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SUMMARY
[0005] According to a first aspect, a shaped abrasive particle fraction includes a body

including a bottom surface, an upper surface, and a side surface extending between the
bottom surface and the upper surface, wherein the upper surface defines a shovel shape
including a concave surface having a tip region including at least one tip corner and at
least one rear region defining at least one rear corner, wherein the tip corner has a tip
sharpness that is greater than a tip sharpness of the at least one rear corner.
[0006] In another aspect, a method of forming a shaped abrasive particle includes

forming a precursor shaped abrasive particle having a body including at least one
predetermined stress concentration point and at least one predetermined stress
concentration vector and processing the precursor shaped abrasive particle and fracturing
the precursor shaped abrasive particle substantially along the predetermined stress
concentration vector to form a fractured shaped abrasive particle
Brief Description of the Drawings
[0007] 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.
[0008] FIG. 1A includes a portion of a system for forming shaped abrasive particle

fractions in accordance with an embodiment.
[0009] FIG. 1B includes an image of a portion of the production tool of the system of

FIG. 1A for forming a shaped abrasive particle fractions in accordance with an
embodiment.
[0010] FIG. 2 includes a top down illustration of a precursor shaped abrasive particle

according to an embodiment.
[0011] FIG. 3 includes an image of shaped abrasive particle fractions according to an

embodiment.
[0012] FIG. 4 includes an image of a coated abrasive including shaped abrasive particle

fractions according to an embodiment.
[0013] FIG. 5 includes an image of a shaped abrasive particle fraction in a side

orientation according to an embodiment.
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[0014] FIG. 6 includes a plot of tangential force divided by groove area as a function of

groove area for a sample representative of an embodiment and a conventional sample.
[0015] FIG. 7 includes a top down image of a conventional shaped abrasive particle.

DETAILED DESCRIPTION
[0016] The following is directed to methods of forming shaped abrasive particle fractions

and features of such shaped abrasive particle fractions. The shaped abrasive particle
fractions may be used in various abrasive articles, including for example bonded abrasive
articles, coated abrasive articles, and the like. Alternatively, the shaped abrasive particle
fractions of the embodiments herein may be utilized in free abrasive technologies,
including for example grinding and/or polishing slurries.
[0017] The shaped abrasive particle fractions of the embodiments herein may be obtained

through various processing methods, including but not limited to, printing, molding,
pressing, stamping, casting, extruding, cutting, fracturing, heating, cooling, crystallizing,
rolling, embossing, depositing, etching, scoring, drying, and a combination thereof.
Particular methods of shaping can include the formation of a mixture, such as a sol-gel,
that can be shaped in an opening of a production tooling (e.g., a screen or mold), and
formed into a precursor shaped abrasive particle. Screen printing methods of forming
shaped abrasive particles are generally described in U.S. Pat. No. 8,753,558. A suitable
method of forming shaped abrasive particles according to a conventional molding process
is described in US Pat. Nos. 5,201,916.
[0018] According to one particular embodiment, the process of forming the shaped

abrasive particles can be a screen printing process. FIG. 1A includes an illustration of a
system 150 for forming shaped abrasive particle fractions in accordance with one, nonlimiting embodiment. The process of forming shaped abrasive particle fractions can be
initiated by forming a mixture 101 including a ceramic material and a liquid. In
particular, the mixture 101 can be a gel formed of a ceramic powder material and a liquid,
wherein the gel can be characterized as a shape-stable material having the ability to
substantially hold a given shape even in the green (i.e., unfired) state. In accordance with
an embodiment, the gel can be formed of the ceramic powder material as an integrated
network of discrete particles.
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[0019] The mixture 101 may contain a certain content of solid material, liquid material,

and additives such that it has suitable rheological characteristics for use with the process
detailed herein. That is, in certain instances, the mixture can have a certain viscosity, and
more particularly, suitable rheological characteristics that form a dimensionally stable
phase of material that can be formed through the process as noted herein. A
dimensionally stable phase of material is a material that can be formed to have a
particular shape and substantially maintain the shape for at least a portion of the
processing subsequent to forming. In certain instances, the shape may be retained
throughout subsequent processing, such that the shape initially provided in the forming
process is present in the finally-formed object.
[0020] The mixture 101 can be formed to have a particular content of solid material, such

as the ceramic powder material. For example, in one embodiment, the mixture 101 can
have a solids content of at least about 25 wt%, such as at least about 35 wt%, or even at
least about 38 wt% for the total weight of the mixture 101. Still, in at least one nonlimiting embodiment, the solids content of the mixture 101 can be not greater than about
75 wt%, such as not greater than about 70 wt%, not greater than about 65 wt%, not
greater than about 55 wt%, not greater than about 45 wt%, or not greater than about 42
wt%. It will be appreciated that the content of the solids materials in the mixture 101 can
be within a range between any of the minimum and maximum percentages noted above.
[0021] According to one embodiment, the ceramic powder material can include an oxide,

a nitride, a carbide, a boride, an oxycarbide, an oxynitride, and a combination thereof. In
particular instances, the ceramic material can include alumina. More specifically, the
ceramic material may include a boehmite material, which may be a precursor of alpha
alumina. The term “boehmite” is generally used herein to denote alumina hydrates
including mineral boehmite, typically being Al2O3•H2O and having a water content on
the order of 15%, as well as pseudoboehmite, having a water content higher than 15%,
such as 20-38% by weight. It is noted that boehmite (including pseudoboehmite) has a
particular and identifiable crystal structure, and therefore a unique X-ray diffraction
pattern. As such, boehmite is distinguished from other aluminous materials including
other hydrated aluminas such as ATH (aluminum trihydroxide), a common precursor
material used herein for the fabrication of boehmite particulate materials.
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[0022] Furthermore, the mixture 101 can be formed to have a particular content of liquid

material. Some suitable liquids may include water. In accordance with one embodiment,
the mixture 101 can be formed to have a liquid content less than the solids content of the
mixture 101. In more particular instances, the mixture 101 can have a liquid content of at
least about 25 wt% for the total weight of the mixture 101. In other instances, the amount
of liquid within the mixture 101 can be greater, such as at least about 35 wt%, at least
about 45 wt%, at least about 50 wt%, or even at least about 58 wt%. Still, in at least one
non-limiting embodiment, the liquid content of the mixture can be not greater than about
75 wt%, such as not greater than about 70 wt%, not greater than about 65 wt%, not
greater than about 62 wt%, or even not greater than about 60 wt%. It will be appreciated
that the content of the liquid in the mixture 101 can be within a range between any of the
minimum and maximum percentages noted above.
[0023] Furthermore, to facilitate processing and forming shaped abrasive particles

according to embodiments herein, the mixture 101 can have a particular storage modulus.
For example, the mixture 101 can have a storage modulus of at least about 1x104 Pa, such
as at least about 4x104 Pa, or even at least about 5x104 Pa. However, in at least one nonlimiting embodiment, the mixture 101 may have a storage modulus of not greater than
about 1x107 Pa , such as not greater than about 2x106 Pa. It will be appreciated that the
storage modulus of the mixture 101 can be within a range between any of the minimum
and maximum values noted above.
[0024] The storage modulus can be measured via a parallel plate system using ARES or

