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Patterned Abrasive Material and Method
Description
Cross-Reference To Related Applications
This application is a continuation-in-part of the
application by the same inventor, serial No. 07/712989, filed
June 10, 1991, and titled "Patterned Abrasive Material and
Method".
Background Of The Invention

Field of the Invention

This invention relates generally to abrasive materials,
and is more particularly concerned with a method for making a
patterned abrasive materials wherein a plurality of abrasive
particles is temporarily held by an adhesive, and is
subsequently fixed by a matrix material.

Discussion of the Prior Art

Much effort has been expended in attempting to place
diamonds or other hard abrasive particles on a surface in a
predetermined pattern. The pattern is desirable in that the
hard particles are distributed substantially uniformly
throughout a surface, or in that specific shapes containing
generally uniformly distributed particles are distributed
throughout a surface. By having the particles in specific
shapes that are distributed across a surface, the stock
removal rate, and the quality of the machined surface, can be
optimized; and, more importantly, spaces between the abrasive
areas allow for the removal of debris and the inflow of
coolant. ’

Most of the prior art techniques for providing patterns
of abrasive particles include the provision of metal spots
onto which diamonds are electrodeposited, the diamonds then
being held in place by electroplating, or by a polymeric
resin or the like. Diamonds have also been hand placed to
achieve a pattern. Hand setting is of course very time
consuming; and, the particles have then been held in place by
electrodeposition of metal to hold the particles. Holding
the particles by electrodeposited metal is not fully
satisfactory because insufficient metal can be provided to
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truly hold the particles and to resist wear; thus, the
particles tend to come loose before the abrasive material has
been used enough to wear the particles. Once one stone, or:
particle, is loosened, there is less support for adjacent
particles, and one is likely to lose a number of additional
particles very quickly. In addition, not all hard particles
can be held by electrodeposited metal; and, electrodepositing
is limited in its range of metallic compositions as not all
metals are capable of electrodeposition. Electrodepositing
is not feasible with non-metallic compositions. Further,
electrodepositing presents some environmental problems
related to disposing of the used electrolytes.

Another prior art technique is disclosed in French
application No. 69.01577, filed January 24, 1969, and
published under No. 2,029,390. In this application, abrasive
particles are deposited into the openings in mesh material of
wire, plastic or the like. While the abrasive particles
reside in the openings in the mesh, metal is electroplated to
secure the particles within the mesh. In one embodiment, the
particles are forced into the openings in the mesh, and the
mesh holds the particles until metal is electroplated thereon
to secure the particles. To use this invention, therefore,
one must select the size of the abrasive particles carefully;
then, the electroplating does not provide sufficient strength
for the resulting material to be very durable. This method
is difficult to implement on a mass-production scale because
the particles are not secured within the openings until metal
is electrodeposited on the material, so the material would be
difficult to transport before the metal is deposited.

One successful technique for providing patterns in the
abrasive material is disclosed in U. S. patents No.
4,925,457, issued May 15, 1990, No. 5,049,165,'issued
September 17, 1991, and No. 5,092,910, issued March 3, 1992.
This technique provides single and multiple layer sintered
abrasive material that can subsequently be cut to shape and
fixed to a substrate. Use of sinterable material, preferably
processed with pressure during sintering, allows one to
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provide the abrasive tool with a desired combination of
strength, flexibility, toughness, wear resistance, and good
adherence to metallic mesh and to a variety of abrasive
particles such as diamonds and cubic boron nitrides, for
structural integrity. Because of this, very demanding
applications can be satisfied, such as saw segments for
cutting concrete, ceramic and stone, for stock removal
members of grinding tools, and drill bit segments for the
same materials. These materials and tools are used for such
heavy duty applications as dry cutting. Electrodeposited
metal does not have these advantages. If desired, of course,
a plurality of specific shapes can be spaced apart on a
substrate to achieve a patterned abrasive. The resulting
patterned abrasive is a good quality abrasive, but the
additional steps of preparing the abrasive, transporting the
prepared abrasives within a manufacturing facility or between
manufacturing facilities, and subsequently assembling the
patterned abrasive renders the technique uneconomical for
mass production of the abraéive material, and for some
applications.
Summary Of The Invention

The present invention provides a method for making an
abrasive material wherein a tacky adhesive is provided on a
substrate. Hard abrasive particles are then placed into
contact with the substrate, and the‘adhesive temporarily
holds some of the hard particles on the substrate. A mask,
which may take the form of a mesh or other cellular material,
can be placed against the substrate before contacting the
substrate with hard particles. The mask will then determine
the distribution of the hard particles; and, the hard
particles may be received within the openings of a mesh or
other cellular material. Alternatively, the adhesive may be
applied in a pattern on the substrate to determine the
distribution of the hard particles.

