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(54)  Coating  for  improved  retention  of  CBN  in  vitreous  bond  matrices. 

(57)  The  invention  is  directed  to  cubic  boron  nit- 
ride  (CBN)  particles  coated  with  a  thin  inner 
layer  formed  by  the  reaction  of  a  reactive  glass 
or  ceramic  to  form  a  chemical  bond  and, 
optionally,  an  outer  layer  of  a  vitreous  material. 
The  particles  are  useful  as  abrasive  particles  in 
a  vitreous  bonding  matrix.  In  addition,  a  method 
of  preparing  the  particles  and  abrasive  tools 
containing  the  particles  are  encompassed. 
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The  invention  relates  to  abrasive  cubic  boron  nitr- 
ide  (CBN)  particles  having  vitreous  coating  layers  the 
inner  layer  being  a  thin  layer  formed  by  reacting  the 
CBN  particles  with  a  glass  or  ceramic  which  is  reac- 
tive  with  the  CBN  particles  to  form  a  chemical  bond 
between  the  CBN  particles  and  the  inner  layer  and 
the  outer  layer  being  a  conventional  vitreous  material. 
The  present  invention  is  also  directed  to  tools,  partic- 
ularly  grinding  wheels,  containing  these  abrasive  par- 
ticles,  particularly  in  a  vitreous  bonding  matrix. 

Background  of  the  Invention 

Cubic  boron  nitride  (CBN)  is  a  crystalline  material 
prepared  by  subjecting  pyrolytic  or  hexagonal  boron 
nitride  to  high  temperatures  and  pressures  to  trans- 
form  the  crystalline  structure  to  a  more  highly  or- 
dered  structure  having  improved  hardness  and  ther- 
mal  properties  among  other  differing  properties. 
CBN  crystal  particles  and  other  materials,  such  as  di- 
amond  and  silicon  carbide  particles,  are  known  in  the 
art  to  be  useful  as  abrasive  materials  because  of  their 
hardness  and  thermal  properties.  These  particles 
are  particularly  useful  when  they  are  distributed  in  a 
bonding  matrix  and  the  system  containing  the  matrix 
with  the  abrasive  particles  is  used  as  an  abrasive 
component  in  a  tool.  The  abrasive  particles  are  dis- 
persed  in  the  bonding  matrix  which  is  then  fired  or 
hardened  by  known  methods  to  securely  retain  the 
particles  throughout  the  matrix.  One  of  the  desired 
characteristics  of  the  abrasive  particle-containing 
matrix  systems  is  good  retention  of  the  particles  in 
the  matrix  in  order  that  the  abrasive  particles  are  held 
in  a  working  contact  position  during  use.  Such  matric- 
es  containing  abrasive  particles  are  particularly  use- 
ful  as  the  abrasive  component  in  tools  used,  for  ex- 
ample,  for  grinding,  polishing  or  machining  hard  ma- 
terials,  such  as  metals  or  ceramics.  For  instance,  the 
matrix-abrasive  particles  systems  can  be  used  to 
make  grinding  wheels. 

One  type  of  bonding  matrix  which  has  found  great 
utility  is  a  vitreous,  i.e.  a  glass  based,  bonding  matrix. 
These  matrices  exhibit  the  good  wear  resistance  and 
thermal  stability  necessary  for  the  matrix  systems. 
Unfortunately,  some  problems  have  been  encoun- 
tered  in  the  art  when  trying  to  use  CBN  particles  in 
vitreous  binding  matrices.  The  vitreous  bonding  ma- 
trices  which  are  useful  in  these  systems  are  reactive 
with  CBN  and  generally  contain  alkali  metal  oxides 
which  are  also  reactive  with  CBN.  The  reactiveness 
of  the  matrix  with  CBN  is  detrimental  to  the  system  in 
thatan  excessive  amount  of  nitrogenous  gas  by-prod- 
uct,  or  ammonia  if  water  is  present,  is  given  off  under 
sintering  or  use  conditions  which  causes  bloating  at 
the  interface  of  the  matrix  and  the  CBN  particle. 
These  phenomena  lead  to  bloating  and  slumping,  i.e. 
loss  of  shape,  of  the  desired  matrix  form.  Such  form 
inconsistencies  caused  by  bloating  are  detrimental  to 

the  use  of  the  matrix  in  abrasive  tools,  for  example, 
grinding  wheels  may  lose  their  shape  due  to  bloating. 

