define  at  least  a  part  of  each  of  said  surfaces. 

Said  second  superhard  material  may  be  of  great- 
er  abrasion  resistance  than  the  first  superhard  mate- 
rial  from  which  the  outer  peripheral  portion  is  formed. 

In  one  embodiment  of  the  invention  there  is  dis- 
posed  inwardly  of  said  portion  of  greater  abrasion  re- 
sistance  a  further  portion  of  the  cutting  table  which  is 
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formed  of  a  superhard  material  which  is  of  lesser 
abrasion  resistance  than  said  portion  of  greater  abra- 
sion  resistance.  Said  further  portion  may  be  of  sub- 
stantially  the  same  composition  as  the  outer  periph- 
eral  portion. 

In  another  embodiment  according  to  the  inven- 
tion  the  cutting  table  may  include  a  layer  of  said  one 
superhard  material  in  which  are  embedded  a  number 
of  bodies  of  said  second  superhard  material,  said 
bodies  being  spaced  inwardly  of  the  outer  periphery 
of  the  layer  of  said  one  superhard  material. 

Said  bodies  of  the  second  superhard  material  are 
preferably  disposed  in  an  array  which  is  generally 
symmetrical  with  respect  to  the  centre  of  the  cutting 
element,  and  may  include  at  least  one  annular  ring  of 
said  material  which  is  concentric  with  the  cutting  ele- 
ment.  In  another  embodiment  said  bodies  of  the  sec- 
ond  superhard  material  include  an  array  of  spaced, 
generally  parallel  strips  of  said  material. 

Alternatively  said  bodies  of  the  second  super- 
hard  material  are  of  a  shape  selected  from  circular  cy- 
linders,  prisms  and  rectangular  blocks. 

Preferably  the  portions  of  the  cutting  table  com- 
prising  said  second  superhard  material  extend 
through  substantially  the  entire  thickness  of  the  cut- 
ting  table. 

In  the  case  where  the  cutting  table  comprises  at 
least  two  layers  of  superhard  material,  each  of  said 
portions  of  the  second  superhard  material  may  ex- 
tend  through  substantially  the  entire  thickness  of  at 
least  one  of  said  layers.  In  such  arrangement  the  lay- 
er  including  said  portions  of  the  second  superhard 
material  may  be  overlaid  by  a  layer  of  superhard  ma- 
terial  forming  the  front  face  of  the  cutting  table. 

In  any  of  the  above  arrangements  the  cutting  ta- 
ble  may  include  a  rearward  layer  of  superhard  mate- 
rial  of  lesser  abrasion  resistance  than  said  portions  of 
the  second  superhard  material,  said  rearward  layer 
being  bonded  to  the  less  hard  substrate.  The  super- 
hard  material  of  the  rearward  layer  may  be  of  the 
same  composition  as  the  first  superhard  material  de- 
fining  said  outer  peripheral  portion  of  the  cutting  ta- 
ble.  The  layer  including  said  outer  peripheral  portion 
may  be  adjacent  the  rearward  layer  and  the  outer  per- 
ipheral  portion  may  then  be  substantially  integral  with 
said  rearward  layer. 

In  any  of  the  arrangements  according  to  the  in- 
vention  the  first  and  second  superhard  materials  may 
each  comprise  a  mass  of  bonded  particles,  said  first 
superhard  material  of  greater  impact  resistance  being 
of  larger  maximum  particle  size  than  said  second  su- 
perhard  material  forming  at  least  one  other  portion  of 
the  cutting  table. 

The  first  and  second  superhard  materials  prefer- 
ably  both  comprise  polycrystalline  diamond. 

The  invention  also  provides  a  preform  cutting  ele- 
ment  including  a  cutting  table  of  superhard  material 
having  a  front  cutting  face,  a  peripheral  surface,  and 

a  rearface  bonded  to  a  substrate  of  material  which  is 
less  hard  than  the  superhard  material,  the  cutting  ta- 
ble  including  a  layer  of  a  first  form  of  superhard  ma- 
terial  in  which  are  embedded  a  number  of  spaced  bod- 

5  ies  of  a  second  form  of  superhard  material  which  is 
of  greater  abrasion  resistance  than  the  first  form  of 
superhard  material. 

The  cutting  table  may  include  a  further  layer  of 
superhard  material  which  overlies  the  layer  in  which 

10  said  bodies  are  embedded,  and  provides  said  front 
cutting  face  of  the  cutting  table. 

The  following  is  a  more  detailed  description  of 
embodiments  of  the  invention,  by  way  of  example, 
reference  being  made  to  the  accompanying  drawings 

15  in  which: 
Figure  1  is  a  side  elevation  of  a  typical  drag  bit  in 
which  wear  resistant  cutting  elements  according 
to  the  present  invention  may  be  used. 
Figure  2  is  an  end  elevation  of  the  drill  bit  shown 

20  in  Figure  1  , 
Figure  3  is  a  diagrammatic  section  through  a  typ- 
ical  prior  art  polycrystalline  diamond  preform  cut- 
ting  element  mounted  on  a  rotary  drill  bit, 
Figure  4  is  a  diagrammatic  front  elevation  of  a 

25  similar  form  of  cutting  element,  in  accordance 
with  the  present  invention, 
Figure  5  is  a  longitudinal  section  through  the  cut- 
ting  element  of  Figure  2, 
Figure  6  is  a  similar  section  through  an  alterna- 