AR-G2 rotational rheometers, with Peltier plate temperature control systems. For testing,
the mixture 101 can be extruded within a gap between two plates that are set to be
approximately 8 mm apart from each other. After extruding the gel into the gap, the
distance between the two plates defining the gap is reduced to 2 mm until the mixture 101
completely fills the gap between the plates. After wiping away excess mixture, the gap is
decreased by 0.1 mm and the test is initiated. The test is an oscillation strain sweep test
conducted with instrument settings of a strain range between 0.01% to 100%, at 6.28
rad/s (1 Hz), using 25-mm parallel plate and recording 10 points per decade. Within 1
hour after the test completes, the gap is lowered again by 0.1 mm and the test is repeated.
The test can be repeated at least 6 times. The first test may differ from the second and
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third tests. Only the results from the second and third tests for each specimen should be
reported.
[0025] Furthermore, to facilitate processing and forming shaped abrasive particles

according to embodiments herein, the mixture 101 can have a particular viscosity. For
example, the mixture 101 can have a viscosity of at least about 4x103 Pa s, at least about
5x103 Pa s, at least about 6x103 Pa s, at least about 8x103 Pa s, at least about 10x103 Pa s,
at least about 20x103 Pa s, at least about 30x103 Pa s, at least about 40x103 Pa s, at least
about 50x103 Pa s, at least about 60x103 Pa s, or at least about 65x103 Pa s. In at least
one non-limiting embodiment, the mixture 101 may have a viscosity of not greater than
about 100x103 Pa s, such as not greater than about 95x103 Pa s, not greater than about
90x103 Pa s, or even not greater than about 85x103 Pa s. It will be appreciated that the
viscosity of the mixture 101 can be within a range between any of the minimum and
maximum values noted above. The viscosity can be measured in the same manner as the
storage modulus as described above.
[0026] Moreover, the mixture 101 can be formed to have a particular content of organic

materials including, for example, organic additives that can be distinct from the liquid to
facilitate processing and formation of shaped abrasive particles according to the
embodiments herein. Some suitable organic additives can include stabilizers, binders
such as fructose, sucrose, lactose, glucose, UV curable resins, and the like.
[0027] Notably, the embodiments herein may utilize a mixture 101 that can be distinct

from slurries used in conventional forming operations. For example, the content of
organic materials within the mixture 101 and, in particular, any of the organic additives
noted above, may be a minor amount as compared to other components within the
mixture 101. In at least one embodiment, the mixture 101 can be formed to have not
greater than about 30 wt% organic material for the total weight of the mixture 101. In
other instances, the amount of organic materials may be less, such as not greater than
about 15 wt%, not greater than about 10 wt%, or even not greater than about 5 wt%.
Still, in at least one non-limiting embodiment, the amount of organic materials within the
mixture 101 can be at least about 0.01 wt%, such as at least about 0.5 wt% for the total
weight of the mixture 101. It will be appreciated that the amount of organic materials in
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the mixture 101 can be within a range between any of the minimum and maximum values
noted above.
[0028] Moreover, the mixture 101 can be formed to have a particular content of acid or

base, distinct from the liquid content, to facilitate processing and formation of shaped
abrasive particles according to the embodiments herein. Some suitable acids or bases can
include nitric acid, sulfuric acid, citric acid, chloric acid, tartaric acid, phosphoric acid,
ammonium nitrate, and ammonium citrate. According to one particular embodiment in
which a nitric acid additive is used, the mixture 101 can have a pH of less than about 5,
and more particularly, can have a pH within a range between about 2 and about 4.
[0029] The system 150 of FIG. 1A, can include a die 103. As illustrated, the mixture 101

can be provided within the interior of the die 103 and configured to be extruded through a
die opening 105 positioned at one end of the die 103. As further illustrated, extruding
can include applying a force 180 (such as a pressure) on the mixture 101 to facilitate
extruding the mixture 101 through the die opening 105. During extrusion within an
application zone 183, a production tool or production tool 151 can be in direct contact
with a portion of a belt 109. The screen printing process can include extruding the
mixture 101 from the die 103 through the die opening 105 in a direction 191. In
particular, the screen printing process may utilize the production tool 151 such that, upon
extruding the mixture 101 through the die opening 105, the mixture 101 can be forced
into an opening 152 in the production tool 151.
[0030] In accordance with an embodiment, a particular pressure may be utilized during

extrusion. For example, the pressure can be at least about 10 kPa, such as at least about
500 kPa. Still, in at least one non-limiting embodiment, the pressure utilized during
extrusion can be not greater than about 4 MPa. It will be appreciated that the pressure
used to extrude the mixture 101 can be within a range between any of the minimum and
maximum values noted above. In particular instances, the consistency of the pressure
delivered by a piston 199 may facilitate improved processing and formation of shaped
abrasive particles. Notably, controlled delivery of consistent pressure across the mixture
101 and across the width of the die 103 can facilitate improved processing control and
improved dimensional characteristics of the shaped abrasive particles.

