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SUMMARY 

[0007] According to one aspect, a method of forming a shaped abrasive particle includes having a 

body formed by an additive manufacturing process. 

[0008] According to a second aspect, a method includes forming a body of a shaped abrasive particle 

according to a digital model. 

[0009] In yet another aspect, a method of forming a fixed abrasive includes forming a plurality of 

shaped abrasive particles on a substrate, wherein each of the shaped abrasive particles of the plurality 

of shaped abrasive particles have a body formed by an additive manufacturing process. 

[0010] According to another aspect, a shaped abrasive particle includes a body having at least one 

major surface having a self-similar feature.  

[0011] For still another aspect, a shaped abrasive particle has a body having at least one peripheral 

ridge extending around at least a portion of a side surface of the body.   

[0012] In one aspect, a shaped abrasive particle has a body having at least one major surface defining 

a concave stepped surface.   

[0013] For another aspect, a shaped abrasive particle has a body having at least one transverse ridge 

extending along at least two surfaces and an adjoining edge between the at least two surfaces.   

[0014] According to one aspect, a shaped abrasive particle includes a body having a corner including 

a plurality of microprotrusions extending from the corner.   

[0015] For still another aspect, a shaped abrasive particle has a body including a surface comprising 

a scalloped topography. 

[0016] According to another aspect, a method of forming a shaped abrasive particle includes using a 

low pressure injection molding process. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] 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.  Embodiments 

are illustrated by way of example and are not limited in the accompanying figures. 

[0018] FIG.  1A includes a perspective view illustration of a method of forming a portion of a shaped 

abrasive particle in accordance with an embodiment. 

[0019] FIG. 1B includes an illustration of a system and method of forming a portion of a shaped 

abrasive particle in accordance with an embodiment. 

[0020] FIG. 1C includes an illustration of a filling pattern according to an embodiment. 

[0021] FIG. 1D includes an illustration of filling pattern according to an embodiment. 

[0022] FIG. 1E includes an illustration of an end of a nozzle according to an embodiment. 

[0023] FIG. 2 includes a perspective view illustration of an abrasive article including shaped abrasive 

particles according to an embodiment. 
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[0024]  FIG. 3 includes a side view of a shaped abrasive particle and percentage flashing according 

to an embodiment. 

[0025] FIG. 4 includes a cross-sectional illustration of a portion of a coated abrasive article according 

to an embodiment. 

[0026] FIG. 5 includes a cross-sectional illustration of a portion of a coated abrasive article according 

to an embodiment. 

[0027] FIGs. 6-19 include illustrations of shaped abrasive particles according to an embodiment. 

[0028] FIG. 20 includes a perspective view illustration of a shaped abrasive particle according to an 

embodiment.   

[0029] FIG. 21 includes a top view of a major surface of the shaped abrasive particle of FIG. 20.   

[0030] FIG. 22 includes a top view image of a portion of the shaped abrasive particle of FIG. 20.   

[0031] FIG. 23 includes a portion of a major surface of the shaped abrasive particle of FIG. 20. 

[0032] FIG. 24 includes a side view image of a portion of a shaped abrasive particle according to an 

embodiment.   

[0033] FIG. 25 includes an image of a portion of a corner of a shaped abrasive particle according to 

an embodiment herein.   

[0034] FIG. 26 includes an image of a portion of a surface of a shaped abrasive particle having a 

scalloped topography according to an embodiment.   

[0035] FIG. 27 includes a top-down image of a shaped abrasive particle according to an embodiment.   

[0036] FIG. 28 includes a top-down view of a shaped abrasive particle according to an embodiment.   

[0037] FIG. 29 includes a side-view image of the shaped abrasive particle of FIG. 28.   

[0038] FIG. 30 includes an image of a corner of a shaped abrasive particle according to an 

embodiment.   

[0039] The use of the same reference symbols in different drawings indicates similar or identical 

items.  Further, skilled artisans appreciate that elements in the figures are illustrated for simplicity and 

clarity and have not necessarily been drawn to scale.  For example, the dimensions of some of the 

elements in the figures may be exaggerated relative to other elements to help to improve 

understanding of embodiments of the invention.   