After the hard particles have been placed on and
adhered to the substrate, a matrix material is engaged with
the hard particles and/or the substrate. The matrix material
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thus provides a composite abrasive material wherein the
particles are in the desired pattern and held by the matrix
material.

Brief Description Of The Drawings

These and other features and advantages of the present
invention will become apparent from consideration of the
following specification when taken in conjunction with the
accompanying drawings in which:

Fig. 1 is a rather schematic, perspective view showing
one method for preparing an abrasive product in accordance
with the present invention;

Fig. 2 is a view similar to Fig. 1, but showing a
slightly modified process;

Fig. 3 is an enlarged, cross-sectional view showing the
material from Fig. 1 or Fig. 2 being fixed by matrix material
in accordance with the present invention;

Fig. 4 is an enlarged, cross-sectional view showing a
modified form of the arrangement shown in Fig. 3;

Fig. 5 is a schematic representation showing another
method for fixing the particles in matrix material; and,

Figs. 6-8 are schematic views showing further modified
methods for fixing the particles in matrix material.

Detailed Description Of The Embodiments

Referring now more particularly to the drawings and to
those embodiments of the invention here chosen by way of
illustration, Fig. 1 shows one technique for applying hard,
abrasive particles to a substrate. The substrate 10 may be
almost any material, such as: a thin sheet of metal, plastic
or paper; or a preform consisting of unsintered, partially
sintered or completely sintered metal powder, metal fibers or
the like. 1In general, almost any substance may be used as
the substrate 10, including a substrate made by vapor
deposition, by thermal spraying such as plasma spraying, or
the like.

The first step in Fig. 1 shows the substrate 10 with a
plurality of adhesive areas 11 defined thereon. The adhesive
areas 11 may be formed in any way desired. For example, the
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surface of the substrate 10 can be masked as by a stencil,
and the areas sprayed, poured or the like. Also, the areas
11 may be pieces of pressure sensitive tape. Thus, any means
for rendering the areas 11 tacky is within the scope of the
present invention.

Brazing, or fusing, paste can be advantageously used as
the adhesive in the present invention. The paste is
available with and without flux. The paste is commercially
available, and can also be custom made to suit individual
preferences. Such a paste therefore will provide the
adhesive, and a fusible material at the same time. It should
also be understood, of course, that such a paste may contain
sinterable material rather than a fusible material, or may
contain both fusible and sinterable materials.

The second step in Fig. 1 then shows the substrate 10
contacted by a plurality of hard particles, the idea being to
cover the entire substrate with the particles. Then, the
substrate is inverted or otherwise treated to remove loose
particles from the substréte. While particles 12 cover the
entire substrate 10 in step two, step three shows particles
12 remaining only in the tacky areas 11. The material is
thus ready to receive a matrix material to secure the
particles 12 pefmanently.

Fig. 2 shows a modification of the method illustrated
in Fig. 1. 1In Fig. 2, the entire substrate 10A is coated
with adhesive. Since the entire surface is coated, it will
be understood that the adhesive may be sprayed, rolled,
brushed or the like, or the substrate may be dipped, or tapes
having adhesive thereon may be used. By some technique,
then, the surface of the substrate 10A is coated with a tacky
adhesive.

The second step is to place a mask against the surface
of the substrate 10A, then to place a plurality of hard
particles against the surface. As illustrated in Fig. 2, the
mask 14 has relatively large openings through which the
particles 12 will pass to create areas of particles adhered
to the substrate 10A. The mask 14 can then be removed, as
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shown in step three of Fig. 2, and there remains a substrate
with a plurality of discrete areas, each having a plurality
of particles temporarily adhered thereto.

