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ABRASIVE ARTICLE AND METHOD FOR MAKING THE SAME

BACKGROUND
FIELD OF THE DISCLOSURE
[0001] The present invention generally relates to a process for forming an abrasive article. More
specifically, the present invention relates to a process of forming an abrasive article including a
bond powder material, abrasive particles and an infiltrant powder material.
DESCRIPTION OF THE RELATED ART
[0002] Abrasive articles, such as abrasive wheels, can be used for cutting, grinding, or shaping
various materials. The industry continues to demand improved bonded abrasive articles with
high grinding precision, high efficiency, and extended lifetime.
BRIEF DESCRIPTION OF THE DRAWINGS
[0003] The present disclosure may be better understood, and its numerous features and
advantages made apparent to those skilled in the art by referencing the accompanying drawings.
[0004] FIG. 1 includes a flow chart providing a process for forming an abrasive article in
accordance with an embodiment.
[0005] FIG. 2 includes a diagram of an exemplary binder jetting system.
[0006] FIG. 3A includes an illustration of a portion of the process including depositing a mixture
of powder material in a layer.
[0007] FIG. 3B includes an illustration of a process of compacting at least a portion of the layer
with a compaction object.
[0008] FIG. 4 includes a schematic diagram illustrating a green body prior to firing according to
one embodiment.
[0009] FIG. S includes a schematic diagram illustrating an abrasive article on a support material
according to one embodiment.
[0010] FIG. 6 includes a perspective view illustration of a support material according to one
embodiment.
[0011] Skilled artisans appreciate that elements in the figures are illustrated for simplicity and
clarity and have not necessarily been drawn to scale.
DETAILED DESCRIPTION
[0012] The following discussion will focus on specific implementations and embodiments of the

teachings. The detailed description is provided to assist in describing certain embodiments and
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should not be interpreted as a limitation on the scope or applicability of the disclosure or
teachings. It will be appreciated that other embodiments can be used based on the disclosure and

teachings as provided herein.

99 ¢ 99 Ce; 99 el

[0013] The terms “comprises,” “comprising,” “includes,” “including,” “has,” “having” or any
other variation thereof, are intended to cover a non-exclusive inclusion. For example, a method,
article, or apparatus that comprises a list of features is not necessarily limited only to those
features but may include other features not expressly listed or inherent to such method, article, or
apparatus. Further, unless expressly stated to the contrary, “or” refers to an inclusive-or and not
to an exclusive-or. For example, a condition A or B is satisfied by any one of the following: A
is true (or present) and B is false (or not present), A is false (or not present) and B is true (or
present), and both A and B are true (or present).

[0014] Also, the use of “a” or “an” is employed to describe elements and components described
herein. This is done merely for convenience and to give a general sense of the scope of the
invention. This description should be read to include one, at least one, or the singular as also
including the plural, or vice versa, unless it is clear that it is meant otherwise. For example,
when a single item is described herein, more than one item may be used in place of a single item.
Similarly, where more than one item is described herein, a single item may be substituted for that
more than one item.

[0015] Unless otherwise defined, all technical and scientific terms used herein have the same
meaning as commonly understood by one of ordinary skill in the art to which this invention
belongs. The materials, methods, and examples are illustrative only and not intended to be
limiting. To the extent not described herein, many details regarding specific materials and
processing acts are conventional and may be found in textbooks and other sources within the art.
[0016] The present disclosure is directed to methods for forming abrasive articles and the
features of the resulting abrasive articles. While prior disclosures have provided some limited
examples of forming abrasive articles via additive manufacturing, such abrasive articles are
limited in their size, quantity, and quality. In fact, Applicants of the present disclosure have
conducted notable empirical studies and have found that the knowledge necessary to create high
quality abrasive articles according to conventional additive manufacturing techniques is noted,
specifically in the context of dry powder layering and binding techniques. To-date, disclosures

in the prior art are limited to micro-abrasive bodies. This is because formation of large-scale,
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high-quality abrasive articles via dry powder layering and binding techniques is not easily
scalable. Numerous hurdles limit the advance of the technology, including but not limited to, the
capability of creating dense parts, dimensional stability during and after forming, and the
empirical studies needed to fully understand and appreciate the complexities of the process
variables. Such process variables include, but is not limited to, composition of the powder
material, flowability of the powder material, a force applied by a compaction object to the layer
or a plurality of layers of powder, a traverse speed of a compaction object, average thickness of
the layer prior to compaction, a particle size distribution of the powder, number of previously
formed layers underlying the layer of powder, the number of compacted layers underlying the
layer of powder, the density of any layers underlying the layer of powder, the amount of binder
in any layers underlying the layer of powder, the relative dimensions of the layer relative to one
or more layers underlying the layer, an average thickness of the layer prior to compaction, a
printhead deposition resolution, saturation limits of the binder, composition of the binder
material, and others.

[0017] FIG. 1 illustrates a flow chart providing a process for forming an abrasive article in
accordance with an embodiment. The process may be started at step 101, which may include
depositing a mixture of powder material in a layer. The mixture may include a bond powder
material, abrasive particles and an infiltrant powder material.

[0018] In an aspect, the abrasive article may be formed using a binder jetting system.

[0019] FIG. 2 illustrates a diagram of an exemplary binder jetting system. In a particular
embodiment, the binder jetting system 200 may include a supply chamber 201, a build chamber
202, a feed piston 203 positioned below a floor of the supply chamber 201, a roller 204, a build
piston 205 positioned below a floor of the build chamber 202, and a binder print head 206. The
supply chamber 201 may hold the powder mixture including the bond powder material, abrasive
particles and the infiltrant powder material. The roller 204 may supply the build chamber 202
with the powder mixture layer by layer wherein the roller smoothes and compacts each layer.
The feed piston 203 raises the build chamber 203 to allow the roller 204 to supply a new powder
mixture to the build chamber 202. The binder print head 206 may selectively bind each layer as
it is deposited into the build chamber 202 to form a desired shape. The build piston 205 may

lower the build chamber 202 to allow for new layers of the powder mixture to be deposited.
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[0020] FIG. 3A includes an illustration of a portion of the process including depositing a
mixture of powder material in a layer that can include the mixture of abrasive particles, bond
powder material, and the infiltrant powder material. The layer of powder material can have an
average thickness (t). The layer of powder material can be dispensed as described in
embodiments herein.

[0021] In an embodiment, the layer of powder material can have an average thickness (t) that
may facilitate improved manufacturing and/or performance of the abrasive article. In an
embodiment, the layer of powder material can have an average thickness (t) of at least 1 micron,
such as at least 5 microns or at least 10 microns or at least 15 microns or at least 20 microns or at
least 25 microns. In still another embodiment, the layer of powder material can have an average
thickness (t) of not greater than 500 microns, such as not greater than 400 microns or not greater
than 300 microns or not greater than 200 microns or not greater than 100 microns or not greater
than 90 microns or not greater than 80 microns or not greater than 70 microns or not greater than
60 microns or not greater than 50 microns or not greater than 40 microns or not greater than 30
microns or not greater than 20 microns. The average thickness (t) of the layer of powder material
may be a value between any of the minimum and maximum values noted above, including for
example, but not limited to, within a range of at least 1 micron to not greater than 500 microns or
within a range of at least 10 microns to not greater than 300 microns or within a range of at least
25 micron to not greater than 100 microns.

[0022] FIG. 3B includes an illustration of a process of compacting at least a portion of the layer
with a compaction object (320). The compaction object 320 can traverse the layer and compact
the layer to form a compacted layer having an average thickness (tc). The compacted layer
thickness (tc) can be less than the layer thickness (t) prior to compaction as described according
to embodiments herein. As will be appreciated, in some instances, multiple layers of powder
material may be formed and compaction can be completed on more than one layer of powder
material simultaneously. In some optional embodiments, a smoothing roller may traverse the
surface of the layer of powder, but smoothing rollers do not apply sufficient force to cause
compaction, rather they scrape the surface of the layer to remove and smooth any large
undulations. In still another embodiment, the smoothing roller is configured to contact the upper
surface of the layer sufficiently to spread the powder material and smooth the upper surface after

forming the layer.
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[0023] In an embodiment, the compacted layer may include an average compacted layer
thickness that may facilitate improved manufacturing and/or performance of the abrasive article.
In one embodiment, the average compacted layer thickness may be at least 0.1 microns such as at
least 0.5 microns or at least 0.8 microns or at least 1 micron or at least 2 microns or at least 3
microns or at least 4 microns or at least 5 microns or at least 6 microns or at least 7 microns or at
least 8 microns or at least 9 microns or at least 10 microns or at least 11 microns or at least 12
microns or at least 13 microns or at least 14 microns or at least 15 microns or at least 16 microns
or at least 17 microns or at least 18 microns or at least 19 microns or at least 20 microns or at
least 21 microns or at least 22 microns or at least 23 microns or at least 24 microns or at least 25
microns or at least 26 microns or at least 27 microns or at least 28 microns or at least 29 microns
or at least 30 microns or at least 31 microns or at least 32 microns or at least 33 microns or at
least 34 microns or at least 35 microns or at least 36 microns or at least 37 microns or at least 38
microns or at least 39 microns or at least 40 microns or at least 41 microns or at least 42 microns
or at least 43 microns or at least 44 microns or at least 45 microns or at least 46 microns or at
least 47 microns or at least 48 microns or at least 49 microns or at least 50 microns or at least 51
microns or at least 52 microns or at least 53 microns or at least 54 microns or at least 55 microns
or at least 56 microns or at least 57 microns or at least 58 microns or at least 59 microns or at
least 60 microns or at least 65 microns or at least 70 microns or at least 75 microns or at least 80
microns or at least 85 microns or at least 90 microns or at least 95 microns or at least 100
microns or at least 110 microns or at least 120 microns or at least 130 microns or at least 140
microns or at least 150 microns or at least 160 microns or at least 170 microns or at least 180
microns or at least 190 microns or at least 200 microns or at least 210 microns or at least 220
microns or at least 230 microns or at least 240 microns or at least 250 microns. In still another
non-limiting embodiment, the average compacted layer thickness may be not greater than 400
microns such as not greater than 300 microns or not greater than 200 microns or not greater than
100 microns or not greater than 90 microns or not greater than 80 microns or not greater than 70
microns or not greater than 60 microns or not greater than 50 microns or not greater than 40
microns or not greater than 30 microns or not greater than 20 microns or not greater than 15
microns or not greater than 10 microns or not greater than 8 microns or not greater than 5
microns or not greater than 3 microns or not greater than 1 micron or not greater than 0.8

microns. The average compacted layer thickness may be a value between any of the minimum
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and maximum values noted above, including for example, but not limited to, within a range of at
least 0.1 microns to not greater than 400 microns or within a range of at least 1 micron to not
greater than 200 microns or within a range of at least 5 microns to not greater than 90 microns.
[0024] In an embodiment, compacting may include increasing the density of the compacted layer
by at least 2% as compared to the layer prior to compacting such as at least 3% or at least 4% or
at least 5% or at least 6% or at least 7% or at least 8% or at least 9% or at least 10% or at least
11% or at least 12% or at least 13% or at least 14% or at least 15% or at least 18% or at least
20% or at least 22% or at least 25% or at least 28% or at least 30% or at least 32% or at least
35% or at least 38% or at least 40% or at least 42% or at least 45% or at least 48% or at least
50% or at least 52% or at least 55% or at least 58% or at least 60% or at least 62% or at least
65% or at least 67% or at least 68% or at least 70% or at least 72% or at least 75% or at least
78% or at least 80% or at least 82% or at least 85% or at least 88% or at least 90% or at least
92% or at least 95% or at least 98% or at least 100% or at least 102% or at least 105% or at least
108% or at least 110% or at least 115% or at least 120% or at least 125% or at least 130% or at
least 140% or at least 150%. In still another non-limiting embodiment, compacting may include
increasing the density of the compacted layer by not greater than 2000% as compared to the layer
prior to compacting such as not greater than 1500% or not greater than 1000% or not greater than
900% or not greater than 800% or not greater than 700% or not greater than 600% or not greater
than 500%. Compacting may include increasing the density of the compacted layer by any of the
minimum and maximum percentages noted above as compared to the layer prior to compacting,
including for example, but not limited to, within a range of at least 2% to not greater than 2000%
or within a range of at least 13% to not greater than 1000%.