30  tive  form  of  cutting  element  in  accordance  with 
the  invention, 
Figure  7  is  a  diagrammatic  front  elevation  of  a  fur- 
ther  form  of  cutting  element  in  accordance  with 
the  invention, 

35  Figure  8  is  a  longitudinal  section  through  the  cut- 
ting  element  of  Figure  5, 
Figures  9,  10  and  11  are  similar  longitudinal  sec- 
tions  through  alternative  forms  of  cutting  element 
in  accordance  with  the  invention, 

40  Figures  12-53  are,  alternately,  longitudinal  sec- 
tions  and  front  elevations  of  further  forms  of  cut- 
ting  element  in  accordance  with  the  invention, 
and 
Figure  54  is  a  perspective  view  of  a  typical  roller 

45  cone  bit  of  a  kind  in  which  wear  resistant  cutting 
elements  according  to  the  present  invention  may 
be  used. 
Figures  1  and  2  show  a  typical  full  bore  drag  bit 

of  a  kind  to  which  wear  resistant  cutting  elements  ac- 
50  cording  to  the  present  invention  are  applicable.  The 

bit  body  1  is  machined  from  steel  and  has  a  shank 
formed  with  an  externally  threaded  pin  2  at  one  end 
for  connection  to  the  drill  string.  The  operative  end 
face  3  of  the  bit  body  is  formed  with  a  number  of 

55  blades  4  radiating  from  the  central  area  of  the  bit,  and 
the  blades  carry  cutter  assemblies  5  spaced  apart 
along  the  length  thereof.  The  bit  has  a  gauge  section 
including  kickers  6  which  contact  the  walls  of  the 

3 



5 EP  0  546  725  A1 6 

borehole  to  stabilise  the  bit  in  the  borehole.  A  central 
passage  (not  shown)  in  the  bit  body  and  shank  deliv- 
ers  drilling  fluid  through  nozzles  7  in  the  end  face  3 
in  known  manner. 

Each  cutter  assembly  5  comprises  a  preform  cut- 
ting  element  8  mounted  on  a  carrier  9  in  the  form  of 
a  post  which  is  located  in  a  socket  in  the  bit  body. 
Each  preform  cutting  element  is  in  the  form  of  a  cir- 
cular  tablet  comprising  a  thin  facing  table  of  polycrys- 
talline  diamond,  or  other  superhard  material,  bonded 
to  a  substrate  of  cemented  tungsten  carbide.  The  rear 
surface  of  the  substrate  is  bonded,  for  example  by 
brazing,  to  a  suitably  orientated  surface  on  the  post 
9. 

Figure  3  is  a  section  through  a  form  of  prior  art 
cutting  element  which  comprises  a  cutting  table  10  of 
polycrystalline  diamond,  or  other  superhard  material, 
having  a  front  cutting  face  11,  a  peripheral  surface  12, 
and  a  rear  face  13  bonded  to  a  substrate  14  of  ce- 
mented  tungsten  carbide  or  other  material  which  is 
less  hard  than  the  superhard  material. 

In  the  arrangement  shown  in  Figure  3,  the  sub- 
strate  14  is  of  sufficient  thickness  to  be  directly  re- 
ceived  and  supported  within  a  socket  15  in  the  bit 
body  16,  the  cutting  element  being  brazed  into  the 
socket,  for  example.  In  other  common  forms  of  cutting 
element  where  the  element  is  bonded  to  a  post  or 
stud,  for  example  as  shown  in  Figures  1  and  2,  the 
substrate  is  of  substantially  smaller  thickness  than 
shown  in  Figure  3. 

In  Figure  3  the  cutting  edge  of  the  cutting  element 
10  is  indicated  at  17  and  comprises  the  lowermost 
portion  of  the  junction  between  the  front  cutting  sur- 
face  11  and  the  peripheral  surface  12  of  the  diamond 
layer.  It  is  this  cutting  edge  which  is  primarily  subject- 
ed  to  impact  forces  and  abrasion.  As  previously  ex- 
plained,  the  cutting  edge  is  particularly  susceptible  to 
damage  by  impact  forces  when  the  cutting  element  is 
comparatively  new  and  before  a  significant  wear  flat 
has  formed  on  the  cutting  element. 

Figures  4  and  5  show  a  cutting  element  of  the 
same  basic  type  as  the  prior  art  cutting  element 
shown  in  Figure  3,  but  constructed  in  accordance  with 
the  present  invention.  In  this  embodiment  of  the  in- 
vention  the  cutting  table  18  comprises  a  central  circu- 
lar  portion  1  9  of  high  abrasion  resistance.  For  exam- 
ple  the  composition  of  the  polycrystalline  diamond 
from  which  the  central  portion  19  is  formed  may  be 
of  the  kind  used  in  conventional  prior  art  cutting  ele- 
ments  where  abrasion  resistance  is  usually  consid- 
ered  to  be  the  prime  requirement. 

According  to  the  present  invention,  however,  the 
central  portion  19  is  surrounded  by  an  annular  outer 
peripheral  portion  20  which  is  of  a  different  composi- 
tion  of  polycrystalline  diamond  selected  for  high  im- 
pact  resistance.  For  example,  the  central  portion  may 
be  formed  from  fine  grained  particles  of  polycrystal- 
line  diamond,  and  the  outer  peripheral  portion  20  may 

be  formed  from  coarser  grained  particles  of  polycrys- 
talline  diamond.  It  is  well  established  that  the  relative 
impact  resistance  and  abrasion  resistance  of  poly- 
crystalline  diamond  is  dependent  to  a  certain  extent 

5  on  the  maximum  particle  size  and  that,  generally 
speaking,  a  composition  having  a  greater  maximum 
particle  size  will  be  of  greater  impact  resistance  than 
a  composition  of  smaller  maximum  particle  size. 

