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below the fusion temperature of the bauxite to induce limited recrystallization of the particles, 

whereby abrasive grains are produced directly to size)..  

[0005] Chemical ceramic technology involves converting a colloidal dispersion or hydrosol 

(sometimes called a sol), optionally in a mixture, with solutions of other metal oxide 

precursors, into a gel or any other physical state that restrains the mobility of the components, 

drying, and firing to obtain a ceramic material.  See, for example, U.S. Pat. Nos. 4,744,802 

and 4,848,041. Other relevant disclosures on shaped abrasive particles and associated 

methods of forming and abrasive articles incorporating such particles are available at: 

http://www.abel-ip.com/publications/. 

[0006] Still, there remains a need in the industry for improving performance, life, and 

efficacy of abrasive particles, and the abrasive articles that employ abrasive particles.   

SUMMARY 

[0007] According to a first aspect, a shaped abrasive particle includes a body including a first 

surface, a second surface, a side surface extending between the first surface and second 

surface, and a flange portion extending from the side surface and the first major surface. 

[0008] In another aspect, a shaped abrasive particle includes a body including a first surface, 

a second surface, and a side surface, wherein the body includes a gear-shaped two-

dimensional shape including a plurality of teeth extending peripherally from the side surface 

of the body. 

[0009] In another aspect, a shaped abrasive particle includes a body including a first surface, 

a second surface, and a side surface extending between a first surface and the second surface, 

wherein the first surface includes raised portions extending from exterior corners of the body 

along the first surface and joining in a center region of the first surface. 

[0010] In another aspect, a shaped abrasive particle includes a body defining a partial-

ellipsoid shape, the body including a first surface, a second surface, and a third surface 

extending between a portion of the first major surface and the second major surface, wherein 

at least a portion of the first surface and a portion of the second surface are connected to each 

other along a first edge and wherein a portion of the first surface and a portion of the third 

surface are connected to each other and define a second edge, and wherein a portion of the 

second surface and a portion of the third surface are connected to each other and define a 

third edge. 
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[0011] In another aspect, a shaped abrasive particle includes a body having a conical or 

frustoconical shape, wherein a surface of the body includes a plurality of protrusions 

extending in a spiral pathway. 

[0012] In another aspect, a shaped abrasive particle includes a body defining a fin-shape, 

wherein the body includes a length, a width and a thickness and wherein the body includes a 

rectangular cross-sectional shape in the plane defined by the length and width and an 

elliptical cross-sectional shape in the plane defined by the width and thickness, and wherein 

the aspect ratio of width-to-thickness (w:t) is at least 2:1. 

[0013] In another aspect, a shaped abrasive particle includes a rake-shaped body including a 

first group of projections extending from a central region of the body in a first direction and a 

second group of projections extending from the central region the body in a second direction, 

and wherein the first group of projections have a length (Lp1) that is different compared to a 

length (Lp2) of the second group of projections. 

[0014] In another aspect, a shaped abrasive particle includes a body including a first surface, 

a second surface, and a side surface, wherein the body includes at least four distinct side 

surface portions separated by at least four exterior corners, and wherein at least one side 

surface portion includes a concave contour and wherein the particle includes a curved shape, 

wherein the first surface includes a substantially concave curvature and the second surface 

includes a substantially convex curvature. 

[0015] In another aspect, a shaped abrasive particle includes a toothed body including a 

plurality of teeth extending from one side of the body, wherein the plurality of teeth define 

external corners of the body having an average spacing of less than 0.5(L), wherein L defines 

the length of the body. 

[0016] In another aspect, a shaped abrasive agglomerate includes a body including a plurality 

of shaped abrasive particle portions bonded to each other to form the body of the shaped 

abrasive particle. 

[0017] In another aspect, a shaped abrasive particle includes a body including at least a first 

surface, a second surface, a third surface, and a fourth surface, wherein each of the first, 

second, third, and fourth surfaces contact at least one of the other first, second, third, and 

fourth surfaces along at least one edge of the body, and wherein the first surface includes a 

concave contour. 

[0018] In another aspect, a method of making a ceramic body includes creating a layer of 

material from a mixture including a precursor ceramic material; altering the surface of the 
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layer with a gaseous or liquid material to create a pattern in an upper surface of the layer; and 

forming the layer into abrasive particles, wherein at least a portion of the abrasive particles 

includes a surface including at least a portion of the pattern created in the upper surface of the 

layer. 

[0019] In another aspect, a method of forming a shaped abrasive particle includes placing a 

mixture including a ceramic precursor material into a production tool including a plurality of 

openings, wherein placing the mixture includes partially filling a majority of the openings of 

the plurality of openings. 

[0020] In another aspect, a shaped abrasive particle includes a body including a plurality of 

discrete micro-voids distributed throughout the body, wherein the discrete micro-voids 

include a liquid or gas material. 

[0021] In another aspect, a method of making shaped abrasive particles includes translating a 

production tool having openings over rollers and through a deposition zone configured to 

deposit a mixture into the openings, wherein in the deposition zone the production tool is 

translated over a primary roller having a greater diameter compared to any other rollers in 

contact with the production tool. 

[0022] In another aspect, a shaped abrasive particle includes a multi-flanged body including a 

first shaped abrasive portion bonded to another shaped abrasive portion to form the body 

including at least two different flanges, and wherein the different flanges extend in different 

planes with respect to each other. 

[0023] In another aspect, a shaped abrasive particle includes an annular body including a first 

surface, second surface, a third surface extending between the first surface and second 

surface, wherein the annular body includes a rounded contour, a central opening extend 

through the body, and wherein at least a portion of the first surface includes a non-planar 

contour. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0024] 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.   

[0025] FIG. 1 includes a portion of a system for forming a particulate material in accordance 

with an embodiment. 

[0026] FIGs. 2a-2b include a portion of a screen for forming a particulate material in 

accordance with an embodiment. 
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[0027] FIGs. 3a-3c include a portion of a screen for forming a particulate material in 

accordance with an embodiment. 

[0028] FIG. 4 includes a portion of a screen for forming a particulate material in accordance 

with an embodiment. 

[0029] FIG. 5 includes a portion of a system for forming a particulate material in accordance 

with an embodiment. 

[0030] FIG. 6 includes a portion of a system for forming a particulate material in accordance 

with an embodiment. 

[0031] FIG. 7 includes a portion of a system for forming a particulate material in accordance 

with an embodiment. 

[0032] FIG. 8 includes a flow chart of a method of forming a particulate material in 

accordance with an embodiment. 

[0033] FIG. 9 includes a shaped abrasive particle in accordance with an embodiment. 

[0034] FIG. 10 includes a shaped abrasive particle in accordance with an embodiment. 

[0035] FIG. 11 includes a shaped abrasive particle in accordance with an embodiment.  

[0036] FIGs. 12a-12c include a shaped abrasive particle in accordance with an embodiment.   

[0037] FIGs. 13a-13d include a shaped abrasive particle in accordance with an embodiment. 

[0038] FIGs. 14a-14e include a shaped abrasive particle in accordance with an embodiment. 

[0039] FIGs. 15a-15g include a shaped abrasive particle in accordance with an embodiment. 

[0040] FIGs. 16a-16c include a shaped abrasive particle in accordance with an embodiment. 

[0041] FIGs. 17a-17c include a shaped abrasive particle in accordance with an embodiment. 

[0042] FIGs. 18a-18e include a shaped abrasive particle in accordance with an embodiment. 

[0043] FIGs. 19a-19d include a shaped abrasive particle in accordance with an embodiment. 

[0044] FIGs. 20a-20f include a shaped abrasive particle in accordance with an embodiment. 

[0045] FIGs. 21a-21e include a shaped abrasive particle in accordance with an embodiment. 

[0046] FIGs. 22a-22d include a shaped abrasive particle in accordance with an embodiment. 

[0047] FIGs. 23a-23f include a shaped abrasive particle in accordance with an embodiment. 

[0048] FIGs. 24a-24f include a shaped abrasive particle in accordance with an embodiment. 

[0049] FIGs. 25a-25b include a shaped abrasive particle in accordance with an embodiment. 

[0050] FIGs. 26a-26c include a shaped abrasive particle in accordance with an embodiment. 

[0051] FIGs. 27a-27c include a shaped abrasive particle in accordance with an embodiment. 

[0052] FIGs. 28a-28e include a shaped abrasive particle in accordance with an embodiment. 

[0053] FIGs. 29a-29c include a shaped abrasive particle in accordance with an embodiment. 
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[0054] FIGs. 30a-30d include a shaped abrasive particle in accordance with an embodiment. 

[0055] FIGs. 31a-31c include a shaped abrasive particle in accordance with an embodiment. 

[0056] FIGs. 32a-32c include a shaped abrasive particle in accordance with an embodiment. 

[0057] FIGs. 33a-33d include a shaped abrasive particle in accordance with an embodiment. 

[0058] FIGs. 34a-34d include a shaped abrasive particle in accordance with an embodiment. 

[0059] FIGs. 35a-35e include a shaped abrasive particle in accordance with an embodiment. 

[0060] FIGs. 36a-36e include a shaped abrasive particle in accordance with an embodiment. 

[0061] FIGs. 37a-37e include a shaped abrasive particle in accordance with an embodiment. 

[0062] FIGs. 38a-38f include a shaped abrasive particle in accordance with an embodiment. 

[0063] FIGs. 39a-39f include a shaped abrasive particle in accordance with an embodiment. 

[0064] FIGs. 40a-40c include a shaped abrasive particle in accordance with an embodiment. 

[0065] FIGs. 41a-41c include a shaped abrasive particle in accordance with an embodiment. 

[0066] FIGs. 42a-42c include a shaped abrasive particle in accordance with an embodiment. 

[0067] FIGs. 43a-43d include a shaped abrasive particle in accordance with an embodiment. 

[0068] FIGs. 44a-44e include a shaped abrasive particle in accordance with an embodiment. 

[0069] FIGs. 45a-45e include a shaped abrasive particle in accordance with an embodiment.  

DETAILED DESCRIPTION 

[0070] The following is directed to abrasive articles including shaped abrasive particles.  The 

methods herein may be utilized in forming shaped abrasive particles and using abrasive 

articles incorporating shaped abrasive particles.  The shaped abrasive particles may be 

utilized in various applications, including for example fixed abrasive articles, such as coated 

abrasives, bonded abrasives, non-woven abrasive materials and the like.  Alternatively, the 

shaped abrasive particles may be used in free abrasives.  Various other uses may be derived 

for the shaped abrasive particles.   

METHODS FOR MAKING SHAPED ABRASIVE PARTICLES 

[0071] Various methods may be utilized to obtain shaped abrasive particles.  Some suitable 

processes used to fabricate the shaped abrasive particles can include, but is not limited to, 

depositing, printing (e.g., screen-printing), molding, pressing, casting, sectioning, cutting, 

dicing, punching, drying, curing, coating, extruding, rolling, and a combination thereof.   

[0072] Shaped abrasive particles are formed such that each particle has substantially the same 

arrangement of surfaces and edges relative to each other for shaped abrasive particles having 

the same two-dimensional and three-dimensional shapes.  As such, shaped abrasive particles 

can have a high shape fidelity and consistency in the arrangement of the surfaces and edges 
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relative to other shaped abrasive particles of the same group having the same two-

dimensional and three-dimensional shape.  By contrast, non-shaped abrasive particles can be 

formed through different process and have different shape attributes.  For example, non-

shaped abrasive particles are typically formed by a comminution process, wherein a mass of 

material is formed and then crushed and sieved to obtain abrasive particles of a certain 

size.  However, a non-shaped abrasive particle will have a generally random arrangement of 

the surfaces and edges, and generally will lack any recognizable two-dimensional or three 

dimensional shape in the arrangement of the surfaces and edges around the body.  Moreover, 

non-shaped abrasive particles of the same group or batch generally lack a consistent shape 

with respect to each other, such that the surfaces and edges are randomly arranged when 

compared to each other.  Therefore, non-shaped grains or crushed grains have a significantly 

lower shape fidelity compared to shaped abrasive particles.   

[0073] FIG. 1 includes an illustration of a system 100 for forming a shaped abrasive particle 

in accordance with one, non-limiting embodiment.  As shown, the system 100 may include a 

die 102 in which a piston 104 may move in order to apply a force 106 onto a mixture 108 

within the die 102.  The resulting pressure of the force 106 may extrude the mixture 108 into 

a tool 110 within an application zone 112.  The mixture 108 may be extruded into one or 

more tool cavities 114 formed within the tool 110.  Further, the tool 110 may be supported by 

a backing plate 116.  In a particular aspect, the backing plate 116 may be constructed from a 

low friction material, e.g., polytetrafluoroethylene (PTFE).  In another aspect, it may be made 

of a metal or metal alloy.   

[0074] The process of forming shaped abrasive particles can be initiated by forming a 

mixture 108 including a ceramic material and a liquid.  In particular, the mixture 108 can be a 

gel formed of a ceramic powder material and a liquid.  In accordance with an embodiment, 

the gel can be formed of the ceramic powder material as an integrated network of discrete 

particles.  

[0075] The mixture 108 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 
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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.  It will be 

appreciated that in some instances, the mixture 108 may not be a shape-stable material, and 

the process may rely upon solidification and stabilization of the mixture 108 by further 

processing, such as drying. 

[0076] The mixture 108 can be formed to have a particular content of solid material, such as 

the ceramic powder material.  For example, in one embodiment, the mixture 108 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 108.  Still, in at least one non-limiting 

embodiment, the solids content of the mixture 108 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 108 can be within a range 

between any of the minimum and maximum percentages noted above.   

[0077] 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.   

[0078] Furthermore, the mixture 108 can be formed to have a particular content of liquid 

material.  Some suitable liquids may include water.  In accordance with one embodiment, the 

mixture 108 can be formed to have a liquid content less than the solids content of the mixture 

108.  In more particular instances, the mixture 108 can have a liquid content of at least about 

25 wt% for the total weight of the mixture 108.  In other instances, the amount of liquid 

within the mixture 108 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 
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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 108 can be within a range between any of the minimum and maximum 

percentages noted above.   

[0079] Furthermore, to facilitate processing and forming shaped abrasive particles according 

to embodiments herein, the mixture 108 can have a particular storage modulus.  For example, 

the mixture 108 can have a storage modulus of at least about 1x10
4
 Pa, such as at least about 

4x10
4
 Pa, or even at least about 5x10

4
 Pa.  However, in at least one non-limiting embodiment, 

the mixture 108 may have a storage modulus of not greater than about 1x10
7
 Pa , such as not 

greater than about 2x10
6
 Pa.  It will be appreciated that the storage modulus of the mixture 

108 can be within a range between any of the minimum and maximum values noted above.   

[0080] 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 108 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 108 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 third tests.  Only the results from the second and 

third tests for each specimen should be reported. 

[0081] Furthermore, to facilitate processing and forming shaped abrasive particles according 

to embodiments herein, the mixture 108 can have a particular viscosity.  For example, the 

mixture 108 can have a viscosity of at least about 2x10
3
 Pa s, such as at least about 3x10

3
 Pa 

s, at least about 4x10
3
 Pa s, at least about 5x10

3
 Pa s, at least about 6x10

3
 Pa s, at least about 

8x10
3
 Pa s, at least about 10x10

3
 Pa s, at least about 20x10

3
 Pa s, at least about 30x10

3
 Pa s, 

at least about 40x10
3
 Pa s, at least about 50x10

3
 Pa s, at least about 60x10

3
 Pa s, or at least 

about 65x10
3
 Pa s.  In at least one non-limiting embodiment, the mixture 108 may have a 

viscosity of not greater than about 100x10
3
 Pa s, such as not greater than about 95x10

3
 Pa s, 

not greater than about 90x10
3
 Pa s, or even not greater than about 85x10

3
 Pa s.  It will be 
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appreciated that the viscosity of the mixture 108 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.  