[0025] In an embodiment, compacting may include compacting the layer of powder material by
at least 1% to not greater than 95% of the original layer thickness of the layer, such as
compaction of at least 2% of the original layer thickness of the layer prior to compaction or at
least 3% or at least 4% or at least 5% or at least 6% or at least 7% or at least 8% or at least 9% or
at least 10% or at least 11% or at least 12% or at least 13% or at least 14% or at least 15% or at
least 16% or at least 17% or at least 18% or at least 19% or at least 20% or at least 21% or at
least 22% or at least 23% or at least 24% or at least 25% or at least 26% or at least 27% or at
least 28% or at least 29% or at least 30% or at least 31% or at least 32% or at least 33% or at
least 34% or at least 35% or at least 36% or at least 37% or at least 38% or at least 39% or at
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least 40% or at least 41% or at least 42% or at least 43% or at least 44% or at least 45% or at
least 46% or at least 47% or at least 48% or at least 49% or at least 50% or at least 51% or at
least 52% or at least 53% or at least 54% or at least 55% or at least 56% or at least 57% or at
least 58% or at least 59% or at least 60% or at least 61% or at least 62% or at least 63% or at
least 64% or at least 65% or at least 66% or at least 67% or at least 68% or at least 69% or at
least 70% or at least 71% or at least 72% or at least 73% or at least 74% or at least 75% or at
least 76% or at least 77% or at least 78% or at least 79% or at least 80% or at least 81% or at
least 82% or at least 83% or at least 84% or at least 85% or at least 86% or at least 87% or at
least 88% or at least 89% or at least 90% or at least 91% or at least 92% or at least 93% or at
least 94%. In still another non-limiting embodiment, compacting may include compacting the
layer of powder material by at least 1% to not greater than 95% of the original layer thickness of
the layer, such as compaction of not greater than 94% of the original layer thickness of the layer
prior to compaction or not greater than 93% or not greater than 92% or not greater than 91% or
not greater than 90% or not greater than 89% or not greater than 88% or not greater than 87% or
not greater than 86% or not greater than 85% or not greater than 84% or not greater than 83% or
not greater than 82% or not greater than 81% or not greater than 80% or not greater than 79% or
not greater than 78% or not greater than 77% or not greater than 76% or not greater than 75% or
not greater than 74% or not greater than 73% or not greater than 72% or not greater than 71% or
not greater than 70% or not greater than 69% or not greater than 68% or not greater than 67% or
not greater than 66% or not greater than 65% or not greater than 64% or not greater than 63% or
not greater than 62% or not greater than 61% or not greater than 60% or not greater than 59% or
not greater than 58% or not greater than 57% or not greater than 56% or not greater than 55% or
not greater than 54% or not greater than 53% or not greater than 52% or not greater than 51% or
not greater than 50% or not greater than 49% or not greater than 48% or not greater than 47% or
not greater than 46% or not greater than 45% or not greater than 44% or not greater than 43% or
not greater than 42% or not greater than 41% or not greater than 40% or not greater than 39% or
not greater than 38% or not greater than 37% or not greater than 36% or not greater than 35% or
not greater than 34% or not greater than 33% or not greater than 32% or not greater than 31% or
not greater than 30% or not greater than 29% or not greater than 28% or not greater than 27% or
not greater than 26% or not greater than 25% or not greater than 24% or not greater than 23% or

not greater than 22% or not greater than 21% or not greater than 20% or not greater than 19% or
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not greater than 18% or not greater than 17% or not greater than 16% or not greater than 15% or
not greater than 14% or not greater than 13% or not greater than 12% or not greater than 11% or
not greater than 10% or not greater than 9% or not greater than 8% or not greater than 7% or not
greater than 6% or not greater than 5% or not greater than 4% or not greater than 3% or not
greater than 2%. Compacting may include compacting the layer of powder material by any of the
minimum and maximum percentages noted above.

[0026] In one aspect, the mixture may include a bond powder material that may facilitate
improved manufacturing and/or performance of the abrasive article. For example, in one
embodiment, the bond powder material may include an inorganic material. In a particular
embodiment, the inorganic material may include a metal, a metal alloy, a glass, a ceramic, a
glass-ceramic, or any combination thereof.

[0027] In an embodiment, the mixture may include a particular type of abrasive particles that
may facilitate improved manufacturing and/or performance of the abrasive article. For example,
in one embodiment, the abrasive particles can include an oxide, a carbide, a nitride, a boride, a
superabrasive, or any combination thereof. In an embodiment, the abrasive particles can include
diamond, silica, cubic boron nitride, silicon carbide, boron carbide, alumina, silicon nitride,
tungsten carbide, zirconia, or any combination thereof. In a preferred embodiment, the abrasive
particles may include diamond. In yet another embodiment, the abrasive particles consist
essentially of diamond.

[0028] In an embodiment, the mixture may include a particular type of infiltrant powder material
that may facilitate improved manufacturing and/or performance of the abrasive article. For
example, in one embodiment, the infiltrant powder material may include a transition metal
element, an alloy including a transition metal element, or any combination thereof. In another
embodiment, the infiltrant powder material may include Zn, Sn, Cu, Ag, Ni, Cr, Mn, Fe, Al, or
any combination thereof. In a preferred embodiment, the infiltrant powder material may include
a bronze, a copper alloy, a nickel alloy, a cobalt alloy, a tin alloy, a copper-tin-zinc alloy, or any
combination thereof.

[0029] In an embodiment, the bond powder material may have a particle size distribution
defining an average particle size (D50b) that may facilitate improved manufacturing and/or
performance of the abrasive article. As used herein, the D50 value signifies the size value in the

distribution, up to and including which, 50% of the total counts of the powder material defining
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the distribution are ‘contained’. For example, in a non-limiting example, if the D50 is 25
microns, 50% of the powder material has a size of 25 microns or smaller. It will be appreciated,
the D50 value may also be referred to as the median value of a sample. In one embodiment the
average particle size (D50b) of the bond powder material can be at least 0.25 microns, such as at
least 0.5 microns or at least 1 micron or at least 3 microns or at least 5 microns or at least 10
microns or at least 20 microns or at least 30 microns or at least 40 microns or at least 50 microns
or at least 100 microns or at least 200 microns or at least 300 microns or at least 500 microns or
at least 750 microns or at least 1000 microns or at least 3000 microns or at least 5000 microns.
In still another non-limiting embodiment, the average particle size (D50b) of the bond powder
material may be not greater than 6000 microns, such as not greater than 5000 microns or not
greater than 4000 microns or not greater than 3000 microns or not greater than 1000 microns or
not greater than 500 microns or not greater than 100 microns or not greater than 50 microns or
not greater than 25 microns or not greater than 10 microns or not greater than 5 microns or not
greater than 1 micron. The average particle size (D50b) of the bond powder material may be a
value between any of the minimum and maximum values noted above, including for example,
but not limited to, within a range of at least 0.25 microns to not greater than 5000 microns or
within a range of at least 1 micron to not greater than 100 microns.

[0030] In an embodiment, the abrasive particles may include a particle size distribution having
an average particle size (D50a) that may facilitate improved manufacturing and/or performance
of the abrasive article. As used herein, the D50 value signifies the size value in the distribution,
up to and including which, 50% of the total counts of the abrasive particles defining the
distribution are ‘contained’. For example, in a non-limiting example, if the D50 is 25 microns,
50% of the abrasive particles have a size of 25 microns or smaller. It will be appreciated, the
D50 value may also be referred to as the median value of a sample. In one embodiment the
average particle size (D50a) of the abrasive particles can be at least 0.25 microns, such as at least
0.5 or at least 0.1 microns or at least 0.3 microns or at least 0.4 microns or at least 0.5 microns or
at least 0.8 microns or at least 1 micron or at least 1.5 microns or at least 2 microns or at least 3
microns or at least 5 microns or at least 10 microns or at least 50 microns or at least 100 microns.
In still another non-limiting embodiment, the average particle size (D50a) of the abrasive
particles may be not greater than 200 microns, such as not greater than 100 microns or not

greater than 50 microns or not greater than 10 microns or not greater than 5 microns or not
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greater than 4 microns or not greater than 3 microns or not greater than 3 microns or not greater
than 1 micron. The average particle size (D50a) of the abrasive particles may be a value between
any of the minimum and maximum values noted above, including for example, but not limited
to, within a range of at least 0.25 microns to not greater than 200 microns or within a range of at
least 0.5 microns to not greater than 100 microns or within a range of at least 1 micron to not
greater than 10 microns.

[0031] In an embodiment, the infiltrant powder material may include a particle size distribution
having an average particle size (D501) that may facilitate improved manufacturing and/or
performance of the abrasive article. As used herein, the D50 value signifies the size value in the
distribution, up to and including which, 50% of the total counts of the infiltrant powder material
defining the distribution are ‘contained’. For example, in a non-limiting example, if the D50 is
25 microns, 50% of the infiltrant powder material has a size of 25 microns or smaller. It will be
appreciated, the D50 value may also be referred to as the median value of a sample. In one
embodiment the average particle size (D50i) of the infiltrant powder material can be at least 0.25
microns, such as at least 0.5 microns or at least 1 micron or at least 3 microns or at least 5
microns or at least 10 microns or at least 20 microns or at least 30 microns or at least 40 microns
or at least 50 microns or at least 100 microns or at least 200 microns or at least 300 microns or at
least 500 microns or at least 750 microns or at least 1000 microns or at least 3000 microns or at
least 5000 microns. In still another non-limiting embodiment, the average particle size (D501) of
the infiltrant powder material may be not greater than 6000 microns, such as not greater than
5000 microns or not greater than 4000 microns or not greater than 3000 microns or not greater
than 1000 microns or not greater than 500 microns or not greater than 100 microns or not greater
than 50 microns or not greater than 25 microns or not greater than 10 microns or not greater than
5 microns or not greater than 1 micron. The average particle size (D501) of the infiltrant powder
material may be a value between any of the minimum and maximum values noted above,
including for example, but not limited to, within a range of at least 0.25 microns to not greater
than 6000 microns or within a range of at least 0.5 microns to not greater than 100 microns or at
least 1 micron and not greater than 10 microns.