The  relative  impact  resistance  and  abrasion  re- 
10  sistance  of  the  two  portions  19  and  20  may  also  be 

adjusted  by  other  means,  for  example  by  adjusting 
the  relative  packing  densities  of  the  two  compositions 
or  by  including  an  appropriate  additive  in  one  compo- 
sition  and  not  in  the  other,  or  by  incorporating  differ- 

15  ent  proportions  of  the  same  additive  in  the  two  com- 
positions.  For  example,  the  addition  of  cobalt,  or  a 
greater  proportion  thereof,  to  the  polycrystalline  dia- 
mond  particles  has  the  effect  of  increasing  the  impact 
resistance  of  the  composition. 

20  The  cutting  element  shown  in  Figures  4  and  5 
may  be  formed  in  a  high  pressure,  high  temperature 
press  in  generally  similar  manner  to  a  conventional 
cutting  element  of  the  kind  shown  in  Figure  3.  That  is 
to  say  a  layer  of  polycrystalline  diamond  particles  is 

25  packed  into  the  press  in  contact  with  a  body  of  ce- 
mented  tungsten  carbide,  usually  with  the  addition  of 
a  catalyst  such  as  cobalt.  In  accordance  with  the 
present  invention,  however,  the  layer  of  polycrystal- 
line  diamond  particles  comprises  a  central  circular 

30  mass  of  one  composition  surrounded  by-an  annular 
ring  of  particles  of  the  other  composition. 

In  the  arrangement  of  Figures  4  and  5  the  outer 
peripheral  portion  is  generally  rectangular  in  cross 
section.  Figure  6  shows  an  alternative  arrangement 

35  in  which  the  outer  peripheral  portion  21  is  triangular 
in  cross  section.  In  this  arrangement,  as  the  wear  flat 
develops  on  the  cutting  edge  22  it  may  develop  more 
or  less  parallel  to  the  inner  periphery  of  the  annular 
portion  21  ,  depending  on  the  rake  angle  of  the  cutting 

40  element  when  mounted  on  the  drill  bit,  so  that  the 
wear  flat  breaks  into  the  central  abrasion-resistant 
portion  22  at  approximately  the  same  time  through 
the  whole  thickness  of  the  diamond  layer. 

Figures  7  and  8  show  an  alternative  arrangement 
45  wherein  the  outer  peripheral  portion  24  of  high  impact 

resistance  surrounds  an  annular  intermediate  portion 
25  of  lower  impact  resistance  and  higher  abrasion  re- 
sistance  which,  in  turn,  surrounds  a  central  portion  26 
which  is  again  of  high  impact  resistance  and  which 

so  may  be  of  the  same  composition  as  the  outer  annular 
portion  24. 

Figure  9  shows  a  modified  version  of  the  ar- 
rangement  of  Figure  8  where  the  outer  peripheral  por- 
tion  27  is  triangular  in  section. 

55  In  the  arrangements  of  Figures  4-9,  the  front  cut- 
ting  table  comprises  only  a  single  diamond  layer  and 
all  portions  thereof  extend  through  the  full  thickness 
of  the  diamond  layer. 

4 
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Figure  10  shows  a  modified  arrangement  in 
which  the  cutting  table  comprises  two  diamond  lay- 
ers.  The  front  diamond  layer,  defining  the  front  cutting 
face  28  of  the  cutting  element,  comprises  a  central 
portion  29  of  high  abrasion  resistance  and  low  impact 
resistance  and  an  annular  peripheral  portion  30  of 
high  impact  resistance. 

The  second  layer  31  ,  which  is  bonded  to  the  sub- 
strate  32,  is  also  formed  of  high  impact  resistance 
polycrystalline  diamond.  The  composition  of  this  dia- 
mond  material  may  be  the  same  as  that  of  the  outer 
peripheral  portion  30  in  which  case  the  peripheral 
portion  30  is  essentially  integral  with  the  layer  31. 

Figure  11  shows  a  further  embodiment  of  the  in- 
vention  in  which  the  cutting  table  comprises  three  lay- 
ers  33,  34  and  35.  Each  layer  comprises  a  circular 
central  portion  36,  an  intermediate  annular  portion 
37,  and  an  outer  annular  peripheral  portion  38. 

The  various  portions  of  the  cutting  table  are 
formed  from  four  different  compositions  of  polycrys- 
talline  diamond,  indicated  by  A1,  A2,  B1,  B2,  of  de- 
creasing  impact  resistance  and  increasing  abrasion 
resistance,  e.g.  of  decreasing  maximum  grain  size. 

It  will  thus  be  seen  that  the  front  layer  33,  defining 
the  cutting  face  and  cutting  edge  of  the  cutting  ele- 
ment,  has  an  outer  peripheral  portion  38  of  the  high- 
est  impact  resistance  (A1),  a  central  portion  36  of  low- 
er  impact  resistance  (A2)  and  an  intermediate  portion 
37  of  lower  still  impact  resistance  (B1),  and  hence 
higher  abrasion  resistance. 

The  rearmost  layer  35  of  the  cutting  table,  how- 
ever,  has  both  its  outer  peripheral  portion  38  and  its 
inner  portion  36  of  the  maximum  impact  resistance 
(A1).  The  compositions  of  the  intermediate  portion  37 
of  the  rearmost  layer  35  and  of  the  different  portions 
of  the  middle  layer  34  are  selected  to  provide  transi- 
tions  between  the  corresponding  portions  of  the  front 
and  rear  layers. 