-7

-

Attorney Docket No. A-24263-US

[0031] Referring briefly to FIG. 1B, a portion of the production tool (e.g., a screen) 151

is illustrated. As shown, the production tool 151 can include the opening 152, and more
particularly, a plurality of openings 152 extending through the volume of the production
tool 151. In accordance with an embodiment, the openings 152 can have a twodimensional shape as viewed in a plane defined by the length (L) and width (W) of the
screen. As illustrated in FIG. 1B, the openings 152 have generally cross-shaped twodimensional shapes. However, it will be appreciated that the production tool 151 can
have openings 152 including other two-dimensional shapes, including but not limited to
polygons, ellipsoids, numerals, Greek alphabet letters, Latin alphabet letters, Russian
alphabet characters, complex shapes including a combination of polygonal shapes, and a
combination thereof. In particular instances, the openings 152 may have twodimensional polygonal shapes such as a triangle, a rectangle, a quadrilateral, a pentagon,
a hexagon, a heptagon, an octagon, a nonagon, a decagon, and a combination thereof.
[0032] As illustrated and in accordance with one embodiment, each of the openings 152

can have substantially the same orientation relative to each other, and substantially the
same orientation relative to the surface of the production tool 151. Still, it will be
appreciated that the openings 152 may not necessarily be arranged in rows. The openings
152 may be arranged in various particular ordered distributions with respect to each other
on the production tool 151, such as in the form of a two-dimensional pattern.
Alternatively, the openings may be disposed in a random manner on the production tool
151.
[0033] Referring again to FIG. 1A, after forcing the mixture 101 through the die opening

105 and a portion of the mixture 101 through the openings 152 in the production tool
151, one or more precursor shaped abrasive particles 123 may be printed on the belt 109
disposed under the production tool 151. According to a particular embodiment, the
precursor shaped abrasive particles 123 can have a shape substantially replicating the
shape of the openings 152. Notably, the mixture 101 can be forced through the
production tool 151 in rapid fashion, such that the average residence time of the mixture
101 within the openings 152 can be less than about 2 minutes, less than about 1 minute,
less than about 40 seconds, or even less than about 20 seconds. In particular non-limiting
embodiments, the mixture 101 may be substantially unaltered during printing as it travels
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through the screen openings 152, thus experiencing no change in the amount of
components from the original mixture, and may experience no appreciable drying in the
openings 152 of the production tool 151.
[0034] Additionally, the system 151 can include a bottom stage 198 within the

application zone 183. During the process of forming shaped abrasive particles, the belt
109 can travel over the bottom stage 198, which can offer a suitable substrate for
forming.
[0035] During operation of the system 150, the production tool 151 can be translated in a

direction 153 while the belt 109 can be translated in a direction 110 substantially similar
to the direction 153, at least within the application zone 183, to facilitate a continuous
printing operation. As such, the precursor shaped abrasive particles 123 may be printed
onto the belt 109 and translated along the belt 109 to undergo further processing. It will
be appreciated that such further processing can include processes described in the
embodiments herein, including for example, shaping, application of other materials (e.g.,
dopant material), drying, and the like.
[0036] In some embodiments, the belt 109 and/or the production tool 151 can be

translated while extruding the mixture 101 through the die opening 105. As illustrated in
the system 100, the mixture 101 may be extruded in a direction 191. The direction of
translation 110 of the belt 109 and/or the production tool 151 can be angled relative to the
direction of extrusion 191 of the mixture 101. While the angle between the direction of
translation 110 and the direction of extrusion 191 is illustrated as substantially orthogonal
in the system 100, other angles are contemplated, including for example, an acute angle
or an obtuse angle.
[0037] The belt 109 and/or the production tool 151 may be translated at a particular rate

to facilitate processing. For example, the belt 109 and/or the production tool 151 may be
translated at a rate of at least about 3 cm/s. In other embodiments, the rate of translation
of the belt 109 and/or the production tool 151 may be greater, such as at least about 4
cm/s, at least about 6 cm/s, at least about 8 cm/s, or even at least about 10 cm/s. Still, in
at least one non-limiting embodiment, the belt 109 and/or the production tool 151 may be
translated in a direction 110 at a rate of not greater than about 5 m/s, not greater than
about 1 m/s, or even not greater than about 0.5 m/s. It will be appreciated that the belt
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109 and/or the production tool 151 may be translated at a rate within a range between any
of the minimum and maximum values noted above, and moreover, may be translated at
substantially the same rate relative to each other. Furthermore, for certain processes
according to embodiments herein, the rate of translation of the belt 109 as compared to
the rate of extrusion of the mixture 101 in the direction 191 may be controlled to facilitate
proper processing.
[0038] After the mixture 101 is extruded through the die opening 105, the mixture 101

may be translated along the belt 109 under a knife edge 107 attached to a surface of the
die 103. The knife edge 107 may define a region at the front of the die 103 that facilitates
displacement of the mixture 101 into the openings 152 of the production tool 151.
[0039] Certain processing parameters may be controlled to facilitate formation of

particular features of the precursor shaped abrasive particles 123 and the finally-formed
shaped abrasive particle fractions described herein. Some exemplary process parameters
that can be controlled include a release distance 197, a viscosity of the mixture, a storage
modulus of the mixture, mechanical properties of the bottom stage, geometric or
dimensional characteristics of the bottom stage, thickness of the production tool, rigidity
of the production tool, a solid content of the mixture, a carrier content of the mixture, a
release angle, a translation speed, a temperature, a content of release agent, a pressure
exerted on the mixture, a speed of the belt, a drying rate, a drying time, a drying
temperature, and a combination thereof.
[0040] According to one embodiment, one particular process parameter can include

controlling the release distance 197 between a filling position and a release position. In
particular, the release distance 197 can be a distance measured in a direction 110 of the
translation of the belt 109 between the end of the die 103 and the initial point of
separation between the production tool 151 and the belt 109.
[0041] After extruding the mixture 101 into the openings 152 of the production tool 151,

the belt 109 and the production tool 151 may be translated to a release zone 185 where
the belt 109 and the production tool 151 can be separated to facilitate the formation of the
precursor shaped abrasive particles 123. In accordance with an embodiment, the
production tool 151 and the belt 109 may be separated from each other within the release
zone 185 at a particular release angle.
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[0042] Thereafter, the precursor shaped abrasive particles 123 may be translated through

a series of zones wherein various treating processes may be conducted. Some suitable
exemplary treating processes can include drying, heating, curing, reacting, radiating,
mixing, stirring, agitating, planarizing, calcining, sintering, comminuting, sieving,
doping, and a combination thereof. According to one embodiment, the precursor shaped
abrasive particles 123 may be translated through an optional shaping zone 113, wherein
at least one exterior surface of the particles may be shaped as described in embodiments
herein. Furthermore, the precursor shaped abrasive particles 123 may be translated
through an optional application zone 131, wherein a dopant material can be applied to at
least one exterior surface of the particles by application heads 132.
[0043] After forming precursor shaped abrasive particles 123, the particles may be