Several variations on this method are possible. As
will be discussed below, the mask may be a wire mesh or the
like, and the mask may be left in place to become a part of
the final abrasive material. With this in mind, adhesive can
be applied to the mask after the mask is in place and before
the hard particles are engaged with the surface. The mask
will retain some particles on its surface in addition to the
particles retained within the openings of the mask. Also,
the particles can be placed on the surface; then, adhesive
can be applied to the entire surface, and more hard particles
added. A greater quantity of hard particles will now be
retained, and some of the particles will be fixed to the
mask.

The present invention readily lends itself to the
orientation of hard particles before the particles are
permanently secured. Using mechanical forces, such as by
shaking or vibrating the substrate with the hard particles
temporarily fixed by adhesive, or loose on the substrate, the
particles will be forced into a position that is stable. By
applying magnetic force, the particles such as diamonds will
become oriented according to their crystallographic structure
and the lines of magnetic force. Thus, many different
physical forces may be applied to the substrate having hard
particles thereon, and the particles will be uniformly
oriented.

Once the particles are oriented, they must be held
securely in order to obtain the advantages of the
orientation. After the particles have been oriented,
therefore, the group of particles may be sprayed with a
coating of an adhesive to hold the positions. Also, one can
wet the particles with a liquid such as water, then freeze
the liquid to hold the particles. In any event, one will
contact the particles with a sinterable or fusible material,
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perhaps in a preform, to provide a permanent hold for the
particles.

Attention is next directed to Fig. 3 of the drawings
which shows one method for securing the particles with a
matrix material. In Fig. 3 there is a substrate 10B which
may be any material as discussed above. It should further be
noticed that the substrate 10B may be a tape or the like
having adhesive on both sides. The tape can then be stuck to
the preform 15, and receive particles 14 on the other
surface. The substrate 10B may also be a more nearly rigid
material that is subsequently against the preform 15. In any
event, the substrate 10B is placed against the preform 15,
and pressure is exerted by the opposed plates 16.

When pressure is exerted on the assembly shown in Fig
3, the particles 14 will be urged into the preform. One
might force the particles 14 completely into the preform so
the particles are totally surrounded by the matrix material,
or one might leave a portion of the particles protruding from
the preform. This is a matter of design choice depending on
the particular use of the resulting abrasive material.

Those skilled in the art will understand that the
preform 15 may be any of numerous types of preform. First,
it should be pointed out that the preform may be a sinterable
or a fusible material, or a combination thereof, depending on
the specific results desired. Those skilled in the art will
understand that the process and the function, in this
context, is substantially the same whether the matrix
material is sinterable or fusible. The final strength is
different, but those skilled in the art will select the
particular matrix material that is best for the intended use.
Therefore, as used herein, each of the terms "sinterable" and
"fusible" will also include the other unless the context
requires otherwise. Furthermore, it will be understood that
a matrix material can be deposited by a temperature related
process such as thermal (e.g. plasma) spray or vapor
deposition. In the context of the present invention, such
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thermal deposition of material can be considered as an
equivalent of the use of sinterable material.

In addition to the sinterable and fusible matrix
materials, it will be understood that metal can be
electrodeposited to provide a temporary hold for the
particles. In this case an electroconductive adhesive can be
used. Those skilled in the art will realize that the matrix
provided by electrodeposition will not be as strong as
sintered or fused matrix material.

Looking next at Fig. 4 of the drawings, it will be seen
that this is an arrangement utilizing the method discussed in
connection with Fig. 2 in that a mask is placed against the
substrate, and particles adhere to the exposed substrate.

As shown in Fig. 4, the substrate 10C has an adhesive
as has been previously discussed. The mask takes the form of
a wire mesh 19. While the openings in the mask of Fig. 2 are
large enough that a large number of particles 12 enter each
opening, the openings in Fig. 4 are such that a single
particle 18 is in each opening. This is a matter of design
choice, and any ratio of opening size to particle size may be
selected.