It  will  be  appreciated  that  many  other  multilayer 
configurations  are  possible,  subject  to  the  basic  con- 
figuration  that  the  outer  peripheral  portions  of  one  or 
more  of  the  layers  should  be  of  greater  impact  resis- 
tance  than  at  least  some  of  the  other  inner  portions 
of  the  layers. 

Since  the  outer  peripheral  portions  of  the  cutting 
table  are  of  greater  impact  resistance,  they  are  usu- 
ally  also  of  lower  abrasion  resistance,  as  previously 
explained.  In  use  of  the  cutting  element,  therefore, 
the  cutting  edge  tends  to  become  formed  with  a  small 
bevel  which  is  constantly  refreshed  and  maintained 
as  the  cutting  element  wears.  It  is  believed  that  the 
presence  of  such  bevel  on  the  cutting  edge  has  the 
effect  of  inhibiting  spalling  or  flaking  of  the  front  face 
of  the  cutting  table. 

Besides  providing  good  impact  resistance  at  the 
peripheral  cutting  edge  of  the  cutting  element,  before 
the  wear  flat  has  formed,  arrangements  of  the  kind 
shown  in  Figures  7  and  8,  Figure  9  and  Figure  11  have 

another  advantage.  This  is  due  to  the  fact  that  the 
abrasion  resistance  of  the  diamond  layer  varies 
across  the  cutting  table.  Thus  in  each  of  these  ar- 
rangements  the  cutting  table  comprises  an  annular 

5  ring  of  high  abrasion  resistance  surrounded  both  in- 
ternally  and  externally  by  areas  of  polycrystalline  di- 
amond  of  lesser  abrasion  resistance.  Consequently, 
in  use  of  the  element  as  a  cutting  element  in  a  drill  bit, 
the  internally  and  externally  surrounding  areas  of  the 

10  diamond  layer  tend  to  wear  away  more  rapidly  than 
the  annular  ring  of  higher  abrasion  resistance.  Con- 
sequently,  in  continued  use  of  the  cutting,  element 
the  more  rapid  abrasion  of  the  surrounding  areas 
causes  the  ring  of  higher  abrasion  resistance  increas- 

15  ingly  to  stand  proud  of  those  surrounding  areas.  It  is 
believed  that  the  projecting  portions  may  enhance 
the  formation  cutting  qualities  of  the  cutting  element. 

Figures  12-53  show  a  number  of  alternative  de- 
signs  of  cutting  element  where  the  increased  impact 

20  resistance  of  the  peripheral  portion  of  the  cutting  ele- 
ment,  in  accordance  with  the  invention,  is  combined 
with  a  configuration  such  as,  with  wear,  to  produce 
projecting  portions  in  the  cutting  table,  whereby  the 
cutting  action  of  the  element  may  be  enhanced. 

25  In  each  case  the  cutting  table  of  the  element 
comprises  bodies  of  polycrystalline  diamond  of  high 
abrasion  resistance  embedded  in  a  layer  of  polycrys- 
talline  diamond  of  lower  abrasion  resistance  and  high- 
er  impact  resistance.  In  the  different  embodiments 

30  the  shapes  of  the  embedded  portions  vary  both  as 
viewed  in  plan  and  as  viewed  in  section.  In  each  case 
the  cutting  element  is  formed  in  substantially  the  con- 
ventional  manner.  That  is  to  say  a  layer  of  polycrys- 
talline  diamond  particulate  material  of  two  or  more 

35  kinds  is  applied,  in  the  configuration  shown,  to  a  sub- 
strate  (usually  a  solid  disc  of  cemented  tungsten  car- 
bide)  and  subjected  to  very  high  pressure  and  tem- 
perature  in  a  press,  so  that  the  particles  in  the  dia- 
mond  layer  exhibit  diamond-to-diamond  bonding,  and 

40  the  different  parts  of  the  diamond  layer  become 
bonded  to  one  another  and  to  the  substrate  to  form 
a  preform  compact. 

In  each  case  the  outer  periphery  of  the  cutting  ta- 
ble,  or  at  least  a  major  part  thereof,  is  formed  by  poly- 

45  crystalline  diamond  of  lesser  abrasion  resistance, 
and  higher  impact  resistance,  than  portions  of  the  di- 
amond  layer  inwardly  of  the  peripheral  surface. 

In  the  form  of  cutting  element  shown  in  Figures 
12  and  13  the  front  cutting  table  40,  bonded  to  a  ce- 

50  mented  tungsten  carbide  substrate  41,  comprises 
parallel  strips  of  polycrystalline  diamond  bonded  to- 
gether  side-by-side  across  the  cutting  table.  The 
strips  are  formed  from  two  different  types  of  polycrys- 
talline  diamond  which  alternate  across  the  width  of 

55  the  cutting  table  40.  The  strips  indicated  at  "A"  in  Fig- 
ures  12  and  13  are  of  higher  impact  resistance  and 
lower  abrasion  resistance  than  the  alternate  strips  in- 
dicated  at  "B".  It  will  be  seen  that  the  outer  strips  at 

5 
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each  side  of  the  cutting  table  14  comprise  polycrys- 
talline  diamond  of  higher  impact  resistance.  The  dif- 
fering  impact  resistance  and  abrasion  resistance  of 
the  two  types  of  strip  "A"  and  "B"  may  be  effected  by 
any  of  the  means  previously  described. 