Consequently,  the  art  has  turned  to  the  practice 
of  coating  CBN  particles  with  metals  or  metal  oxides 

5  or  organic  materials  when  using  them  in  a  vitreous 
bonding  matrix,  as  in  U.S.  Pat.  No.  4,951  ,427  and  the 
patents  discussed  therein.  Such  "barrier"  coatings 
are  employed  in  order  to  prevent  the  reaction  of  CBN 
with  the  matrix.  However,  CBN  particles  coated  with 

10  a  metal,  metal  oxide  or  organic  compound  provide 
only  physical  bonding  between  the  CBN  particle  and 
the  coating  and  between  the  coating  and  the  matrix. 

Better  retention  of  the  CBN  in  the  matrix  would  be 
very  desirable  and  would  provide  better  abrasive 

15  components.  Particularly,  it  would  be  desirable  to 
have  an  abrasive  system  wherein  the  CBN  particles 
were  chemically  bonded  to  the  matrix.  It  is  well  known 
in  the  art  that  chemical  bonds  provide  a  much  stron- 
ger  bonding  force  than  mere  physical  bonding.  How- 

20  ever,  the  problem  of  bloating  when  using  chemically 
reactive  coatings  has  turned  the  art  away  from  the 
possibility  of  chemically  bonded  CBN. 

Summary  of  the  Invention 
25 

It  is  an  object  of  the  invention  to  provide  an  abra- 
sive  particle  comprising  CBN  wherein  the  CBN  is 
chemically  bonded  in  order  to  provide  good  retention 
of  the  particle  in  the  matrix.  This  object  is  achieved 

30  by  coated  abrasive  CBN  particles  having  a  thin  inner 
coating,  formed  by  the  reaction  of  a  reactive  glass  or 
ceramic  material  with  the  CBN  particle,  chemically 
bonded  to  the  CBN  and  an  outer  coating  of  a  vitreous 
material  compatible  with  a  vitreous  bonding  matrix. 

35  The  inner  coating  provides  a  chemical  bond  to  the 
CBN  particle  which  greatly  improves  retention  of  the 
particle  in  a  vitreous  matrix.  Also,  prereacting  the 
glass  and  CBN  allows  gases  to  escape  which  other- 
wise  may  cause  bloating  during  sintering  or  use.  The 

40  outer  coating  gives  the  coated  particle  compatibility 
with  the  vitreous  matrix.  The  inventors  have  discov- 
ered  that  a  thin  inner  coating  can  provide  a  chemical 
reaction  of  sufficient  degree  to  provide  a  strong 
chemical  bond  to  the  CBN  but  limited  enough  to  avoid 

45  bloating  caused  by  excess  release  of  nitrogenous  by- 
products. 

The  invention  is  also  directed  to  coated  CBN  par- 
ticles  having  just  the  above-described  inner  coating. 

Another  object  of  the  invention  is  to  provide  ap- 
50  paratus  for  the  grinding  and  shaping  of  hard  materi- 

als,  such  as,  for  example,  grinding  wheels  containing 
the  above-described  coated  particles  in  a  vitreous 
bonding  matrix. 

A  further  object  of  the  invention  is  to  provide  a 
55  method  for  preparation  of  the  coated  particles. 

Upon  further  study  of  the  specification  and  ap- 
pended  claims,  further  objects  and  advantages  of 
this  invention  will  become  apparent  to  those  skilled  in 
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the  art. 

Description  of  the  Invention 

In  attempting  to  provide  CBN  particles  which  are 
strongly  bonded  to  the  vitreous  bonding  matrix  in 
which  they  are  used,  two  major  problems  are  encoun- 
tered.  First,  the  glasses  and  ceramics  which  are  re- 
active  with  CBN  to  form  a  strong  chemical  bond  do 
not  usually  have  the  wear  resistance  or  thermal  sta- 
bility  necessary  to  provide  an  adequate  bonding  ma- 
trix  system.  Second,  the  glasses  and  ceramics  which 
are  reactive  with  CBN  are  generally  highly  reactive  to 
the  extent  that,  when  uncontrolled,  their  reaction 
causes  the  release  of  excess  amounts  of  nitrogenous 
by-products  which  can  bloat  the  bond  and  prevent 
proper  fabrication  of  an  abrasive  particle  and  bonding 
matrix  system. 