[0032] In an aspect, the infiltrant powder material and the bond powder material may have a
particular difference between the average particle size (D50) that may facilitate improved

manufacturing and/or performance of the abrasive article. In one embodiment, the difference
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between the average particle size (D50i) of the infiltrant powder material and the average particle
size (D50b) of the bond powder may be at least 0.01 microns, such as at least 0.02 microns or at
least 0.05 microns or at least 0.1 microns or at least 0.2 microns or at least 0.3 microns or at least
0.4 microns or at least 0.5 microns or at least 1 micron or at least 2 microns or at least 3 microns
or at least 4 microns or at least 5 microns. In still another non-limiting embodiment, the
difference between the average particle size (D50i) of the infiltrant powder material and the
average particle size (D50b) of the bond powder material may be not greater than 1000 microns
or not greater than 900 microns or not greater than 800 microns or not greater than 700 microns
or not greater than 600 microns or not greater than 500 microns or not greater than 400 microns
or not greater than 300 microns or not greater than 200 microns or not greater than 100 microns
or not greater than 50 microns or not greater than 20 microns or not greater than 10 microns.
The difference between the average particle size (D501) of the infiltrant powder material and the
average particle size (D50b) of the bond powder material may be a value between any of the
minimum and maximum values noted above, including for example, but not limited to, within a
range of at least 0.01 microns to not greater than 1000 microns or within a range of at least 0.1
microns to not greater than 500 microns or within a range of at least 0.5 microns to not greater
than 100 microns.

[0033] In an aspect, the infiltrant powder material and the bond powder material may have a
particle size distribution, where the ratio [D501:D50b] between the average particle size (D501)
of the infiltrant powder material and the average particle size (D50b) of the bond powder
material may facilitate improved manufacturing and/or performance of the abrasive article. In
one embodiment, the ratio [D50i:D50b] between the average particle size (D50i) of the infiltrant
powder material and the average particle size (D50b) of the bond powder material may be at
least 1:100, such as at least 1:50 or at least 1:40 or at least 1:30 or at least 1:20 at least 1:10 or at
least 1:5 or at least 1:4 or at least 1:3 or at least 1:2 or at least 1:1. In still another non-limiting
embodiment, the ratio [D50i:D50b] between the average particle size (D50) of the infiltrant
powder material and the average particle size (D50) of the bond powder material may be not
greater than 100:1, such as not greater than 50:1 or not greater than 25:1 or not greater than 10:1
or not greater than 5:1 or not greater than 4:1 or not greater than 3:1 or not greater than 2:1 or not
greater than 1.5:1. The ratio [D50i:D50b] between the average particle size (D50) of the

infiltrant powder material and the average particle size (D50) of the bond powder material may

-11 -



22-F-0250US02 Publication

be a value between any of the minimum and maximum values noted above, including for
example, but not limited to, within a range of at least 1:100 to not greater than 100:1 or within a
range of at least 1:50 to not greater than 3:1 or within a range of at least 1:2 to not greater than
I:1.

[0034] Referring to FIG. 1, the process can continue to step 102, selectively binding at least a
portion of the layer with a binder. The amount of binder material is sufficient to bind the powder
material. The regions that do not include binder material can be loose or unbound powder,
which may be removed and captured after processing is completed and used as recycled powder.
Notably, at the edges of the region between the bound powder material and unbound powder
material, the binder material may exist in some of the loose powder. Accordingly, the recycled
powder may include some content of organic material, such as binder material that was included
in the captured loose or unbound powder material, particularly at the regions bordering the
bound and unbound powder. Methods may be used to treat the loose powder material including
organic material to remove a certain content of organic material prior to recycling the powder
material and using in one or more subsequent additive manufacturing processes to form abrasive
articles. In one non-limiting embodiment, the binder may include a liquid vehicle and a polymer
material contained therein, wherein the polymer material can be dissolved in the liquid vehicle.
In still another embodiment, the liquid vehicle includes one or more organic solvents and/or
water. In another embodiment, the organic solvents include at least one of alcohols (e.g.,
butanol, ethylene glycol monomethyl ether), ketones, ethers, or any combination thereof. In a
preferred embodiment, the one or more organic solvents include alcohols such as methyl alcohol,
ethyl alcohol, n-propyl alcohol, isopropyl alcohol, n-butyl alcohol, sec-butyl alcohol, t-butyl
alcohol, and isobutyl alcohol; ketones or ketoalcohols such as acetone, methyl ethyl ketone, and
diacetone alcohol; esters such as ethyl acetate and ethyl lactate; polyhydric alcohols such as
ethylene glycol, diethylene glycol, triethylene glycol, propylene glycol, butylene glycol, 1,4-
butanediol, 1,2,4-butanetriol, 1,5-pentanediol, 1,2,6- hexanetriol, hexylene glycol, glycerol,
glycerol ethoxylate, trimethylolpropane ethoxylate; lower alkyl ethers such as ethylene glycol
methyl or ethyl ether, diethylene glycol ethyl ether, triethylene glycol methyl or ethyl ether,
ethylene glycol n-butyl ether, diethylene glycol n-butyl ether, diethylene glycol methyl ether,
ethylene glycol phenyl ether, propylene glycol methyl ether, dipropylene glycol methyl ether,
tripropylene glycol methyl ether, propylene glycol methyl ether acetate, dipropylene glycol
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methyl ether acetate, propylene glycol n-propyl ether, dipropylene glycol n-propyl ether,
tripropylene glycol n- propyl ether, propylene glycol n-butyl ether, dipropylene glycol n-butyl
ether, tripropylene glycol n-butyl ether, propylene glycol phenyl ether, and dipropylene glycol
dimethyl ether; nitrogen-containing compounds such as 2-pyrrolidinone and N-methyl-2-
pyrrolidinone; sulfur-containing compounds such as dimethyl sulfoxide, tetramethylene sulfone,
and thioglycol; and combinations of any of the foregoing. In still another embodiment, the
polymer includes at least one of polyvinyl pyrrolidones, polyvinyl caprolactams, polyvinyl
alcohols, polyacrylamides, poly(2-ethyl-2-oxazoline) (PEOX), polyvinyl butyrate, copolymers of
methyl vinyl ether, and maleic anhydride, certain copolymers of acrylic acid and/or hydroxyethyl
acrylate, methyl cellulose, natural polymers (e.g., dextrin, guar gum, xanthan gum). In still
another embodiment, the binder may include one or more free-radically polymerizable or
otherwise radiation-curable materials, including at least one of acrylic monomers and/or
oligomers and/or epoxy resins, a photoinitiator, and/or photocatalysts for curing the free-
radically polymerizable or otherwise radiation-curable materials may also be included.

[0035] In an aspect, selectively binding at least a portion of the layer with a binder may include
the use of an induction heater, laser heater, high intensity light heater, radiant heater, electron
beam heater or any combination thereof.

[0036] Referring to FIG. 1, the process can continue to step 103, optionally repeating steps 101
and 102 to form a green body including the bond powder material, abrasive particles, infiltrant
powder material and binder. In an embodiment, steps 101 and 102 may be repeated any number
of times sufficient to create the intended abrasive article.

[0037] In an embodiment, the green body may include a particular porosity that may facilitate
improved manufacturing of the abrasive article. In a particular embodiment, the porosity of the
green body may be controlled to allow for efficient infiltration of the infiltrant powder material
in a subsequent heating step. In an embodiment, the porosity of the green body may be at least 1
vol% based on the total volume of the body or at least 2 vol% such as at least 3 vol% or at least 4
vol% or at least 5 vol% or at least 10 vol% or at least 15 vol% or at least 20 vol% or at least 25
vol% or at least 30 vol% or at least 35 vol%. In another embodiment, the porosity of the green
body may be not greater than 90 vol% such as not greater than 80 vol% or not greater than 70
vol% or not greater than 60 vol% or not greater than 50 vol% or not greater than 45 vol% or not

greater than 40 vol%. The porosity of the green body can be a value between any of the
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minimum and maximum values noted above, including for example, but not limited to, within a
range of at least 1 vol% to not greater than 90 vol% based on the total volume of the abrasive
article, such as within a range of at least 10 vol% to not greater than 60 vol% based on the total
volume of the abrasive article body.

[0038] In an embodiment, the green body may include a content of abrasive particles that may
facilitate improved manufacturing and/or performance of the abrasive article. In an embodiment,
the green body may include at least 1 vol% abrasive particles for a total volume of the green
body such as at least 2 vol% or at least 3 vol% or at least 4 vol% or at least 5 vol% or at least 6
vol% or at least 7 vol% or at least 8 vol% or at least 9 vol% or at least 10 vol% or at least 11
vol% or at least 12 vol% or at least 13 vol% or at least 14 vol% or at least 15 vol% or at least 16
vol% or at least 17 vol% or at least 18 vol% or at least 19 vol% or at least 20 vol% or at least 21
vol% or at least 22 vol% or at least 23 vol% or at least 24 vol% or at least 25 vol% or at least 26
vol% or at least 27 vol% or at least 28 vol% or at least 29 vol% or at least 30 vol% or at least 31
vol% or at least 32 vol% or at least 33 vol% or at least 34 vol% or at least 35 vol% or at least 36
vol% or at least 37 vol% or at least 38 vol% or at least 39 vol% or at least 40 vol% or at least 41
vol% or at least 42 vol% or at least 43 vol% or at least 44 vol% or at least 45 vol% or at least 46
vol% or at least 47 vol% or at least 48 vol% or at least 49 vol% or at least 50 vol% or at least 51
vol% or at least 52 vol% or at least 53 vol% or at least 54 vol% or at least 55 vol% or at least 56
vol% or at least 57 vol% or at least 58 vol% or at least 59 vol% or at least 60 vol% or at least 61
vol% or at least 62 vol% or at least 63 vol% or at least 64 vol% or at least 65 vol% or at least 66
vol% or at least 67 vol% or at least 68 vol% or at least 69 vol% or at least 70 vol% or at least 71
vol% or at least 72 vol% or at least 73 vol% or at least 74 vol% or at least 75 vol% or at least 76
vol% or at least 77 vol% or at least 78 vol% or at least 79 vol% or at least 80 vol%. In still other
embodiment, the green body may include not greater than 90 vol% abrasive particles for a total
volume of the green body such as not greater than 85 vol% or not greater than 80 vol% or not
greater than 75 vol% or not greater than 70 vol% or not greater than 69 vol% or not greater than
68 vol% or not greater than 67 vol% or not greater than 66 vol% or not greater than 65 vol% or
not greater than 64 vol% or not greater than 63 vol% or not greater than 62 vol% or not greater
than 61 vol% or not greater than 60 vol% or not greater than 59 vol% or not greater than 58 vol%
or not greater than 57 vol% or not greater than 56 vol% or not greater than 55 vol% or not

greater than 54 vol% or not greater than 53 vol% or not greater than 52 vol% or not greater than
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51 vol% or not greater than 50 vol% or not greater than 49 vol% or not greater than 48 vol% or
not greater than 47 vol% or not greater than 46 vol% or not greater than 45 vol% or not greater
than 44 vol% or not greater than 43 vol% or not greater than 42 vol% or not greater than 41 vol%
or not greater than 40 vol% or not greater than 39 vol% or not greater than 38 vol% or not
greater than 37 vol% or not greater than 36 vol% or not greater than 35 vol% or not greater than
34 vol% or not greater than 33 vol% or not greater than 32 vol% or not greater than 31 vol% or
not greater than 30 vol% or not greater than 29 vol% or not greater than 28 vol% or not greater
than 27 vol% or not greater than 26 vol% or not greater than 25 vol% or not greater than 24 vol%
or not greater than 23 vol% or not greater than 22 vol% or not greater than 21 vol% or not
greater than 20 vol% or not greater than 19 vol% or not greater than 18 vol% or not greater than
17 vol% or not greater than 16 vol% or not greater than 15 vol% or not greater than 14 vol% or
not greater than 13 vol% or not greater than 12 vol% or not greater than 11 vol% or not greater
than 10 vol% or not greater than 9 vol% or not greater than 8 vol% or not greater than 7 vol% or
not greater than 6 vol% or not greater than 5 vol%. It will be appreciated the green body may
include a percentage of abrasive particles for a total volume of the green body between any of
the minimum and maximum values noted above, including for example, but not limited to,
within a range of at least 1 vol% to not greater than 99 vol% abrasive particles for a total volume
of the green body such as at least 2 vol% to not greater than 80 vol% or at least 10 vol% to not
greater than a 75 vol%.