The  arrangement  shown  in  Figures  12  and  13  has 
two  important  effects.  It  will  be  seen  from  Figure  13 
that  the  strips  "A"  of  polycrystalline  diamond  make  up 
the  major  proportion  of  the  outer  periphery  of  the  cut- 
ting  table  40.  This  renders  the  cutting  element  highly 
impact  resistant  around  its  periphery,  as  previously 
described.  Furthermore,  however,  since  the  poly- 
crystalline  diamond  strips  "B"  are  of  greater  abrasion 
resistance  than  the  strips  "A",  the  diamond  in  the 
strips  "A"  will  wear  away  more  rapidly  as  drilling  pro- 
ceeds.  Consequently,  as  drilling  proceeds,  the  strips 
"B"  of  higher  abrasion  resistance  will  stand  proud  of 
the  adjacent  strips  "A"  of  lower  abrasion  resistance, 
particularly  in  the  area  where  the  wear  flat  is  formed. 
The  cutting  element  will  normally  be  orientated  so 
that  the  wear  flat  forms  across  the  ends  of  the  strips 
"A"  and  "B",  i.e.  across  the  top  or  bottom  of  the  cutting 
face  in  Figure  13.  The  cutting  table  will  therefore  wear 
away  leaving  projecting  portions  which  has  been 
found,  under  certain  conditions  and  with  certain  types 
of  formation,  to  have  an  enhanced  cutting  effect. 

Figures  14  and  15  are  views,  similar  to  Figures  12 
and  13  respectively,  showing  a  modified  version  of 
the  cutting  element  in  which  the  cutting  table  42  has 
an  additional  disc-like  outer  layer  43  which  overlies 
the  strips  "A"  and  "B"  and  forms  the  front  cutting  sur- 
face  of  the  cutting  element.  The  layer  43  may  be  of  a 
third  type  of  polycrystalline  diamond,  different  from 
the  types  making  up  either  of  the  strips  "A"  and  "B". 
It  may  be  of  higher  impact  resistance  and  lower  abra- 
sion  resistance  than  even  the  strips  "A",  so  as  to  pro- 
tect  the  cutting  edge  formed  by  the  layer  43  from  im- 
pact  damage  when  the  cutting  element  is  compara- 
tively  new.  Alternatively,  the  layer  43  may  be  of  sub- 
stantially  the  same  impact  and  abrasion  resistance  as 
the  strips  "A",  or  these  properties  may  be  intermedi- 
ate  those  of  the  strips  "A"  and  "B".  Again,  the  cutting 
element  of  Figures  1  4  and  1  5  will  tend  to  wear  in  a  way 
to  leave  projecting  portions  of  diamond. 

Figures  16-53  show  alternative  configurations  in 
accordance  with  the  invention  where  the  cutting  table 
of  the  cutting  element  comprises  a  basic  layer  of  poly- 
crystalline  diamond  of  a  type  having  high  impact  re- 
sistance  and  low  abrasion  resistance,  in  which  are 
embedded  one  or  more  elements  of  a  different  type 
of  polycrystalline  diamond  having  higher  abrasion  re- 
sistance  and  lower  impact  resistance.  In  each  case 
the  basic  diamond  layer  of  higher  impact  resistance 
and  lower  abrasion  resistance  provides  at  least  the 
major  part  of  the  outer  periphery  of  the  cutting  ele- 
ment  and  thus  provides  protection  for  the  cutting 
edge  against  impact  damage  before  the  wear  flat  is 
formed.  At  the  same  time,  the  embedded  areas  of  di- 

amond  of  higher  abrasion  resistance  will  increasingly 
stand  proud  of  the  cutting  table,  as  wear  proceeds,  in 
a  manner  which  is  believed  may  enhance  the  cutting 
effectiveness  of  the  cutting  element. 

5  In  all  of  the  arrangements  shown  in  Figures  16- 
53  the  cutting  element  comprises  a  polycrystalline  di- 
amond  layer  bonded  in  a  high  pressure,  high  temper- 
ature  press  to  a  substrate  of  less  hard  material,  which 
may  be  cemented  tungsten  carbide.  In  the  arrange- 

10  ments  of  Figures  16-39  the  diamond  cutting  table  and 
substrate  comprise  circular  discs  of  substantially  con- 
stant  thickness  bonded  together,  so  that  the  front  cut- 
ting  face  of  the  cutting  element  is  flat.  In  the  cutting 
elements  of  Figures  40-53,  the  cutting  table  is  still  of 

15  substantially  constant  thickness  but  the  centre  of  the 
substrate  is  elevated  so  that  the  cutting  face  of  the 
cutting  element  is  generally  domed  or  pointed. 

In  the  arrangement  of  Figures  16  and  17five  gen- 
erally  hemispherical  bodies  44  of  higher  abrasion  re- 

20  sistance  diamond  are  embedded  in  a  symmetrical 
pattern  into  a  diamond  layer  45  of  lesser  abrasion  re- 
sistance,  the  cutting  table  being  bonded  to  a  sub- 
strate  46.  Figure  18-23  show  similar  arrangements 
having  different  numbers  of  embedded  bodies  of 

25  higher  abrasion  resistance,  arranged  in  different  pat- 
terns.  In  the  arrangements  of  Figures  22  and  23,  the 
bodies  of  higher  abrasion  resistance  diamond  are  of 
two  different  sizes.  In  each  case  the  whole  periphery 
of  the  cutting  table  is  made  up  of  diamond  of  higher 

30  impact  resistance. 
In  the  arrangement  of  Figures  24  and  25  the  body 

of  higher  abrasion  resistance  diamond  embedded  in 
the  layer  47  of  lower  abrasion  resistance  diamond  is 
in  the  form  of  eight  radial  "spokes"  48  extending  out- 

35  wardly  from  a  central  hemispherical  body  49.  In  this 
case  the  spokes  48  extend  to  the  periphery  of  the  cut- 
ting  element,  but  the  majority  of  the  periphery  is  made 
up  of  the  higher  impact  resistance  diamond  47. 

