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Description 

This  invention  relates  to  a  process  for  the  produc- 
tion  of  abrasives  of  single  crystal  or  polycrystalline  di- 
amond. 

Diamond  abrasive  grits  have  been  used  as  abra- 
sives  of  abrasive  wheels  for  cutting  and  grinding  and 
classified  into  the  grades  of  SD  (saw  blade),  MD  (met- 
al  bond),  RD  (resin  bond)  and  micron  powder.  As  the 
diamond  for  such  abrasives,  grits  or  powders  of  natu- 
ral  diamond  or  synthetic  diamond  are  generally  used. 
The  synthetic  diamond  grits  or  powders  can  generally 
be  synthesized  by  a  static  high  pressure  method  and 
a  part  of  which  can  be  synthesized  by  a  Shockwave 
method. 

The  static  high  pressure  method  comprises  mix- 
ing  graphite  with  Group  VIII  metals  (Fe,  Co,  Ni,  etc.) 
of  the  Periodic  Table,  which  act  as  a  fusing  agent  for 
carbon,  and  maintaining  this  mixture  at  a  high  temper- 
ature  and  high  pressure,  for  example,  1300°C  and  5 
GPa  or  more  for  a  constant  period  of  time,  thus  depos- 
iting  diamond. 

The  shock  wave  method  comprises  enclosing 
graphite  in  a  target,  bringing  a  shock  plate  at  a  high 
speed  into  collision  with  the  target  and  generating  a 
strong  shock  wave  in  the  target,  or  applying  a  shock 
wave  by  explosion  onto  the  target,  thereby  converting 
the  graphite  directly  into  diamond. 

In  a  process  for  the  production  of  abrasives  from 
an  artificial  synthetic  diamond  prepared  by  the  above 
described  static  high  pressure  method  or  shock  wave 
method,  however,  a  complicated  step  is  required  to 
remove  the  synthesized  diamond  in  any  case.  When 
pulverizing  is  carried  out  therefor,  an  apparatus  for 
generating  a  large  impulsive  force  is  thus  required 
and  the  pulverized  diamond  has  such  a  large  grain 
size  distribution  that  a  step  for  classifying  the  grain 
size  is  required.  Furthermore,  the  diamond  grains  ob- 
tained  by  the  pulverization  generally  have  a  non-iso- 
tropic  shape  with  sharp  edges,  which  should  be 
avoided  in  an  appliance  needing  a  particularly  pre- 
cise  finished  surface,  for  example,  in  a  process  for 
the  production  of  a  semiconductor. 

We  have  now  developed  a  process  for  the  pro- 
duction  of  abrasives  each  consisting  of  single  crystal 
diamond  or  polycrystalline  diamond  and  a  process  for 
producing  diamond  abrasives  with  a  uniform  grain 
size  and  an  isotroptic  shape  in  simple  manner,  where- 
by  the  above  described  problems  of  the  prior  art  can 
be  overcome. 

Accordingly,  the  present  invention  provides  a 
process  for  the  production  of  abrasives  of  single  crys- 
tal  or  polycrystalline  diamond,  which  comprises  syn- 
thesizing  a  diamond  film  by  a  gaseous  phase  synthe- 
sis  method,  subjecting  the  resulting  diamond  film  to 
an  etching  treatment  in  an  atmosphere  containing 
oxygen  and  pulverizing  the  diamond  film. 

The  accompanying  drawings  are  to  illustrate  in 

detail  the  principle  and  merits  of  the  present  inven- 
tion. 

Figure  1  is  a  schematic  view,  in  cross  section,  of 
a  diamond  film  formed  by  gaseous  phase  synthesis. 

5  Figure  2  is  a  schematic  view,  in  cross  section,  of 
the  diamond  film  of  Figure  1  ,  after  etching  by  a  heat 
treatment  in  an  oxygen-containing  atmosphere. 

Figure  3  to  Figure  5  are  graphs  each  showing 
grain  size  distributions,  Figure  3  being  that  of  a  prod- 

10  uct  obtained  in  Example  1,  Figure  4  being  that  of  a 
product  obtained  in  Comparative  Example  1  and  Fig- 
ure  5  being  that  of  a  product  obtained  in  Example  2. 