The  inventors  have  solved  these  two  problems 
and  provided  a  coated  CBN  particle  which  is  chemi- 
cally  bonded  to  the  matrix  system  to  provide  excellent 
retention  and  which  does  not  have  excess  bloating. 
This  result  has  been  achieved  by  a  CBN  particle  hav- 
ing  a  coating  wherein  the  inner  layer  is  a  thin  layer 
formed  by  the  reaction  of  a  glass  or  ceramic  which  is 
reactive  with  CBN  and  the  outer  layer  is  a  vitreous 
material  which  can  be  made  soluble  with  the  inner  lay- 
er  at  their  interface.  Also,  the  inner  and  outer  layers 
can  be  made  compatible  by  the  use  of  intermediate 
layers  therebetween.  It  has  been  discovered  by  the 
inventors  that  this  coating  allows  a  reaction  between 
the  inner  layer  and  the  CBN  with  the  formation  of  a 
wetted  chemical  bond  between  CBN  and  the  glass  or 
ceramic  but  limits  the  degree  of  the  reaction  to  a  level 
which  allows  gaseous  by-products  to  escape  so  that 
they  are  not  generated  during  sintering  or  use,  which 
could  cause  detrimental  bloating  of  the  bond.  The  re- 
sult  is  a  CBN  particle  which  is  chemically  bonded  to 
the  coating,  thus,  having  good  retention  when  used  in 
a  vitreous  matrix,  and  which  also  has  good  wear  re- 
sistance  and  thermal  properties  provided  by  the  outer 
layer  of  a  vitreous  material.  The  coating  layers  should 
also  provide  a  graded  seal  of  thermal  expansion  coef- 
ficients  from  the  CBN  particle  to  the  matrix,  in  order 
to  prevent  cracking  at  layer  interfaces. 

Any  conventional  CBN  particles  may  be  used  in 
the  invention.  CBN  particles  of  various  sizes  are 
available  from  the  General  Electric  Company.  When 
used  in  preparing  grinding  wheels,  particles  having  a 
size  range  of  from  60/80  mesh  to  325/400  mesh  are 
preferred. 

The  inner  layer  is  formed  from  a  glass  or  ceramic 
which  is  reactive  with  CBN.  It  is  preferred  to  use 
glasses  or  ceramics  which  form  a  boron  oxide  or  sil- 
icate  on  the  CBN.  Examples  of  glasses  or  ceramics 
which  may  be  used  as  the  inner  layer  are  borate 
glasses,  such  as  Pyrex  or  Pyrex-like  materials.  The 
layer  must  be  thin  enough  to  limit  the  amount  of  bloat- 

ing  of  the  bond  to  acceptable  levels  and  be  of  suffi- 
cient  thickness  to  provide  a  strong  chemical  bond  and 
a  graded  seal  between  the  CBN  and  the  matrix.  Pre- 
ferably,  the  layer  formed  has  a  thickness  of  up  to  10 

5  microns,  particularly  preferably  from  5  to  10  microns. 
The  outer  layer  is  a  vitreous  material  which  has 

good  compatibility  with  vitreous  bonding  matrix  ma- 
terials  and  which  can  be  made  soluble  with  the  inner 
layer  at  their  interface  and  also  be  made  soluble  with 

10  the  bonding  matrix  at  their  interface.  The  outer  coat- 
ing  also  has  wear  resistance  and  thermal  stability 
suitable  for  use  in  vitreous  bonding  matrix  systems. 
The  outer  layer  may  be  composed  of  vitreous  bonding 
matrix  materials.  It  is  preferred,  when  the  particles 

15  are  to  be  used  in  a  vitreous  bonding  matrix  that  the 
outer  layer  is  composed  of  the  same  vitreous  bonding 
matrix  material.  Any  materials  useful  for  a  vitreous 
bonding  matrix  having  the  above-described  proper- 
ties  may  be  used  for  the  outer  coating.  It  is  desired 

20  that  they  have  high  softening  points  and  good  abra- 
sion  resistance.  Preferably,  the  outer  layer  is  formed 
with  a  thickness  of  up  to  50  microns,  particularly  pre- 
ferably  from  25  to  50  microns. 

The  outer  layer  and  inner  layer  must  be  capable 
25  of  being  made  soluble  in  each  other  at  their  interface 

under  the  final  bonding  conditions  or  at  some  prior 
time  under  differing  conditions.  Alternatively,  the  lay- 
ers  can  be  made  soluble  before  final  bonding.  Also, 
intermediate  layers  between  the  innerand  outerlayer 

30  can  be  provided. 
In  another  embodiment  of  the  invention  there  is 

provided  CBN  particles  which  have  only  the  inner 
coating  as  described  above.  In  this  embodiment,  it  is 
necessary  that  the  inner  layer  be  capable  of  being 

35  made  miscible  with  the  vitreous  matrix  and  must  form 
a  graded  seal  between  the  CBN  and  the  matrix. 