translated through a post-forming zone 125. Various processes may be conducted in the
post-forming zone 125, including treatment of the precursor shaped abrasive particles
123. In one embodiment, the post-forming zone 125 can include processing the precursor
shaped abrasive particles and fracturing the precursor shaped abrasive particles
substantially along their predetermined stress concentration vector to form fractured
shaped abrasive particles, which may also be referred to as shaped abrasive particle
fractions.
[0044] According to one embodiment, the processing in the post-forming zone 125 can

include drying. In one instance, drying can be conducted after removing the mixture 101
from the openings 152, such that the precursor shaped abrasive particles 123 are formed
with substantially the same moisture content in the mixture 101 as present during the
extrusion process.. Notably, removing the mixture from the opening can be completed
prior to complete drying of the mixture in the openings 152 of the production tool 151.
[0045] Drying may include removal of a particular content of material, including

volatiles, such as water. In accordance with an embodiment, the drying of the precursor
shaped abrasive particles 123 can include controlling at least one of a drying rate, a
drying time, a drying temperature, and a combination thereof. More particularly, drying
may include controlling a drying operation to fracture the precursors shaped abrasive
particles along the at least one predetermined stress concentration vector to form a
plurality of shaped abrasive particle fractions.
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[0046] In at least one embodiment, drying may be conducted at a drying temperature of

not greater than about 300°C, such as not greater than about 280°C, or even not greater
than about 250°C. Still, in one non-limiting embodiment, the drying process may be
conducted at a drying temperature of at least about 50°C. It will be appreciated that the
drying temperature may be within a range between any of the minimum and maximum
temperatures noted above. For example, in at least one embodiment, the precursor
shaped abrasive particles can be dried at approximately 50°C-80°C to induce intentional
fracturing at a predetermined stress concentration point and along a predetermined stress
concentration vector. Furthermore, the precursor shaped abrasive particles 123 may be
translated through the post-forming zone 125 at a particular rate, such as at least about
0.2 feet/min and not greater than about 8 feet/min to control the residence time of the
particles in the drying process.
[0047] Furthermore, the drying process may be conducted for a particular duration. For

example, the drying process may be not greater than about six hours, such as not greater
than about 5 hours, not greater than about 4 hours, not greater than about 2 hours, or even
not greater than about 1 hour. Still, the drying process may be at least about 1 min, such
as at least about 2 minutes. It will be appreciated that the drying duration may be within
a range between any of the minimum and maximum temperatures noted above. For
example, in at least one embodiment, the precursor shaped abrasive particles can be dried
for a duration of 1 to 10 minutes, which may facilitate intentional fracturing at a
predetermined stress concentration point and along a predetermined stress concentration
vector.
[0048] After the precursor shaped abrasive particles 123 are translated through the post-

forming zone 125, the shaped abrasive particle fractions may be removed from the belt
109 and collected in a bin 127 for further processing.
[0049] The process of forming shaped abrasive particle fractions may further comprise a

sintering process. Sintering of the shaped abrasive particle fractions may be utilized to
densify the particles, which are generally in a green state. In a particular instance, the
sintering process can facilitate the formation of a high-temperature phase of the ceramic
material. For example, in one embodiment, the precursor shaped abrasive particles 123
may be sintered such that a high-temperature phase of alumina, such as alpha alumina, is
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formed. In one instance, a shaped abrasive particle can comprise at least about 90 wt%
alpha alumina for the total weight of the particle. In other instances, the content of alpha
alumina may be greater such that the shaped abrasive particle may consist essentially of
alpha alumina.
[0050] FIG. 2 includes a top down view of an illustration of a precursor shaped abrasive

particle according to an embodiment. As illustrated, the precursor shaped abrasive
particle 200 has a body 201 having a polygonal two-dimensional shape. In at least one
embodiment, the precursor shaped abrasive particle 200 comprises a two-dimensional
shape as viewed top down having at least one internal corner 210 and one external corner
211. Notably, the internal corner can be closer to the midpoint 213 of the body than the
external corner. In certain shapes of the embodiments herein, the body 201 can include
least one concave portion 214. The concave portion 214 can include an internal corner
210. In other instances, the concave portion 214 can define a portion of the periphery of
the body that extends inward from two points and defines a portion of the periphery that
is closer to the midpoint 213 relative to the two points.
[0051] More particularly, the body 201 can have a cross-shaped two-dimensional shape

having at least one arm extending from a central portion 202 of the body 201. According
to the illustrated embodiment, the body 201 includes a central portion 202, a first arm 203
extending from the central portion 202, a second arm 204 extending from the central
portion 202, a third arm 205 extending from the central portion 202, and a fourth arm 206
extending from the central portion 202. The central portion can include the midpoint 213
of the body 201.
[0052] It will be appreciated that while the illustrated embodiment of FIG. 2

demonstrates a generally cross-shaped two-dimensional shape, other shapes are
contemplated. Including for example, but not limited to a star shape, a Y-shape, a
quadrilateral, a pentagon, a hexagon, a heptagon, an octagon, a nonagon, a decagon, and
a combination thereof.
[0053] According to one embodiment, the body 201 is formed such that it includes at

least one predetermined stress concentration point, such as point 231. For the body 201,
the internal corners 210, 231, 232, and 233 may each define a predetermined stress
concentration point of the body 201. Furthermore, the body 201 may include at least one
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predetermined stress concentration vector, such as the predetermined stress concentration
vector 221. In the illustrated embodiment of FIG. 2, the body 201 includes a first
predetermined stress concentration vector 221 and a second predetermined stress
concentration vector 222. The first predetermined stress concentration vector 221 and the
second predetermined stress concentration vector 222 can intersect each other in the
central portion 202 of the body 201, and more particularly, can extend through the
midpoint 213 of the body. In a particular instance, the first predetermined stress
concentration vector 221 and the second predetermined stress concentration vector 222
can intersect each other proximate to the midpoint 213 of the body. The predetermined
stress concentration points and vectors can be engineered by controlling the twodimensional shape of the body 201.
[0054] The predetermined stress concentration point may be controlled by modifying one

or more factors including the shape of the mold, the shape of the precursor shaped
abrasive particles, processing conditions (e.g., drying conditions), localized treatments by
additives, mechanical manipulation, and a combination thereof. The predetermined stress
concentration point can create a region of stress within the body of the precursor shaped
abrasive particle. According to one embodiment, a localized treatment can include a
hydrophobic treatment of a portion of the surface of the precursor shaped abrasive
particle. In yet another embodiment, a predetermined stress concentration point may be
created in the precursor shaped abrasive particle by heterogeneities in the microstructure.
Moreover, the predetermined stress concentration vector can define the most probable
crack propagation path orthogonal to the lines of maximum principle stress in the body of
the precursor shaped abrasive particle. The predetermined stress concentration vector can
be controlled by one or more factors including the shape of the mold, the shape of the
precursor shaped abrasive particles, processing conditions (e.g., drying conditions),
localized treatments by additives, mechanical manipulation, and a combination thereof.
[0055] According to an embodiment, the shape of the precursor shaped abrasive particles