Another feature shown in Fig. 4 is the blocking, or
shielding, of a portion of the mask 19. Some form of shield
20 can be used to cover a portion of the mesh 19 and adhesive
to prevent particles 18 from adhering in this area. Though
numerous materials and techniques can bebused, if one is
using a pressure sensitive tape as the substrate 10C, the
same tape can be used as the shield 20, so the complete mask
is easy to assemble.

Fig. 4 shows an arrangement similar to Fig. 3 in that
the substrate 10C, with the temporarily adhered particles 18,
is placed against a preform 21, and plates 22 then exert
pressure on the assembly. A difference in Fig. 4 is ‘that the
mask, in the form of the mesh 19, remains in place to be
forced into the preform. The mesh 19 may be a steel or other
relatively high melting point metal, in which case the mesh
will assist in supporting the particles 18 during use of the
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resulting abrasive material; or, the mesh 19 may be a
polymeric material or the like having a low melt (or even
vaporization) point, in which case the mesh will effectively
disappear from the completed abrasive material.

As before, the particles 18 can be forced completely
into the preform 21, or the particles may be partially
protruding from the preform to have an "open" surface
immediately.

Using the process of the present invention, the ratio
of the size of the mesh opening to the size of the hard
particles is not important. During the compaction of the
material, the particles can be separated by the matrix
material so that substantially all the particles can be
substantially completely surrounded by matrix material and
are not directly in contact with wires of the mesh material.

Fig. 5 of the drawings illustrates another modification
of the method discussed above. In Fig. 5, there is the
substrate 10D which will have an adhesive on at least one
surface. The surface may be masked as discussed above for
the deposit-of hard particles 24; then, the mask may be
removed or not, as desired. 1In Fig. 5, the mask is not
shown, but a mesh as in Fig. 4 may be used and left in place
if desired. Then, a fusing material 25 is placed on the
substrate. Since the hard particles 24 are already in place,
the fusing material 25 will £ill the interstices. A small
number of pieces of material 25 is shown in Fig. 5, but those
skilled in the art will understand that a relatively fine
powder may be used, and the material 25 will largely surround
each of the particles 24.

The substrate 10D therefore has hard particles 24
distributed thereon, and fusing material 25 at least
partially surrounding the hard particles 24, all adhered to
the substrate 10D by the adhesive on the substrate. This
substrate is then placed against a prefofm. As shown in Fig.
5, the substrate is sandwiched between two preforms, though
only one can be used if desired, as in Fig. 4.
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Plates 29 will exert pressure on the assembly of Fig.
5, and heat will be applied. The fusing material 25 will
melt at or below the sintering temperature of the preforms 26
and 28, and will assist in adhering the particles 24 to one
another, and to the preforms 26 and 28. As a result, the
abrasive tool can be stronger; or, one can use cheaper
preforms because of the superior adhesion, without
depreciating the quality of the final abrasive material. As
is well known in the art, if the hard particles 24 are buried
under the surface of the matrix material, the working surface
of the tool will be sand blasted or similarly treated to
"open" the surface, or to expose the hard particles, before
the first use.

In all of the above discussed methods, it should be
understood that the substrate 10 can be virtually any
material, and including a preform. A preform may be coated
with adhesive to act as the substrate; then, the step of
placing the substrate against a preform is not a separate
step, but is merged with the step of placing hard particles
on the substrate.

Further, one might start with any substrate, such as a
piece of pressure sensitive tape, and deposit powder or
fibers of matrix material thereon. The surface of the matrix
material can then be coated with more adhesive, and the
process repeated until a preform of the desired thickness is
achieved. Adhesive can be the final layer, to receive and
temporarily hold hard particles.

A sinterable preform with a high percentage porosity
(e.g. 80% and above) can receive an adhesive substrate to
seal one side of the preform. A fine, fusible powder is then
poured into the préform to fill (at least partially) the
pores of the preform. If desired, a second adhesive
substrate can be used to seal the opposite side of the porous
preform. The porous preform next receives a plurality of
hard particles that are temporarily fixed to another adhesive
substrate. A mesh or the like may also be adhered to this
substrate. The substrates and preform are then placed
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together and sintered, with or without pressure. It will of
course be understood that one may also provide a preform on
top of the layer of hard particles, so the hard particles are
between the two preforms.