The  inner  and  outer  coatings  can  be  formed  on 
the  CBN  particle  by  levitating  the  CBN  particles  in  a 
stream  of  warm  air  while  a  slurry  containing  the  re- 

40  active  glass  frit  is  sprayed  onto  the  particles.  As  the 
liquid  evaporates,  the  inner  layer  of  the  coating  is 
formed  on  the  CBN  surface.  The  coated  particle  can 
then  be  sintered  and  treated  to  cause  the  reaction  be- 
tween  the  reactive  glass  coating  and  the  CBN.  Be- 

45  cause  of  the  prereaction  with  the  thin  inner  layer,  the 
nitrogenous  gas  products  evolved  during  sintering  of 
use  are  kept  at  a  minimum  and  excessive  bloating 
does  not  occur.  Subsequently,  if  the  particle  has  a 
further  coating,  the  particle  is  subjected  to  another 

so  slurry  spray  with  the  vitreous  material  used  for  that 
coating.  The  method  of  applying  the  coating  is  similar 
to  that  described  in  Matarrese  (U.S.  Pat.  5,143,523) 
the  disclosure  of  which  is  incorporated  herein  by  ref- 
erence.  Other  methods  which  are  useful  for  applying 

55  a  thin  layer  of  glass  or  ceramic  and  then  a  layer  of  vitr- 
eous  material  can  also  be  used. 

The  coated  CBN  particles  are  preferably  used  in 
a  vitreous  bonding  matrix  to  form  an  abrasive  compo- 
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nent  useful  as  a  surface  for  abrading  hard  materials, 
such  as,  metals,  stone  or  ceramics.  Particularly,  the 
particles  are  useful  in  a  vitreous  bonding  matrix  for 
preparing  grinding  wheels.  The  coated  particles  are 
dispersed  in  the  vitreous  bonding  matrix  in  any  con- 
ventional  manner  for  distributing  particles  in  a  bond- 
ing  matrix.  The  matrix  containing  the  particles  is  then 
fired  to  harden  the  matrix  and  the  particles  are  re- 
tained  embedded  in  the  matrix. 

Alternatively,  the  coated  particles  may  be  used 
directly,  without  the  addition  of  a  bonding  matrix,  to 
form  an  abrasive  component.  This  is  possible  if  the 
outer  coating  of  vitreous  material  is  sufficiently  thick 
that  the  final  concentration  of  CBN  particles  in  the 
vitreous  material  is  acceptable  forthe  use  of  the  abra- 
sive  component.  In  this  alternative,  the  coated  partic- 
les  are  fired  together  such  that  they  agglomerate  into 
a  continuous  material  with  the  CBN  particles  distrib- 
uted  therein. 

Vitreous  bonding  matrices  containing  the  coated 
particles  may  also  contain  other  abrasive  particles 
known  in  the  art.  Further,  the  vitreous  bonding  matrix 
may  contain  other  matrix  materials,  such  as  metal 
bonding  and  resin  bonding  materials,  which  are  com- 
patible  with  the  system. 

The  abrasive  component  containing  the  duplex 
coated  CBN  particles  may  be  used  as  the  abrasive 
component  in  tools  used  to  abrade  hard  surfaces.  For 
example,  the  abrasive  component  can  be  prepared  in 
the  form  of  a  grinding  wheel.  Such  CBN  particle  con- 
taining  vitreous  bonded  grinding  wheels  are  very  ef- 
fective  for  high  removal  rates  of  steel  in  precision  and 
form  grinding. 

From  the  foregoing  description,  one  skilled  in  the 
art  can  easily  ascertain  the  essential  characteristics 
of  this  invention,  and  without  departing  from  the  spirit 
and  scope  thereof,  can  make  various  changes  and 
modifications  of  the  invention  to  adapt  it  to  various 
usages  and  conditions. 

icates  or  mixtures  thereof  formed  by  the  reaction 
of  cubic  boron  nitride  with  said  reactive  glass, 
ceramic  or  mixture  thereof. 

5  5.  The  abrasive  coated  particle  of  claim  1,  wherein 
the  inner  layer  has  a  thickness  of  up  to  10  mi- 
crons. 

6.  The  abrasive  coated  particle  of  claim  1  ,  wherein 
10  the  outer  coating  comprises  a  vitreous  bonding 

matrix  material. 

7.  The  abrasive  coated  particle  of  claim  1  ,  wherein 
the  outer  coating  has  a  thickness  of  up  to  50  mi- 

ls  crons. 