In  order  to  obtain  diamond  abrasives  with  a  uni- 
form  size  distribution  without  complicated  steps  we 

15  have  found  that  a  diamond  film  formed  by  a  CVD 
method  may  be  subjected  to  an  etching  treatment  in 
an  oxygen-containing  atmosphere  and  the  diamond 
film  then  pulverized. 

The  above  described  etching  treatment  is  prefer- 
20  ably  carried  out  by  a  heat  treatment  in  an  atmosphere 

containing  oxygen  at  normal  or  reduced  pressure,  a 
plasma  treatment  in  an  atmosphere  containing  oxy- 
gen,  an  ion  beam  treatment  in  an  atmosphere  contain- 
ing  oxygen  or  a  laser  etching  treatment  in  an  atmos- 

25  phere  containing  oxygen. 
In  the  present  invention,  a  film-shaped  diamond 

formed  by  a  gaseous  phase  synthesis  method  is 
treated  in  an  oxygen-containing  atmosphere  to  pro- 
mote  etching  along  the  grain  boundary  and  then  pulv- 

30  erized  to  obtain  diamond  grains. 
In  the  present  invention,  synthesis  of  the  film- 

shaped  diamond  can  be  carried  out  by  any  of  known 
techniques  commonly  used  in  this  field,  for  example, 
hot  filament  CVD  methods,  laser  CVD  methods,  mi- 

35  crowave  CVD  methods,  combustion  methods,  plas- 
ma  jet  methods,  ion  beam  methods  and  the  like. 

The  film  thickness  is  generally  in  the  range  of 
several  urn  to  2  mm,  depending  on  the  film-forming 
methods,  for  example,  several  urn  to  several  ten 

40  in  the  case  of  the  laser  CVD  methods  or  ion  beam 
methods,  several  urn  to  several  hundreds  urn  in  the 
case  of  the  microwave  plasma  CVD  methods  or  hot 
filament  CVD  methods,  and  several  hundreds  urn  to 
2  mm  in  the  case  of  the  plasma  jet  methods  or  com- 

45  bustion  methods. 
Since  many  of  the  diamond  films  synthesized  by 

these  methods  are  polycrystalline  and  the  crystal 
grain  diameter  can  be  changed  by  changing  the  para- 
meter  in  each  of  the  methods,  the  diamond  grain  di- 

50  ameters  can  be  extended  to  a  range  of  0.5  to  several 
hundreds  ^m. 

Generally,  such  a  diamond  film  contains  a  very 
small  quantity  of  amorphous  carbon  or  graphite  along 
the  grain  boundary.  A  schematic  view,  in  cross  sec- 

55  tion,  of  a  diamond-film  obtained  by  a  gaseous  phase 
synthesis  method  is  shown  in  Fig.  1,  in  which  1  des- 
ignates  a  substrate  and  2  designates  diamond  crystal 
grains.  In  the  present  invention,  as  the  substrate, 
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there  can  be  used,  any  of  materials  capable  of  resist- 
ing  the  diamond  synthesis  temperature  (800  to  1100 
°C)  and  being  removed  after  the  coating  the  diamond 
film  by  any  treatment  such  as  dissolving  and  remov- 
ing,  or  stripping  the  film,  for  example,  polycrystalline 
silicon,  single  crystal  silicon,  molybdenum,  tungsten, 
niobium,  quarts,  etc.  Particularly,  it  is  preferable  to 
use  single  crystal  silicon  from  the  stand-point  of  the 
ease  of  dissolving  and  removing,  and  the  price  there- 
of. 

When  the  thus  obtained  diamond  film  was  treat- 
ed  in  an  oxygen-containing  atmosphere,  the  grain 
boundary  and  amorphous  carbon  or  graphite  present 
in  the  grain  boundary  are  preferentially  etched  and 
the  cross-sectional  structure  of  the  diamond  film  be- 
comes  a  structure  having  a  groove  3  formed  along 
the  grain  boundary.  This  is  due  to  that  the  reactivity 
with  oxygen  is  largely  different  between  diamonds 
and  graphite  or  amorphous  carbon,  for  example, 
amorphous  carbon  or  graphite  is  oxidized  in  the  air  at 
a  temperature  of  about  500  °C  or  higher,  while  dia- 
mond  is  not  oxidized  and  is  stable  up  to  about  800  °C. 