The preform for use in the present invention may also
include a plurality of hard particles therein. For example,
some diamonds, cubic boron nitrides, crushed hard metal such
as cemented carbides, and ceramic pieces may be included and
mixed with the metal powder or fibers of the preform. The
preform may then be adhered with adhesive, partially sintered
or sintered. The included hard particles will provide better
resistance to abrasion to secure the hard particles 14, 19 or
24 and hold them more tenaciously.

By providing a preform with hard particles therein, one
can then place a mesh material on at least one surface of -the
preform and apply compaction pressure. During compaction,
some of the hard particles will be urged into some of the
openings of the mesh material, thereby achieving a result
similar to that described herein. While the abrasive
material will not be as nearly homogeneous as the material
formed by the other methods described herein, the technique
is simple and could provide an inexpensive commercial
product.

In all the above discussed embodiments of the
invention, it will be understood by those skilled in the art
that the materials may be impregnated with a fusible
material. One will simply place a fusible material on at
least one side of the assembly before beginning the heating
and/or compaction, and the fusible material will melt and be
carried into the material by capillary action.

Looking now at Figs. 6, 7 and 8, the above discussion
of the methods should be kept in mind, and the compaction
step is carried out by roll compaction. 1In Figs. 6, 7 and 8
the apparatus is sﬁbstantially the same, so all figures have
the same reference numerals for similar parts.

In Fig. 6, a substrate 10E is fed between two rolls 30
and 31. The substrate 10E will be any of the substrates
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discussed above, with hard particles adhered thereto. To
secure the particles in a matrix material, a metal powder or
the like is added at 32. The assembly is compacted at the
nip of the rolls 30 and 31 to produce the final product 32A.
It should be understood that the powder 32 may be sinterable
or fusible material, and may include hard particles as in
discussed above.

Fig. 7 shows the substrate 10E passing between the
rolls 30 and 31, and a preform 34 is placed against the
substrate 10E. Pressure at the nip of the rolls 30 and 31
will provide the compaction step discussed to produce the
final product at 34A. Fig. 8 is similar to Fig. 7 except
that there are two preforms 35 and 36, one on each side of
the substrate to produce a product similar to that produced
by the method shown in Fig. 5. The product 35A exits from
the nip of the rolls 30 and 31.

Thus, the method of the present invention is readily
adapted to a continuous process for forming the abrasive
material. A continuous strip of substrate, which may be
pressure sensitive adhesive tape, or a preform or the like
coated with adhesive can be fed between compaction rolls 30
and 31. Matrix material in the form of powder or fibers can
be fed against the substrate, or a preform can be fed in
against the substrate to form the final product. The
substrate and the matrix materials can be selected to provide
a final product with the desired features.

It will therefore be understood by those skilled in the
art that the particular embodiments of the invention here
presented are by way of illustration only, and are meant to
be in no way restrictive; therefore, numerous changes and
modification may be made, and the full use of equivalents
resorted to, without departing from the spirit or scope of
the invention as outlined in the appended claims.
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CLAIMS

1. A method for making an abrasive material comprising
the steps of coating a substrate with an adhesive, contacting
said substrate with a first plurality of hard particles and
then removing a second plurality of hard particles consisting
of particles that are not adhered to said substrate by said
adhesive so that a third plurality of hard particles remains
on said substrate adhered to said substrate by said adhesive,
and at least partially surrounding most of the particles of
said third plurality of hard particles with a sinterable
material, and subsequently heating the material for causing
said sinterable material to permanently hold said third
plurality of hard particles.

2, A method as claimed in claim 1, wherein the said
step of coating a substrate with an adhesive comprises the
step of applying adhesive to selected areas of said
substrate. '

3. A method as claimed in claim 1, wherein the said
step of coating a substrate with an adhesive comprises the
step of covering substantially the entire surface with said
adhesive and including the step of placing a mask over said
substrate prior to the said step of contacting said substrate
with a first plurality of hard particles.