8.  A  tool  comprising  an  abrasive  component  where- 
in  said  abrasive  component  comprises  abrasive 
particles  embedded  in  a  vitreous  bonding  matrix, 

20  said  abrasive  particles  comprising  a  cubic  boron 
nitride  particle  coated  with  a  thin  inner  layer 
formed  by  the  chemical  reaction  of  the  cubic  bor- 
on  nitride  with  a  glass,  ceramic  or  mixture  thereof 
and  coated  with  an  outer  layer  of  a  vitreous  ma- 

25  terial. 

9.  A  method  for  preparing  the  abrasive  coated  par- 
ticle  of  claim  1,  which  comprises  spraying  the 
particle  with  a  slurry  containing  said  glass,  cer- 

30  amic  or  mixture  thereof  to  form,  upon  evapora- 
tion,  a  thin  inner  coating  layer  of  the  glass,  cer- 
amic  or  mixture  thereof  on  the  CBN  surface,  op- 
tionally,  sintering  and  heating  the  coated  particle 
to  cause  a  reaction  between  the  reactive  glass 

35  coating  and  the  CBN  and,  subsequently,  spray- 
ing  the  coated  particle  with  a  vitreous  material  to 
form  an  outer  coating  layer. 

10.  An  abrasive  coated  particle  comprising  a  cubic 
40  boron  nitride  particle  coated  with  a  thin  layer 

formed  by  the  chemical  reaction  of  the  cubic  bor- 
on  nitride  with  a  glass,  ceramic  or  mixture  there- 
of. 

Claims 

1.  An  abrasive  coated  particle  comprising  a  cubic 
boron  nitride  particle  coated  with  a  thin  inner  lay-  45 
er  formed  by  the  chemical  reaction  of  the  cubic 
boron  nitride  with  a  glass,  ceramic  or  mixture 
thereof  and  an  outer  layer  of  a  vitreous  material. 

2.  The  abrasive  coated  particle  of  claim  1,  wherein  so 
a  graded  seal  is  formed  in  the  coated  particle. 

3.  The  abrasive  coated  particle  of  claim  1  ,  wherein 
said  reactive  glass,  ceramic  or  mixture  thereof  is 
a  borate  glass.  55 

4.  The  abrasive  coated  particle  of  claim  1  ,  wherein 
the  inner  layer  comprises  boron  oxides,  boron  sil- 

25 

30 

4 



EP  0  608  062  A1 

European  Patent 
Office EUROPEAN  SEARCH  REPORT Application  Number 

EP  94  30  0176 

DOCUMENTS  CONSIDERED  TO  BE  RELEVANT 

Category Citation  oF  document  with  indication,  where  appropriate, 
of  relevant  passages 

Relevant 
to  claim 

CLASSIFICATION  OF  THE 
APPLICATION  (IntCLS) 

Y 

A 

DATABASE  CERAMIC 
AMERICAN  CERAMICS  SOCIETY,  WESTERVILLE, 
OHIO,  US 
AN  6105886  CERAB  1981, 
BAKON,  SZYMANSKI  'GLASS-CERAMIC  AS  BINDERS 
FOR  ABRASIVE  TOOLS' 
*  abs t rac t   * 
&  EPIT0ANYAG 
vol.  33,  no.  N-l  ,  1981 
page  36-41 

US-A-5  125  933  (ST  PIERRE) 
*  claims  1-3  * 
*  column  1,  line  55  -  column  2,  line  11  * 
*  abs t rac t   * 

US-A-4  951  427  (ST  PIERRE) 
*  claims  1-5  * 
*  column  2,  line  6  -  line  38  * 
*  abs t rac t   * 

EP-A-0  226  898  (SANTRADE  LTD) 
*  abs t rac t ;   claims  1-3  * 

US-A-5  143  523  (MATARESE) 
*  the  whole  document  * 

1-10 C09K3/14 

1-10 

1-10 

1-10 

1-10 

The  present  search  report  has  been  drawn  up  for  all  claims 

TECHNICAL  FIELDS 
SEARCHED  (Int-CI.S) 

C09K 

s u 
I  

Place  of  March 
THE  HAGUE 

Date  of  CMaykuoa  of  ta>  awna 
26  April  1994 Nicolas,  H 

CATEGORY  OF  CITED  DOCUMENTS 
X  :  particularly  relevant  if  taken  alone Y  :  particularly  relevant  if  combined  with  another 

document  of  the  same  category A  :  technological  background O  :  non-written  disclosure 
P  :  intermediate  document 

T  :  theory  or  principle  underlying  the  invention E  :  earlier  patent  document,  but  published  on,  or after  the  filing  date 
D  :  document  cited  in  the  application L  :  document  cited  for  other  reasons 
A  :  member  of  the  same  patent  family,  corresponding 

5 


	bibliography
	description
	claims
	search report