The  treatment  in  an  atmosphere,  carried  out  in 
the  present  invention,  includes  a  heat  treatment  in  an 
ordinary  atmosphere,  a  heat  treatment  in  an  atmos- 
phere  under  reduced  pressure,  plasma  treatments 
utilizing  various  discharges,  an  ion  beam  treatment,  a 
laser  etching  treatment  and  the  like. 

The  heat  treatment  in  an  ordinary  atmosphere  is 
carried  out  by  heating  a  diamond  film  to  be  treated  at 
400  to  600  °C  in  a  vessel  filled  with  an  atmosphere 
comprising  10  to  100  vol  %of  oxygen  and  the  balance 
of  an  inert  gas  such  as  argon  or  nitrogen  under  the  at- 
mospheric  pressure.  The  heat  treatment  in  an  atmos- 
phere  under  reduced  pressure  is  carried  out  by  reduc- 
ing  the  pressure  of  the  atmosphere  having  the  above 
described  composition  to  66,66  hPa  -  101,325  kPa 
(50  to  760  Torr)  in  a  vacuum  tank.  In  this  case,  it  is 
preferable  to  raise  the  treatment  temperature  to  500 
to  700  °C  from  the  standpoint  of  the  treatment  speed. 

The  plasma  treatment  is  generally  carried  out  by 
reducing  the  pressure  of  an  argon  atmosphere  con- 
taining  2  to  40  vol  %  of  oxygen  to  1  ,33  hPa  -  1  33,3  hPa 
(1  to  100  Torr),  generating  glow  discharge  in  this  at- 
mosphere  by  the  use  of  DC  (500  V  to  3  kV,  1  0  to  500 
mA),  RF  (13.56  MHz,  100  W  to  1  kW)  or  microwave 
(2.45  GHz,  1  00  W  to  1  kW)  and  placing  a  diamond  film 
to  be  treated  in  the  thus  generated  plasma. 

In  the  step  of  pulverization  after  removing  the 
substrate,  such  a  diamond  film  that  the  grain  bound- 
ary  and  impurities  existing  in  the  grain  boundary  are 
etched  is  readily  pulverized  along  the  groove  3 
formed  by  the  etching  to  yield  diamond  grits.  The  pul- 
verization  is  preferably  carried  out  by  ball  milling. 

The  abrasives  obtained  by  the  process  of  the 
present  invention  have  a  grain  diameter  correspond- 
ing  to  that  of  the  crystal  when  the  diamond  film  is 
formed,  i.e.  in  the  range  of  0.5  to  several  hundreds 

urn. 
The  diamond  abrasives  produced  by  the  process 

of  the  present  invention  each  have  a  size  of  crystal 
5  grains  formed  during  synthesis  of  the  diamond  film 

and  accordingly,  the  grain  size  is  uniform.  Therefore, 
the  step  of  sieving  or  sorting  the  grain  size,  after  the 
step  of  pulverizing,  can  largely  be  simplified. 

Furthermore,  the  diamond  abrasives  of  the  pres- 
10  ent  invention  have  an  isotropic  shape  corresponding 

to  diamond  crystals  themselves,  so  they  can  be  ap- 
plied  to  polishing  without  scratching  a  workpiece  to 
be  polished,  which  is  often  caused  by  grains  each 
having  irregular  shapes  with  sharp  edges  or  angles. 

15  The  following  examples  are  given  in  order  to  illu- 
trate  the  present  invention  in  detail  without  limiting 
the  same. 