4., A method as claimed in claim 3, wherein the said
step of at least partially surrounding most of the particles
of said third plurality of hard particles with a sinterable
material comprises the steps of utilizing a sinterable
preform as said substrate, and exerting pressure to urge said
hard particles at least partially into said preform,
selectively, prior to or during the step of heating the
material.

5. A method as claimed in claim 3, wherein the said
step of at least partially surrounding most of the particles
of said third plurality of hard particles with a sinterable
material comprises the steps of placing said substrate on a
sinterable preform, and exerting pressure to urge said hard
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particles at least partially into said preform, selectively,
prior to or during the step of heating the material.

6. A method as claimed in claim 5, and further
including the step of removing said mask prior to the said
step of at least partially surrounding most of the particles
of said third plurality of hard particles with a sinterable
material.

7. A method as claimed in claim 5, wherein the said
step of at least partially surrounding most of the particles
of said third plurality of hard particles with a sinterable
material includes surrounding said mask with sinterable
material.

8. A method as claimed in claim 5, including the step
of contacting said substrate with a quantity of fusing
material selectively before and after the said step of
removing said mask and before the said step of at least
partially surrounding most of the particles of said third
plurality of hard particles with a sinterable material.

9. A method as claimed in claim 3, and further
including the step of shielding at least one portion of said
mask prior to the said step of contracting said substrate
with a first plurality of hard particles.

10. A method as claimed in claim 3, wherein said mask
is a mesh material, and including the step of adhering said
mesh material to said substrate with said adhesive.

11. A method as claimed in claim 10, and further
including the step of at least partially coating said mesh
with adhesive after the said step of placing a mask over said
substrate and before the said step of contacting said
substrate with a first plurality of hard particles.

12. A method as claimed in claim 3, and further
including the step of again coating said substrate with an
adhesive after the step of removing a second plurality of
hard particles, and subsequently contacting said substrate
with a fourth plurality of hard particles before the said
step of surrounding hard particles with a sinterable
material.
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13. A method as claimed in claim 1, and including the
step of mixing a fifth plurality of hard particles with said
sinterable material prior to the said step of surrounding
particles with a sinterable material.

14. A method as claimed in claim 1, wherein the step
of coating a substrate with an adhesive comprises the steps
of making a substrate by coating a sheet of material with
adhesive, contacting the adhesive with a quantity of
sinterable material, again coating said sheet with adhesive,
and repeating the steps until a substrate of the desired
thickness is achieved.

15. A method as claimed in claim 1, and further
including the step of applying physical forces to said
substrate and said third plurality of particles selectively
before or during the said step of surrounding the particles
with sinterable material for substantially uniformly
orienting said particles with respect to said substrate.

16. A method as claimed in claim 15, and including the
step of holding said particies in the uniformly oriented
positions while performing the step of surrounding the
particles with a sinterable material.

17. A method as claimed in claim 1, wherein the said
step of coating a substrate with an adhesive comprises
coating a substrate with a fusing paste.

18. A method as claimed in claim 1, and further
including the step of placing a fusible powder against said
sinterable material prior to the said step of heating the
material.

19. A method as claimed in claim 1, and including the
step of placing a layer of metal on at least one side of said
sinterable material prior to the said step of heating the
material. .

20. A method as claimed in claim 1, wherein the said
step of at least partially surrounding most of the particles
with a sinterable material includes the steps of sealing one
side of a porous preform, depositing a quantity of fusible
powder into said porous preform, and placing said porous
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preform against said hard particles prior to the said step of
heating the material.

21. A method for making an abrasive material
comprising the steps of coating a substrate with an adhesive,
contacting said substrate with a quantity of hard particles
so that a plurality of hard particles is held by said
adhesive, and at least partially surrounding most of said
plurality of hard particles with a matrix material by
thermally depositing metal on said substrate.

22. A method as claimed in claim 21, wherein said step
of thermally depositing metal is carried out by thermal
spraying.

23. A method for making an abrasive material
comprising the steps of mixing a plurality of hard particles
with a powdered sinterable material, making a preform from
the mixture of hard particles and sinterable material,
placing a mesh material on at least one surface of said
preform, and exerting pressure on said mesh material and said
preform to cause said mesh to be forced into said preform and
some of said hard particles to be urged into openings in said
mesh material.
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