[0039] In an embodiment, the green body may include a content of precursor bond material that
may facilitate improved manufacturing and/or performance of the abrasive article. In an
embodiment, the green body may include at least 1 vol% precursor bond material for a total
volume of the green body such as at least 2 vol% or at least 3 vol% or at least 4 vol% or at least 5
vol% or at least 6 vol% or at least 7 vol% or at least 8 vol% or at least 9 vol% or at least 10 vol%
or at least 11 vol% or at least 12 vol% or at least 13 vol% or at least 14 vol% or at least 15 vol%
or at least 16 vol% or at least 17 vol% or at least 18 vol% or at least 19 vol% or at least 20 vol%
or at least 21 vol% or at least 22 vol% or at least 23 vol% or at least 24 vol% or at least 25 vol%
or at least 26 vol% or at least 27 vol% or at least 28 vol% or at least 29 vol% or at least 30 vol%
or at least 31 vol% or at least 32 vol% or at least 33 vol% or at least 34 vol% or at least 35 vol%
or at least 36 vol% or at least 37 vol% or at least 38 vol% or at least 39 vol% or at least 40 vol%

or at least 41 vol% or at least 42 vol% or at least 43 vol% or at least 44 vol% or at least 45 vol%
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or at least 46 vol% or at least 47 vol% or at least 48 vol% or at least 49 vol% or at least 50 vol%
or at least 51 vol% or at least 52 vol% or at least 53 vol% or at least 54 vol% or at least 55 vol%
or at least 56 vol% or at least 57 vol% or at least 58 vol% or at least 59 vol% or at least 60 vol%
or at least 61 vol% or at least 62 vol% or at least 63 vol% or at least 64 vol% or at least 65 vol%
or at least 66 vol% or at least 67 vol% or at least 68 vol% or at least 69 vol% or at least 70 vol%
or at least 71 vol% or at least 72 vol% or at least 73 vol% or at least 74 vol% or at least 75 vol%
or at least 76 vol% or at least 77 vol% or at least 78 vol% or at least 79 vol% or at least 80 vol%.
In still other embodiment, the green body may include not greater than 90 vol% precursor bond
material for a total volume of the green body such as not greater than 85 vol% or not greater than
80 vol% or not greater than 75 vol% or not greater than 70 vol% or not greater than 69 vol% or
not greater than 68 vol% or not greater than 67 vol% or not greater than 66 vol% or not greater
than 65 vol% or not greater than 64 vol% or not greater than 63 vol% or not greater than 62 vol%
or not greater than 61 vol% or not greater than 60 vol% or not greater than 59 vol% or not
greater than 58 vol% or not greater than 57 vol% or not greater than 56 vol% or not greater than
55 vol% or not greater than 54 vol% or not greater than 53 vol% or not greater than 52 vol% or
not greater than 51 vol% or not greater than 50 vol% or not greater than 49 vol% or not greater
than 48 vol% or not greater than 47 vol% or not greater than 46 vol% or not greater than 45 vol%
or not greater than 44 vol% or not greater than 43 vol% or not greater than 42 vol% or not
greater than 41 vol% or not greater than 40 vol% or not greater than 39 vol% or not greater than
38 vol% or not greater than 37 vol% or not greater than 36 vol% or not greater than 35 vol% or
not greater than 34 vol% or not greater than 33 vol% or not greater than 32 vol% or not greater
than 31 vol% or not greater than 30 vol% or not greater than 29 vol% or not greater than 28 vol%
or not greater than 27 vol% or not greater than 26 vol% or not greater than 25 vol% or not
greater than 24 vol% or not greater than 23 vol% or not greater than 22 vol% or not greater than
21 vol% or not greater than 20 vol% or not greater than 19 vol% or not greater than 18 vol% or
not greater than 17 vol% or not greater than 16 vol% or not greater than 15 vol% or not greater
than 14 vol% or not greater than 13 vol% or not greater than 12 vol% or not greater than 11 vol%
or not greater than 10 vol% or not greater than 9 vol% or not greater than 8 vol% or not greater
than 7 vol% or not greater than 6 vol% or not greater than 5 vol%. It will be appreciated the
green body may include a percentage of precursor bond material for a total volume of the green

body between any of the minimum and maximum values noted above, including for example, but
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not limited to, within a range of at least 1 vol% to not greater than 99 vol% precursor bond
material for a total volume of the green body such as at least 2 vol% to not greater than 80 vol%
or at least 10 vol% to not greater than 75 vol%.

[0040] After the green body has been fully formed at step 103, the green body may be removed
from the build chamber and transferred to a furnace for heating. Referring to FIG. 1, the process
can continue to step 104 or 105. Step 104 includes heating the green body to form an abrasive
article.

[0041] In an embodiment, at step 104 heating the green body to form an abrasive article may
include heating to a temperature sufficient to change a state of at least a portion of the infiltrant
powder material to a liquid infiltrant to infiltrate a porosity of the green body. In an aspect,
heating the green body to a temperature sufficient to change a state of at least a portion of the
infiltrant powder material to a liquid infiltrant may include heating the green body to a
temperature greater than a melting temperature of the infiltrant powder material but less than the
melting temperature of the bond powder material. In still another embodiment, heating the green
body may include heating to a temperature sufficient to sinter the bond powder material. In still
another embodiment, heating the green body may be conducted in a batch furnace or tunnel
furnace. In a certain aspect, heating of the green body can be conducted at a heating temperature
of at least 500°C such as at least 600°C or at least 700°C or at least 800°C or at least 900°C. In
still another embodiment, the heating of the green body can be conducted at a heating
temperature of not greater than 1500°C such as not greater than 1300°C or not greater than
1200°C. The heating of the green body can be conducted at a heating temperature between any
of the minimum and maximum values noted above. In a particular aspect, the heating of the
green body can be conducted at a heating temperature of at least 500°C and not greater than
1500°C or within a range of at least 600°C and not greater than 1300°C.

[0042] In a certain aspect, heating of the green body may include heating the green body to a
first temperature, T1, followed by heating the green body to a second temperature T>. In a
particular embodiment, heating to a first temperature T1 includes heating to a temperature
sufficient to change a state of at least a portion of the infiltrant powder material to a liquid
infiltrant. In still another embodiment, the first temperature T1 may be a temperature greater
than a melting temperature of the infiltrant powder material but less than the melting temperature

of the bond powder material. In a particular embodiment, the first temperature T may be at least
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500°C such as at least 600°C or at least 700°C or at least 800°C. In still another embodiment,
the first temperature T1 may be not greater than 1000°C such as not greater than 900°C or not
greater than 850°C. It will be appreciated that the first temperature T1 may be between any of
the minimum and maximum values noted above. In an embodiment, heating to a second
temperature T2 may include heating to a temperature sufficient to sinter the bond powder
material. In still another embodiment, the second temperature T> may be at least 800°C such as
at least 900°C or at least 1000°C. In still another embodiment, the second temperature T> may
be not greater than 1500°C such as not greater than 1400°C or not greater than 1300°C or not
greater than 1200°C. It will be appreciated that the second temperature T> may be between any
of the minimum and maximum values noted above.

[0043] In another aspect, the binder may be removed prior to a heating step 103, via a chemical
debind, thermal debind, supercritical debind, catalytic debind or any combination thereof. In still
another embodiment, the binder may be removed during the heating step 103 at a temperature
sufficient to volatize the binder material and lower than a melting point of the infiltrant powder
material.

[0044] FIG. 4 illustrates a schematic diagram illustrating a green body prior to heating according
to one embodiment. The green body 400 includes bond powder material 402, infiltrant powder
material 403 and abrasive particles 404. Between the bond powder material 402, the abrasive
article 400 includes a network of interconnected porosity 406. The green body 400 can have a
length Lgb, width Wgb, and height Hgb. It will be appreciated that the green body of the
embodiments herein can have any three-dimensional shape and FIG. 4 is illustrative of only one
possible shape. The length (L) defines the longest dimension of the body and the width (W)
defines a dimension of the body substantially perpendicular to the length and may be a value less
than the length and greater than the thickness (T). The thickness (T) of the body may extend in a
direction perpendicular to a plane defined by the length and width. The dimensions of any body
of embodiments herein may have a relationship of length, width, and thickness defined as
L>W>T. In those instances wherein the body is in the form of a cylinder with the axial axis
being the longest, the length is the longest dimension in the axial direction, the width can be a
first diameter of an end surface, and the thickness can be another diameter. In the case of an
abrasive article in the form of a disk, wherein the diameter is the greatest dimension, the

diameter defines the length of the body, the width defines a diameter perpendicular to the length

- 18 -



22-F-0250US02 Publication

(and may be the same as the length), and the thickness defines the dimension of the body in an
axial direction perpendicular to the plane of the circular end surface. It will be appreciated
reference to a length may be reference to a diameter of a circular shape or surface or reference to
a primary axis of an elliptical shape or surface. It will also be appreciated reference to a width
may be reference to a diameter of a circular shape or surface that is susbtantially perpendicular to
a diameter defining the length or reference to a lateral (secondary) axis of an elliptical shape or
surface that extends substantially perpendicular to the primary axis.