In  the  arrangement  of  Figures  26  and  27  three 
40  rectangular  blocks  50  of  higher  abrasion  resistance 

diamond  are  embedded  in  a  layer  51  of  lower  abra- 
sion  resistance  diamond.  In  Figures  28  and  29  a  sin- 
gle  frusto-conical  block  52  of  higher  abrasion  resis- 
tance  diamond  is  embedded  in  the  centre  of  a  layer 

45  53  of  lower  abrasion  resistance  diamond. 
Figures  30  and  31  show  an  asymmetrical  ar- 

rangement  in  which  five  hemispherical  bodies  54  of 
higher  abrasion  resistance  diamond  are  spaced 
slightly  inwardly  from  about  half  -the  periphery  of  the 

so  diamond  layer  55  of  lower  abrasion  resistance  dia- 
mond  in  which  they  are  embedded.  In  this  case  the 
cutting  element  is  orientated,  in  use,  so  that  the  cut- 
ting  edge  is  formed  by  the  part  of  the  periphery 
around  which  the  embedded  bodies  54  extend. 

55  Figures  32  and  33  show  an  arrangement  in  which 
the  embedded  bodies  56  of  higher  abrasion  resis- 
tance  diamond  are  in  the  form  of  triangular  prisms  ex- 
tending  through  the  depth  of  the  layer  57  of  lower 

6 
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abrasion  resistance  diamond. 
In  the  arrangement  of  Figures  34  and  35  the  em- 

bedded  bodies  58  of  higher  abrasion  resistance  dia- 
mond  are  generally  chevron-shaped. 

In  the  arrangement  of  Figures  36  and  37  the  em- 
bedded  bodies  of  higher  abrasion  resistance  diamond 
comprise  a  central  generally  cubic  block  59  surround- 
ed  by  eight  circumferential  blocks  60  of  frusto-conical 
shape  which  are  spaced  equally  apart  around  the  per- 
iphery  of  the  cutting  table  and  extend  only  part  way 
through  the  layer  61  of  lower  abrasion  resistance  di- 
amond. 

Figures  38  and  39  show  an  arrangement  in  which 
hemispherical  bodies  62  of  higher  abrasion  resis- 
tance  diamond  are  arranged  in  a  symmetrical  pattern 
in  the  cutting  face  of  the  layer  63  of  lower  abrasion  re- 
sistance.  In  this  case,  however,  further  hemispherical 
bodies  64  of  higher  abrasion  resistance  diamond  are 
embedded  around  the  peripheral  surface  of  the  layer 
65  of  lower  abrasion  resistance  material,  as  best  seen 
in  Figure  38.  However,  the  bodies  62  and  64  are  all 
spaced  from  the  junction  between  the  cutting  face 
and  peripheral  surface  of  the  cutting  table  so  that  this 
junction,  which  forms  the  initial  cutting  edge  of  the 
cutting  element,  is  provided  by  the  diamond  of  lower 
abrasion  resistance  and  higher  impact  resistance. 

All  of  the  cutting  elements  described  by  way  of 
example  in  relation  to  Figures  4-39  are  generally  in 
the  form  of  flat  circular  tablets  and  are  therefore  pri- 
marily  intended  for  use  in  drag-type  rotary  drill  bits,  for 
example  of  the  kind  shown  in  Figures  1  and  2.  Figures 
40-53  show  cutting  elements  where  the  cutting  sur- 
face  is  generally  domed  or  pointed,  and  while  such 
cutting  elements  may  also  be  used  in  drag-type  drill 
bits,  the  same  or  similar  cutting  elements  may  also  be 
suitable  for  use  as  cutting  elements  in  roller-cone  drill 
bits  and  percussion  bits. 

In  the  arrangement  of  Figures  40  and  41  the  sub- 
strate  66  is  in  the  form  of  a  square  having  a  conical 
front  portion  67.  Bonded  to  the  surface  of  the  conical 
front  portion  67  of  the  substrate  is  a  polycrystalline  di- 
amond  layer  68  of  lower  abrasion  resistance  in  which 
are  embedded  two  rings  69  of  polycrystalline  dia- 
mond  of  higher  abrasion  resistance.  Acircular  body  of 
diamond  of  higher  abrasion  resistance  70  is  also  em- 
bedded  in  the  layer  68  at  the  apex  of  the  cone. 

In  the  arrangement  of  Figures  42  and  43  the  sub- 
strate  71  is  circular  and  has  a  domed  front  portion  72 
to  which  is  bonded  a  layer  73  of  diamond  of  lower 
abrasion  resistance.  Embedded  in  this  layer,  in  a 
cross-like  pattern,  is  an  array  of  generally  cylindrical 
bodies  74  of  higher  abrasion  resistance  diamond. 