[0082] Moreover, the mixture 108 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.   

[0083] Notably, the embodiments herein may utilize a mixture 108 that can be distinct from 

slurries used in conventional forming operations.  For example, the content of organic 

materials within the mixture 108 and, in particular, any of the organic additives noted above, 

may be a minor amount as compared to other components within the mixture 108.  In at least 

one embodiment, the mixture 108 can be formed to have not greater than about 30 wt% 

organic material for the total weight of the mixture 108.  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 108 can be at least about 0.01 wt%, such 

as at least about 0.5 wt% for the total weight of the mixture 108.  It will be appreciated that 

the amount of organic materials in the mixture 108 can be within a range between any of the 

minimum and maximum values noted above.    

[0084] Moreover, the mixture 108 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 108 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. 

[0085] As shown in FIG. 1, the system 100 can include the die 102 and the mixture 108 can 

be provided within the interior of the die 102.  Further, the die 102 can be configured so that 

as the piston 104 moves toward the tool 110, the mixture can be extruded through a die 

opening 118 positioned, or otherwise formed, at one end of the die 102, e.g., the end of the 

die 102 closest to the tool 110.  As further illustrated, extruding can include applying the 
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force 106 on the mixture 108 to facilitate extruding the mixture 108 through the die opening 

118.   

[0086] During extrusion within the application zone 112, the tool 110 can be in direct contact 

with a portion of the die 102 to facilitate extrusion of the mixture 108 into the one or more 

tool cavities 114.  The tool 110 can be in the form of a screen, such as illustrated in FIG. 1, 

wherein the one or more tool cavities 114 extend through the entire thickness of the tool 110.  

Still, it will be appreciated that the tool 110 may be formed such that the one or more tool 

cavities 114 extend for a portion of the entire thickness of the tool 110 and have a bottom 

surface, such that the volume of space configured to hold and shape the mixture 108 is 

defined by a bottom surface and side surfaces.   

[0087] The tool 110 may be formed of a metal material, including for example, a metal alloy, 

such as stainless steel.  In other instances, the tool 110 may be formed of an organic material, 

such as a polymer. 

[0088] 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 108 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 108 and across the width of the 

die 102 can facilitate improved processing control and improved dimensional characteristics 

of the shaped abrasive particles.    

[0089] Prior to depositing the mixture 108 in the tool one or more tool cavities 114, a mold 

release agent can be applied to the surfaces of the tool one or more tool cavities 114, which 

may facilitate removal of precursor shaped abrasive particles 126 from the tool one or more 

tool cavities 114 after further processing.  Such a process can be optional and may not 

necessarily be used to conduct the molding process.  A suitable exemplary mold release agent 

can include an organic material, such as one or more polymers (e.g., PTFE).  In other 

instances, an oil (synthetic or organic) may be applied as a mold release agent to the surfaces 

of the tool one or more tool cavities 114.  One suitable oil may be peanut oil.  The mold 

release agent may be applied using any suitable manner, including but not limited to, 

depositing, spraying, printing, brushing, coating, and the like.  
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[0090] The mixture 108 may be deposited within the tool one or more tool cavities 114, 

which may be shaped in any suitable manner to form shaped abrasive particles having shapes 

corresponding to the shape of the tool one or more tool cavities 114.   

[0091] Referring briefly to FIG. 2a and FIG. 2b, FIG. 3a through 3c, and FIG. 4, various 

examples of tools are illustrated and designated 200, 300, and 400, respectively.  As shown in 

these figures, the tools 200, 300, 400 can include the tool one or more tool cavities 202, 302, 

402, and more particularly, a plurality of one or more tool cavities 202, 302, 402 that extend 

into the volume of each respective tool 200, 300, 400.  In accordance with these 

embodiments, each of the one or more tool cavities 202, 302, 402 can have a two-

dimensional shape as viewed in a plane defined by the length (l) and width (w) of the 

respective tool 200, 300, 400 in which the tool cavity 202, 302, 402 is formed.   

[0092] As illustrated in FIG. 2a through FIG. 4, the tool cavities 202, 302, 402 may be 

triangular, square with a semi-circular end, or square with a saw tooth end.  In other 

embodiments, the tool cavities 202, 302, 402 can include various shapes such as, for 

example, 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, one or more tool cavities 202, 302, 402 

may have two-dimensional polygonal shapes such as a rectangle, a quadrilateral, a pentagon, 

a hexagon, a heptagon, an octagon, a nonagon, a decagon, and a combination thereof.  

Notably, as will be appreciated in further reference to the shaped abrasive particles of the 

embodiments herein, one or more tool cavities 202, 302, 402 may utilize various other 

shapes.  Further, as indicated in FIG. 2a through FIG. 4, in certain instances, during 

extrusion, the tool cavities 202, 302, 402 may be partially filled in order to create shapes that 

only partially correspond to the interior shape of the respective tool cavities 202, 302, 402. 

[0093] In such a case, a method for forming shaped abrasive particles may include placing a 

mixture 206, 306, 406 comprising a ceramic precursor material into a production tool having 

a plurality of openings, e.g., one of the tools 200, 300, 400 described herein having the 

respective tool cavities 202, 302, 402.  Placing the mixture 206, 306, 406 comprises partially 

filling a majority of the cavities of the plurality of cavities.  In certain instances, each of the 

plurality of tool cavities 202, 302, 402 formed in the production tools 200, 300, 400 can have 

the same two-dimensional shape or different two-dimensional shapes.   

[0094] In another aspect, partially filling includes placing the mixture 206, 306, 406 into only 

a portion of the openings such that the openings comprise some mixture 206, 306, 406 and 
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some void volume that is free of the mixture.  Partially filling a majority of the openings can 

include controlling at least one variable from the group consisting of: orientation of the 

plurality of openings relative to a direction of translation of the production tool, speed of 

translation of the production tool, viscosity of the mixture, pressure applied to the mixture 

during placing of the mixture into the plurality of openings, material of the production tool, 

surface energy between the surface of the plurality of the openings and the mixture, and any 

combination thereof.   

[0095] Each tool 200, 300, 400 as illustrated may include a plurality of tool cavities 202, 302, 

402 oriented in a particular manner relative to each other.  For example, each of the plurality 

of tool cavities 202, 302, 402 in each respective tool 200, 300, 400 can have substantially the 

same orientation relative to each other, and substantially the same orientation relative to the 

surface of the screen.  However, it will be appreciated, that in other instances, the one or 

more tool cavities 202, 302, 402 within each tool 200, 300, 400 need not necessarily have the 

same orientation relative to each other. 

[0096] Referring again to FIG. 1, during operation of the system 100, the tool 110 can be 

translated in a direction 120 to facilitate a continuous molding operation.  As will be 

appreciated, the tool 110 may be in the form of a continuous belt, which can be translated 

over rollers to facilitate continuous processing.  In some embodiments, the tool 110 can be 

translated while extruding the mixture 108 through the die opening 118.  As illustrated in the 

representation of the system 100, the mixture 108 may be extruded in a direction 122.  The 

direction of translation 120 of the tool 110 can be angled relative to the direction of extrusion 

122 of the mixture 108.  While the angle between the direction of translation 120 and the 

direction of extrusion 122 is illustrated as substantially orthogonal in the system 100, other 

angles are contemplated, including for example, an acute angle or an obtuse angle.  After the 

mixture 108 is extruded through the die opening 118, the mixture 108 and tool 110 may be 

translated under a knife edge 124 attached to, or otherwise formed on, a surface of the die 

102.  The knife edge 124 may define a region at the front of the die 102 that facilitates 

displacement of the mixture 108 into the tool one or more tool cavities 114 of the tool 110. 

[0097] In the molding process, the mixture 108 may undergo significant drying while 

contained in the tool cavity 114.  Therefore, shaping may be primarily attributed to 

substantial drying and solidification of the mixture 108 in the tool one or more tool cavities 

114 to shape the mixture 108.   



 Attorney Docket No.: A-22053-US 

 

- 14 - 

 

[0098] After applying the mold release agent, the mixture 108 can be deposited within the 

mold cavities and dried.  Drying may include removal of a particular content of certain 

materials from the mixture 108, including volatiles, such as water or organic materials.  In 

accordance with an embodiment, the drying process can be conducted at a drying temperature 

of not greater than about 300°C, such as not greater than about 250°C, not greater than about 

200°C, not greater than about 150°C, not greater than about 100°C, not greater than about 

80°C, not greater than about 60°C, not greater than about 40°C, or even not greater than 

about 30°C.  Still, in one non-limiting embodiment, the drying process may be conducted at a 

drying temperature of at least about -20°C, such as at least about -10°C at least about 0°C at 

least about 5°C at least about 10°C, or even at least about 20°C.  It will be appreciated that 

the drying temperature may be within a range between any of the minimum and maximum 

temperatures noted above.   

[0099] In certain instances, drying may be conducted for a particular duration to facilitate the 

formation of shaped abrasive particles according to embodiments herein.  For example, 

drying can be conducted for a duration of at least about 20 second, such as at least about 1 

minute, at least about 2 minutes, at least about 4 minutes, at least about 6 minutes, at least 

about 8 minutes, at least about 10 minutes, at least about 30 minutes, at least about 1 hour, at 

least about 2 hours, at least about 4 hours, at least about 8 hours, at least about 12 hours, at 

least about 15 hours, at least about 18 hours, at least about 24 hours.  In still other instances, 

the process of drying may be not greater than about 30 hours, such as not greater than about 

24 hours, not greater than about 20 hours, not greater than about 15 hours, not greater than 

about 12 hours, not greater than about 10 hours, not greater than about 8 hours, not greater 

than about 6 hours, not greater than about 4 hours.  It will be appreciated that the duration of 

drying can be within a range between any of the minimum and maximum values noted above.   

[00100] Additionally, drying may be conducted at a particular relative humidity to facilitate 

formation of shaped abrasive particles according to the embodiments herein.  For example, 

drying may be conducted at a relative humidity of at least about 20%, at least about 30%, at 

least about 40%, at least about 50%, at least about 60%, such as at least about 62%, at least 

about 64%, at least about 66%, at least about 68%, at least about 70%, at least about 72%, at 

least about 74%, at least about 76%, at least about 78%, or even at least about 80%.  In still 

other non-limiting embodiments, drying may be conducted at a relative humidity of not 

greater than about 90%, such as not greater than about 88%, not greater than about 86%, not 

greater than about 84%, not greater than about 82%, not greater than about 80%, not greater 
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than about 78%, not greater than about 76%, not greater than about 74%, not greater than 

about 72%, not greater than about 70%, not greater than about 65%, not greater than about 

60%, not greater than about 55%, not greater than about 50%, not greater than about 45%, not 

greater than about 40%, not greater than about 35%, not greater than about 30%, or even not 

greater than about 25%.  It will be appreciated that the relative humidity utilized during 

drying can be within a range between any of the minimum and maximum percentages noted 

above.   

[00101] After completing the drying process, the mixture 108 can be released from the tool 

one or more tool cavities 114 to produce precursor shaped abrasive particles 126.  Notably, 

before the mixture 108 is removed from the tool one or more tool cavities 114 or after the 

mixture 108 is removed and the precursor shaped abrasive particles 126 are formed, one or 

more post-forming processes may be completed.  Such processes can include surface shaping, 

curing, reacting, radiating, planarizing, calcining, sintering, sieving, doping, and a 

combination thereof.  For example, in one optional process, the mixture 108 or precursor 

shaped abrasive particles 126 may be translated through an optional shaping zone, wherein at 

least one exterior surface of the mixture or precursor shaped abrasive particles 126 may be 

shaped.   

[00102] In still another embodiment, the mixture 108 as contained in the mold cavities or the 

precursor shaped abrasive particles 126 may be translated through an optional application 

zone, wherein a dopant material can be applied.  In particular instances, the process of 

applying a dopant material can include selective placement of the dopant material on at least 

one exterior surface of the mixture 108 or precursor shaped abrasive particles.  In an optional 

process, the mixture 108 may be treated with one or more acid or base materials.  Treatment 

may occur post-calcination and may affect a distribution of dopant material within the shaped 

abrasive particle.  In a particular instance, treatment with one or more acid or base materials 

may facilitate increased performance of the shaped abrasive particle. The process of applying 

a dopant can include doping (i.e., additives or a provision of additives to the gel prior to 

calcination).  In alternative instances, an impregnation process may be used instead of 

doping, where impregnation utilizes an additive introduced to the precursor particles after 

calcination.  Utilization of doping or impregnation may affect distribution of the dopant 

material within the final shaped abrasive particle which may also facilitate increased 

performance of the shaped abrasive particle. 
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[00103] The dopant material may be applied utilizing various methods including for example, 

spraying, dipping, depositing, impregnating, transferring, punching, cutting, pressing, 

crushing, and any combination thereof.  In accordance with an embodiment, applying a 

dopant material can include the application of a particular material, such as a precursor.  In 

certain instances, the precursor can be a salt, such as a metal salt, that includes a dopant 

material to be incorporated into the finally-formed shaped abrasive particles.  For example, 

the metal salt can include an element or compound that is the precursor to the dopant 

material.  It will be appreciated that the salt material may be in liquid form, such as in a 

dispersion comprising the salt and liquid carrier.  The salt may include nitrogen, and more 

particularly, can include a nitrate.  In other embodiments, the salt can be a chloride, sulfate, 

phosphate, and a combination thereof.  In one embodiment, the salt can include a metal 

nitrate, and more particularly, consist essentially of a metal nitrate.  In one embodiment, the 

dopant material can include an element or compound such as an alkali element, alkaline earth 

element, rare earth element, hafnium, zirconium, niobium, tantalum, molybdenum, vanadium, 

or a combination thereof.  In one particular embodiment, the dopant material includes an 

element or compound including an element such as lithium, sodium, potassium, magnesium, 

calcium, strontium, barium, scandium, yttrium, lanthanum, cesium, praseodymium, niobium, 

hafnium, zirconium, tantalum, molybdenum, vanadium, chromium, cobalt, iron, germanium, 

manganese, nickel, titanium, zinc, and a combination thereof.   

[00104] The forming process may further include a sintering process.  For certain 

embodiments herein, sintering can be conducted after removing the mixture from the tool one 

or more tool cavities 114 and forming the precursor shaped abrasive particles 126.  Sintering 

of the precursor shaped abrasive particles 126 may be utilized to densify the particles 126, 

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 may be sintered such that a high-

temperature phase of alumina, such as alpha alumina, is 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.   

[00105] The body of the finally-formed shaped abrasive particles can have particular two-

dimensional shapes.  For example, the body can have a two-dimensional shape, as viewed in 

a plane defined by the length and width of the body, and can have a shape including a 
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polygonal shape, ellipsoidal shape, a numeral, a Greek alphabet character, a Latin alphabet 

character, a Russian alphabet character, a complex shape utilizing a combination of polygonal 

shapes and a combination thereof.  Particular polygonal shapes include rectangular, 

trapezoidal, pentagonal, hexagonal, heptagonal, octagonal, nonagonal, decagonal, and any 

combination thereof.  In another instance, the finally-formed shaped abrasive particles can 

have a body having a two-dimensional shape such as an irregular quadrilateral, an irregular 

rectangle, an irregular trapezoid, an irregular pentagon, an irregular hexagon, an irregular 

heptagon, an irregular octagon, an irregular nonagon, an irregular decagon, and a 

combination thereof.  An irregular polygonal shape is one where at least one of the sides 

defining the polygonal shape is different in dimension (e.g., length) with respect to another 

side.  As illustrated in other embodiments herein, the two-dimensional shape of certain 

shaped abrasive particles can have a particular number of exterior points or external corners.  