[0045] In an embodiment, the green body may include an average pore size (D50) that may
facilitate improved manufacturing and/or performance of the abrasive article. As used herein,
the D50 value signifies the size value in the distribution, up to and including which, 50% of the
total counts of the pores defining the distribution are ‘contained’. For example, in a non-limiting
example, if the D50 is 0.5 microns, 50% of the pores have a size of 0.5 microns or smaller. It
will be appreciated, the D50 value may also be referred to as the median value of a sample. In
one embodiment, the average pore size (D50) of the green body can be at least 0.1 microns such
as at least 0.2 microns or at least 0.3 microns or at least 0.4 microns or at least 0.42 microns or at
least 0.44 microns or at least 0.46 microns or at least 0.48 microns or at least 0.5 microns or at
least 0.51 microns or at least 0.52 microns or at least 0.53 microns or at least 0.54 microns or at
least 0.55 microns or at least 0.56 microns or at least 0.57 microns or at least 0.58 microns or at
least 0.59 microns or at least 0.6 microns or at least 0.61 microns or at least 0.62 microns or at
least 0.63 microns or at least 0.64 microns or at least 0.65 microns or at least 0.66 microns or at
least 0.67 microns or at least 0.68 microns or at least 0.69 microns or at least 0.7 microns or at
least 0.71 microns or at least 0.7 microns or at least 0.71 microns or at least 0.72 microns or at
least 0.73 microns or at least 0.74 microns or least 0.75 microns or at least 0.76 microns or at
least 0.77 microns or at least 0.78 microns or at least 0.79 microns or at least 0.8 microns or at
least 0.85 microns or at least 0.9 microns or at least 0.95 microns or at least 1 micron. In yet
another embodiment, the average pore size (D50) may be not greater than 500 microns such as
not greater than 400 microns or not greater than 300 microns or not greater than 200 microns or
not greater than 100 microns or not greater than 50 microns or not greater than 20 microns or not
greater than 10 microns or not greater than 5 microns or not greater than 1.0 micron or not
greater than 0.9 microns or not greater than 0.8 microns or not greater than 0.79 microns or not

greater than 0.78 microns or not greater than 0.77 microns or not greater than 0.76 microns or not
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greater than 0.75 microns or not greater than 0.74 microns or not greater than 0.73 microns or not
greater than 0.72 microns or not greater than 0.71 microns or not greater than 0.7 microns or not
greater than 0.69 microns or not greater than 0.68 microns or not greater than 0.67 microns or not
greater than 0.66 microns or not greater than 0.65 microns or not greater than 0.64 microns or not
greater than 0.63 microns or not greater than 0.62 microns or not greater than 0.61 microns or not
greater than 0.6 microns. The average pore size (D50) can be a value between any of the
minimum and maximum values noted above, including for example, but not limited to, at least
0.1 microns and not greater than 500 microns, such as within a range of at least 0.4 microns to
not greater than 100 microns, or within a range of at least 0.5 microns to not greater than 10
microns.

[0046] In an aspect, the body may include an average pore size (D50) where the ratio between
the average pore size (D50) of the green body and the average particle size (D50i) of the
infiltrant powder material may facilitate improved manufacturing and/or performance of the
abrasive article. In one embodiment, the ratio between the average pore size (D50) of the green
body and the average particle size (D50i) of the infiltrant powder material may be at least 1:1000
such as at least 1:800 or at least 1:600 or at least 1:500 or at least 1:400 or at least 1:300 or at
least 1:100 or at least 1:50 or at least 1:20 or at least 1:10 or at least 1:9 or at least 1:8 or at least
1:7 or at least 1:6 or at least 1:5 or at least 1:4 or at least 1:3 or at least 1:2 or at least 1:1. In still
another non-limiting embodiment, the ratio between the average pore size (D50) of the green
body and the average particle size (D50i) of the infiltrant powder material may be not greater
than 1000:1 such as not greater than 900:1 or not greater than 800:1 or not greater than 700:1 or
not greater than 500:1 or not greater than 400:1 or not greater than 300:1 or not greater than
200:1 not greater than 100:1 or not greater than 50:1 or not greater than 20:1 or not greater than
10:1 or not greater than 9:1 or not greater than 8:1 or not greater than 7:1 or not greater than 6:1
or not greater than 5:1 or not greater than 4:1 or not greater than 3:1 or not greater than 2:1 or not
greater than 1.5:1. The ratio between the average pore size (D50) of the green body and the
average particle size (D50i) of the infiltrant powder material may be a value between any of the
minimum and maximum values noted above, including for example, but not limited to, within a
range of at least 1:1000 to not greater than 1000:1 or within a range of at least 1:500 to not

greater than 500:1 or within a range of at least 1:2 to not greater than 1:1.
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[0047] Referring again to FIG. 4, the green body may have a first major surface 407 and a
second major surface 408 (not shown) opposite of the major surface 407. In an embodiment, the
first major surface 407 of the green body may be formed to include a first infiltrant concentration
and the second major surface 408 of the green body may be formed to include a second infiltrant
concentration. The infiltrant concentrations of the green body may vary across the green body
such that more infiltrant is present in one part of the green body compared to another part of the
green body due to variation in the binder jetting process. In a non-limiting embodiment, the first
infiltrant concentration may be greater than the second infiltrant concentration. For example, in
one non-limiting embodiment, the first layer formed during the binder jetting process may
include a higher infiltrant powder concentration compared to the final layer formed during the
bind jetting process. In still another embodiment, the second infiltrant concentration may be
greater than the first infiltrant concentration. In still another embodiment, the infiltrant
concentration of the green body may be a homogenous distribution such that the infiltrant is
evenly spread throughout the green body. In still another embodiment, the infiltrant
concentration of the green body may be a non-homogenous distribution such that the infiltrant is
spread throughout the green body unevenly.

[0048] Referring again to FIG. 1, the process can continue to step 105 from step 103 including
placing the green body on a support material 501 and heating to join the green body to the
support material. The green body may be removed from the build chamber and placed onto the
support material and subsequently placed into a furnace for heating. FIG. 5 illustrates a
schematic diagram illustrating an abrasive article on a support material according to one
embodiment. The abrasive article 500 includes an infiltrant 502, abrasive particles 503 and bond
material 504 on a support material 501. In an embodiment, the green body may be heated
together with the support material. In still another embodiment, heating of the green body
together with the support material may proceed at any of the temperatures as noted above with
respect to step 104. In an aspect, heating of the green body together with the support material
may be conducted at a temperature sufficient to change a state of at least a portion of the
infiltrant powder material to a liquid infiltrant to infiltrate a porosity of the green body and a
porosity of the support material to join the green body and support material together into a single
abrasive article. In an aspect, heating of the green body and the support material may be

conducted at a temperature less than the melting temperature of the bond powder material. In
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still another embodiment, heating the green body and the support material may include heating to
a temperature sufficient to sinter the bond powder material. As shown in FIG. §, the infiltrant
502 joins together the support material 501 and then abrasive article 500.

[0049] Referring again to FIG. 1, the process can continue to step 106 from step 104. In an
embodiment, after heating the green body at step 104 to form an abrasive article, the finally-
formed abrasive article may be placed onto a support material 501 and heated to join the abrasive
article to the support material. In an aspect, the abrasive article and support material may be
joined via a second heating. In another aspect, the second heating may be conducted at a
temperature sufficient to change a state of at least a portion of the infiltrant of the abrasive article
to a liquid infiltrant to infiltrate a porosity of the support material. In an aspect, heating of the
abrasive article and the support material may be conducted at a temperature less than the melting
temperature of the bond material. In a non-limiting embodiment, the second heating may be
conducted at a temperature of at least 700°C such as at least 800°C or at least 900°C or at least
1000°C. In still another embodiment, the second heating may be conducted at a temperature of
not greater than 1500°C such as not greater than 1400°C or not greater than 1300°C or not
greater than 1200°C. It will be appreciated that the second heating may be conducted in a range
between any of the minimum and maximum values noted above, including for example, but not
limited to, within a range of at least 700°C to not greater than 1500°C or within a range of at
least 900°C to not greater than 1200°C°.

[0050] FIG. 6 illustrates a perspective view illustration of a support material according to one
embodiment. In an aspect, the support material 600 may have a first major surface 601 and a
second major surface 602 (not shown) opposite the first major surface 601. In an embodiment,
the support material 600 may include an infiltrant material 603. In an embodiment, the first
major surface 601 of the support material 600 may include a first infiltrant concentration and the
second major surface 602 of the support material 600 may include a second infiltrant
concentration. In an embodiment, the second infiltrant concentration may be zero. It will be
appreciated that the support material may not include any infiltrant material. In still another
embodiment, the first infiltrant concentration of the support material may be greater than a
second infiltrant concentration of the support material.

[0051] In still another embodiment the support material 600 may include an infiltrant material at

a major surface closest to a major surface of the green body such that when heating the green
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body and support material, the infiltrant material is heated to a liquid infiltrant material to
infiltrate a porosity of the green body and the support material to join the green body and support
material to form a single abrasive article.

[0052] In a non-limiting embodiment, the support material may include an inorganic material, an
organic material, or any combination thereof. In still another embodiment, the inorganic material
may include metals, glass, ceramics, glass-ceramics, or any combination thereof.

[0053] In still another non-limiting embodiment, the support material may have an average
surface roughness that may facilitate improved manufacturing and/or performance of the
abrasive article. In an embodiment, the support material may have an average surface roughness
of at least 0.1 microns such as at least 0.2 microns or at least 0.3 microns or at least 0.5 microns
or at least 0.6 microns or at least 0.8 microns or at least 1 micron or at least 2 microns or at least
5 microns. In still another embodiment, the support material may have an average surface
roughness of not greater than 25 microns or not greater than 20 microns or not greater than 15
microns or not greater than 10 microns or not greater than 6 microns. It will be appreciated that
the support material may have an average surface roughness in a range between any of the
minimum and maximum values noted above, including for example, but not limited to, within a
range of at least 0.1 microns to not greater than 25 microns or within a range of at least 0.5
microns to not greater than 5 microns.

[0054] Referring again to FIG. 6 the support material may have a length Lsyn, width Wy, and
height Hsm. In an embodiment, the support material may have certain dimensions that may
facilitate improved manufacturing and/or performance of the abrasive article. In an embodiment,
the support material may have a width (Wsm) that is at least 0.1% greater than a width of the
green body (Wgp) such as at least 0.2% or at least 0.5% or at least 0.8% or at least 1% or at least
2% or at least 3% or at least 4% or at least 5% greater than a width of the abrasive article (Wgp).
In still another embodiment, the support material may have a width (Wsm) that is not greater than
30% greater than a width of the abrasive article (Wgp) such as not greater than 25% or not greater
than 20% or not greater than 15% or not greater than 10% or not greater than 8% greater than a
width of the abrasive article (Wgb). It will be appreciated that the support material may have a
width (Wsn) that is greater than a width of the abrasive article (Wgp) in a range between any of

the minimum and maximum values noted above, including for example, but not limited to,

-23-



22-F-0250US02 Publication

within a range of at least 0.1% greater to not greater than 30% greater or within a range of at
least 0.2% greater to not greater than 15% greater.

[0055] In an embodiment, heating of the green body may result in a particular content of
porosity in the abrasive article body that may facilitate improved manufacturing and/or
performance of the abrasive article body. For example, in one embodiment, the porosity of the
finally-formed abrasive article body can be at least 40 vol% based on the total volume of the
body or at least 41 vol% such as at least 42 vol% or at least 43 vol% or at least 44 vol% or at
least 45 vol% or at least 46 vol% or at least 47 vol% or at least 48 vol% or at least 49 vol% or at
least 50 vol%. In another embodiment, the content of porosity of the abrasive article body may
be not greater than 70 vol% such as not greater than 65 vol% or not greater than 60 vol% or not
greater than 58 vol% or not greater than 56 vol% or not greater than 55 vol% or not greater than
54 vol% or not greater than 53 vol% or not greater than 52 vol% or not greater than 51 vol% or
not greater than 50 vol%. The porosity content of the abrasive article body can be a value
between any of the minimum and maximum values noted above, including for example, but not
limited to, within a range of at least 40 vol% to not greater than 70 vol% based on the total
volume of the abrasive article, such as within a range of at least 45 vol% to not greater than 65
vol% based on the total volume of the abrasive article body. As used herein, the term “porosity”
(unless indicated otherwise) relates to the total porosity obtained from samples measured using a
Micromeritics AutoPore IV 9600 Version 2.03.00 mercury porosimeter according to ASTM
D4404-10.