and the forming process are controlled relative to each other to facilitate fracturing of the
precursor shaped abrasive particles in a controlled manner. The shape of the precursor
shaped abrasive particle, which is related to the shape of the openings 152 in the
production tool 151 can be tailored with the forming process, including the drying
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process, such that the one or more predetermined stress concentration points and the one
or more predetermined stress concentration vectors define a likely propagation path of a
crack through the body 201. The drying operation can be tailored to facilitate initial
fracturing of the precursor shaped abrasive particles at the one or more predetermined
stress concentration points. The initial cracks are then likely to propagate along the one
or more predetermined stress concentration vectors. It will be appreciated that the
precursor shaped abrasive particles can have a different two-dimensional shape that
would also facilitate the formation of a predetermined stress concentration point and a
predetermined stress concentration vector.
[0056] The process can be controlled to ensure suitable fracturing of the precursor shaped

abrasive particles. For example, at least a majority, such as at least about 65%, at least
about 75% or even at least about 95% of the precursor shaped abrasive particles are
fractured during processing to create shaped abrasive particle fractions. Moreover, at
least a majority, such as at least about 65%, at least about 75% or even at least about 95%
of the precursor shaped abrasive particles are fractured in the same manner relative to
each other, such that the shaped abrasive particle fractions have substantially the same
shape.
[0057] FIG. 3 includes an image of shaped abrasive particle fraction according to an

embodiment. As can be seen in the image of FIG. 3, fracturing includes forming at least
a first shaped abrasive particle 301 fraction and a second shaped abrasive particle fraction
302. According to one embodiment, the first and second shaped abrasive particle
fractions 301 and 302 have a substantially similar shape relative to each other.
[0058] The first shaped abrasive particle fraction 301 can have a bottom surface 303, an

upper surface 304, and a side surface 305 extending between the bottom surface 303 and
the upper surface 304. The upper surface can define a shovel shape including a concave
surface 306 having a tip region 307 including at least one tip corner 308. The body 301
can further include at least one rear region 309 defining at least one rear corner 310.
According to a particular embodiment, the tip corner 308 can have a tip sharpness that is
greater than a tip sharpness of the at least one rear corner 310. Moreover, the rear region
309 of the body 301 can have a first rear corner 310 and a second rear corner 311, and
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wherein the tip corner 308 can have a tip sharpness that is greater than a tip sharpness of
the first rear corner 310 and the second rear corner 311.
[0059] In certain embodiments, the tip corner 308 can have a tip sharpness that is at least

about 50% sharper than the tip sharpness of the first rear corner 301 or the second rear
corner 311. The percentage difference in tip sharpness can be calculated according to the
formula [(Tc1-Tc2)/Tc1]x100%, where Tc1 is the tip having the greater radius of
curvature values, which defines the tip sharpness, and Tc2 is the smaller radius of
curvature value. The tip sharpness can be a measure of the radius of curvature of the tip,
with a lower radius representing a sharper tip. The tip radius can be measured using
image analysis such as a Clemex Image Analysis program or ImageJ interfaced with an
inverted light microscope or other suitable image analysis software. The radius of
curvature for each triangular apex can be estimated by defining three points at each apex
when viewed in cross section at 100× magnification. A point is placed at the start of the
tip's curve where there is a transition from the straight edge to the start of a curve, at the
apex of the tip, and at the transition from the curved tip back to a straight edge. The
image analysis software then draws an arc defined by the three points (start, middle, and
end of the curve) and calculates a radius of curvature. The radius of curvature for at least
30 apexes are measured and averaged to determine the average tip radius. In another
embodiment, the tip corner 308 can have a tip sharpness that is at least about 60% sharper
(i.e., a radius of curvature value that is 60% less) than the tip sharpness of the first rear
corner 301 or the second rear corner 311, such as 70% sharper, 80% sharper, or even at
least 90% sharper. Still, in one non-limiting embodiment, it may be not greater than
about 99% sharper or not greater than about 95% sharper.
[0060] In an embodiment, the tip corner 308 can have has a tip sharpness that is not

greater than about 50 microns, wherein 50 microns is the measure of the radius of
curvature of the tip corner 308. In still other instances, the tip corner 308 can have a tip
sharpness of not greater than about 40 microns, not greater than about 30 microns, not
greater than about 20 microns, or even not greater than about 15 microns. Still, the tip
corner 308 can have a tip sharpness of at least about 0.1 microns or at least about 1
micron. It will be appreciated that the tip corner 308 can have a tip sharpness within a
range including any of the minimum and maximum values noted above. Furthermore, it
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will be appreciated that reference herein to any value of tip sharpness can be reference to
an average value taken from a suitable sample size of shaped abrasive particle fractions.
It is believed that a sharper tip can promote more aggressive cutting an improved
fracturing of the shaped abrasive particles during use, especially when combined with the
shape of the shaped abrasive particle fractions, including the upper surfaces having the
shovel shape.
[0061] In an embodiment, the first or second rear corner 310 or 311 can have has a tip

sharpness that is at least about 50 microns, wherein 50 microns is the measure of the
radius of curvature of the tip corner 308. In still other instances, the first or second rear
corner 310 or 311 can have a tip sharpness of at least about 60 microns, at least about 80
microns, at least about 100 microns, at least about 125 microns, or even at least about 150
microns. Still, the first or second rear corner 310 or 311 can have a tip sharpness of not
greater than about 500 microns or even not greater than about 200 microns. It will be
appreciated that the first or second rear corner 310 or 311 can have a tip sharpness within
a range including any of the minimum and maximum values noted above.
[0062] In another instance, the bottom surface 303 can have a rounded contour. More

particularly, the side surface 305 can exhibit some flashing or tapering from the upper
surface 304 to the bottom surface 303, such that the bottom surface 303 is flared out
providing a wide base for the body 301. This may facilitate improved deployment and
orientation of the shaped abrasive particle fractions in a coated abrasive. For example,
the shape of the shaped abrasive particle fractions may facilitate placement of the shaped
abrasive particle fractions in a position to present the tip corner 308 in a cutting position
(i.e., in a position pointing away from the backing) and the base closest to the backing
with a larger surface area to secure the particles in the adhesives.
[0063] According to one embodiment, the upper surface 304 can include a first upper