For example, the body of the shaped abrasive particles can have a two-dimensional polygonal 

shape as viewed in a plane defined by a length and width, wherein the body comprises a two-

dimensional shape having at least 4 exterior points (e.g., a quadrilateral), at least 5 exterior 

points (e.g., a pentagon), at least 6 exterior points (e.g., a hexagon), at least 7 exterior points 

(e.g., a heptagon), at least 8 exterior points (e.g., an octagon), at least 9 exterior points (e.g., a 

nonagon), and the like. 

[00106] Referring now to FIG. 5, another system 500 for forming shaped abrasive particles in 

accordance with one, non-limiting embodiment is illustrated.  As shown, the system 500 may 

include a die 502 having a piston 504 disposed therein.  The piston 504 may move within the 

die 502 in order to apply a force 506 onto a mixture 508 also disposed within the die 502 

between the piston 504 and a shaped die opening 510.   

[00107] The resulting pressure of the force 506 may extrude the mixture 508 through the 

shaped die opening 510 and onto a conveyor belt 512.  The conveyor belt 512 may be 

supported by, and rotate on, a first roller 514 and a second roller 516.  In a particular 

embodiment, the mixture 508 can be same as the mixture 108, described above.  Further, the 

mixture 508 can be extruded from the die 502 and a resulting extrudate 520 can undergo one 

or more post-forming processes, described above, to become a shaped abrasive particle 

having the shape of the shaped die opening 510. 

[00108] In another aspect, the system 500 can further include a post-extrusion shaping device 

522.  The post-extrusion shaping device 522 may be a stamping device, a molding device, a 

pressing device, or some other device that may be used to alter, or otherwise modify, the 
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shape of the extrudate 520 into another shape.  For example, the post-extrusion shaping 

device 522 may include a piston driven stamp 524.  The extrudate 520 may be moved into 

position under the post-extrusion shaping device 522 and the piston driven stamp 524 may be 

lowered onto the extrudate 520 in order to press the extrudate 520 into a stamped extrudate 

526 having a different shape than that of the extrudate 520 after it is extruded onto the 

conveyor belt 512 from the die 502.  Thereafter, the stamped extrudate 526 may undergo one 

or more of the post-forming processes described above to become a shaped abrasive particle 

having a shape corresponding to the interior shape of the piston driven stamp 524.  It can be 

appreciated that the extrudate 520 or the stamped extrudate 526 can be shaped like one or 

more of the shaped abrasive particles described in detail herein. The stamp may be used to 

form all or a portion of the features of a shaped abrasive particle.  For example, in certain 

instances, the stamp may be used to form a shaped abrasive particle having a particular shape 

from the extrudate.  In still other instances, the stamp may be used to form only a portion of 

the extrudate, such as a surface of the extrudate, such that the stamp is configured to impart 

one or more surface features to the extrudate.  In further instances, the extrudate 520 can be 

in the form of a ribbon, and the post-extrusion shaping device 522 and/or the piston driven 

stamp 524 can be used to stamp a shape (e.g., a shaped abrasive particle having a shape 

corresponding to the interior shape of the piston driven stamp 524) out of the ribbon. 

[00109] The stamp can be used with other processes, such as a molding process or a screen 

printing process to alter a portion (e.g. a surface) of the precursor shaped abrasive particles 

made by printing or molding. 

[00110] FIG. 6 illustrates yet another system 600 for forming shaped abrasive particles in 

accordance with one, non-limiting embodiment is illustrated.  As illustrated in FIG. 6, the 

system 600 may include a die 602 having a piston 604 disposed therein.  The piston 604 may 

move within the die 602 in order to apply a force 606 onto a mixture 608 also disposed within 

the die 602 between the piston 604 and a die opening 610.   

[00111] The resulting pressure of the force 606 may extrude the mixture 608 through the die 

opening 610 and onto a conveyor belt 612.  The conveyor belt 612 may be supported by, and 

rotate on, a first roller 614, a second roller 616, and a third roller 618.  The third roller 618 

may be placed directly under the die 602 so that when the mixture 608 is extruded from the 

die 602, the extrusion force will not move the conveyor belt 612 away from the die 602.  In a 

particular embodiment, the mixture 608 can be same as the mixture 108, described above.   
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[00112] As illustrated in the enlarged portion of FIG. 6, the conveyor belt 612 can include an 

exterior layer 620 and an interior layer 622.  The exterior layer 620 may be constructed from 

a low friction material, e.g., PTFE, while the interior layer 622 may be constructed from a 

high friction material, e.g., rubber.  The exterior layer 620 acts as a tool layer and can include 

a plurality of tool cavities 624.  During operation, the mixture 608 can be extruded from the 

die 602 and into the tool cavities 624 formed in the exterior layer 620 of the conveyor belt 

612.  After the mixture 608 is extruded from the die 602 into the tool cavities 624 of the 

exterior layer 620 of the conveyor belt 612, the material within the tool cavities 624 may 

undergo one or more post-forming processes, described above, to become a shaped abrasive 

particle having the shape of the tool cavities 624.  The tool cavities 624 may have an interior 

shape that corresponds to the exterior shape of one or more of the shaped abrasive particles 

described herein.  It can be appreciated that the exterior layer 620 of the conveyor belt 612 

can have a coefficient of friction low enough to allow the shaped abrasive particles 626 to 

release from the conveyor belt 612 as the conveyor belt 612 rotates around and under the 

rollers 614, 616, 618.  Further, the interior layer 622 of the conveyor belt 612 can have a 

coefficient of friction high enough to engage the rollers 614, 616, 618 and allow the conveyor 

belt 612 to be driven by one or more of the rollers 614, 616, 618 and not slide relative to 

those rollers 614, 616, 618 during operation.  FIG. 6 further indicates that the system 600 

may include a drying device 630 that may be used to cure, or otherwise dry, the material 608 

after it is extruded into the tool cavities 624 formed in the conveyor belt 612. 

[00113] The system 600 illustrated in FIG. 6 may be used in a method of making shaped 

abrasive particles that includes translating a production tool having openings over rollers and 

through a deposition zone configured to deposit a mixture into the openings.  In the 

deposition zone, the production tool is translated over a primary roller having a greater 

diameter compared to any other roller in contact with the production tool. 

[00114] Referring to FIG. 7, an illustration of still another system 700 for forming a shaped 

abrasive particle in accordance with one, non-limiting embodiment.  As shown, the system 

700 may include a die 702 in which a piston 704 may move in order to apply a force 706 onto 

a mixture 708 within the die 702.  The resulting pressure of the force 706 may extrude the 

mixture 708 into a tool 710, e.g., a screen, within an application zone 712.  The mixture 708 

may be extruded into one or more tool cavities 714 formed within the tool 710.  Further, the 

tool 710 may be supported by a backing plate 716.  In a particular aspect, the backing plate 

716 may be constructed from a low friction material, e.g., polytetrafluoroethylene (PTFE). 
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[00115] As shown in FIG. 7, the die 702 can be configured so that as the piston 704 moves 

toward the tool 710, the mixture can be extruded through a die opening 718 positioned, or 

otherwise formed, at one end of the die 702, e.g., the end of the die 702 closest to the tool 

710.     

[00116] During extrusion within the application zone 712, the tool 710 can be in direct contact 

with a portion of the die 702 to facilitate extrusion of the mixture 708 into the one or more 

tool cavities 714.  However, a portion of the tool cavity 714 may be positioned outside of the 

application zone 712 to allow a portion of the mixture 708 to be extruded through and out of 

the tool cavity 714.  The portion of the mixture 708 that is allowed to overflow the tool cavity 

714 may form a lip or other structure on a shaped abrasive particle, as described in detail 

herein, when the tool 710, e.g., the screen, is peeled away from the backing plate 716 as 

illustrated in FIG. 7.   

[00117] After the mixture 708 is extruded through the die opening 718, the mixture 708 and 

tool 710 may be translated under a knife edge 724 attached to, or otherwise formed on, a 

surface of the die 702.  The knife edge 724 may define a region at the front of the die 702 that 

facilitates displacement of the mixture 708 into the tool one or more tool cavities 714 of the 

tool 710.  It can be appreciated that after the material 708 is extruded into and through the 

tool cavity 714, the material may undergo one or more of the post-forming processes, 

described above, to become a shaped abrasive particle having the shape of the tool cavity 714 

and the overflow portion. 

[00118] Referring now to FIG. 8, a method of forming a shaped abrasive particle in 

accordance with one, non-limiting embodiment, is illustrated and is generally designated 800.  

As depicted, the method 800 can include forming an abrasive sheet with a plurality of 

predetermined voids (e.g., pores) at step 802.  The abrasive sheet may be formed using a 

screen printing process or a molding process.  Further, the voids may be formed by including 

a volatile component in the mixture that burns off during the firing process leaving behind the 

voids.  At step 804, the method 800 may include curing the abrasive sheet 804.  Moreover, 

the method 800 may include fracturing the abrasive sheet through the voids to create abrasive 

grains at step 806.  Thereafter, at step 808, the method 808 may include sorting the abrasive 

grains.  

[00119] FIGs. 9-12c illustrate various shaped abrasive particles formed with a plurality of 

voids.  The voids can be discrete micro-voids that can be distributed throughout a body, such 

as uniformly distributed throughout the volume of the body.  The discrete micro-voids can 
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include a liquid or gas material.  Further, the discrete micro-voids can be non-uniformly 

distributed through a particular body.  As such, a particular body can include a greater 

content of discrete micro-voids in a central region of the body compare to a content of 

discrete micro-voids at a surface region of the body.    

[00120] In another aspect, the discrete micro-voids can be uniformly distributed throughout 

the body, or sheet. Moreover, the discrete micro-voids can be non-homogenously distributed 

so that there are more voids in thicker parts of a body and less near edges of the body.  The 

voids can be created by coating precursor abrasive particles with a second layer or double 

extruding two different types of mixtures.  The micro-voids may also be formed by a 

subtractive process, including the use of one or more pore formers. 

[00121] FIG. 9 illustrates an abrasive particle 900 having a body 902 formed with a first void 

904, a second void 906, and a third void 908.  As shown, the voids 904, 906, 908 are shaped 

like circles.  However, the voids 904, 906, 908 can be shaped like a triangle, a square, a five-

point star, a diamond, a hexagon, a four-point star, or any other regular or irregular polygonal 

shape. .  FIG. 10 depicts an abrasive particle 1000 having a body 1002 formed with a first 

void 1004, a second void 1006, a third void 1008, a fourth void 1010, and a fifth void 1012.  

As shown, the voids 1004, 1006, 1008, 1010 are shaped like circles.    However, the voids 

1004, 1006, 1008, 1010 can be shaped like a triangle, a square, a five-point star, a diamond, a 

hexagon, a four-point star, or any other regular or irregular polygonal shape.  FIG. 11 depicts 

yet another abrasive particle 1100 having a body 1102 formed with a first void 1104, a 

second void 1106, a third void 1108, a fourth void 1110, and a fifth void 1112.  As shown, 

the voids 1104, 1106, 1108, 1110, 1112 can be shaped like circles.  However, the voids 1104, 

1106, 1108, 1110, 1112 can be shaped like a triangle, a square, a five-point star, a diamond, a 

hexagon, a four-point star, or any other regular or irregular polygonal shape.  It can be 

appreciated that while the various voids formed in the abrasive particles 900, 1000, 1100 

described in conjunction with FIG. 9 through FIG. 11, those voids may be formed with any 

other shape.  For example, the voids can include any other complex shapes including a 

combination of polygonal shapes, and a combination thereof.  In particular instances, the 

voids may have two-dimensional polygonal shapes such as a rectangle, a quadrilateral, a 

pentagon, a hexagon, a heptagon, an octagon, a nonagon, a decagon, and a combination 

thereof.  Additionally, the voids may have amorphous shapes that do not correspond to 

polygonal shapes.  Further, the abrasive particles 900, 1000, 1100 may include any number of 

voids formed therein.  Those voids may be oriented in a grid pattern or they may be oriented 
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in no formal pattern.  Further, the abrasive particles 900, 1000, 1100 may be formed using 

one or more of the processes described herein prior to fracturing the abrasive particles 900, 

1000, 1100, through the voids. 

[00122] FIG. 12a shows another abrasive particle 1200 that includes a body 1202 formed with 

a keyhole, or vase, shaped void 1204.  FIG. 12b indicates that the abrasive particle 1200 may 

be fractured through or near the void 1204 along a crack 1206 to yield a major portion 1208 

and a minor portion 1210.  As indicated in FIG. 12c, the minor portion 1210 may be removed 

after the fracturing operation, e.g., using a sieving operation.  As such, the major portion 

1208 may remain and may include one or more relatively sharp edges 1212 adjacent to, or 

flanking, the void 1204. 

SHAPED ABRASIVE PARTICLES    

[00123] Referring to FIG. 13a through 13d, a shaped abrasive particle in accordance with an 

embodiment is shown and is generally designated 1300.  FIG. 13a includes a perspective 

view of the shaped abrasive particle 1300.  FIG. 13b includes a side plan view of the shaped 

abrasive particle 1300 and FIG. 13c includes a top plan view of the shaped abrasive particle 

1300.  The bottom plan view is the same as the top plan view.   

[00124] As illustrated, the shaped abrasive particle 1300 includes a body 1302 that includes a 

first surface 1304 and a second surface 1306 opposite the first surface 1304.  As depicted, a 

side surface 1308 can extend between the first surface 1304 and the second surface 1306.  

FIGs. 13a through FIG. 13c show that the body 1302 can be generally gear-shaped, i.e., the 

plan view of the body 1302 (the two-dimensional shape) can include a plurality of teeth 1310 

extending peripherally from the side surface 1308 of the body 1302.  

[00125] In a particular aspect, the teeth 1310 can extend along a length of the body 1302.  

Further, the teeth 1310 can extend along the entire length of the body 1302.  As indicated in 

FIG. 13c, each of the plurality of teeth 1310 can include a two-dimensional shape.  The two-

dimensional shape of each tooth 1310 can be symmetric about an axis 1312 that bisects each 

tooth 1310.  In another aspect, the two-dimensional shape of each tooth 1310 may be 

asymmetric about the axis 1312. 

[00126] As indicated in FIG. 13a through FIG. 13c, the teeth 1310 are substantially identical.  

In other aspects, the teeth 1310 may have different shapes.  In other words, some of the teeth 

1310 may be symmetric about the axis 1312 while other teeth 1310 are asymmetric about the 

axis 1312.  Further, some teeth 1310 may have tooth height 1314, i.e., a distance from a 

center 1316 of the shaped abrasive grain 1300, that is different from other teeth 1310, so that 
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some teeth 1310 extend a greater distance from the side surface 1308 than other teeth 1310 

(as illustrated in FIG. 13d).  In a particular aspect, the shaped abrasive particle 1300 can be 

formed using one or more of the systems and methods, described herein. 

[00127] FIG. 14a through FIG. 14e illustrate a shaped abrasive particle 1400 in accordance 

with an embodiment. FIG. 14a includes a perspective view of the shaped abrasive particle 

1400.  FIG. 14b includes a front plan view of the shaped abrasive particle 1400.  The back 

plan view of the shaped abrasive particle 1400 is the same as the front plan view.  FIG. 14c 

includes a side plan view of the shaped abrasive particle 1400.  Both sides of the shaped 

abrasive particle 1400 are the same in the plan view.  FIG. 14d includes a top plan view of 

the shaped abrasive particle 1400 and FIG. 14e includes a bottom plan view of the shaped 

abrasive particle 1400.   