[0056] It will be appreciated that the support material may have any shape not limited to the
above rectangular shape. In an embodiment, the support material may have any three-
dimensional shape, including for example, but not limited to, rectangle, sphere, cone, cube,
tetrahedron, helix, torus, cylinder, cuboid, pyramid, and the like.

[0057] Many different aspects and embodiments are possible. Some of those aspects and
embodiments are described herein. After reading this specification, skilled artisans will
appreciate that those aspects and embodiments are only illustrative and do not limit the scope of
the present invention. Embodiments may be in accordance with any one or more of the
embodiments as listed below.

EMBODIMENTS

[0058] Embodiment 1. A method for forming an abrasive article body comprising:
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[0059] depositing a mixture of powder material in a layer, wherein the mixture comprises a bond
powder material, abrasive particles and an infiltrant powder material;

[0060] selectively binding at least a portion of the layer with a binder;

[0061] optionally repeating steps a) and b) to form a green body including the bond powder
material, abrasive particles, infiltrant powder material and binder; and

[0062] heating the green body to a temperature sufficient to change a state of at least a portion of
the infiltrant powder material to a liquid infiltrant to infiltrate a porosity of the green body.
[0063] Embodiment 2. The method of Embodiment 1, wherein the bond powder material
comprises an inorganic material.

[0064] Embodiment 3. The method of Embodiment 2, wherein the inorganic material comprises
a metal, a metal alloy, a glass, a ceramic, a glass-ceramic, or any combination thereof.

[0065] Embodiment 4. The method of Embodiment 1, wherein the abrasive particles comprise
an oxide, a carbide, a nitride, a boride, a superabrasive, or any combination thereof.

[0066] Embodiment 5. The method of Embodiment 1, wherein the abrasive particles comprise
diamond, silica, cubic boron nitride, silicon carbide, boron carbide, alumina, silicon nitride,
tungsten carbide, zirconia, or any combination thereof.

[0067] Embodiment 6. The method of Embodiment 1, wherein the abrasive particles comprise
diamond.

[0068] Embodiment 7. The method of Embodiment 1, wherein the abrasive particles consist
essentially of diamond.

[0069] Embodiment 8. The method of Embodiment 1, wherein the infiltrant powder material
comprises a transition metal element or an alloy including a transition metal element.

[0070] Embodiment 9. The method of Embodiment 7, wherein the infiltrant powder material
comprises Zn, Sn, Cu, Ag, Ni, Cr, Mn, Fe, Al, or a combination thereof.

[0071] Embodiment 10. The method of Embodiment 1, wherein the infiltrant powder material
comprises a bronze, a copper alloy, a nickel alloy, a cobalt alloy, a tin alloy, a copper-tin-zinc
alloy, or any combination thereof.

[0072] Embodiment 11. The method of Embodiment 1, wherein the bond powder material
comprises a particle size distribution, wherein the average particle size (D50b) is at least 0.25
microns or at least 0.5 microns or at least 1 micron or at least 3 microns or at least 5 microns or

at least 10 microns or at least 20 microns or at least 30 microns or at least 40 microns or at least
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50 microns or at least 100 microns or at least 200 microns or at least 300 microns or at least 500
microns or at least 750 microns or at least 1000 microns or at least 3000 microns or at least 5000
microns.

[0073] Embodiment 12. The method of Embodiment 1, wherein the bond powder material
comprises a particle size distribution, wherein the average particle size (D50b) is not greater than
6000 microns or not greater than 5000 microns or not greater than 4000 microns or not greater
than 3000 microns or not greater than 1000 microns or not greater than 500 microns or not
greater than 100 microns or not greater than 50 microns or not greater than 25 microns or not
greater than 10 microns or not greater than 5 microns or not greater than 1 micron.

[0074] Embodiment 13. The method of Embodiment 1, wherein the abrasive particles comprise
a particle size distribution, wherein the average particle size (D50a) is at least 0.25 microns or at
least 0.5 or at least 0.1 microns or at least 0.3 microns or at least 0.4 microns or at least 0.5
microns or at least 0.8 microns or at least 1 micron or at least 1.5 microns or at least 2 microns or
at least 3 microns or at least 5 microns or at least 10 microns or at least 50 microns or at least 100
microns.

[0075] Embodiment 14. The method of Embodiment 1, wherein the abrasive particles comprise
a particle size distribution, wherein the average particle size (D50a) is not greater than 200
microns or not greater than 100 microns or not greater than 50 microns or not greater than 10
microns or not greater than 5 microns or not greater than 4 microns or not greater than 3 microns
or not greater than 3 micron or not greater than 1 micron.

[0076] Embodiment 15. The method of Embodiment 1, wherein the infiltrant powder material
comprises a particle size distribution, wherein the average particle size (D50i) is at least 0.25
microns or at least 0.5 microns or at least 1 micron or at least 3 microns or at least 5 microns or
at least 10 microns or at least 20 microns or at least 30 microns or at least 40 microns or at least
50 microns or at least 100 microns or at least 200 microns or at least 300 microns or at least 500
microns or at least 750 microns or at least 1000 microns or at least 3000 microns or at least 5000
microns.

[0077] Embodiment 16. The method of Embodiment 1, wherein the infiltrant powder material
comprises a particle size distribution, wherein the average particle size (D50i) is not greater than
6000 microns or not greater than 5000 microns or not greater than 4000 microns or not greater

than 3000 microns or not greater than 1000 microns or not greater than 500 microns or not
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greater than 100 microns or not greater than 50 microns or not greater than 25 microns or not
greater than 10 microns or not greater than 5 microns or not greater than 1 micron.

[0078] Embodiment 17. The method of Embodiment 1, wherein the infiltrant powder material
and the bond powder material comprise a particle size distribution, wherein the difference
between the average particle size (D50i) of the infiltrant powder material and the average particle
size (D50b) of the bond powder material is at least 0.01 microns or at least 0.02 microns or at
least 0.05 microns or at least 0.1 microns or at least 0.2 microns or at least 0.3 microns or at least
0.4 microns or at least 0.5 microns or at least 1 micron or at least 2 microns or at least 3 microns
or at least 4 microns or at least 5 microns.

[0079] Embodiment 18. The method of Embodiment 1, wherein the infiltrant powder material
and the bond powder material comprise a particle size distribution, wherein the difference
between the average particle size (D50i) of the infiltrant powder material and the average particle
size (D50b) of the bond powder material is not greater than 1000 microns or not greater than 900
microns or not greater than 800 microns or not greater than 700 microns or not greater than 600
microns or not greater than 500 microns or not greater than 400 microns or not greater than 300
microns or not greater than 200 microns or not greater than 100 microns or not greater than 50
microns or not greater than 20 microns or not greater than 10 microns.

[0080] Embodiment 19. The method of Embodiment 1, wherein the infiltrant powder material
and the bond powder material comprise a particle size distribution, wherein the ratio
[D50i:D50b] between the average particle size (D50) of the infiltrant powder material and the
average particle size (D50) of the bond powder material is at least 1:100 or at least 1:50 or at
least 1:40 or at least 1:30 or at least 1:20 at least 1:10 or at least 1:5 or at least 1:4 or at least 1:3
or at least 1:2 or at least 1:1.

[0081] Embodiment 20. The method of Embodiment 1, wherein the infiltrant powder material
and the bond powder material comprise a particle size distribution, wherein the ratio
[D50i:D50b] between the average particle size (D50) of the infiltrant powder material and the
average particle size (D50) of the bond powder material is not greater than 100:1 or not greater
than 50:1 or not greater than 25:1 or not greater than 10:1 or not greater than 5:1 or not greater

than 4:1 or not greater than 3:1 or not greater than 2:1 or not greater than 1.5:1.
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[0082] Embodiment 21. The method of Embodiment 1, wherein the binder comprises a liquid
vehicle and a polymer material contained therein, wherein the polymer material is dissolved in
the liquid vehicle.

[0083] Embodiment 22. The method of Embodiment 1, wherein selectively binding comprises
the use of an induction heater, laser heater, high intensity light heater, radiant heater, electron
beam heater or a combination thereof.

[0084] Embodiment 23. The method of Embodiment 1, wherein heating the green body to a
temperature sufficient to change a state of at least a portion of the infiltrant powder material to a
liquid infiltrant further comprises heating the green body to a temperature greater than a melting
temperature of the infiltrant powder material.

[0085] Embodiment 24. The method of Embodiment 1, wherein heating the green body further
comprises heating the body to a temperature of at least 500°C and not greater than 1500°C.
[0086] Embodiment 25. The method of Embodiment 1, wherein heating the green body further
comprises heating the body in a furnace, wherein a furnace comprises a batch furnace or tunnel
furnace.

[0087] Embodiment 26. The method of Embodiment 1, wherein the green body comprises a
porosity of at least 40 vol% or at least 41 vol% such or at least 42 vol% or at least 43 vol% or at
least 44 vol% or at least 45 vol% or at least 46 vol% or at least 47 vol% or at least 48 vol% or at
least 49 vol% or at least 50 vol%.

[0088] Embodiment 27. The method of Embodiment 1, wherein the green body comprises a
porosity of not greater than 70 vol% such as not greater than 65 vol% or not greater than 60
vol% or not greater than 58 vol% or not greater than 56 vol% or not greater than 55 vol% or not
greater than 54 vol% or not greater than 53 vol% or not greater than 52 vol% or not greater than
51 vol% or not greater than 50 vol%.

[0089] Embodiment 28. The method of Embodiment 26, wherein the porosity comprises a pore
size distribution, wherein the average pore size (D50) is at least 0.1 microns or at least 0.2
microns or at least 0.3 microns or at least 0.4 microns or at least 0.42 microns or at least 0.44
microns or at least 0.46 microns or at least 0.48 microns or at least 0.5 microns or at least 0.51
microns or at least 0.52 microns or at least 0.53 microns or at least 0.54 microns or at least 0.55
microns or at least 0.56 microns or at least 0.57 microns or at least 0.58 microns or at least 0.59

microns or at least 0.6 microns or at least 0.61 microns or at least 0.62 microns or at least 0.63
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microns or at least 0.64 microns or at least 0.65 microns or at least 0.66 microns or at least 0.67
microns or at least 0.68 microns or at least 0.69 microns or at least 0.7 microns or at least 0.71
microns or at least 0.7 microns or at least 0.71 microns or at least 0.72 microns or at least 0.73
microns or at least 0.74 microns or least 0.75 microns or at least 0.76 microns or at least 0.77
microns or at least 0.78 microns or at least 0.79 microns or at least 0.8 microns or at least 0.85
microns or at least 0.9 microns or at least 0.95 microns or at least 1 micron.