Example  1 
20 

A  diamond  film  having  an  average  grain  diameter 
of  1  0  urn  was  synthesized  on  a  substrate  of  polycrys- 
talline  silicon  by  the  use  of  a  microwave  CVD  method. 
In  this  case,  coating  conditions  were  CH4/H2  =  3.52  : 

25  1  00,  a  pressure  of  53,33  hPa  (40  Torr),  a  microwave 
(2.45  GHz)  output  of  550  W  and  a  coating  time  of  3 
hours  and  thus  a  diamond  film  with  a  thickness  of 
about  50  urn  was  deposited.  This  substrate  was  then 
taken  out  of  the  coating  apparatus  and  subjected  to 

30  plasma  etching  in  an  oxygen-argon  atmosphere  un- 
der  conditions  of  oxygen  35  vol  %,  argon  65  vol  %, 
pressure  26,66  hPa  (20  Torr),  RF  (13.56  MHz)  output 
300  W  and  etching  time  2  hours.  After  etching,  the  sil- 
icon  substrate  was  dissolved  and  removed  in  fluoro- 

35  nitric  acid  and  the  resulting  diamond  simple  sub- 
stance  film  was  pulverized  in  a  mortar  to  obtain  a  di- 
amond  powder  with  an  average  grain  diameter  of  15 
urn.  Observation  of  this  powder  by  a  scanning  elec- 
tron  microscope  showed  a  massive  form  pulverized 

40  along  the  grain  boundary.  When  the  grain  size  distrib- 
ution  of  the  powder  was  measured  by  a  laser  scatter- 
ing  method,  a  narrow  grain  size  distribution  as  shown 
in  Fig.  3  was  obtained. 

45  Comparative  Example  1 

When  the  diamond  film  synthesized  in  an  analo- 
gous  manner  to  Example  1  was  subjected  to  removal 
of  the  substrate  without  the  above  described  heat 

50  treatment  and  pulverized,  there  was  obtained  only  a 
powder  having  an  average  grain  diameter  of  55  urn 
and  an  irregular  shape  with  many  edges.  The  grain 
size  distribution  thereof  was  wide  as  shown  in  Fig.  4. 

55  Example  2 

A  diamond  film  having  an  average  grain  diameter 
of  100  urn  was  synthesized  on  a  substrate  of  poly- 
crystalline  silicon  by  the  use  of  a  filament  CVD  meth- 

3 
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od.  In  this  case,  coating  conditions  were  CH4/H2  = 
2.3  :  100,  pressure  106,66  hPa  (80  Torr),  filament 
temperature  2000  °C  and  coating  time  30  hours  and 
thus  a  diamond  film  with  a  thickness  of  about  200  urn 
was  deposited.  This  substrate  was  taken  out  of  the 
coating  apparatus  and  subjected  to  a  heat  treatment 
for  etching  in  an  argon  atmosphere  containing  15  % 
of  oxygen  (pressure  466,6  hPa  (350  Torr))  at  650  °C 
for  10  hours.  The  silicon  substrate  was  then  dissolved 
and  removed  in  fluoronitric  acid  and  the  resulting  di- 
amond  simple  substance  film  was  ball  milled  to  obtain 
a  diamond  powder  with  an  average  grain  diameter  of 
120  urn.  Observation  of  this  powder  showed  a  mas- 
sive  form  pulverized  along  the  grain  boundary.  The 
grain  size  distribution  thereof  was  narrow  as  shown 
in  Fig.  5. 

Example  3 

A  diamond  film  having  an  average  grain  diameter 
of  300  urn  was  synthesized  on  a  substrate  of  molyb- 
denum  by  the  use  of  a  plasma  jet  method.  In  this 
case,  the  synthesis  conditions  were  CH4/H2  =  3  :  100, 
pressure  266,6  hPa  (200  Torr),  plasma  voltage  110  V, 
plasma  current  95  A  and  coating  time  2  hours  and 
thus  a  diamond  film  with  a  thickness  of  about  1  .3  mm 
was  deposited.  This  substrate  was  subjected  to  an 
etching  treatment  by  placing  it  in  an  oxygen  ion  beam 
of  1  kV  and  35  mAfor  2  hours.  The  molybdenum  sub- 
strate  was  then  dissolved  in  aqua  regia  and  removed 
and  the  resulting  diamond  simple  substance  film  was 
pulverized  in  a  mortar,  thus  obtaining  diamond  abra- 
sive  grains  with  an  average  grain  diameter  of  270  urn. 