[00128] As indicated, the shaped abrasive particle 1400 includes a body 1402 having a first 

surface 1404 and a second surface 1406 distanced from the first surface 1404.  A side surface 

1408 can extend between the first surface 1404 and the second surface 1406.   

[00129] As depicted in FIG. 14a through FIG. 14e, the body 1402 of the shaped abrasive 

particle 1400 can be generally triangular and can include three exterior corners 1410.  The 

first surface 1404 and the second surface 1406 can each include a raised portion 1412 that can 

extend from each exterior corner 1410 to the center 1414 of the body 1402.  The raised 

portions 1412 can join each other in the center region of the first surface 1404 and the second 

surface 1406, respectively.  In a particular aspect, the raised portions 1412 can extend linearly 

from the exterior corners 1410 to the center 1414 region of the body 1402.  As more clearly 

indicated in FIG. 14b, the raised portions 1412 can define and separate a plurality of 

depressed regions 1416 that can abut the raised portions and at least a portion of the side 

surface 1408 of the body 1402.  In other words, each depressed region 1416 is bounded by 

two adjacent raised portions 1412 and a portion of the side surface 1408 of the body 1402.  

The raised portions 1412 on the first surface 1404 and the second surface 1406 can have 

substantially the same arrangement to each other.  In a particular aspect, the shaped abrasive 

particle 1400 can be formed using one or more of the systems and methods, described herein. 

[00130] FIG. 15a through FIG. 15e includes a shaped abrasive particle 1500 in accordance 

with an embodiment.  FIG. 15a includes a perspective view of the shaped abrasive particle 

1500.  FIG. 15b includes a front plan view of the shaped abrasive particle 1500.  FIG. 15c 

includes a side plan view of the shaped abrasive particle 1500.  Both sides of the shaped 

abrasive particle 1500 are the same in plan view.  FIG. 15d includes a top plan view of the 
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shaped abrasive particle 1500 and FIG. 15e includes a bottom plan view of the shaped 

abrasive particle 1500.   

[00131] As illustrated, the shaped abrasive particle 1500 can include a body 1502 having a 

partial-ellipsoid shape.  The body 1502 can include a first major surface 1504 and a second 

major surface 1506 jointed by a third surface 1508 that can extend between at least a portion 

of the first major surface 1504 and the second major surface 1506.  The third surface 1508 

can be generally arch shaped.  The body 1502 can include a fourth surface 1510 that can 

extend between at least a portion of the first major surface 1504, the second major surface 

1506, and the third surface 1508.  The fourth surface 1510 can act as a base and as indicated 

in FIG. 15e, the fourth surface 1510 can be generally elliptical in shape.  In certain instances, 

the body 1502 can have a partial-ellipsoid shape on only one major surface (e.g., either the 

first major surface 1504 or the second major surface 1506 can include a degree of curvature). 

[00132] As depicted in FIG. 15b, the first major surface 1504 can connect to the third surface 

1508 along a first edge 1512.  The second major surface 1506 can also connect to the third 

surface 1508 along a second edge 1514.  The second edge 1514 can be opposite the first edge 

1512.  The fourth surface 1510 can connect to the first major surface 1504, the second major 

surface 1506, and the third surface 1508 along a third edge 1516. 

[00133] In a particular aspect, the first major surface 1504 can include a convex shape.  In 

another aspect, the first major surface 1504 can include a concave shape, as illustrated in FIG. 

15f.  In still another aspect, the first major surface 1504 can include a flat, planar shape, as 

illustrated in FIG. 15g.  Similarly, the second major surface 1506 can include a concave 

shape, a convex shape, a planar shape, or a combination thereof.  The third surface 1508 can 

be include an arch shape, as indicated in FIG. 15c and the fourth surface 1510 can include a 

planar shape.  However, in another aspect, the fourth surface 1510 can also include a concave 

shape.  The first edge 1512 and the second edge 1514 can include a curved or elliptical 

contour.  The third edge 1616 can also include a curved or elliptical contour. 

[00134] In a particular aspect, the first major surface 1504 and the second major surface 1506 

may both include a convex shape.  In another aspect, the first major surface 1504 and the 

second major surface 1506 may both include a concave shape.  In another aspect, the first 

major surface 1504 may be include a convex shape while the second major surface 1506 

includes a concave shape (or vice versa).  In still another aspect, the first major surface 1504 

can include a planar shape and the second major surface 1506 may both include a convex 

shape or a concave shape.  Or, the second major surface 1506 may include a planar shape and 
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the first major surface 1504 can include a convex shape or a concave shape.  In a particular 

aspect, the shaped abrasive particle 1500 can be formed using one or more of the systems and 

methods, described herein. 

[00135] FIG. 16a through FIG.16c include a shaped abrasive particle 1600 in accordance with 

an embodiment.  FIG. 16a includes a side plan view of the shaped abrasive particle 1600.  

FIG. 16b includes a top plan view of the shaped abrasive particle 1600 and FIG. 16c includes 

a bottom plan view of the shaped abrasive particle 1600. 

[00136] As shown, the shaped abrasive particle 1600 can have a body 1602 that is generally 

frustoconical in shape.  The body 1602 can include a first surface 1604 and a second surface 

1606 that is substantially parallel to the first surface 1604.  An angled side surface 1608 can 

extend between the first surface 1604 and the second surface 1606.  The side surface 1608 

can include a plurality of protrusions 1610 that can extend between the first surface 1604 and 

the second surface 1606 along a spiral pathway.  As indicated in FIG. 16b, the protrusions 

1610 can be equally spaced around a center 1612 of the body 1602.  In a particular aspect, the 

shaped abrasive particle 1600 can be formed using one or more of the systems and methods, 

described herein. 

[00137] FIG. 17a through FIG.17c include a shaped abrasive particle 1700 in accordance with 

an embodiment.  FIG. 17a includes a side plan view of the shaped abrasive particle 1700.  

FIG. 17b includes a top plan view of the shaped abrasive particle 1700 and FIG. 17c includes 

a bottom plan view of the shaped abrasive particle 1700. 

[00138] As shown, the shaped abrasive particle 1700 can have a body 1702 that is generally 

conical in shape.  The body 1702 can include a vertex 1704 and a surface 1706 that is spaced 

a distance from the vertex 1704.  An angled side surface 1708 can extend between the vertex 

1704 and the surface 1706.  The side surface 1708 can include a plurality of protrusions 1710 

that can extend between the vertex 1704 and the surface 1706 along a spiral pathway.  As 

indicated in FIG. 17b, the protrusions 1710 can be equally spaced around a center 1712 of the 

body 1702.  In a particular aspect, the shaped abrasive particle 1700 can be formed using one 

or more of the systems and methods, described herein. 

[00139] FIG. 18a through FIG.18e include a shaped abrasive particle 1800 in accordance with 

an embodiment.  FIG. 18a includes a perspective view of the shaped abrasive particle 1800.  

FIG. 18b includes a front plan view of the shaped abrasive particle 1800.  The back plan view 

of the shaped abrasive particle 1800 is the same as the front plan view.  FIG. 18c includes a 

side plan view of the shaped abrasive particle 1800.  Both sides of the shaped abrasive 
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particle 1800 are the same in plan view.  FIG. 18d includes a top plan view of the shaped 

abrasive particle 1800 and FIG. 18e includes a bottom plan view of the shaped abrasive 

particle 1800.   

[00140] As illustrated, the shaped abrasive particle 1800 includes a body 1802 attached to a 

base 1804. The body 1802 is generally fin-shaped and includes a length 1806, a width 1808, 

and a thickness 1808.   

[00141] In a particular aspect, the body 1802 includes a rectangular cross-sectional shape in a 

plane defined by the length 1806 and the width 1808.  Further, the body 1802 has a generally 

elliptical cross-sectional shape in a plane defined by the width 1808 and thickness 1810.  In a 

particular aspect, an aspect ratio of the width 1808 to the thickness 1810 (w:t) is at least 2:1, 

such as at least 3:1, at least 4:1, at least 5:1, or at least 6:1.  Further, in a particular aspect, w:t 

is no greater than 20:1, such as no greater than 15:1, no greater than 12:1, or no greater than 

10:1.  

[00142] In a particular aspect, the base 1804 of the shaped abrasive particle 1800 includes a 

diameter 1812 and a ratio of the diameter 1812 of the base 1804 to the width 1808 of the 

body 1802 (d:w) is at least 1:1, such as at least 2:1, at least 3:1, or at least 4:1.  In another 

aspect, d:w is no greater than 10:1, no greater than 8:1, or no greater than 5:1. 

[00143] As depicted, the body 1802 shaped abrasive particle 1800 includes a first surface 1814 

and a second surface 1816 distanced therefrom.  A side surface 1818 extends between the 

first surface 1814 and the second surface 1816.  The side surface 1818 includes two side 

surface portions 1820 having a planar shape and two side surface portions 1822 having a 

convex shape.  The two side portions 1822 having the convex shape are separated from each 

other by the two side portions 1820 having the planar shape.  In a particular aspect, the 

shaped abrasive particle 1800 can be formed using one or more of the systems and methods, 

described herein. 

[00144] FIG. 19a through FIG.19d include a shaped abrasive particle 1900 in accordance with 

an embodiment.  FIG. 19a through FIG. 19e include a shaped abrasive particle 1900 in 

accordance with an embodiment.  FIG. 19a includes a perspective view of the shaped 

abrasive particle 1900.  FIG. 19b includes a front plan view of the shaped abrasive particle 

1900.  The back plan view of the shaped abrasive particle 1900 is the same as the front plan 

view.  FIG. 19c includes a side plan view of the shaped abrasive particle 1900.  Both sides of 

the shaped abrasive particle 1900 are the same in plan view.  FIG. 19d includes a top plan 
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view of the shaped abrasive particle 1900.  The bottom plan view of the shaped abrasive 

particle 1900 is the same as the top plan view.   

[00145] As illustrated, the shaped abrasive particle 1900 is generally rake-shaped and includes 

a body 1902 having a central region 1904.  A first group of castellated projections 1906 can 

extend from the central region 1904 of the body 1902 in a first direction.  A second group of 

castellated projections 1908 can extend from the central region 1904 of the body 1902 in a 

second direction. In a particular aspect, the first group of castellated projections 1906 can 

have a length, LP1, and the second group of castellated projections 1908 can have a length, 

LP2.  A ratio of LP1 to LP2 (LP1:LP2) can be at least 1:1, such as at least 1.5:1, or 2:1.  In 

another aspect, LP1:LP2 may be no greater than 5:1, such as no greater than 4:1, or no greater 

than 3:1. 

[00146] It can be appreciated that when used to form a coated abrasive article, the second 

group of castellated projections 1908 can extend into and adhere to a make coat that is 

disposed on a backing material.  The first group of castellated projections 1906 can provide a 

plurality of grinding points for material removal during an abrasive operation.  In a particular 

aspect, the shaped abrasive particle 1900 can be formed using one or more of the systems and 

methods, described herein. 

[00147] FIG. 20a through FIG.20f include a shaped abrasive particle 2000 in accordance with 

an embodiment.  FIG. 20a includes a perspective view of the shaped abrasive particle 2000.  

FIG. 20b includes a front plan view of the shaped abrasive particle 2000.  The back plan view 

of the shaped abrasive particle 2000 is the same as the front plan view.  FIG. 20c includes a 

first side plan view of the shaped abrasive particle 2000.  FIG. 20d includes a second side 

plan view of the shaped abrasive particle 2000.  FIG. 20e includes a top plan view of the 

shaped abrasive particle 2000 and FIG. 20f includes a bottom plan view of the shaped 

abrasive particle 2000.   

[00148] As illustrated, the shaped abrasive particle 2000 includes a body 2002 having a first 

surface 2004 and a second surface 2006.  Moreover, the body 2002 includes a side surface 

2008 extending between the first surface 2004 and the second surface 2006. The side surface 

2008 can include at least four distinct side surface portions, e.g., a first side surface portion 

2010, a second side surface portion 2012, a third side surface portion 2014, and a fourth side 

surface portion 216.  As shown, the side surface portions 2010, 2012, 2014, 2016 may be 

separated by at least four exterior corners 2020, 2022, 2024, 2026. 
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[00149] As indicated in FIG. 20a through FIG. 20f, at least one of the side surface portions 

2010, 2012, 2014, 2016 can include a concave contour.  Further, the shaped abrasive particle 

2000 can have a curved shape in which the first surface 2004 includes a substantially concave 

curvature and the second surface 2006 includes a substantially convex curvature.  In a 

particular aspect, the shaped abrasive particle 2000 can be formed using one or more of the 

systems and methods, described herein. 

[00150] FIG. 21a through FIG.21e include a shaped abrasive particle 2100 in accordance with 

an embodiment.  FIG. 21a includes a perspective view of the shaped abrasive particle 2100.  

FIG. 21b includes a front plan view of the shaped abrasive particle 2100.  The back plan view 

is the same as the front plan view.  FIG. 21c includes a side plan view of the shaped abrasive 

particle 2100.  Both side plan views are the same.  FIG. 21d includes a top plan view of the 

shaped abrasive particle 2100 and FIG. 21e includes a bottom plan view of the shaped 

abrasive particle 2100. 

[00151] As indicated, the shaped abrasive particle 2100 can include a body 2102 that is 

generally toothed and includes a plurality of teeth 2104 extending from one side of the body 

2102.  As shown, the teeth 2014 may define external corners of the body 2102 and can 

include an average spacing 2106 between adjacent teeth 2104 of less than 0.5L, where L 

defines the length 2108 of the body.  In another aspect, each of the teeth 2104 can include a 

tooth height and at least some of the teeth 2104 have a different height when compared to 

other teeth 2104 of the plurality of teeth 2104.  In yet another aspect, each of the teeth 2104 

can have the same height.  Further, in another aspect, the body 2102 can include a peripheral 

surface and all of the teeth 2104 can be uniformly distributed around the peripheral surface.  

In another aspect, the teeth may be non-uniformly distributed around the peripheral surface of 

the body 2102. In another aspect, each of the teeth of the plurality of teeth 2104 defines a 

single point on the body 2102.  In another aspect, each of the teeth of the plurality of teeth 

2104 defines multiple points on the body 2102.  In a particular aspect, the shaped abrasive 

particle 2100 can be formed using one or more of the systems and methods, described herein.  

[00152] FIG. 22a through FIG.22d include a shaped abrasive particle 2200 in accordance with 

an embodiment.  FIG. 22a includes a top plan view of the shaped abrasive particle 2200.  

FIG. 22b is a side plan view of the shaped abrasive particle 2200.  The opposite side plan 

view is the same.  FIG. 22c is a front plan of the shaped abrasive particle 2200.  The back 

plan view is the same as the front. FIG. 22d is a bottom plan view of the shaped abrasive 

particle 2200.   
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[00153] As indicated, the shaped abrasive particle 2200 can include a body 2202 having a first 

surface 2204 and a base 2206 spaced a distance from the first surface 2204.  A plurality of 

structures 2208 can extend between the base 2206 and the first surface 2204 in an outward 

direction from a center 2210 of the body 2202.  Each of the plurality of structures 2208 can 

include an isosceles triangle and each of the plurality of structures 2208 can be attached in the 

central region of the body 2202.  Further, the body 2202 can include a bore 2212 that can 

extend along a length of the body 2202 and through the center 2210 of the body 2202.  In a 

particular aspect, the shaped abrasive particle 2200 can be formed using one or more of the 

systems and methods, described herein. 