[0090] Embodiment 29. The method of Embodiment 26, wherein the porosity comprises a pore
size distribution, wherein the average pore size (D50) is not greater than not greater than 500
microns or not greater than 400 microns or not greater than 300 microns or not greater than 200
microns or not greater than 100 microns or not greater than 50 microns or not greater than 20
microns or not greater than 10 microns or not greater than 5 microns or not greater than 1.0
micron or not greater than 0.9 microns or not greater than 0.8 microns or not greater than 0.79
microns or not greater than 0.78 microns or not greater than 0.77 microns or not greater than 0.76
microns or not greater than 0.75 microns or not greater than 0.74 microns or not greater than 0.73
microns or not greater than 0.72 microns or not greater than 0.71 microns or not greater than 0.7
microns or not greater than 0.69 microns or not greater than 0.68 microns or not greater than 0.67
microns or not greater than 0.66 microns or not greater than 0.65 microns or not greater than 0.64
microns or not greater than 0.63 microns or not greater than 0.62 microns or not greater than 0.61
microns or not greater than 0.6 microns.

[0091] Embodiment 30. The method of Embodiment 28, wherein the ratio between the average
pore size (D50) of the body and an average particle size (D50i) of the infiltrant powder material
is at least 1:1000 or at least 1:800 or at least 1:600 or at least 1:500 or at least 1:400 or at least
1:300 or at least 1:100 or at least 1:50 or at least 1:20 or at least 1:10 or at least 1:9 or at least 1:8
or at least 1:7 or at least 1:6 or at least 1:5 or at least 1:4 or at least 1:3 or at least 1:2 or at least
1:1.

[0092] Embodiment 31. The method of Embodiment 28, wherein the ratio between the average
pore size (D50) of the body and an average particle size (D501) of the infiltrant powder material
is not greater than 1000:1 or not greater than 900:1 or not greater than 800:1 or not greater than
700:1 or not greater than 500:1 or not greater than 400:1 or not greater than 300:1 or not greater
than 200:1 not greater than 100:1 or not greater than 50:1 or not greater than 20:1 or not greater

than 10:1 or not greater than 9:1 or not greater than 8:1 or not greater than 7:1 or not greater than
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6:1 or not greater than 5:1 or not greater than 4:1 or not greater than 3:1 or not greater than 2:1 or
not greater than 1.5:1.

[0093] Embodiment 32. The method of Embodiment 1, wherein prior to heating the green body,
the binder is removed via a chemical debind, thermal debind, supercritical debind, catalytic
debind or a combination thereof.

[0094] Embodiment 33. The method of Embodiment 1, wherein heating the green body further
comprises heating the green body to a first temperature of at least 500°C followed by heating the
green body to a second temperature of at least 1000°C.

[0095] Embodiment 34. The method of Embodiment 1, wherein prior to heating the green body
the green body is placed on a support material.

[0096] Embodiment 35. The method of Embodiment 1, wherein after heating the green body,
the finally-formed abrasive body is placed on a support material.

[0097] Embodiment 36. The method of Embodiment 35, wherein the method further comprises
joining the abrasive body and the support material via a second heating.

[0098] Embodiment 37. The method of Embodiment 36, wherein the second heating is
conducted at a temperature of at least 300°C to not greater than 1200°C.

[0099] Embodiment 38. The method of either one of Embodiments 34 or 35, wherein the
support material comprises a width (Ws) that is at least 0.1% greater than a width of the green
body (Wgb).

[00100] Embodiment 39. The method of either one of Embodiments 34 or 35, wherein the
support material comprises an inorganic material, an organic material, or a combination thereof.
[00101]Embodiment 40. The method of Embodiment 38, wherein the inorganic material
comprises metals, glass, ceramics, glass-ceramics, or a combination thereof.

[00102] Embodiment 41. The method of either one of Embodiments 34 or 35, wherein the
support material comprises an average surface roughness at least 0.1 microns and not greater
than 25 microns.

[00103] Embodiment 42. The method of Embodiment 1, wherein the abrasive article is formed
using a binder jetting system.

[00104] Embodiment 43. The method of Embodiment 42, wherein the binder jetting system

comprises a supply chamber, a build chamber, a feed piston positioned below a floor of the
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supply chamber, a roller, a build piston positioned below a floor of the build chamber, and a
deposition device.

[00105]Embodiment 44. The method of Embodiment 1, wherein the green body comprises a first
major surface and a second major surface.

[00106] Embodiment 45. The method of Embodiment 44, wherein a first major surface
comprises a first infiltrant material concentration and wherein the second major surface
comprises a second infiltrant material concentration.

[00107] Embodiment 46. The method of Embodiment 45, wherein the first infiltrant material
concentration is greater than the second infiltrant material concentration.

[00108] Embodiment 47. The method of either one of Embodiments 34 or 35, wherein the
support material comprises an infiltrant material.

[00109] Embodiment 48. The method of either one of Embodiments 34 or 35, wherein the
support material comprises a first major surface and a second major surface.
[00110]Embodiment 49. The method of Embodiment 48, wherein a first major surface
comprises a first infiltrant material concentration and wherein the second major surface
comprises a second infiltrant material concentration.

[00111] Embodiment 50. The method of Embodiment 49, wherein the first infiltrant material
concentration is greater than the second infiltrant material concentration.

[00112] Embodiment 51. The method of Embodiment 47, wherein heating the green body further
comprises infiltrating a porosity of the support material with the infiltrant.

EXAMPLE

[00113] A mixture is prepared by combining a precursor bond material, an infiltrant powder
material and abrasive particles.

[00114] The additive manufacturing process is conducted according to embodiments described
herein. The additive manufacturing process may be characterized as a binder jetting operation,
wherein layers of the mixture are deposited into a build box, the layers are smoothed, compacted,
and selectively bound with a binder material to form a green body contained in a bed of unbound
or loose powder. The green body has any one or more of the features claimed in the
embodiments herein. The green body has any one or more of the features claimed in the

embodiments herein. The green body is converted to finally-formed abrasive article via heating
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as provided below. Example 1 was formed using an ExOne Innovent+. The printing conditions

are summarized in Table 1.

Table 1:

Parameter Samples S1
Saturation (%) 10-200%
Layer Thickness [um] 1-1000
Foundation Layer Count 0-200
Oscillator on Delay (sec)Dispenser 0-20
Delay

Dispense coverage parameter (% 0-100%
of bed length for dispensing

powder material)

Binder Set Time (sec) 0-30
Recoater Dry Speed (mm/s) 1-120
Target Bed Temperature (°C) 20-100
Recoat Speed (mm/s) 1-200
Smoothing Roller Rotation 1-1000
Rate(rpm)

Smoothing Roller Speed (mm/s) 1-200
Binder Droplet Volume (pL)— 10-80
Binder Droplet Frequency (Hz)— 955-10,000
Compaction Roller Speed (mm/s) 1-150
Compaction thickness A (um) 5-300

[00115] The build box has dimensions of length of at least 150 mm, a width of at least 60 mm,

and a depth of at least 60 mm. The forming process creates a green body abrasive article having

dimensions of a length of at least 6 cm and/or a width of at least 2.8 cm and /or a solid volume of

at least 9 cm®. The green body abrasive article has a thickness of at least 1 mm.

[00116] After forming, the green body is heated at a rate of 5°C/min up to a temperature of 375°C

under air and held for one hour at 375°C to remove the binder. Thereafter, the air is replaced
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with argon and the body is heated at a ramp rate of 5°C/min up to a maximum temperature of
1500°C. The temperature is held for four hours at 1500°C, and cooling is conducted at a rate of
5°C/minute.

[00117] The specification and illustrations of the embodiments described herein are intended to
provide a general understanding of the structure of the various embodiments. The specification
and illustrations are not intended to serve as an exhaustive and comprehensive description of all
of the elements and features of apparatus and systems that use the structures or methods
described herein. Separate embodiments may also be provided in combination in a single
embodiment, and conversely, various features that are, for brevity, described in the context of a
single embodiment, may also be provided separately or in any subcombination. Further,
reference to values stated in ranges includes each and every value within that range. Many other
embodiments may be apparent to skilled artisans only after reading this specification. Other
embodiments may be used and derived from the disclosure, such that a structural substitution,
logical substitution, or another change may be made without departing from the scope of the

disclosure. Accordingly, the disclosure is to be regarded as illustrative rather than restrictive.
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WHAT IS CLAIMED IS:
1. A method for forming an abrasive article body comprising:
a) depositing a mixture of powder material in a layer, wherein the mixture comprises a
bond powder material, abrasive particles and an infiltrant powder material;
b) selectively binding at least a portion of the layer with a binder;
c) optionally repeating steps a) and b) to form a green body including the bond powder
material, abrasive particles, infiltrant powder material and binder; and
d) heating the green body to a temperature sufficient to change a state of at least a
portion of the infiltrant powder material to a liquid infiltrant to infiltrate a porosity of
the green body.
2. The method of claim 1, wherein the bond powder material comprises an inorganic material.
3. The method of claim 2, wherein the inorganic material comprises a metal, a metal alloy, a
glass, a ceramic, a glass-ceramic, or any combination thereof.
4. The method of claim 1, wherein the abrasive particles comprise an oxide, a carbide, a nitride,
a boride, a superabrasive, or any combination thereof.
5. The method of claim 1, wherein the abrasive particles comprise diamond, silica, cubic boron
nitride, silicon carbide, boron carbide, alumina, silicon nitride, tungsten carbide, zirconia, or any
combination thereof.
6. The method of claim 1, wherein the abrasive particles comprise diamond.
7. The method of claim 1, wherein the abrasive particles consist essentially of diamond.
8. The method of claim 1, wherein the infiltrant powder material comprises a transition metal
element or an alloy including a transition metal element.
9. The method of claim 7, wherein the infiltrant powder material comprises Zn, Sn, Cu, Ag, Ni,
Cr, Mn, Fe, Al, or a combination thereof.
10. The method of claim 1, wherein the infiltrant powder material comprises a bronze, a copper
alloy, a nickel alloy, a cobalt alloy, a tin alloy, a copper-tin-zinc alloy, or any combination
thereof.
11. The method of claim 1, wherein the bond powder material comprises a particle size
distribution, wherein the average particle size (D50b) is at least 0.25 microns or at least 0.5
microns or at least 1 micron or at least 3 microns or at least 5 microns or at least 10 microns or at

least 20 microns or at least 30 microns or at least 40 microns or at least 50 microns or at least
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100 microns or at least 200 microns or at least 300 microns or at least 500 microns or at least 750
microns or at least 1000 microns or at least 3000 microns or at least 5000 microns.

12. The method of claim 1, wherein the bond powder material comprises a particle size
distribution, wherein the average particle size (D50b) is not greater than 6000 microns or not
greater than 5000 microns or not greater than 4000 microns or not greater than 3000 microns or
not greater than 1000 microns or not greater than 500 microns or not greater than 100 microns or
not greater than 50 microns or not greater than 25 microns or not greater than 10 microns or not
greater than 5 microns or not greater than 1 micron.

13. The method of claim 1, wherein the abrasive particles comprise a particle size distribution,
wherein the average particle size (D50a) is at least 0.25 microns or at least 0.5 or at least 0.1
microns or at least 0.3 microns or at least 0.4 microns or at least 0.5 microns or at least 0.8
microns or at least 1 micron or at least 1.5 microns or at least 2 microns or at least 3 microns or
at least 5 microns or at least 10 microns or at least 50 microns or at least 100 microns.