Example  4 

A  diamond  film  having  an  average  grain  diameter 
of  300  urn  was  prepared  by  a  plasma  jet  method  in  an 
analogous  manner  to  Example  1  and  the  molybde- 
num  substrate  was  dissolved  and  removed  in  aqua  re- 
gia.  The  resulting  simple  substance  diamond  film  was 
subjected  to  an  etching  treatment  by  placing  it  in  oxy- 
gen  at  40,0  hPa  (30  Torr)  and  applying  an  argon  ex- 
cimer  laser  in  a  total  quantity  of  200  mJ  from  both  the 
growth  surface  side  and  substrate  surface  side  for  5 
minutes  and  pulverized  in  a  mortar  to  obtain  diamond 
abrasive  grains  having  an  average  diameter  of  350 
urn. 

In  the  foregoing  examples,  the  gaseous  phase 
synthesis  of  diamond  film  was  carried  out  by  a  micro- 
wave  CVD  method,  hot  filament  CVD  method  or  plas- 
ma  jet  method,  but  the  gaseous  phase  synthesis  of 
diamond  according  to  the  present  invention  can  of 
course  be  effected  by  any  of  other  methods  such  as 
flame  method,  laser  CVD  method,  ion  beam  method 
and  the  like  with  the  same  benefits.  Furthermore,  it 
is  found  that  the  etching  treatment  in  an  oxygen-con- 
taining  atmosphere  can  be  carried  out  with  the  same 

effects  by  any  of  the  heat  treatment  in  an  ordinary  at- 
mosphere,  the  heat  treatment  in  an  atmosphere  un- 
der  reduced  pressure,  the  plasma  etching  treatment, 

5  the  ion  beam  etching  treatment,  the  laser  etching 
treatment  and  the  like. 

Claims 
10 

1  .  A  process  for  the  production  of  abrasives  of  sin- 
gle  crystal  or  polycrystalline  diamond,  which 
comprises  synthesizing  a  diamond  film  by  a  gas- 
eous  phase  synthesis  method,  subjecting  the  re- 

15  suiting  diamond  film  to  an  etching  treatment  in  an 
atmosphere  containing  oxygen  and  pulverizing 
the  diamond  film. 

2.  A  process  as  claimed  in  Claim  1,  wherein  the 
20  etching  treatment  is  a  heat  treatment  in  an  atmos- 

phere  containing  oxygen  at  normal  pressure  or  at 
reduced  pressure. 

3.  A  process  as  claimed  in  Claim  1,  wherein  the 
25  etching  treatment  is  a  plasma  treatment  in  an  at- 

mosphere  containing  oxygen. 

4.  A  process  as  claimed  in  Claim  1,  wherein  the 
etching  treatment  is  an  ion  beam  treatment  in  an 

30  atmosphere  containing  oxygen. 

5.  A  process  as  claimed  in  Claim  1,  wherein  the 
etching  treatment  is  a  laser  etching  treatment  in 
an  atmosphere  containing  oxygen. 

35 
6.  A  process  as  claimed  in  any  one  of  the  preceding 

claims  wherein  the  diamond  film  is  coated  onto  a 
substrate. 

40  7.  A  process  as  claimed  in  any  one  of  the  preceding 
claims  wherein  the  substrate  is  polycrystalline  sil- 
icon,  single  crystal  silicon  or  molybdenum. 

8.  A  process  as  claimed  in  any  one  of  the  preceding 
45  claims  wherein  the  diamond  film  consists  of  poly- 

crystalline  diamond  whose  crystal  grains  have  a 
grain  diameter  in  the  range  of  0.5  to  several  hun- 
dreds  urn. 

50 
Patentanspruche 

1.  Verfahren  zur  Herstellung  von  Schleifmitteln  aus 
monokristallinem  oder  polykristallinem  Diamant, 

55  bei  dem  man  einen  Diamantfilm  durch  ein  Gas- 
phasensyntheseverfahren  synthetisiert,  den  er- 
haltenen  Diamantfilm  einer  Atzbehandlung  in  ei- 
ner  Sauerstoff  enthaltenden  Atmosphare  unter- 
wirft,  und  den  Diamantfilm  pulverisiert. 

4 
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2.  Verfahren  gemali  Anspruch  1,  bei  dem  die  Atz- 
behandlung  eine  Hitzebehandlung  in  einer  Sau- 
erstoff  enthaltenden  Atmosphare  bei  normalem 
Druck  oder  reduziertem  Druck  ist. 