[00154] FIG. 23a through FIG.23f include a shaped abrasive particle 2300 in accordance with 

an embodiment.  FIG. 23a is a perspective view of the shaped abrasive particle 2300.  FIG. 

23b is a front plan view of the shaped abrasive particle 2300.  The back plan view is the same 

as the front - only in reverse.  FIG. 23c is a top plan view of the shaped abrasive particle 

2300.  FIG. 23d is a bottom plan view of the shaped abrasive particle 2300.  FIG. 23e is a 

first side plan view of the shaped abrasive particle 2300 and FIG. 23f is a second side plan 

view of the shaped abrasive particle 2300.  

[00155] As illustrated, the shaped abrasive particle 2300 can include a body 2302 having a 

first surface 2304 and a second surface 2306.  A side surface 2308 can extend between the 

first surface 2304 and the second surface 2306.  The side surface 2308 can include a first side 

surface portion 2310, a second side surface portion 2312, a third side surface portion 2314, 

and a fourth side surface portion 2316.  In particular, the first surface 2304 of the body 2302 

is concave and the first side surface portion 2310 can extend to the first surface 2304 to form 

a flashing 2318 on the body 2302 of the shaped abrasive particle 2300.  The flashing 2318 

can have a flashing length, LF, and the body 2302 can include a length, L.  A ratio of the 

length of the body 2302 to the flashing length, L:LF, can be at least 10:1 such as at least 9:1, 

at least 8:1, at least 7:1, or at least 6:1.  Further, the L:LF may be no greater than 2:1, no 

greater than 3:1, or no greater than 4:1.  The increase length of the flashing 2318 can extend 

the useful life of the shaped abrasive grain 2300 and a coated abrasive article, such as an 

abrasive belt, on which the shaped abrasive grain 2300 is deposited.  In a particular aspect, 

the shaped abrasive particle 2300 can be formed using one or more of the systems and 

methods, described herein.  

[00156] FIG. 24a through FIG.24f include a shaped abrasive particle 2400 in accordance with 

an embodiment.  FIG. 24a is a perspective view of the shaped abrasive particle 2400.  FIG. 
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24b is a top plan view of the shaped abrasive particle 2400.  FIG. 24c is a bottom plan view 

of the shaped abrasive particle 2400.  FIG. 24d is a front plan view of the shaped abrasive 

particle 2400.  FIG. 24e is a top plan view of the shaped abrasive particle 2400 and FIG. 24f 

is a side plan view of the shaped abrasive particle 2400.  Both side plan views are the same.   

[00157] The shaped abrasive particle 2400 includes a body 2402 having a first surface 2404, a 

second surface 2406, and a third surface 2408 that are connected to each other to form a 

pyramid shape with a hollow interior 2410.  In a particular aspect, the shaped abrasive 

particle 2400 can be formed using one or more of the systems and methods, described herein. 

[00158] FIG. 25a through FIG.25b include a shaped abrasive particle 2500 in accordance with 

an embodiment. FIG. 25a is a top plan view of the shaped abrasive particle 2500.  The bottom 

plan view is the same.  FIG. 25b is a side plan view of the shaped abrasive particle 2500.  

Both side plan views, the front plan view, and the rear plan view of the shaped abrasive 

particle 2500 are the same.   

[00159] As indicated, the shaped abrasive particle 2500 can include a body 2502 having a 

plurality of structures 2504 equally spaced around a center 2506 of the body 2502.  Each of 

the plurality of structures 2504 can include an isosceles triangle shape and each of the 

plurality of structures 2504 can be attached, or otherwise bonded, to adjacent structures 2504 

to form an opening 2506, or hole that extends along a length of the body 2502 through the 

center 2510 of the body 2502.  In a particular aspect, the shaped abrasive particle 2500 can be 

formed using one or more of the systems and methods, described herein. 

[00160] FIG. 26a through FIG.26c include a shaped abrasive particle 2600 in accordance with 

an embodiment.  FIG. 26a is a perspective view of the shaped abrasive particle 2600.  FIG. 

26b is a front plan view of the shaped abrasive particle 2600.  The back plan view is the 

same.  FIG. 26c is a side plan view of the shaped abrasive particle 2600.  Both side plan 

views, the top plan view, and the bottom plan view are the same.  Mention that the arms on 

these stars are thicker at the base. 

[00161] As illustrated, the shaped abrasive particle 2600 can include a body 2602.  The body 

2602 can be generally star shaped and flat.  Moreover, the body 2602 can include a first point 

2604, a second point 2606, a third point 2608, and a fourth point 2610.  The points 2604, 

2606, 2608, 2610 can be equally spaced around a center 2612 of the body 2602.  In a 

particular aspect, the shaped abrasive particle 2600 can be formed using one or more of the 

systems and methods, described herein.  



 Attorney Docket No.: A-22053-US 

 

- 31 - 

 

[00162] FIG. 27a through FIG.27c include a shaped abrasive particle 2700 in accordance with 

an embodiment.  FIG. 27a is a perspective view of the shaped abrasive particle 2700.  FIG. 

27b is a front plan view of the shaped abrasive particle 2700.  The back plan view is the 

same.  FIG. 27c is a side plan view of the shaped abrasive particle 2700.  Both side plan 

views, the top plan view, and the bottom plan view are the same.   

[00163] As illustrated, the shaped abrasive particle 2700 can include a body 2702.  The body 

2702 can be generally star shaped.  Moreover, the body 2702 can include a first point 2704, a 

second point 2706, a third point 2708, and a fourth point 2710.  The points 2704, 2706, 2708, 

2710 can be equally spaced around a center 2712 of the body 2702.  Moreover, the body 

2702 of the shaped abrasive particle 2700 can have a thickness 2720 that increases from each 

point 2704, 2706, 2708, 2710 to the center 2712 of the body 2702.  Further, the body 2702 

can include a first central point 2722 and a second central point 2724 opposite the first central 

point 2722.  In a particular aspect, the shaped abrasive particle 2700 can be formed using one 

or more of the systems and methods, described herein. 

[00164] FIG. 28a through FIG.28e include a shaped abrasive particle 2800 in accordance with 

an embodiment.  FIG. 28a includes a perspective view of the shaped abrasive particle 2800.  

FIG. 28b includes a front plan view of the shaped abrasive particle 2800.  FIG. 28c includes a 

back plan view of the shaped abrasive particle 2800.  FIG. 28d is a bottom plan view of the 

shaped abrasive particle 2800.  The top plan view is the same as the bottom.  FIG. 28e is a 

side plan view of the shaped abrasive particle 2800.  Both side plan views are the same.   

[00165] As illustrated, the shaped abrasive particle 2800 can include a body 2802 having a 

first triangular portion 2804 and a second triangular portion 2806.  The triangular portions 

2804, 2806 can be bonded, or otherwise fused, to each other along a central axis 2808.  In 

particular, the triangular portions 2804, 2806 can be bonded to each other so that a side 

surface 2810 formed after bonding the triangular portions 2804, 2806 together includes an 

angle 2812. 

[00166] The angle 2812 of the side surface 2810 can be less than or equal to 180°, such as less 

than or equal to 170°, less than or equal to 160°, less than or equal to 150°, less than or equal 

to 140°, or less than or equal to 130°.  In another aspect, the angle 2812 of the side surface 

can be greater than or equal to 90°, such as greater than or equal to 100°, greater than or equal 

to 110°, or greater than or equal to 120°. 

[00167] In another aspect, the triangular portions 2804, 2806 can be shaped so that a first 

surface 2814 formed when the triangular portions 2804, 2806 are bonded together also 
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includes an angle 2816. The angle 2816 of the first surface 2814 can be less than or equal to 

180°, such as less than or equal to 170°, less than or equal to 160°, less than or equal to 150°, 

less than or equal to 140°, or less than or equal to 130°.  In another aspect, the angle 2816 of 

the first surface 2814 can be greater than or equal to 90°, such as greater than or equal to 

100°, greater than or equal to 110°, or greater than or equal to 120°.  In a particular aspect, 

the shaped abrasive particle 2800 can be formed using one or more of the systems and 

methods, described herein. 

[00168] In another aspect, the triangular portions 2804, 2806 of the body 2802 of the shaped 

abrasive particle 2800 can be considered flanges and as shown, the flanges can extend in 

different planes with respect to each other at one or more of the angles described. 

[00169] FIG. 29a through FIG.29c include a shaped abrasive particle 2900 in accordance with 

an embodiment.  FIG. 29a is a top plan view of the shaped abrasive particle 2900.  The 

bottom plan view is the same as the top plan view.  FIG. 29b is a side plan view of the shaped 

abrasive particle 2900.  Both side plan views, the front plan view, and the rear plan view of 

the shaped abrasive particle 2900 are the same.  FIG. 29c is a cross sectional view of the 

shaped abrasive particle 2900.   

[00170] As illustrated, the shaped abrasive particle 2900 includes a body 2902.  The body 

2902 is toroid shaped, or annular, and includes the cross-sectional shape depicted in FIG. 29c.  

In particular, the body 2902 of shaped abrasive particle 2900 includes a first major surface 

2904 and a second major surface 2906.  A first side surface 2908 can extend between the first 

major surface 2904 and the second major surface 2906.  As depicted in FIG. 29c, the first 

side surface 2908 is linear in cross-section.  The body 2902 can also include a second side 

surface 2910 that can extend between the first major surface 2904 and the second major 

surface 2906.  As shown in FIG. 29c, the second side surface 2910 is concave in cross-

section.  In a particular aspect, the shaped abrasive particle 2900 can be formed using one or 

more of the systems and methods, described herein. 

[00171] FIG. 30a through FIG.30d include a shaped abrasive particle 3000 in accordance with 

an embodiment.  FIG. 30a is a top plan view of the shaped abrasive particle 3000.  FIG. 30b 

is a bottom plan view of the shaped abrasive particle 3000.  FIG. 30b is a side plan view of 

the shaped abrasive particle 3000.  Both side plan views, the front plan view, and the rear 

plan view of the shaped abrasive particle 3000 are the same.  FIG. 30c is a cross sectional 

view of the shaped abrasive particle 3000.   
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[00172] As illustrated, the shaped abrasive particle 3000 includes a body 3002.  The body 

3002 is toroid shaped and includes the cross-sectional shape depicted in FIG. 30c.  In 

particular, the body 3002 of shaped abrasive particle 3000 includes a first major surface 3004 

and a second major surface 3006.  A first side surface 3008 can extend between the first 

major surface 3004 and the second major surface 3006.  As depicted in FIG. 30c, the first 

side surface 3008 is linear in cross-section.  The body 3002 can also include a second side 

surface 3010 that can extend between the first major surface 3004 and the second major 

surface 3006.  As shown in FIG. 30c, the second side surface 3008 is linear in cross-section 

and can form an angle 3012 with respect to the second major surface 3004. 

[00173] The angle 3012 can be greater than or equal to 45°, such as greater than or equal 50°, 

greater than or equal 55°, or greater than or equal 60°.  Further, the angle 3012 can be less 

than or equal to 85°, such as less than or equal to 80°, less than or equal to 75°, less than or 

equal to 70°, or less than or equal to 65°.  In a particular aspect, the shaped abrasive particle 

3000 can be formed using one or more of the systems and methods, described herein. 

[00174] FIG. 31a through FIG.31c include a shaped abrasive particle in accordance with an 

embodiment.  FIG. 31a is a top plan view of the shaped abrasive particle 3100.  The bottom 

plan view is the same as the top plan view.  FIG. 31b is a side plan view of the shaped 

abrasive particle 3100.  Both side plan views, the front plan view, and the rear plan view of 

the shaped abrasive particle 3100 are the same.  FIG. 31c is a cross sectional view of the 

shaped abrasive particle 3100. 

[00175] As illustrated, the shaped abrasive particle 3100 includes a body 3102.  The body 

3102 is toroid shaped and includes the cross-sectional shape depicted in FIG. 31c.  In 

particular, the body 3102 of shaped abrasive particle 3100 includes a first major surface 3104 

and a second major surface 3106.  A first side surface 3108 can extend between the first 

major surface 3104 and the second major surface 3106.  As depicted in FIG. 31c, the first 

side surface 3108 is linear in cross-section.  The body 3102 can also include a second side 

surface 3110 that can extend between the first major surface 3104 and the second major 

surface 3106.  As shown in FIG. 31c, the second side surface 3108 is can include a first 

portion 3112 and a second portion 3114.  The first portion 3112 of the second side surface 

3110 can form an angle 3116 with respect to the second portion 3114 of the second side 

surface 3110.   

[00176] The angle 3116 can be greater than or equal to 90°, such as greater than or equal 100°, 

greater than or equal 110°, or greater than or equal 120°.  Further, the angle 3116 can be less 
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than or equal to 170°, such as less than or equal to 160°, less than or equal to 150°, less than 

or equal to 140°, or less than or equal to 130°.  In a particular aspect, the shaped abrasive 

particle 3100 can be formed using one or more of the systems and methods, described herein.   

[00177] FIG. 32a through FIG.32c include a shaped abrasive particle in accordance with an 

embodiment.  FIG. 32a is a top plan view of the shaped abrasive particle 3200.  The bottom 

plan view is the same as the top plan view.  FIG. 32b is a side plan view of the shaped 

abrasive particle 3200.  Both side plan views, the front plan view, and the rear plan view of 

the shaped abrasive particle 3200 are the same.  FIG. 32c is a cross sectional view of the 

shaped abrasive particle 3200.   

[00178] As illustrated, the shaped abrasive particle 3200 includes a body 3202.  The body 

3202 is toroid shaped and includes the cross-sectional shape depicted in FIG. 32c.  In 

particular, the body 3202 of shaped abrasive particle 3200 includes a first major surface 3204 

and a second major surface 3206.  A first side surface 3208 can extend between the first 

major surface 3204 and the second major surface 3206.  As depicted in FIG. 32c, the first 

side surface 3208 is concave in cross-section.  The body 3202 can also include a second side 

surface 3210 that can extend between the first major surface 3204 and the second major 

surface 3206.  As shown in FIG. 32c, the second side surface 3210 is concave in cross-

section.  It can be appreciated that either the first side surface 3208, the second side surface 

3210, or both side surfaces 3208, 3210 can be convex is cross-section.  In a particular aspect, 

the shaped abrasive particle 3200 can be formed using one or more of the systems and 

methods, described herein. 

[00179] FIG. 33a through FIG.33d include a shaped abrasive particle in accordance with an 

embodiment.  FIG. 33a is a top plan view of the shaped abrasive particle 3300.  FIG. 33b is a 

bottom plan view of the shaped abrasive particle 3300.  FIG. 33b is a side plan view of the 

shaped abrasive particle 3300.  Both side plan views, the front plan view, and the rear plan 

view of the shaped abrasive particle 3300 are the same.  FIG. 33c is a cross sectional view of 

the shaped abrasive particle 3300.  

[00180] As illustrated, the shaped abrasive particle 3300 includes a body 3302.  The body 

3302 is toroid shaped, or annular with a central opening extending through the body 3302 and 

a rounded contour, and includes the cross-sectional shape depicted in FIG. 33c.  In particular, 

the body 3302 of shaped abrasive particle 3300 includes a first major surface 3304 and a 

second major surface 3306.  As shown in FIG. 33d, in cross-section, the first major surface 

3304 is not parallel to the second major surface 3306.  Also, the first major surface 3304 is 
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linear in cross-section. However, it can be appreciated that the first major surface 3304 can be 

concave, rounded, or otherwise non-planar, in cross-section. 