14. The method of claim 1, wherein the abrasive particles comprise a particle size distribution,
wherein the average particle size (D50a) is not greater than 200 microns or not greater than 100
microns or not greater than 50 microns or not greater than 10 microns or not greater than 5
microns or not greater than 4 microns or not greater than 3 microns or not greater than 3 micron
or not greater than 1 micron.

15. The method of claim 1, wherein the infiltrant powder material comprises a particle size
distribution, wherein the average particle size (D501) is at least 0.25 microns or at least 0.5
microns or at least 1 micron or at least 3 microns or at least 5 microns or at least 10 microns or at
least 20 microns or at least 30 microns or at least 40 microns or at least 50 microns or at least
100 microns or at least 200 microns or at least 300 microns or at least 500 microns or at least 750
microns or at least 1000 microns or at least 3000 microns or at least 5000 microns.

16. The method of claim 1, wherein the infiltrant powder material comprises a particle size
distribution, wherein the average particle size (D50i) is not greater than 6000 microns or not
greater than 5000 microns or not greater than 4000 microns or not greater than 3000 microns or
not greater than 1000 microns or not greater than 500 microns or not greater than 100 microns or
not greater than 50 microns or not greater than 25 microns or not greater than 10 microns or not

greater than 5 microns or not greater than 1 micron.
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17. The method of claim 1, wherein the infiltrant powder material and the bond powder material
comprise a particle size distribution, wherein the difference between the average particle size
(D501) of the infiltrant powder material and the average particle size (D50b) of the bond powder
material is at least 0.01 microns or at least 0.02 microns or at least 0.05 microns or at least 0.1
microns or at least 0.2 microns or at least 0.3 microns or at least 0.4 microns or at least 0.5
microns or at least 1 micron or at least 2 microns or at least 3 microns or at least 4 microns or at
least 5 microns.

18. The method of claim 1, wherein the infiltrant powder material and the bond powder material
comprise a particle size distribution, wherein the difference between the average particle size
(D50i) of the infiltrant powder material and the average particle size (D50b) of the bond powder
material is not greater than 1000 microns or not greater than 900 microns or not greater than 800
microns or not greater than 700 microns or not greater than 600 microns or not greater than 500
microns or not greater than 400 microns or not greater than 300 microns or not greater than 200
microns or not greater than 100 microns or not greater than 50 microns or not greater than 20
microns or not greater than 10 microns.

19. The method of claim 1, wherein the infiltrant powder material and the bond powder material
comprise a particle size distribution, wherein the ratio [D50i:D50b] between the average particle
size (D50) of the infiltrant powder material and the average particle size (D50) of the bond
powder material is at least 1:100 or at least 1:50 or at least 1:40 or at least 1:30 or at least 1:20 at
least 1:10 or at least 1:5 or at least 1:4 or at least 1:3 or at least 1:2 or at least 1:1.

20. The method of claim 1, wherein the infiltrant powder material and the bond powder material
comprise a particle size distribution, wherein the ratio [D50i:D50b] between the average particle
size (D50) of the infiltrant powder material and the average particle size (D50) of the bond
powder material is not greater than 100:1 or not greater than 50:1 or not greater than 25:1 or not
greater than 10:1 or not greater than 5:1 or not greater than 4:1 or not greater than 3:1 or not
greater than 2:1 or not greater than 1.5:1.

21. The method of claim 1, wherein the binder comprises a liquid vehicle and a polymer
material contained therein, wherein the polymer material is dissolved in the liquid vehicle.

22. The method of claim 1, wherein selectively binding comprises the use of an induction
heater, laser heater, high intensity light heater, radiant heater, electron beam heater or a

combination thereof.
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23. The method of claim 1, wherein heating the green body to a temperature sufficient to change
a state of at least a portion of the infiltrant powder material to a liquid infiltrant further comprises
heating the green body to a temperature greater than a melting temperature of the infiltrant
powder material.

24. The method of claim 1, wherein heating the green body further comprises heating the body
to a temperature of at least 500°C and not greater than 1500°C.

25. The method of claim 1, wherein heating the green body further comprises heating the body
in a furnace, wherein a furnace comprises a batch furnace or tunnel furnace.

26. The method of claim 1, wherein the green body comprises a porosity of at least 40 vol% or
at least 41 vol% such or at least 42 vol% or at least 43 vol% or at least 44 vol% or at least 45
vol% or at least 46 vol% or at least 47 vol% or at least 48 vol% or at least 49 vol% or at least 50
vol%.

27. The method of claim 1, wherein the green body comprises a porosity of not greater than 70
vol% such as not greater than 65 vol% or not greater than 60 vol% or not greater than 58 vol% or
not greater than 56 vol% or not greater than 55 vol% or not greater than 54 vol% or not greater
than 53 vol% or not greater than 52 vol% or not greater than 51 vol% or not greater than 50
vol%.

28. The method of claim 26, wherein the porosity comprises a pore size distribution, wherein the
average pore size (D50) is at least 0.1 microns or at least 0.2 microns or at least 0.3 microns or at
least 0.4 microns or at least 0.42 microns or at least 0.44 microns or at least 0.46 microns or at
least 0.48 microns or at least 0.5 microns or at least 0.51 microns or at least 0.52 microns or at
least 0.53 microns or at least 0.54 microns or at least 0.55 microns or at least 0.56 microns or at
least 0.57 microns or at least 0.58 microns or at least 0.59 microns or at least 0.6 microns or at
least 0.61 microns or at least 0.62 microns or at least 0.63 microns or at least 0.64 microns or at
least 0.65 microns or at least 0.66 microns or at least 0.67 microns or at least 0.68 microns or at
least 0.69 microns or at least 0.7 microns or at least 0.71 microns or at least 0.7 microns or at
least 0.71 microns or at least 0.72 microns or at least 0.73 microns or at least 0.74 microns or
least 0.75 microns or at least 0.76 microns or at least 0.77 microns or at least .78 microns or at
least 0.79 microns or at least 0.8 microns or at least 0.85 microns or at least 0.9 microns or at

least 0.95 microns or at least 1 micron.
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29. The method of claim 26, wherein the porosity comprises a pore size distribution, wherein the
average pore size (D50) is not greater than not greater than 500 microns or not greater than 400
microns or not greater than 300 microns or not greater than 200 microns or not greater than 100
microns or not greater than 50 microns or not greater than 20 microns or not greater than 10
microns or not greater than 5 microns or not greater than 1.0 micron or not greater than 0.9
microns or not greater than 0.8 microns or not greater than 0.79 microns or not greater than 0.78
microns or not greater than 0.77 microns or not greater than 0.76 microns or not greater than 0.75
microns or not greater than 0.74 microns or not greater than 0.73 microns or not greater than 0.72
microns or not greater than 0.71 microns or not greater than 0.7 microns or not greater than 0.69
microns or not greater than 0.68 microns or not greater than 0.67 microns or not greater than 0.66
microns or not greater than 0.65 microns or not greater than 0.64 microns or not greater than 0.63
microns or not greater than 0.62 microns or not greater than 0.61 microns or not greater than 0.6
microns.

30. The method of claim 28, wherein the ratio between the average pore size (D50) of the body
and an average particle size (D501) of the infiltrant powder material is at least 1:1000 or at least
1:800 or at least 1:600 or at least 1:500 or at least 1:400 or at least 1:300 or at least 1:100 or at
least 1:50 or at least 1:20 or at least 1:10 or at least 1:9 or at least 1:8 or at least 1:7 or at least 1:6
or at least 1:5 or at least 1:4 or at least 1:3 or at least 1:2 or at least 1:1.

31. The method of claim 28, wherein the ratio between the average pore size (D50) of the body
and an average particle size (D501) of the infiltrant powder material is not greater than 1000:1 or
not greater than 900:1 or not greater than 800:1 or not greater than 700:1 or not greater than
500:1 or not greater than 400:1 or not greater than 300:1 or not greater than 200:1 not greater
than 100:1 or not greater than 50:1 or not greater than 20:1 or not greater than 10:1 or not greater
than 9:1 or not greater than 8:1 or not greater than 7:1 or not greater than 6:1 or not greater than
5:1 or not greater than 4:1 or not greater than 3:1 or not greater than 2:1 or not greater than 1.5:1.
32. The method of claim 1, wherein prior to heating the green body, the binder is removed via a
chemical debind, thermal debind, supercritical debind, catalytic debind or a combination thereof.
33. The method of claim 1, wherein heating the green body further comprises heating the green
body to a first temperature of at least 500°C followed by heating the green body to a second

temperature of at least 1000°C.
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34. The method of claim 1, wherein prior to heating the green body the green body is placed on
a support material.

35. The method of claim 1, wherein after heating the green body, the finally-formed abrasive
body is placed on a support material.

36. The method of claim 35, wherein the method further comprises joining the abrasive body
and the support material via a second heating.

37. The method of claim 36, wherein the second heating is conducted at a temperature of at least
300°C to not greater than 1200°C.

38. The method of either one of claims 34 or 35, wherein the support material comprises a width
(Ws) that is at least 0.1% greater than a width of the green body (Wgb).

39. The method of either one of claims 34 or 35, wherein the support material comprises an
inorganic material, an organic material, or a combination thereof.

40. The method of claim 38, wherein the inorganic material comprises metals, glass, ceramics,
glass-ceramics, or a combination thereof.

41. The method of either one of claims 34 or 35, wherein the support material comprises an
average surface roughness at least 0.1 microns and not greater than 25 microns.

42. The method of claim 1, wherein the abrasive article is formed using a binder jetting system.
43. The method of claim 42, wherein the binder jetting system comprises a supply chamber, a
build chamber, a feed piston positioned below a floor of the supply chamber, a roller, a build
piston positioned below a floor of the build chamber, and a deposition device.

44. The method of claim 1, wherein the green body comprises a first major surface and a second
major surface.

45. The method of claim 44, wherein a first major surface comprises a first infiltrant material
concentration and wherein the second major surface comprises a second infiltrant material
concentration.

46. The method of claim 45, wherein the first infiltrant material concentration is greater than the
second infiltrant material concentration.

47. The method of either one of claims 34 or 35, wherein the support material comprises an
infiltrant material.

48. The method of either one of claims 34 or 35, wherein the support material comprises a first

major surface and a second major surface.

-390 -



22-F-0250US02 Publication

49. The method of claim 48, wherein a first major surface comprises a first infiltrant material
concentration and wherein the second major surface comprises a second infiltrant material
concentration.

50. The method of claim 49, wherein the first infiltrant material concentration is greater than the
second infiltrant material concentration.

51. The method of claim 47, wherein heating the green body further comprises infiltrating a

porosity of the support material with the infiltrant.
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ABSTRACT OF THE DISCLOSURE
The present disclosure relates to a method for forming an abrasive article body

comprising a) depositing a mixture of powder material in a layer, wherein the mixture comprises
a bond powder material, abrasive particles and an infiltrant powder material, b) selectively
binding at least a portion of the layer with a binder, optionally repeating steps a) and b) to form a
green body including the bond powder material, abrasive particles, infiltrant powder material and
binder and heating the green body to a temperature sufficient to change a state of at least a
portion of the infiltrant powder material to a liquid infiltrant to infiltrate a porosity of the green

body.
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