3.  Verfahren  gemali  Anspruch  1,  bei  dem  die  Atz- 
behandlung  eine  Plasmabehandlung  in  einer 
Sauerstoff  enthaltenden  Atmosphare  ist. 

4.  Verfahren  gemali  Anspruch  1,  bei  dem  die  Atz- 
behandlung  eine  lonenstrahlbehandlung  in  einer 
Sauerstoff  enthaltenden  Atmosphare  ist. 

5.  Verfahren  gemali  Anspruch  1,  bei  dem  die  Atz- 
behandlung  eine  Laseratzbehandlung  in  einer 
Sauerstoff  enthaltenden  Atmosphare  ist. 

6.  Verfahren  gemali  einem  der  vorhergehenden  An- 
spruche,  bei  dem  der  Diamantfilm  auf  ein  Sub- 
strat  aufgebracht  wird. 

7.  Verfahren  gemali  einem  der  vorhergehenden  An- 
spruche,  bei  dem  das  Substrat  polykristallines  Si- 
lizium,  monokristallines  Silizium  oder  Molybdan 
ist. 

une  atmosphere  renfermant  de  I'oxygene. 

6.  Procede  selon  I'une  quelconque  des  revendica- 
5  tions  precedentes,  dans  lequel  le  film  de  diamant 

est  couche  sur  un  support. 

7.  Procede  selon  I'une  quelconque  des  revendica- 
tions  precedentes,  dans  lequel  le  support  est  du 

10  silicium  polycristallin,  du  silicium  monocristallin 
ou  du  molybdene. 

8.  Procede  selon  I'une  quelconque  des  revendica- 
tions  precedentes,  dans  lequel  le  film  de  diamant 

15  consiste  en  diamant  polycristallin  dont  les  grains 
cristallins  ont  un  diametre  compris  entre  0,5 
et  plusieurs  centaines  de  p.m. 

20 

25 

8.  Verfahren  gemali  einem  der  vorhergehenden  An- 
spruche,  bei  dem  der  Diamantfilm  aus  polykri- 
stallinem  Diamant  besteht,  dessen  Kristallkorner  30 
einen  Korndurchmesser  im  Bereich  von  0,5  bis 
einige  hundert  Mikrometer  (urn)  haben. 

Revendications  35 

1.  Procede  pour  la  production  d'abrasifsde  diamant 
monocristallin  ou  polycristallin,  qui  comprend  les 
operations  consistant  a  synthetiser  un  film  de 
diamant  par  un  procede  de  synthese  en  phase  40 
gazeuse,  soumettre  le  film  de  diamant  obtenu  a 
une  attaque  dans  une  atmosphere  renfermant  de 
I'oxygene  et  a  pulveriser  le  film  de  diamant. 

2.  Procede  selon  la  revendication  1  ,  dans  lequel  I'at-  45 
taque  est  un  traitement  thermique  dans  une  at- 
mosphere  renfermant  de  I'oxygene  a  une  pres- 
sion  normale  ou  a  une  pression  reduite. 

3.  Procede  selon  la  revendication  1  ,  dans  lequel  I'at-  so 
taque  est  un  traitement  au  plasma  dans  une  at- 
mosphere  renfermant  de  I'oxygene. 

4.  Procede  selon  la  revendication  1  ,  dans  lequel  I'at- 
taque  est  un  traitement  parfaisceau  ionique  dans  55 
une  atmosphere  renfermant  de  I'oxygene. 

5.  Procede  selon  la  revendication  1  ,  dans  lequel  I'at- 
taque  est  un  traitement  d'attaque  par  laser  dans 

5 



EP  0  419  087  B1 

6 



EP  0  419  087  B1 

F   I  G .   3  

AVERAGE  GRAIN  DIAMETER  1 5 / t m  

l O C K / i m )  
—   GRAIN  D I A M E T E R  

F   I  G .   4  

AVERAGE  GRAIN 
f  DIAMETER  5 5 / i m  

J  50  l O O ( ^ m )  

—   GRAIN  D I A M E T E R  

-   I  G .   5  

I—  n   r - n   n   r i l   I  [  1  h  
)  1 0 0  

—   GRAIN  D I A M E T E R  
200  ( f i m )  


	bibliography
	description
	claims
	drawings