[00181] As illustrated, a first side surface 3308 can extend between the first major surface 

3304 and the second major surface 3306.  As depicted in FIG. 33c, the first side surface 3308 

is linear in cross-section.  The first major surface 3304 can form an angle 3310 with respect 

to the first side surface 3308.   

[00182] In a particular aspect, the angle 3310 can be greater than or equal to 95°, such as 

greater than or equal 100°, greater than or equal 105°, or greater than or equal 110°.  Further, 

the angle 3310 can be less than or equal to 150°, such as less than or equal to 140°, less than 

or equal to 130°, or less than or equal to 120°.  The body 3302 can also include a second side 

surface 3312 that can extend between the first major surface 3304 and the second major 

surface 3306.  As shown in FIG. 33c, the second side surface 3312 is concave in cross-

section.  In a particular aspect, the shaped abrasive particle 3300 can be formed using one or 

more of the systems and methods, described herein. 

[00183] FIG. 34a through FIG.34e include a shaped abrasive particle 3400 in accordance with 

an embodiment.  FIG. 34a is a perspective view of the shaped abrasive particle 3400.  FIG. 

34b is a front plan view of the shaped abrasive particle 3400.  The back plan view is the same 

as the front plan view.  FIG. 34c is a top plan view of the shaped abrasive particle 3400.  The 

bottom plan view of the shaped abrasive particle 3400 is the same as the top plan view.  FIG. 

34d is a side plan view of the shaped abrasive particle 3400.  Both side plan views of the 

shaped abrasive particle 3400 are the same.   

[00184] As illustrated, the shaped abrasive particle 3400 can include a body 3402 having a 

first triangular portion 3404 and a second triangular portion 3406.  The triangular portions 

3404, 3406 can be bonded, or otherwise fused, to each other along a side surface 3408, 3410 

of each triangular portion 3404, 3406.  In particular, the triangular portions 3404, 3406 can be 

bonded to each other so that in the side plan view of FIG. 34b, a first surface 3412 of the first 

triangular portion 3404 can form an angle 3414 with respect to a first surface 3416 of the 

second triangular portion 3406.   

[00185] The angle 3414 can be less than or equal to 120°, such as less than or equal to 110°, 

less than or equal to 100°, or less than or equal to 90°.  In another aspect, the angle 3414 of 

can be greater than or equal to 50°, such as greater than or equal to 60°, greater than or equal 

to 70°, or greater than or equal to 80°.  In another aspect, the first triangular portion 3404 can 

include a second surface 3418 and the second triangular portion 3406 can include a second 
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surface 3420.  When the triangular portions 3404, 3406 are bonded together, as depicted, the 

second surface 3418 of the first triangular portion 3404 can be coplanar with the second 

surface 3420 of the second triangular portion 3406, e.g., to form a base for the shaped 

abrasive particle 3400.  In a particular aspect, the shaped abrasive particle 3400 can be 

formed using one or more of the systems and methods, described herein. 

[00186] FIG. 35a through FIG.35e include a shaped abrasive particle 3500 in accordance with 

an embodiment.  FIG. 35a includes a perspective view of the shaped abrasive particle 3500.  

FIG. 35b includes a front plan view of the shaped abrasive particle 3500.  The back plan view 

is the same as the front plan view.  FIG. 35c is a side plan view of the shaped abrasive 

particle 3500.  Both side plan views are the same.  FIG. 35d is a top plan view of the shaped 

abrasive particle 3500 and FIG. 35e is a bottom plan view of the shaped abrasive particle 

3500. 

[00187] As illustrated, the shaped abrasive particle 3500 can include a body 3502 having a 

first triangular portion 3504 and a second triangular portion 3506.  The triangular portions 

3504, 3506 can be bonded, or otherwise fused, to each other along a side surface 3508, 3510 

of each triangular portion 3504, 3506.  In particular, the triangular portions 3504, 3506 can be 

equilateral triangles and the triangular portions 3504, 3506 can be bonded to each other so 

that in the side plan view of FIG. 35b, the shaped abrasive particle 3500 can be shaped like a 

six-point star.  In a particular aspect, the shaped abrasive particle 3500 can be formed using 

one or more of the systems and methods, described herein. 

[00188] FIG. 36a through FIG.36e include a twenty-seventh shaped abrasive particle 3900 in 

accordance with an embodiment.  FIG. 36a is a perspective view of the twenty-seventh 

shaped abrasive particle 3900.  FIG. 36b is a front plan view of the twenty-seventh shaped 

abrasive particle 3900.  The back plan view is the same as the front plan view.  FIG. 36c is a 

top plan view of the twenty-seventh shaped abrasive particle 3900.  FIG. 36d is a bottom plan 

view of the twenty-seventh shaped abrasive particle 3900.  FIG. 36e is a side plan view of the 

twenty-seventh shaped abrasive particle 3900.  Both side plan views of the twenty-seventh 

shaped abrasive particle 3900 are the same.   

[00189] The shaped abrasive particle 3900 can include a body 3902 that can be formed by 

creating a layer of material from a mixture comprising a precursor ceramic material.  The 

body 3902 can include a pattern 3904 formed in an upper surface 3906 of the body 3902.  

The pattern 3904 can be formed by altering the upper surface 3906 of the body 3902 by 

exposing it to a gaseous or liquid material in order to create the pattern 3904 in the upper 
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surface 3906 of the body 3902, e.g., the layer of material that forms the body 3902.  In a 

particular aspect, the shaped abrasive particle 3900 can be formed into a plurality of abrasive 

particles, e.g., by crushing the shaped abrasive particle 3900.  In such a case, at least a portion 

of the abrasive particles formed from the shaped abrasive particle 3900 can include a surface 

having at least a portion of the pattern created in the upper surface 3906 of the layer making 

up the body 3902.  In a particular aspect, the shaped abrasive particle 3900 can be formed 

using one or more of the systems and methods, described herein.  In particular, the shaped 

abrasive particle 3900 can be formed by first forming a sheet of gel and then, agitating 

surface of the sheet of gel, e.g., using air driven by a fan blade or impeller, before the gel is 

dried in order to create waves or ripple features in the upper surface of the sheet of gel to 

achieve the pattern shown in the abrasive particle 3900.   

[00190] FIG. 37a through FIG.37e include a shaped abrasive particle 4000 in accordance with 

an embodiment.  FIG. 37a through FIG.37e include a shaped abrasive particle 4000 in 

accordance with an embodiment.  FIG. 37a is a perspective view of the shaped abrasive 

particle 4000.  FIG. 37b is a front plan view of the shaped abrasive particle 4000.  The back 

plan view is the same as the front plan view.  FIG. 37c is a top plan view of the shaped 

abrasive particle 4000.  FIG. 37d is a bottom plan view of the shaped abrasive particle 4000.  

FIG. 37e is a side plan view of the shaped abrasive particle 4000.  Both side plan views of the 

shaped abrasive particle 4000 are the same.   

[00191] The shaped abrasive particle 4000 can include a body 4002 that can be formed by 

creating a layer of material from a mixture comprising a precursor ceramic material.  The 

body 4002 can include a pattern 4004 formed in an upper surface 4006 of the body 4002.  

The pattern 4004 can be formed by altering the upper surface 4006 of the body 4002 by 

exposing it to a gaseous or liquid material in order to create the pattern 4004 in the upper 

surface 4006 of the body 4002, e.g., the layer of material that forms the body 4002.  In a 

particular aspect, the shaped abrasive particle 4000 can be formed into a plurality of abrasive 

particles, e.g., by crushing the shaped abrasive particle 4000.  In such a case, at least a portion 

of the abrasive particles formed from the shaped abrasive particle 4000 can include a surface 

having at least a portion of the pattern created in the upper surface 4006 of the layer making 

up the body 4002.    In a particular aspect, the shaped abrasive particle 4000 can be formed 

using one or more of the systems and methods, described herein.    In particular, the shaped 

abrasive particle 4000 can be formed by first forming a sheet of gel and then, agitating 

surface of the sheet of gel, e.g., using air driven by a fan blade or impeller, before the gel is 
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dried in order to create waves or ripple features in the upper surface of the sheet of gel to 

achieve the pattern shown in the abrasive particle 4000. 

[00192] FIG. 38a through FIG.38f include a shaped abrasive particle 4100 in accordance with 

an embodiment.  FIG. 38a is a perspective view of the shaped abrasive particle 4100.  FIG. 

38b is a front plan view of the shaped abrasive particle 4100.  The back plan view is the same 

as the front.  FIG. 38c is a top plan view of the shaped abrasive particle 4100.  FIG. 38d is a 

bottom plan view of the shaped abrasive particle 4100.  FIG. 38e is a first side plan view of 

the shaped abrasive particle 4100 and FIG. 38f is a second side plan view of the shaped 

abrasive particle 4100.  In a particular aspect, the shaped abrasive particle 4100 can be 

formed using a screen printing process and overfilling the screen in one direction as described 

herein. 

[00193] As depicted, the shaped abrasive particle 4100 can include a body 4102 having a first 

surface 4104 and a second surface 4106.  A side surface 4108 can extend between the first 

surface 4104 and the second surface 4106.  The body 4102 can also include a flange 4110 

that can extend from the side surface 4108 and the first surface 4104.  In a particular aspect, 

the flange 4110 can include a rounded shape.  Further, the flange 4110 can include a flange 

length 4112.  The flange length 4112 can be less than a length 4114 of the body 4102.  In 

another aspect, the flange 4110 can include a height 4116 and the height 4116 of the flange 

4110 is not greater than a thickness 4118 of the body 4102.  In another aspect, the body 4102 

can only include a single flange 4110 and the flange 4110 extends along the periphery of the 

body 4102 for a distance that is not greater than 50% of the total peripheral length of the body 

4102.  In particular, the flange can extend around at least one exterior corner of the body 

4102 and not greater than three exterior corners. 

[00194] The body 4102 can include a narrow end 4120 and wide end 4122.  The flange 4110 

can extend from the narrow end 4120 of the body 4102.  In a particular aspect, the shaped 

abrasive particle 4100 can be formed using one or more of the systems and methods, 

described herein. 

[00195] FIG. 39a through FIG.39f include a shaped abrasive particle 4200 in accordance with 

an embodiment.  FIG. 39a is a perspective view of the shaped abrasive particle 4200.  FIG. 

39b is a front plan view of the shaped abrasive particle 4200.  The back plan view is the same 

as the front.  FIG. 39c is a top plan view of the shaped abrasive particle 4200.  FIG. 39d is a 

bottom plan view of the shaped abrasive particle 4200.  FIG. 39e is a first side plan view of 

the shaped abrasive particle 4200 and FIG. 39f is a second side plan view of the shaped 
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abrasive particle 4200.    In a particular aspect, the shaped abrasive particle 4200 can be 

formed using a screen printing process and overfilling the screen in one direction as described 

herein.   

[00196] As depicted, the shaped abrasive particle 4200 can include a body 4202 having a first 

surface 4204 and a second surface 4206.  A side surface 4208 can extend between the first 

surface 4204 and the second surface 4206.  The body 4202 can also include a flange 4210 

that can extend from the side surface 4208 and the first surface 4204.  In a particular aspect, 

the flange 4210 can include a rounded shape.  Further, the flange 4210 can include a flange 

length 4212.  The flange length 4212 can be less than a length 4214 of the body 4202.  In 

another aspect, the flange 4210 can include a height 4216 and the height 4216 of the flange 

4210 is not greater than a thickness 4218 of the body 4202.  In another aspect, the body 4202 

can only include a single flange 4210 and the flange 4210 extends along the periphery of the 

body 4202 for a distance that is not greater than 50% of the total peripheral length of the body 

4202.  In particular, the flange can extend around at least one exterior corner of the body 

4202 and not greater than three exterior corners. 

[00197] The body 4202 can include a narrow end 4220 and wide end 4222.  The flange 4210 

can extend from the wide end 4220 of the body 4202.  In a particular aspect, the shaped 

abrasive particle 4200 can be formed using one or more of the systems and methods, 

described herein. 

[00198] FIG. 40a through FIG.40c include a shaped abrasive particle 4300 in accordance with 

an embodiment.  FIG. 40a is a perspective view of the shaped abrasive particle 4300.  FIG. 

40b is a front plan view of the shaped abrasive particle 4300.  The back plan view is the same 

as the front plan view.  FIG. 40c is a side plan view of the shaped abrasive particle 4300.  

Both side plan views, the top plan view, and the bottom plan view of the shaped abrasive 

particle 4300 are the same. 

[00199] As indicated, the shaped abrasive particle 4300 can include a body 4302 having a 

peripheral surface 4304.  A plurality of teeth 4306 can extend from the peripheral surface 

4304 of the body 4302.  As shown, the plurality of teeth 4306 do not extend to the corners 

4308, 4310, 4312, 4314 of the body 4308.  Further, each of the teeth 4304 can have the same 

height and all of the teeth 4304 can be uniformly distributed around the peripheral surface 

4304 of the body.  In a particular aspect, the shaped abrasive particle 4300 can be formed 

using one or more of the systems and methods, described herein. 
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[00200] FIG. 41a through FIG.41c include a shaped abrasive particle 4400 in accordance with 

an embodiment.  FIG. 41a is a perspective view of the shaped abrasive particle 4400.  FIG. 

41b is a front plan view of the shaped abrasive particle 4400.  The back plan view is the same 

as the front plan view.  FIG. 41c is a side plan view of the shaped abrasive particle 4400.  

Both side plan views, the top plan view, and the bottom plan view of the shaped abrasive 

particle 4400 are the same. 

[00201] As indicated, the shaped abrasive particle 4400 can include a body 4402 having a 

peripheral surface 4404.  A plurality of teeth 4406 can extend from the peripheral surface 

4404 of the body 4402.  As shown, the plurality of teeth 4406 extend to, and form, the 

corners 4408, 4410, 4412, 4414 of the body 4408.  Further, each of the teeth 4404 can have 

the same height and all of the teeth 4404 can be uniformly distributed around the peripheral 

surface 4404 of the body. In a particular aspect, the shaped abrasive particle 4400 can be 

formed using one or more of the systems and methods, described herein. 

[00202] FIG. 42a through FIG.42c include a shaped abrasive particle 4500 in accordance with 

an embodiment.  FIG. 42a is a perspective view of the shaped abrasive particle 4500.  FIG. 

42b is a front plan view of the shaped abrasive particle 4500.  The back plan view is the same 

as the front plan view.  FIG. 42c is a side plan view of the shaped abrasive particle 4500.  

Both side plan views, the top plan view, and the bottom plan view of the shaped abrasive 

particle 4500 are the same. 

[00203] As indicated, the shaped abrasive particle 4500 can include a body 4502 having a 

peripheral surface 4504.  A plurality of teeth 4506 can extend from the peripheral surface 

4504 of the body 4502.  As shown, the plurality of teeth 4506 extend to, and form, the 

corners 4508, 4510, 4512, 4514 of the body 4508.  Further, each of the teeth 4504 can have 

different heights when compared to other teeth and the teeth 4504 of varying sizes can be 

uniformly distributed around the peripheral surface 4504 of the body.  In a particular aspect, 

the shaped abrasive particle 4500 can be formed using one or more of the systems and 

methods, described herein. 

[00204] FIG. 43a through FIG.43d include a shaped abrasive particle 4600 in accordance with 

an embodiment.  FIG. 43a is a perspective view of the shaped abrasive particle 4600.  FIG. 

43b is a front plan view of the shaped abrasive particle 4600.  The back plan view of the 

shaped abrasive particle 4600 is the same as the front plan view.  FIG. 43c is a side plan view 

of the shaped abrasive particle 4600.  Both side plan views, the top plan view, and the bottom 

plan view of the shaped abrasive particle 4600 are the same.  FIG. 43d is a cross-sectional 
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view of the shaped abrasive particle 4600.  In a particular aspect, the shaped abrasive particle 

4600 can be formed using one or more of the systems and methods, described herein. 