edge 312 and a second upper edge 313. The first upper edge 312 and second upper edge
313 can define a portion of the shovel shape and intersect at the tip region 307. In
particular instances, the first upper edge 312 and second upper edge 313 defining
fractured edges.
[0064] As further illustrated in the shaped abrasive particle fractions of FIG. 3, the rear

region 309 can have at least one rear edge 314 joining the upper surface 304 and the side
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surface 305. The rear edge 314 can have an edge sharpness less than a sharpness of the
first upper edge 312 or second upper edge 313. The rear edge 314 can define an
unfractured edge. Moreover, the rear edge 314 may have a more rounded contour in
comparison to the first upper edge 312 or second upper edge 313.
[0065] Finally, as illustrated, in FIG. 3 the shaped abrasive particle fractions can have an

upper surface 304 that has a shovel shape. That is, the upper surface 304 can have a
depression or concave contour, wherein the first upper edge 312 and second upper edge
313 can define regions of the greatest height on the particle as viewed from the side,
while points along the axis 320 of the upper surface may be in the center of the
depression or concavity and define regions on the upper surface that are lower in height
relative to certain points on the first upper edge 312 or second upper edge 313.
Moreover, in certain instances, at least one of the rear corners 310 or 311 and the tip
corner 308 are located on the concave surface and at least one of the rear corners 310 or
311 is located at a higher position on the concave surface relative to the tip corner 308.
Such features may enable greater abrasive capabilities. Moreover, the fracturing
mechanism has been found to facilitate the formation of sharper corners and surfaces than
are feasible using conventional shaping processes (e.g., molding).
[0066] The shaped abrasive particle fractions obtained through the process of the

embodiments herein can have very sharp tips where the intentional cracking occurred and
may contain corners that are less sharp along other portions of the perimeter, such as
those portions corresponding to the position of outward pointing angles of the opening in
the production tool 151. This difference in contour and tip sharpness of the shaped
abrasive particles may facilitate orientation of the shaped abrasive particles in an abrasive
article (e.g., a coated abrasive) where the sharp tip is presented in a suitable orientation to
conduct the initial material removal.
[0067] For example, as illustrated in FIG. 4, the shaped abrasive particles 404 may be

incorporated in a coated abrasive article such that the sharp tips 405 are pointing away
from the substrate 401 and the larger more curved base of the shaped abrasive particles
facilitate such and orientation and facilitate a strong bond between the shaped abrasive
particles 404 and the make coat 402 and size coat 403 of the abrasive article.
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[0068] It will be appreciated that various methods may be used in the art to control the

deployment of the shaped abrasive particles in coated abrasive articles. For example, the
shaped abrasive particles 404 may be deposited in a controlled distribution (e.g., a
pattern) on the surface of the substrate 401, such that they placement of the shaped
abrasive particles relative to each other and relative to a position on the substrate 401 is
controlled. Moreover, the orientation of the shaped abrasive particles 404 on the backing
may be controlled, such that the sharp tips 405 are pointing away from the substrate 401.
Controlled orientation may also include control of the proper tilt angle (α) of the shaped
abrasive particles relative to the substrate 401. Various methods may be used to achieve
controlled distribution and orientation, including electrostatic deposition methods. It will
also be appreciated that the shaped abrasive particles herein may be combined with one
or more types of other shaped abrasive particles or diluent particles, which may include
conventional abrasive particles.
[0069] It will be appreciated that the shaped abrasive particle fractions can be

incorporated into other fixed abrasive articles, such as bonded abrasives, non-woven
abrasives, thin wheels, grinding wheels, reinforced abrasives, and the like. In the
alternative, the shaped abrasive particle fractions of the embodiments herein may be used
in slurries as free abrasive particles.
[0070] Item 1. A method of forming a shaped abrasive particle comprising:

forming a precursor shaped abrasive particle having a body including at least one
predetermined stress concentration point and at least one predetermined stress
concentration vector; and
processing the precursor shaped abrasive particle and fracturing the precursor shaped
abrasive particle substantially along the predetermined stress concentration vector to form
a fractured shaped abrasive particle.
[0071] Item 2. The method of item 1, wherein the precursor shaped abrasive particle

comprises a two-dimensional shape as viewed top down having at least one internal
corner and one external corner, wherein the internal corner is closer to a midpoint of the
body than the external corner.
[0072] Item 3. The method of item 1, wherein the predetermined stress concentration

vector extends through a midpoint of the body.
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[0073] Item 4. The method of item 1, wherein the precursor shaped abrasive particle

comprises a first predetermined stress concentration vector and a second predetermined
stress concentration vector, wherein the first predetermined stress concentration vector
and the second predetermined stress concentration vector intersect each other, wherein
the first predetermined stress concentration vector and the second predetermined stress
concentration vector intersect each other within a central portion of the body, wherein the
first predetermined stress concentration vector and the second predetermined stress
concentration vector intersect each other proximate to a midpoint of the body.
[0074] Item 5. The method of item 1, wherein the body comprises a polygonal two-

dimensional shape, wherein the body comprises a two-dimensional shape having at least
one arm extending from a central portion, wherein the body comprises at least one
concave portion defining an internal corner, wherein the central portion includes a
midpoint of the body, wherein the body comprises a two-dimensional shape selected
from the group consisting of a cross-shape, a star shape, a Y-shape, a quadrilateral, a
pentagon, a hexagon, a heptagon, an octagon, a nonagon, a decagon, and a combination
thereof.
[0075] Item 6. The method of item 1, wherein fracturing includes forming at least a first

shaped abrasive particle fraction and a second shaped abrasive particle fraction.
[0076] Item 7. The method of item 6, wherein the first and second shaped abrasive

particle fractions have a substantially similar shape.
[0077] Item 8. The method of item 6, wherein the first shaped abrasive particle fraction

comprises a bottom surface, an upper surface, and a side surface extending between the
bottom surface and the upper surface, wherein the upper surface defines a shovel shape
including a concave surface having a tip region including at least one tip corner and at
least one rear region defining at least one rear corner, wherein the tip corner has a tip
sharpness that is greater than a tip sharpness of the at least one rear corner.
[0078] Item 9. The method of item 1, wherein forming is selected from the group