In  Figures  44  and  45  the  substrate  75  has  a  frus- 
to-conical  front  portion  76  to  which  is  bonded  a  layer 
77  of  diamond  of  lower  abrasion  resistance.  Embed- 
ded  in  the  layer  77,  in  a  cross-like  array,  are  bodies 
78  of  higher  abrasion  resistance  diamond  surrounded 
by  a  peripheral  ring  79  also  of  higher  abrasion  resis- 

tance  diamond.  However,  as  will  be  seen  from  Figure 
44,  an  annular  portion  80  of  the  layer  77  of  lower  abra- 
sion  resistance  and  higher  impact  resistance  dia- 
mond  extends  around  the  cutting  table  outwardly  of 

5  the  ring  79  to  provide  impact  resistance  to  the  outer 
periphery  of  the  cutting  table. 

Figures  46  and  47  show  an  arrangement  some- 
what  similar  to  the  arrangement  of  Figures  40  and  41  , 
but  in  this  case  the  substrate  81  is  circular. 

10  In  the  embodiment  of  Figures  48  and  49  the  sub- 
strate  82  has  a  conical  front  portion  83  to  which  is 
bonded  a  layer  84  of  lower  abrasion  resistance  dia- 
mond.  Embedded  in  the  layer  84,  in  a  cross-like  ar- 
ray,  are  generally  cylindrical  bodies  85  of  higher  abra- 

15  sion  resistance  diamond. 
In  the  embodiment  of  Figures  50  and  51  the  sub- 

strate  86  is  basically  circular  but  has  a  front  portion 
87  having  a  flat  outer  surface  88  and  inclined  side 
surfaces  89  extending  across  the  circular  substrate 

20  86  parallel  to  a  diameter  thereof.  A  layer  90  of  lower 
abrasion  resistance  diamond  is  bonded  to  the  surfac- 
es  88  and  89  and  embedded  in  this  layer  are  spaced 
strips  91  of  higher  abrasion  resistance  diamond.  The 
strips  extend  parallel  to  the  surfaces  88  and  89  and 

25  to  a  diameter  of  the  substrate  86. 
Figures  52  and  53  show  an  arrangement  some- 

what  similar  to  that  of  Figures  44  and  45,  but  in  this 
case  the  apex  of  the  projecting  front  portion  92  of  the 
substrate  93  is  in  the  form  of  a  square  flat  surface  and 

30  the  embedded  bodies  94  of  higher  abrasion  resis- 
tance  diamond  are  generally  square. 

As  previously  mentioned,  cutting  elements  in  ac- 
cordance  with  the  invention,  such  as  some  of  the  em- 
bodiments  described  above,  may  be  used  as  cutting 

35  elements  in  roller-cone  and  percussion  drill  bits.  Fig- 
ure  54  is  a  diagrammatic  perspective  view  of  one  form 
of  typical  roller-cone  drill  bit  of  a  kind  to  which  cutting 
elements  according  to  the  invention  may  be  applied. 

As  is  well  known,  the  roller-cone  bit  comprises  a 
40  bit  body  95  having  a  threaded  pin  96  for  connection 

to  a  drill  string  and  three  equally  spaced  depending 
legs  97  which  carry  inwardly  inclined  journals  (not 
shown)  on  which  are  rotatably  mounted  respective 
roller  cones  98. 

45  Each  roller  cone  98  carries  a  number  of  periph- 
eral  rows  of  cutting  elements  99  secured,  for  example 
by  brazing,  within  sockets  in  the  surface  of  the  cones 
98.  Nozzles  100  in  the  bit  body  deliver  jets  of  drilling 
fluid  on  to  the  roller  cones  and  the  bottom  of  the  bore- 

50  hole  to  clean  and  cool  the  cutting  elements  and  also 
to  carry  away  to  the  surface  the  cuttings  from  the  bot- 
tom  of  the  borehole. 

As  the  roller  cones  98  rotate,  the  cutting  ele- 
ments  99  tend  to  break  up  the  formation  at  the  bottom 

55  of  the  hole  with  a  crushing  action.  The  cutting  ele- 
ments  therefore  project  away  from  the  surface  of  the 
roller  cone  bodies.  For  this  reason  the  cutting  ele- 
ments  according  to  the  invention  which  will  be  partic- 

7 
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ularly  suitable  for  roller-cone  bits  are  those  where  the 
front  cutting  surface  of  the  cutting  element  is  domed 
or  pointed. 

Claims 

1.  A  preform  cutting  element  including  a  cutting  ta- 
ble  of  superhard  material  having  a  front  cutting 
face,  a  peripheral  surface,  and  a  rearface  bond- 
ed  to  a  substrate  of  material  which  is  less  hard 
than  the  superhard  material,  the  cutting  table  in- 
cluding  an  outer  peripheral  portion,  defining  at 
least  a  part  of  said  peripheral  surface,  which  is 
formed  of  a  first  superhard  material  which  is  of 
greater  impact  resistance  than  a  second  super- 
hard  material  forming  other  portions  of  the  cut- 
ting  table. 

2.  A  cutting  element  according  to  Claim  1,  wherein 
said  outer  peripheral  portion  extends  around  a 
major  part  of  the  periphery  of  the  cutting  table. 

3.  A  cutting  element  according  to  Claim  1,  wherein 
said  outer  peripheral  portion  extends  around  the 
entire  periphery  of  the  cutting  table. 

4.  A  cutting  element  according  to  any  of  claims  1  to 
3,  wherein  the  outer  peripheral  portion  is  dis- 
posed  around  the  junction  between  the  front  cut- 
ting  face  and  the  peripheral  surface  of  the  cutting 
table,  so  as  to  define  at  least  a  part  of  each  of  said 
surfaces. 