[00205] As illustrated, the shaped abrasive particle 4600 can include a body 4602.  The body 

4602 can be generally star shaped.  Moreover, the body 4602 can include a first point 4604, a 

second point 4606, a third point 4608, and a fourth point 4610.  The points 4604, 4606, 4608, 

4610 can be equally spaced around a central portion 4612 of the body 4602.  Moreover, the 

body 4602 of the shaped abrasive particle 4600 can have a thickness 4620 that can increase 

from the central portion 4612 of the body 4602 outwardly toward each point 4604, 4606, 

4608, 4610.  In a particular aspect, the shaped abrasive particle 4600 can be formed using one 

or more of the systems and methods, described herein. 

[00206] FIG. 44a through FIG.44e include a shaped abrasive particle 4700 in accordance with 

an embodiment.  FIG. 44a is a perspective view of the shaped abrasive particle 4700.  FIG. 

44b is a front plan view of the shaped abrasive particle 4700.  The back plan view is the same 

as the front plan view.  FIG. 44c is a side plan view of the shaped abrasive particle 4700.  

Both side plan views of the shaped abrasive particle 4700 are the same.  FIG. 44d is a top 

plan view of the shaped abrasive particle 4700 and FIG. 44e is a bottom plan view of the 

shaped abrasive particle 4700.   

[00207] As illustrated, the shaped abrasive particle 4700 can include a body 4702 that can be 

generally shaped like an arrowhead, or a shark’s tooth.  The body 4702 can include a first 

major surface 4704 and a second major surface 4706.  A side surface 4708 can extend 

between the first major surface 4704 and the second major surface 4706.  The side surface 

4708 can include a first portion 4710, a second portion 4712, and a third portion 4714.  The 

first portion 4710 can form an angle 4714 with respect to the second portion 4712.  The angle 

4714 can be less than or equal to 75°, such as less than or equal to 60°, less than or equal to 

50°, less than or equal to 40°, or less than or equal to 35°.  In another aspect, the angle 4714 

can be greater than or equal to 15°, such as greater than or equal to 20°, greater than or equal 

to 25°, or greater than or equal to 30°.   

[00208] FIG. 44b shows that the third portion 4714 of the side surface 4708 can extend 

between the first portion 4710 and the second portion 4712 of the side surface 4708 and can 

be concave.  Moreover, the first portion 4710 of the side surface 4708 can include a serrated, 

or toothed, portion 4718.  Similarly, the second portion 4712 of the side surface 4708 can 

include a serrated, or toothed, portion 4720.  In a particular aspect, the shaped abrasive 

particle 4700 can be formed using one or more of the systems and methods described herein. 
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[00209] FIG. 45a through FIG.45e include a shaped abrasive particle 4800 in accordance with 

an embodiment. FIG. 45a is a perspective view of the shaped abrasive particle 4800.  FIG. 

45b is a front plan view of the shaped abrasive particle 4800.  The back plan view is the same 

as the front plan view.  FIG. 45c is a side plan view of the shaped abrasive particle 4800.  

Both side plan views of the shaped abrasive particle 4800 are the same.  FIG. 45d is a top 

plan view of the shaped abrasive particle 4800 and FIG. 45e is a bottom plan view of the 

shaped abrasive particle 4800.   

[00210] As illustrated, the shaped abrasive particle 4800 can include a body 4802 that can be 

generally shaped like an arrowhead, or a shark’s tooth.  The body 4802 can include a first 

major surface 4804 and a second major surface 4806.  A side surface 4808 can extend 

between the first major surface 4804 and the second major surface 4806.  The side surface 

4808 can include a first portion 4810, a second portion 4812, and a third portion 4814.  The 

first portion 4810 can form an angle 4814 with respect to the second portion 4812.  The angle 

4814 can be less than or equal to 75°, such as less than or equal to 60°, less than or equal to 

50°, less than or equal to 40°, or less than or equal to 35°.  In another aspect, the angle 4814 

can be greater than or equal to 15°, such as greater than or equal to 20°, greater than or equal 

to 25°, or greater than or equal to 30°.   

[00211] FIG. 45b shows that the third portion 4814 of the side surface 4808 can extend 

between the first portion 4810 and the second portion 4812 of the side surface 4808 and can 

be generally triangular and rounded at the apex.  Moreover, the first portion 4810 of the side 

surface 4808 can include a serrated, or toothed, portion 4818.  Similarly, the second portion 

4812 of the side surface 4808 can include a serrated, or toothed, portion 4820.  As indicated 

in FIG. 45c, the body 4802 of the shaped abrasive particle 4800 can have a thickness 4822.  

The thickness 4822 of the body 4802 can decrease outwardly from a central region of the 

body 4802.  In a particular aspect, the shaped abrasive particle 4800 can be formed using one 

or more of the systems and methods described herein. 

[00212] The shaped abrasive particles described herein can be formed such that each 

respective body can include a crystalline material, and more particularly, a polycrystalline 

material.  Notably, the polycrystalline material can include abrasive grains.  In one 

embodiment, the body can be essentially free of an organic material, including for example, a 

binder.  More particularly, the body can consist essentially of a polycrystalline material. 

[00213]  In one aspect, the body of each shaped abrasive particle can be an agglomerate 

including a plurality of abrasive particles, grit, and/or grains bonded to each other to form the 
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body of the abrasive particle.  Suitable abrasive grains can include nitrides, oxides, carbides, 

borides, oxynitrides, oxyborides, diamond, and a combination thereof.  In particular 

instances, the abrasive grains can include an oxide compound or complex, such as aluminum 

oxide, zirconium oxide, titanium oxide, yttrium oxide, chromium oxide, strontium oxide, 

silicon oxide, and a combination thereof.  In one particular instance, each shaped abrasive 

particle can be formed such that the abrasive grains forming the body thereof can include 

alumina, and more particularly, may consist essentially of alumina.  Moreover, in particular 

instances, the shaped abrasive particle can be formed from a seeded sol-gel. 

[00214] The abrasive grains (i.e., crystallites) contained within the body may have an average 

grain size that is generally not greater than about 100 microns.  In other embodiments, the 

average grain size can be less, such as not greater than about 80 microns, not greater than 

about 50 microns, not greater than about 30 microns, not greater than about 20 microns, not 

greater than about 10 microns, or even not greater than about 1 micron, not greater than about 

0.9 microns, not greater than about 0.8 microns, not greater than about 0.7 microns, or even 

not greater than about 0.6 microns.  Still, the average grain size of the abrasive grains 

contained within each body can be at least about 0.01 microns, such as at least about 0.05 

microns, at least about 0.06 microns, at least about 0.07 microns, at least about 0.08 microns, 

at least about 0.09 microns, at least about 0.1 microns, at least about 0.12 microns, at least 

about 0.15 microns, at least about 0.17 microns, at least about 0.2 microns, or even at least 

about 0.5 microns.  It will be appreciated that the abrasive grains can have an average grain 

size within a range between any of the minimum and maximum values noted above.  

[00215] In accordance with certain embodiments, one or more of the abrasive particles 

described herein can be a composite article including at least two different types of grains 

within the respective body.  It will be appreciated that different types of grains are grains 

having different compositions with regard to each other.  For example, the body can be 

formed such that is includes at least two different types of grains, wherein the two different 

types of grains can be nitrides, oxides, carbides, borides, oxynitrides, oxyborides, diamond, 

and a combination thereof.   

[00216] In accordance with an embodiment, the shaped abrasive particles described herein can 

have an average particle size, as measured by the largest dimension measurable on the body 

thereof, of at least about 100 microns.  In fact, the shaped abrasive particles can have an 

average particle size of at least about 150 microns, such as at least about 200 microns, at least 

about 300 microns, at least about 400 microns, at least about 500 microns, at least about 600 
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microns, at least about 700 microns, at least about 800 microns, or even at least about 900 

microns.  Still, the shaped abrasive particles can have an average particle size that is not 

greater than about 5 mm, such as not greater than about 3 mm, not greater than about 2 mm, 

or even not greater than about 1.5 mm.  It will be appreciated that the abrasive particle 300 

can have an average particle size within a range between any of the minimum and maximum 

values noted above.  

[00217] The shaped abrasive particles of the embodiments herein, e.g., the bodies thereof, can 

have particular compositions.  For example, the bodies may include a ceramic material, such 

as a polycrystalline ceramic material, and more particularly an oxide.  The oxide may 

include, for example alumina.  In certain instances, the bodies may include a majority content 

of alumina, such as at least about 95 wt% alumina for the total weight of the body, or such as 

at least about 95.1 wt%, at least about 95.2 wt%, at least about 95.3 wt%, at least about 95.4 

wt%, at least about 95.5 wt%, at least about 95.6 wt%, at least about 95.7 wt%, at least about 

95.8 wt%, at least about 95.9 wt%, at least about 96 wt%, at least about 96.1 wt%, at least 

about 96.2 wt%, at least about 96.3 wt%, at least about 96.4 wt%, at least about 96.5 wt%, at 

least about 96.6 wt%, at least about 96.7 wt%, at least about 96.8 wt%, at least about 96.9 

wt%, at least about 97 wt%, at least about 97.1 wt%, at least about 97.2 wt%, at least about 

975.3 wt%, at least about 97.4 wt%, or even at least about 97.5 wt% alumina for the total 

weight of the body.  Still, in another non-limiting embodiment, the bodies may include a 

content of alumina not greater than about 99.5 wt%, such as not greater than about 99.4 wt%, 

not greater than about 99.3wt%, not greater than about 99.2 wt%, not greater than about 99.1 

wt%, not greater than about 99 wt%, not greater than about 98.9 wt%, not greater than about 

98.8 wt%, not greater than about 98.7wt%, not greater than about 98.6 wt%, not greater than 

about 98.5 wt%, not greater than about 98.4 wt%, not greater than about 98.3 wt%, not 

greater than about 98.2 wt%, not greater than about 98.1wt%, not greater than about 98 wt%, 

not greater than about 97.9 wt%, not greater than about 97.8 wt%, not greater than about 97.7 

wt%, not greater than about 97.6 wt%, or even not greater than about 97.5wt% alumina for 

the total weight of the body 1201.  It will be appreciated that the bodies may include a 

content of alumina within a range between any of the minimum and maximum values noted 

above.   

[00218] The bodies of the shaped abrasive particles maybe formed to include certain additives.  

The additives can be non-organic species, including but not limited to an oxide.  In one 

particular instance, the additive may be a dopant material, which may be present in a 
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particular minor amount sufficient to affect the microstructure of the material, but present in a 

greater content than a trace amount or less.  The dopant material may include an element 

selected from the group of hafnium, zirconium, niobium, tantalum, molybdenum, vanadium, 

lithium, sodium, potassium, magnesium, calcium, strontium, barium, scandium, yttrium, 

lanthanum, cesium, praseodymium, chromium, cobalt, iron, germanium, manganese, nickel, 

titanium, zinc, and a combination thereof.  In still a more particular embodiment, the dopant 

material may include magnesium, and may be a magnesium-containing species, including but 

not limited to, magnesium oxide (MgO).   

[00219] According to one embodiment, the magnesium-containing species can be a compound 

including magnesium and at least one other element.  In at least one embodiment, the 

magnesium-containing compound can include an oxide compound, such that the magnesium-

containing species includes magnesium and oxygen.  In yet another embodiment, the 

magnesium-containing species can include aluminum, and more particularly may be a 

magnesium aluminate species.  For example, in certain instances, the magnesium-containing 

species can be a spinel material.  The spinel material may be stoichiometric or non-

stoichiometric spinel.   

[00220] The magnesium-containing species may be a distinct phase of material formed in the 

body as compared to another primary phase, including for example, an alumina phase.  The 

magnesium-containing species may be preferentially disposed at the grain boundaries of the 

primary phase (e.g., alumina grains).  In still other instances, the magnesium-containing 

species may be primarily and uniformly dispersed throughout the volume of the grains of the 

primary phase. 

[00221] The magnesium-containing species may be a strength-altering material.  For example, 

in at least one embodiment, the addition of the magnesium-containing species can be 

configured to reduce the strength of the body compared to a body that does not include the 

magnesium-containing species.   

[00222] Certain compositions of the shaped abrasive particles of the embodiments can include 

a particular content of magnesium oxide.  For example, the bodies of any of the shaped 

abrasive particles may include a content of a magnesium-containing species of at least about 

0.5 wt%, such as at least about 0.6 wt%, at least about 0.7 wt%, at least about 0.8 wt%, at 

least about 0.9 wt%, at least about 1 wt%, at least about 1.1 wt%, at least about 1.2 wt%, at 

least about 1.3 wt%, at least about 1.4 wt%, at least about 1.5 wt%, at least about 1.6 wt%, at 

least about 1.7 wt%, at least about 1.8 wt%, at least about 1.9 wt%, at least about 2 wt%, at 
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least about 2.1 wt%, at least about 2.2 wt%, at least about 2.3 wt%, at least about 2.4 wt%, or 

even at least about 2.5 wt% for the total weight of the body 1201.  In still another non-

limiting embodiment, the body 1201 may include a content of a magnesium-containing 

species of not greater than about 5 wt%, such as not greater than about 4.9 wt%, not greater 

than about 4.8 wt%, not greater than about 4.7wt%, not greater than about 4.6 wt%, not 

greater than about 4.5 wt%, not greater than about 4.4 wt%, not greater than about 4.3 wt%, 

not greater than about 4.2wt%, not greater than about 4.1 wt%, not greater than about 4 wt%, 

not greater than about 3.9 wt%, not greater than about 3.8 wt%, not greater than about 

3.7wt%, not greater than about 3.6 wt%, not greater than about 3.5 wt%, not greater than 

about 3.4 wt%, not greater than about 3.3 wt%, not greater than about 3.2wt%, not greater 

than about 3.1 wt%, not greater than about 3 wt%, not greater than about 2.9 wt%, not greater 

than about 2.8 wt%, not greater than about 2.7wt%, not greater than about 2.6 wt%, or even 

not greater than about 2.5 wt%.  It will be appreciated that the content of a magnesium-

containing species within the bodies may be within a range between any of the minimum and 

maximum values noted above.  Furthermore, in at least one embodiment, the bodies of the 

shaped abrasive particles may consist essentially of alumina (Al2O3) and the magnesium-

containing species. 

[00223] Moreover, the bodies of the shaped abrasive particle of any of the embodiments 

herein may be formed of a polycrystalline material including grains, which may be made of 

materials such as nitrides, oxides, carbides, borides, oxynitrides, diamond, and a combination 

thereof.  Further, the bodies can be essentially free of an organic material, essentially free of 

rare earth elements, and essentially free of iron.  The bodies may be essentially free of 

nitrides, essentially free of chlorides, essentially free of nitrides, or essentially free of 

oxynitrides.  Being essentially free is understood to mean that the body is formed in a manner 

to exclude such materials, but the body may not necessarily be completely free of such 

materials as they may be present in trace amounts or less. 

[00224] Certain features, for clarity, described herein in the context of separate embodiments, 

may also be provided in combination in a single embodiment.  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. 

[00225] Benefits, other advantages, and solutions to problems have been described above with 

regard to specific embodiments.  However, the benefits, advantages, solutions to problems, 
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and any feature(s) that may cause any benefit, advantage, or solution to occur or become 

more pronounced are not to be construed as a critical, required, or essential feature of any or 

all the claims. 

[00226] 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. 