consisting of printing, molding, casting, pressing, extruding, depositing, and a
combination thereof, wherein forming comprises depositing a mixture into an opening of
a production tool and forming the precursor shaped abrasive particle, wherein forming
further comprises removing the mixture from the opening prior to complete drying of the
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mixture in the opening, wherein forming further comprises removing the mixture from
the opening prior to any appreciable drying of the mixture in the opening.
[0079] Item 10. The method of item 1, wherein processing includes drying the precursor

shaped abrasive particle by controlling at least one of a drying rate, a drying time, a
drying temperature, and a combination thereof, wherein processing includes controlling a
drying operation to fracture the shaped abrasive particles along the at least one
predetermined stress concentration vector to form a plurality of shaped abrasive particle
fractions.
[0080] Item 11. A shaped abrasive particle fraction comprising a body including a

bottom surface, an upper surface, and a side surface extending between the bottom
surface and the upper surface, wherein the upper surface defines a shovel shape including
a concave surface having a tip region including at least one tip corner and at least one
rear region defining at least one rear corner, wherein the tip corner has a tip sharpness
that is greater than a tip sharpness of the at least one rear corner.
[0081] Item 12. The shaped abrasive particle fraction of item 11, wherein the at least one

tip corner has a tip sharpness that is at least about 50% sharper than the tip sharpness of
the at least one rear corner.
[0082] Item 13. The shaped abrasive particle fraction of item 11, wherein the at least one

tip corner has a tip sharpness that is not greater than about 50 microns.
[0083] Item 14. The shaped abrasive particle fraction of item 11, wherein the at least one

rear corner has a tip sharpness of at least about 50 microns.
[0084] Item 15. The shaped abrasive particle fraction of item 11, wherein the bottom

surface comprises a rounded contour.
[0085] Item 16. The shaped abrasive particle fraction of item 11, wherein the upper

surface comprises a first upper edge and a second upper edge, wherein the first upper
edge and second upper edge defining a portion of the shovel shape and intersect at the tip
region.
[0086] Item 17. The shaped abrasive particle fraction of item 16, wherein the first upper

edge and second upper edge defining fractured edges.
[0087] Item 18. The shaped abrasive particle fraction of item 16, wherein the rear region

defines at least one rear edge including the at least one rear corner, and wherein the rear
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edge has an edge sharpness less than a sharpness of the first upper edge or second upper
edge.
[0088] Item 19. The shaped abrasive particle fraction of item 18, wherein the at least one

rear edge defines an unfractured edge
[0089] Item 20. The shaped abrasive particle fraction of item 11, wherein the at least one

rear corner and one tip corner are located on the concave surface and the at least one rear
corner is located at a higher position on the concave surface relative to the at least one tip
corner.
[0090] Example
[0091] A gel was formed including 35-40 wt % boehmite commercially available as

Catapal B and seeded with 1% alpha alumina seeds. The mixture also included water, 2.5
wt% nitric acid, and organic material. The mixture was extruded through a die opening
under a pressure of 8-10 psi and into cross-shaped openings of the production tool
provided in FIG. 1B with dimensions of 4 mm in total length, 1 mm for a length of an
arm, and 0.6 mm for the depth of the openings.
[0092] The production tool was made of metal and had a non-stick polymer coating (e.g.,

PTFE) on the interior surfaces of the openings. The production tool and belt were moved
at a rate of approximately 10 m/min. The production tool was removed before any
appreciable drying of the gel and precursor shaped abrasive particles were formed on the
belt. The precursor shaped abrasive particles were dried at approximately 50°C-80ºC for
4-7 minutes to induce intentional fracturing at a predetermined stress concentration points
and along predetermined stress concentration vectors. After drying and fracturing, the
resulting shaped abrasive particles formed from the precursor shaped abrasive particle
were sintered at approximately 1300°C for approximately 10 minutes to achieve 98%
theoretical density.
[0093] FIG. 3 includes images of shaped abrasive particle fractions formed according to

Example. 1. The average tip sharpness for the tip corners of the shaped abrasive particle
fractions was approximately 19.2 microns.
[0094] The shaped abrasive particle fractions were tested according to a single grit

grinding test (SGGT) in a side orientation. In conducting the SGGT, one single shaped
abrasive particle is held in a grit holder by a bonding material of epoxy. The shaped
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abrasive particle is secured in a side orientation and moved across a workpiece of 304
stainless steel for a scratch length of 8 inches using a wheel speed of 22 m/s and an initial
scratch depth of 10 microns. The shaped abrasive particle produces a groove in the
workpiece having a cross-sectional area (AR). For each sample set, each shaped abrasive
particle completes 5 passes across the 8 inch length, 10 individual particles are tested for
each of the orientation and the results are analyzed. The test measures the tangential
force exerted by the grit on the workpiece, in the direction that is parallel to the surface of
the workpiece and the direction of the groove, and the net change in the cross-sectional
area of the groove from beginning to the end of the scratch length is measured to
determine the shaped abrasive particle wear. The net change in the cross-sectional area
of the groove for each pass can be measured. For the SGGT, the net cross-sectional area
of the groove is defined as the difference between the cross-sectional area of the groove
below the surface and the cross sectional area of the material displaced above the surface.
Performance (Ft/A) is defined as the ratio of the tangential force to the net cross-sectional
area of the groove.
[0095] The SGGT was conducted with a sample set of shaped abrasive particle fractions

in a side surface orientation as depicted in FIG. 5, wherein a side surface 501 of each
shaped abrasive particle fraction is oriented perpendicular to the grinding direction such
that the side surface 501 initiates grinding of the workpiece. The results of the SGGT test
using the sample set of shaped abrasive particle fractions in a side orientation allows for
measurement of the grinding efficiency of the particle fractions in a side orientation.
[0096] FIG. 6 includes a plot of tangential force divided by groove area (as a proxy for

specific grinding energy) as a function of groove area, wherein for a given groove area,
the lower the tangential force, the better the performance of the particle or particle
fraction. The shaped abrasive particle fractions of Example 1 were compared against
triangular shaped abrasive particles commercially available as 3M984F from 3M
Corporation, one of which is illustrated in FIG. 7 (i.e., the conventional sample). As
demonstrated by the plot of FIG. 6, some of the shaped abrasive particle fractions
appeared to have the same or better performance relative to the shaped abrasive particles
of the conventional sample. Notably, at lower transverse groove area the tangential force
per area was lower indicating a lower specific grinding energy and more efficient initial
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grinding the shaped abrasive particle fractions compared to the conventional shaped
abrasive particles.
[0097] The above-disclosed subject matter is to be considered illustrative, and not