8.  A  cutting  element  according  to  any  of  Claims  1  to 
7,  wherein  the  cutting  table  includes  a  layer  of 
said  one  superhard  material  in  which  are  embed- 
ded  a  number  of  bodies  of  said  second  superhard 
material,  said  bodies  being  spaced  inwardly  of 
the  outer  periphery  of  the  layer  of  said  one  super- 
hard  material. 

9.  A  cutting  element  according  to  Claim  8,  wherein 
said  bodies  of  the  second  superhard  material  are 
disposed  in  an  array  which  is  generally  symmet- 
rical  with  respect  to  the  centre  of  the  cutting  ele- 

5  ment. 

10.  A  cutting  element  according  to  Claim  9,  wherein 
said  bodies  of  the  second  superhard  material  in- 
clude  at  least  one  annular  ring  of  said  material 

10  which  is  concentric  with  the  cutting  element. 

11.  A  cutting  element  according  to  Claim  9,  wherein 
said  bodies  of  the  second  superhard  material  in- 
clude  an  array  of  spaced,  generally  parallel  strips 

15  of  said  material. 

12.  A  cutting  element  according  to  Claim  8  or  Claim 
9,  wherein  said  bodies  of  the  second  superhard 
material  are  of  a  shape  selected  from  circular  cy- 

20  linders,  prisms  and  rectangular  blocks. 

13.  A  cutting  element  according  to  any  of  Claims  1  to 
12,  wherein  the  portions  of  the  cutting  table  com- 
prising  said  second  superhard  material  extend 

25  through  substantially  the  entire  thickness  of  the 
cutting  table. 

14.  A  cutting  element  according  to  any  of  Claims  1  to 
12,  wherein  the  cutting  table  comprises  at  least 

30  two  layers  of  superhard  material,  each  of  said 
portions  of  the  second  superhard  material  ex- 
tending  through  substantially  the  entire  thick- 
ness  of  at  least  one  of  said  layers. 

35  15.  A  cutting  element  according  to  Claim  14,  wherein 
the  layer  including  said  portions  of  the  second 
superhard  material  is  overlaid  by  a  layer  of  super- 
hard  material  forming  the  front  face  of  the  cutting 
table. 

40 
1  6.  A  cutting  element  according  to  any  of  Claims  1  to 

1  5,  wherein  the  cutting  table  includes  a  rearward 
layer  of  superhard  material  of  lesser  abrasion  re- 
sistance  than  said  portions  of  the  second  super- 

45  hard  material,  said  rearward  layer  being  bonded 
to  the  less  hard  substrate. 

17.  A  cutting  element  according  to  Claim  16,  wherein 
the  superhard  material  of  the  rearward  layer  is  of 

so  the  same  composition  as  the  first  superhard  ma- 
terial  defining  said  outer  peripheral  portion  of  the 
cutting  table. 

1  8.  A  cutting  element  according  to  Claim  1  7,  wherein 
55  the  layer  including  said  outer  peripheral  portion  is 

adjacent  the  rearward  layer  and  the  outer  periph- 
eral  portion  is  substantially  integral  with  said 
rearward  layer. 

5.  A  cutting  element  according  to  any  of  Claims  1  to  35 
4,  wherein  said  second  superhard  material  is  of 
greater  abrasion  resistance  than  the  first  super- 
hard  material  from  which  the  outer  peripheral  por- 
tion  is  formed. 

40 
6.  A  cutting  element  according  to  Claim  5,  wherein 

there  is  disposed  inwardly  of  said  portion  of 
greater  abrasion  resistance  a  further  portion  of 
the  cutting  table  which  is  formed  of  a  superhard 
material  which  is  of  lesser  abrasion  resistance  45 
than  said  portion  of  greater  abrasion  resistance. 

7.  A  cutting  element  according  to  Claim  6,  wherein 
said  further  portion  is  of  substantially  the  same 
composition  as  the  outer  peripheral  portion.  so 

8 
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19.  A  cutting  element  according  to  any  of  Claims  1  to 
18,  wherein  the  first  and  second  superhard  ma- 
terials  each  comprise  a  mass  of  bonded  particles, 
said  first  superhard  material  of  greater  impact  re- 
sistance  being  of  larger  maximum  particle  size  5 
than  said  second  superhard  material  forming  at 
least  one  other  portion  of  the  cutting  table. 

20.  A  cutting  element  according  to  any  of  Claims  1  to 
19,  wherein  the  first  and  second  superhard  ma-  10 
terials  both  comprise  polycrystalline  diamond. 

21.  A  preform  cutting  element  including  a  cutting  ta- 
ble  of  superhard  material  having  a  front  cutting 
face,  a  peripheral  surface,  and  a  rearface  bond-  15 
ed  to  a  substrate  of  material  which  is  less  hard 
than  the  superhard  material,  the  cutting  table  in- 
cluding  a  layer  of  a  first  form  of  superhard  mate- 
rial  in  which  are  embedded  a  number  of  spaced 
bodies  of  a  second  form  of  superhard  material  20 
which  is  of  greater  abrasion  resistance  than  the 
first  form  of  superhard  material. 

22.  A  preform  cutting  element  according  to  Claim  21  , 
wherein  the  cutting  table  includes  a  further  layer  25 
of  superhard  material  which  overlies  the  layer  in 
which  said  bodies  are  embedded,  and  provides 
said  front  cutting  face  of  the  cutting  table. 
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