[00227] The description in combination with the figures is provided to assist in understanding 

the teachings disclosed herein.  The following discussion will focus on specific 

implementations and embodiments of the teachings.  This focus is provided to assist in 

describing the teachings and should not be interpreted as a limitation on the scope or 

applicability of the teachings.  However, other teachings can certainly be used in this 

application. 

[00228] As used herein, 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). 

[00229] 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 or at least one and the 
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singular also includes 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. 

[00230] 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 reference books and other sources 

within the structural arts and corresponding manufacturing arts. 

[00231] 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. 

[00232] EMBODIMENTS 

[00233] Embodiment 1.  A shaped abrasive particle comprising a body including a first 

surface, a second surface, a side surface extending between the first surface and second 

surface, and a flange portion extending from the side surface and the first major surface.   

[00234] Embodiment 2.  The shaped abrasive particle of embodiment 1, wherein the flange 

comprises a rounded shape. 

[00235] Embodiment 3.  The shaped abrasive particle of embodiment 1, wherein the flange 

comprises a length that is less than a length of the body. 

[00236] Embodiment 4.  The shaped abrasive particle of embodiment 1, wherein the flange 

has a height that is not greater than a thickness of the body. 

[00237] Embodiment 5.  The shaped abrasive particle of embodiment 1, wherein the body 

comprises a single flange and wherein the single flange extends from the body and extends 

for a distance of not greater than 50% of a total peripheral length of the body. 

[00238] Embodiment 6.  The shaped abrasive particle of embodiment 5, wherein the single 

flange extends around at least 1 exterior corner and not greater than 3 exterior corners. 

[00239] Embodiment 7.  A shaped abrasive particle having a body including a first surface, a 

second surface, and a side surface, wherein the body comprises a gear-shaped two-
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dimensional shape including a plurality of teeth extending peripherally from the side surface 

of the body. 

[00240] Embodiment 8.  The shaped abrasive particle of embodiment 7, wherein the plurality 

of teeth extend along a length of the body. 

[00241] Embodiment 9.  The shaped abrasive particle of embodiment 7, wherein the plurality 

of teeth extend along an entire length of the body.   

[00242] Embodiment 10.  The shaped abrasive particle of embodiment 7, wherein each of the 

teeth of the plurality of teeth comprises a two-dimensional shape. 

[00243] Embodiment 11.  The shaped abrasive particle of embodiment 10, wherein the two-

dimensional shape is symmetric about at least a bisecting axis. 

[00244] Embodiment 12.  The shaped abrasive particle of embodiment 10, wherein the two-

dimensional shape is asymmetric about a bisecting axis. 

[00245] Embodiment 13.  A shaped abrasive particle having a body including a first surface, a 

second surface, and a side surface extending between a first surface and the second surface, 

wherein the first surface comprises raised portions extending from exterior corners of the 

body along the first surface and joining in a center region of the first surface.   

[00246] Embodiment 14.  The shaped abrasive particle of embodiment 13, wherein the raised 

portions extend linearly from the exterior corners to the center region, and wherein the raised 

portions define and separate a plurality of depressed regions that abut the raised portions and 

at least a portion of the side surface of the body. 

[00247] Embodiment 15.  The shaped abrasive particle of embodiment 13, wherein the second 

surface comprises raised portions extending from exterior corners of the body along the first 

surface and joining in a center region of the first surface.   

[00248] Embodiment 16.  The shaped abrasive particle of embodiment 15, wherein the raised 

portions of the first surface and the second surface have substantially the same arrangement 

relative to each other. 

[00249] Embodiment 17.  The shaped abrasive particle of embodiment 15, wherein the raised 

portions extend linearly from the exterior corners to the center region, and wherein the raised 

portions define and separate a plurality of depressed regions that abut the raised portions and 

at least a portion of the side surface of the body. 

[00250] Embodiment 18.  A shaped abrasive particle having a body defining a partial-ellipsoid 

shape, the body including a first surface, a second surface, and a third surface extending 

between a portion of the first major surface and the second major surface, wherein at least a 
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portion of the first surface and a portion of the second surface are connected to each other 

along a first edge and wherein a portion of the first surface and a portion of the third surface 

are connected to each other and define a second edge, and wherein a portion of the second 

surface and a portion of the third surface are connected to each other and define a third edge. 

[00251] Embodiment 19.  The shaped abrasive particle of embodiment 18, wherein the first 

surface comprises a concave shape. 

[00252] Embodiment 20.  The shaped abrasive particle of embodiment 18, wherein the first 

surface comprises a planar shape. 

[00253] Embodiment 21.  The shaped abrasive particle of embodiment 18, wherein second 

surface comprises a convex shape. 

[00254] Embodiment 22.  The shaped abrasive particle of embodiment 18, wherein the third 

surface comprises a concave shape. 

[00255] Embodiment 23.  The shaped abrasive particle of embodiment 18, wherein the third 

surface comprises a planar shape. 

[00256] Embodiment 24.  The shaped abrasive particle of embodiment 18, wherein the first 

edge comprises a curved or elliptical contour. 

[00257] Embodiment 25.  The shaped abrasive particle of embodiment 18, wherein the third 

edge comprises a curved or elliptical contour. 

[00258] Embodiment 26.  A shaped abrasive particle comprising a body having a conical or 

frustoconical shape, wherein a surface of the body comprises a plurality of protrusions 

extending in a spiral pathway. 

[00259] Embodiment 27.  The shaped abrasive particle of embodiment 26, wherein the body 

comprises a first surface, a second surface substantially parallel to the first surface and a side 

surface extending between the first surface and the second surface, and wherein the side 

surface comprises the plurality of protrusions. 

[00260] Embodiment 28.  A shaped abrasive particle having a body defining a fin-shape, 

wherein the body comprises a length, a width and a thickness and wherein the body 

comprises a rectangular cross-sectional shape in the plane defined by the length and width 

and an elliptical cross-sectional shape in the plane defined by the width and thickness, and 

wherein the aspect ratio of width-to-thickness (w:t) is at least 2:1. 

[00261] Embodiment 29.  The shaped abrasive particle of embodiment 28, wherein the body 

comprises a first surface, a second surface, and a side surface, wherein the side surface 

comprises two side surface portions comprising a convex shape and two side surface portions 
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comprising a planar shape, and wherein the two side surface portions comprising the convex 

shape are separated by the side surface portions having the planar shape.  

[00262] Embodiment 30.  A shaped abrasive particle having a rake-shaped body including a 

first group of projections extending from a central region of the body in a first direction and a 

second group of projections extending from the central region the body in a second direction, 

and wherein the first group of projections have a length (Lp1) that is different compared to a 

length (Lp2) of the second group of projections. 

[00263] Embodiment 31.  A shaped abrasive particle having a body including a first surface, a 

second surface, and a side surface, wherein the body comprises at least four distinct side 

surface portions separated by at least four exterior corners, and wherein at least one side 

surface portion comprises a concave contour and wherein the particle comprises a curved 

shape, wherein the first surface comprises a substantially concave curvature and the second 

surface comprises a substantially convex curvature. 

[00264] Embodiment 32.  A shaped abrasive particle having a toothed body including a 

plurality of teeth extending from one side of the body, wherein the plurality of teeth define 

external corners of the body having an average spacing of less than 0.5(L), wherein L defines 

the length of the body. 

[00265] Embodiment 33.  The shaped abrasive particle of embodiment 32, wherein each of the 

teeth of the plurality of teeth comprises a height and wherein at least some of the teeth have a 

different height compared to other teeth of the plurality of teeth. 

[00266] Embodiment 34.  The shaped abrasive particle of embodiment 32, wherein each of the 

teeth of the plurality of teeth comprises a height and wherein all of the teeth have a same 

height compared to each other. 

[00267] Embodiment 35.  The shaped abrasive particle of embodiment 32, wherein the 

plurality of teeth are uniformly distributed around a peripheral surface of the body. 

[00268] Embodiment 36.  The shaped abrasive particle of embodiment 32, wherein the 

plurality of teeth are non-uniformly distributed around a peripheral surface of the body. 

[00269] Embodiment 37.  The shaped abrasive particle of embodiment 32, wherein each of the 

teeth of the plurality of teeth define a single point on the body. 

[00270] Embodiment 38.  The shaped abrasive particle of embodiment 32, wherein each of the 

teeth of the plurality of teeth define multiple points on the body. 
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[00271] Embodiment 39.  A shaped abrasive agglomerate having a body including a plurality 

of shaped abrasive particle portions bonded to each other to form the body of the shaped 

abrasive particle. 

[00272] Embodiment 40.  The shaped abrasive particle of embodiment 39, wherein the body 

comprise a central hole extending through a thickness of the particle. 

[00273] Embodiment 41.  The shaped abrasive particle of embodiment 39, wherein each of the 

shaped abrasive particle portions of the plurality of shaped abrasive particle portions have a 

triangular two-dimensional shape and wherein each of the triangles are joined to each other 

along an edge. 

[00274] Embodiment 42.  A shaped abrasive particle having a body including at least a first 

surface, a second surface, a third surface, and a fourth surface, wherein each of the first, 

second, third, and fourth surfaces contact at least one of the other first, second, third, and 

fourth surfaces along at least one edge of the body, and wherein the first surface comprises a 

concave contour. 

[00275] Embodiment 43.  The shaped abrasive particle of embodiment 42, wherein the body is 

in the shape of a pyramid with a tip and a base, and wherein the first surface defines the base.   

[00276] Embodiment 44.  A method of making a ceramic body comprising:  

creating a layer of material from a mixture comprising a precursor ceramic material;  

altering the surface of the layer with a gaseous or liquid material to create a pattern in an 

upper surface of the layer; and 

forming the layer into abrasive particles, wherein at least a portion of the abrasive particles 

comprises a surface including at least a portion of the pattern created in the upper surface of 

the layer. 

[00277] Embodiment 45.  A method of forming a shaped abrasive particle comprising: 

placing a mixture comprising a ceramic precursor material into a production tool comprising 

a plurality of openings, wherein placing the mixture comprises partially filling a majority of 

the openings of the plurality of openings. 

[00278] Embodiment 46.  The method of embodiment 45, wherein partially filling comprises 

placing the mixture into only a portion of the openings such that the openings comprise some 

mixture and some void volume that is free of the mixture. 

[00279] Embodiment 47.  The method of embodiment 45, wherein partially filling a majority 

of the openings includes controlling at least one variable from the group consisting of: 



 Attorney Docket No.: A-22053-US 

 

- 53 - 

 

orientation of the plurality openings relative to a direction of translation of the production 

tool; 

speed of translation of the production tool; 

viscosity of the mixture; 

pressure applied to the mixture during placing of the mixture into the plurality openings; 

material of the production tool; 

surface energy between the surface of the plurality of the openings and the mixture; and  

any combination thereof. 

[00280] Embodiment 48.  A shaped abrasive particle having a body including plurality of a 

discrete micro-voids distributed throughout the body, wherein the discrete micro-voids 

include a liquid or gas material. 

[00281] Embodiment 49.  The method of embodiment 48, wherein the discrete micro-voids 

are non-uniformly distributed throughout the body. 

[00282] Embodiment 50.  The method of embodiment 48, wherein the discrete micro-voids 

are non-uniformly distributed throughout the body including a greater content of the discrete 

micro-voids in a central region of the body compared to a content of discrete micro-voids at a 

surface region of the body. 

[00283] Embodiment 51.  The method of embodiment 48, wherein the discrete micro-voids 

are uniformly distributed throughout the body. 

[00284] Embodiment 52.  A method of making shaped abrasive particles comprising 

translating a production tool having openings over rollers and through a deposition zone 

configured to deposit a mixture into the openings, wherein in the deposition zone the 

production tool is translated over a primary roller having a greater diameter compared to any 

other rollers in contact with the production tool. 

[00285] Embodiment 53.  A shaped abrasive particle having a multi-flanged body including a 

first shaped abrasive portion bonded to another shaped abrasive portion to form the body 

including at least two different flanges, and wherein the different flanges extend in different 

planes with respect to each other.   

[00286] Embodiment 54.  A shaped abrasive particle having an annular body comprising a 

first surface, second surface, a third surface extending between the first surface and second 

surface, wherein the annular body comprises a rounded contour, a central opening extend 

through the body, and wherein at least a portion of the first surface comprises a non-planar 

contour. 



 Attorney Docket No.: A-22053-US 

 

- 54 - 

 

[00287] 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. 

[00288] 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 of the Drawings, 

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 of the Drawings, with each claim standing on its 

own as defining separately claimed subject matter. 
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WHAT IS CLAIMED IS: 

 1.  A shaped abrasive particle comprising a body including a first surface, a second 

surface, a side surface extending between the first surface and second surface, and a flange 

portion extending from the side surface and the first major surface.   

2.  The shaped abrasive particle of claim 1, wherein the flange comprises a rounded 

shape. 

3.  The shaped abrasive particle of claim 1, wherein the flange comprises a length that is 

less than a length of the body. 

4.  The shaped abrasive particle of claim 1, wherein the flange has a height that is not 

greater than a thickness of the body. 

5.  The shaped abrasive particle of claim 1, wherein the body comprises a single flange 

and wherein the single flange extends from the body and extends for a distance of not greater 

than 50% of a total peripheral length of the body. 

6.  The shaped abrasive particle of claim 5, wherein the single flange extends around at 

least 1 exterior corner and not greater than 3 exterior corners. 

7.  A shaped abrasive particle having a body defining a partial-ellipsoid shape, the body 

including a first surface, a second surface, and a third surface extending between a portion of 

the first major surface and the second major surface, wherein at least a portion of the first 

surface and a portion of the second surface are connected to each other along a first edge and 

wherein a portion of the first surface and a portion of the third surface are connected to each 

other and define a second edge, and wherein a portion of the second surface and a portion of 

the third surface are connected to each other and define a third edge. 

8.  The shaped abrasive particle of claim 7, wherein the first surface comprises a concave 

shape. 

9.  The shaped abrasive particle of claim 7, wherein the first surface comprises a planar 

shape. 

10.  The shaped abrasive particle of claim 7, wherein second surface comprises a convex 

shape. 

11.  The shaped abrasive particle of claim 7, wherein the third surface comprises a 

concave shape. 

12.  The shaped abrasive particle of claim 7, wherein the third surface comprises a planar 

shape. 
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13.  The shaped abrasive particle of claim 7, wherein the first edge comprises a curved or 

elliptical contour. 

14.  The shaped abrasive particle of claim 7, wherein the third edge comprises a curved 

or elliptical contour. 

15.  A shaped abrasive particle having a toothed body including a plurality of teeth 

extending from one side of the body, wherein the plurality of teeth define external corners of 

the body having an average spacing of less than 0.5(L), wherein L defines the length of the 

body. 

16.  The shaped abrasive particle of claim 15, wherein each of the teeth of the plurality 

of teeth comprises a height and wherein at least some of the teeth have a different height 

compared to other teeth of the plurality of teeth. 

17.  The shaped abrasive particle of claim 15, wherein each of the teeth of the plurality 

of teeth comprises a height and wherein all of the teeth have a same height compared to each 

other. 

18.  The shaped abrasive particle of claim 15, wherein the plurality of teeth are 

uniformly distributed around a peripheral surface of the body. 

19.  The shaped abrasive particle of claim 15, wherein the plurality of teeth are non-

uniformly distributed around a peripheral surface of the body. 

20.  The shaped abrasive particle of claim 15, wherein each of the teeth of the plurality 

of teeth define a single point on the body. 
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ABSTRACT OF THE DISCLOSURE 

Various shaped abrasive particles are disclosed.  Each shaped abrasive particle includes a 

body having at least one major surface and a side surface extending from the major surface. 
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