restrictive, and the appended claims are intended to cover all such modifications,
enhancements, and other embodiments, which fall within the true scope of the present
invention. Thus, to the maximum extent allowed by law, the scope of the present
invention is to be determined by the broadest permissible interpretation of the following
claims and their equivalents, and shall not be restricted or limited by the foregoing
detailed description.
[0098] The Abstract of the Disclosure is provided to comply with Patent Law and is

submitted with the understanding that it will not be used to interpret or limit the scope or
meaning of the claims. In addition, in the foregoing Detailed Description, various
features may be grouped together or described in a single embodiment for the purpose of
streamlining the disclosure. This disclosure is not to be interpreted as reflecting an
intention that the claimed embodiments require more features than are expressly recited
in each claim. Rather, as the following claims reflect, inventive subject matter may be
directed to less than all features of any of the disclosed embodiments. Thus, the
following claims are incorporated into the Detailed Description, with each claim standing
on its own as defining separately claimed subject matter.
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WHAT IS CLAIMED IS:
1. A method of forming a shaped abrasive particle comprising:
forming a precursor shaped abrasive particle having a body including at least one
predetermined stress concentration point and at least one predetermined
stress concentration vector; and
processing the precursor shaped abrasive particle and fracturing the precursor
shaped abrasive particle substantially along the predetermined stress
concentration vector to form a fractured shaped abrasive particle.
2. The method of claim 1, wherein the precursor shaped abrasive particle
comprises a two-dimensional shape as viewed top down having at least one internal
corner and one external corner, wherein the internal corner is closer to a midpoint of the
body than the external corner.
3. The method of claim 1, wherein the predetermined stress concentration vector
extends through a midpoint of the body.
4. The method of claim 1, wherein the precursor shaped abrasive particle
comprises a first predetermined stress concentration vector and a second predetermined
stress concentration vector, wherein the first predetermined stress concentration vector
and the second predetermined stress concentration vector intersect each other, wherein
the first predetermined stress concentration vector and the second predetermined stress
concentration vector intersect each other within a central portion of the body, wherein the
first predetermined stress concentration vector and the second predetermined stress
concentration vector intersect each other proximate to a midpoint of the body.
5. The method of claim 1, wherein the body comprises a polygonal twodimensional shape, wherein the body comprises a two-dimensional shape having at least
one arm extending from a central portion, wherein the body comprises at least one
concave portion defining an internal corner, wherein the central portion includes a
midpoint of the body, wherein the body comprises a two-dimensional shape selected
from the group consisting of a cross-shape, a star shape, a Y-shape, a quadrilateral, a
pentagon, a hexagon, a heptagon, an octagon, a nonagon, a decagon, and a combination
thereof.
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6. The method of claim 1, wherein fracturing includes forming at least a first
shaped abrasive particle fraction and a second shaped abrasive particle fraction.
7. The method of claim 6, wherein the first and second shaped abrasive particle
fractions have a substantially similar shape.
8. The method of claim 6, wherein the first shaped abrasive particle fraction
comprises a bottom surface, an upper surface, and a side surface extending between the
bottom surface and the upper surface, wherein the upper surface defines a shovel shape
including a concave surface having a tip region including at least one tip corner and at
least one rear region defining at least one rear corner, wherein the tip corner has a tip
sharpness that is greater than a tip sharpness of the at least one rear corner.
9. The method of claim 1, wherein forming is selected from the group consisting
of printing, molding, casting, pressing, extruding, depositing, and a combination thereof,
wherein forming comprises depositing a mixture into an opening of a production tool and
forming the precursor shaped abrasive particle, wherein forming further comprises
removing the mixture from the opening prior to complete drying of the mixture in the
opening, wherein forming further comprises removing the mixture from the opening prior
to any appreciable drying of the mixture in the opening.
10. The method of claim 1, wherein processing includes drying the precursor
shaped abrasive particle by controlling at least one of a drying rate, a drying time, a
drying temperature, and a combination thereof, wherein processing includes controlling a
drying operation to fracture the shaped abrasive particles along the at least one
predetermined stress concentration vector to form a plurality of shaped abrasive particle
fractions.
11. A shaped abrasive particle fraction comprising a body including a bottom
surface, an upper surface, and a side surface extending between the bottom surface and
the upper surface, wherein the upper surface defines a shovel shape including a concave
surface having a tip region including at least one tip corner and at least one rear region
defining at least one rear corner, wherein the tip corner has a tip sharpness that is greater
than a tip sharpness of the at least one rear corner.

- 26

-

Attorney Docket No. A-24263-US

12. The shaped abrasive particle fraction of claim 11, wherein the at least one tip
corner has a tip sharpness that is at least about 50% sharper than the tip sharpness of the
at least one rear corner.
13. The shaped abrasive particle fraction of claim 11, wherein the at least one tip
corner has a tip sharpness that is not greater than about 50 microns.
14. The shaped abrasive particle fraction of claim 11, wherein the at least one
rear corner has a tip sharpness of at least about 50 microns.
15. The shaped abrasive particle fraction of claim 11, wherein the bottom surface
comprises a rounded contour.
16. The shaped abrasive particle fraction of claim 11, wherein the upper surface
comprises a first upper edge and a second upper edge, wherein the first upper edge and
second upper edge defining a portion of the shovel shape and intersect at the tip region.
17. The shaped abrasive particle fraction of claim 16, wherein the first upper
edge and second upper edge defining fractured edges.
18. The shaped abrasive particle fraction of claim 16, wherein the rear region
defines at least one rear edge including the at least one rear corner, and wherein the rear
edge has an edge sharpness less than a sharpness of the first upper edge or second upper
edge.
19. The shaped abrasive particle fraction of claim 18, wherein the at least one
rear edge defines an unfractured edge
20. The shaped abrasive particle fraction of claim 11, wherein the at least one
rear corner and one tip corner are located on the concave surface and the at least one rear
corner is located at a higher position on the concave surface relative to the at least one tip
corner.
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ABSTRACT OF THE DISCLOSURE
[0099] A method of forming a shaped abrasive particle including forming a precursor

shaped abrasive particle having a body including at least one predetermined stress
concentration point and at least one predetermined stress concentration vector and
processing the precursor shaped abrasive particle and fracturing the precursor shaped
abrasive particle substantially along the predetermined stress concentration vector to form
a fractured shaped abrasive particle.
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