DETAILED DESCRIPTION 

[0040] The following is generally directed to a method of forming a shaped abrasive particle utilizing 

an additive manufacturing process.  The shaped abrasive particles can be used in a variety of 

industries including, but not limited to, automotive, medical, construction, foundry, aerospace, 

abrasives, and the like.  Such shaped abrasive particles may be utilized as free abrasive particles or 

incorporated into fixed abrasive articles including, for example, coated abrasive articles, bonded 

abrasive articles, and the like.  Various other uses may be derived for the shaped abrasive particles. 
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[0041] In accordance with one aspect, the shaped abrasive particles of the embodiments herein can 

be formed to have a body formed by an additive manufacturing process.  As used herein, an “additive 

manufacturing process” includes a process, wherein the body of the shaped abrasive particle can be 

formed by compiling a plurality of portions together in a particular orientation with respect to each 

other such that, when the plurality is compiled, each of the discrete portions can define at least a 

portion of the shape of the body.  Moreover, in particular instances, the additive manufacturing 

process can be a template-free process, wherein the material being manipulated to form discrete 

portions, and ultimately the body itself, need not be placed within a template (e.g., a mold).  Rather, 

the material being manipulated can be deposited in discrete portions, wherein each of the discrete 

portions has a controlled dimension such that when the plurality is compiled, the body also has a 

controlled dimension.  Therefore, unlike typical molding operations, additive manufacturing processes 

of the embodiments herein may not necessarily need to incorporate a template that is configured to 

contain the material being manipulated to form the body.   

[0042] In particular instances, an additive manufacturing process that is used to form a shaped 

abrasive particle can be a prototype printing process.  In more particular instances, the process of 

forming the shaped abrasive particle can include a prototype printing of a body of the shaped abrasive 

particle, where the shaped abrasive particle includes a shaped abrasive particle or a precursor shaped 

abrasive particle.  In other instances, the additive manufacturing process may include or be considered 

a laminated object manufacturing process.  In the laminated object manufacturing process, individual 

layers may be formed discretely and joined together to form the body of the shaped abrasive particle.    

[0043] In accordance with an embodiment, the method of forming a shaped abrasive particle having 

a body formed by an additive manufacturing process can include deposition of a first print material as 

a first portion of the body at a first time, and deposition of a second print material as a second portion 

of the body distinct from the first portion at a second time.  It will be understood that the first time can 

be the same as, or different from, the second time.  More particularly, the first print material in some 

instances may include a solid material, a powder, a solution, a mixture, a liquid, a slurry, a gel, a 

binder, and any combination thereof.  In one particular instance, the first print material can include a 

sol gel material.  For example, the first print material can include a mixture, where the mixture can be 

a gel formed of a powder material and a liquid, and where the gel can be characterized as a shape-

stable material having the ability to substantially hold a given shape even in the green (i.e., unfired) 

state.  In accordance with an embodiment, the gel can be formed of the powder material as an 

integrated network of discrete particles.  In particular instances, the mixture can include a sol-gel 

material, which may have one or more particulate materials forming a matrix of the mixture.  The 

particulate materials can include any of the materials noted herein, such as the ceramic materials.   

[0044] The first print material may have a certain content of solid material, liquid material, and 

additives such that it has suitable rheological characteristics for use with the process detailed herein.  
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That is, in certain instances, the first print material 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 can be a 

material that can be formed to have a particular shape and substantially maintain the shape for at least 

a portion of the processing subsequent to forming.  In certain instances, the shape may be retained 

throughout subsequent processing, such that the shape initially provided in the forming process is 

present in the finally-formed object. 

[0045] The print material, including any print material of the embodiments herein can be a mixture 

and may have a particular content of an inorganic material, which may be a solid powder material or 

particulate, such as a ceramic powder material.  In accordance with an embodiment, the print material 

can include a mixture that may include an inorganic material having suitable rheological 

characteristics that facilitate formation of the body including a shaped abrasive particle.  For example, 

in one embodiment, the first print material can have a solids content of at least about 25 wt%, such as 

at least about 35 wt%, at least about 36 wt%, or even at least about 38 wt% for the total weight of the 

mixture.  Still, in at least one non-limiting embodiment, the solids content of the first print material 

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%, not greater than about 44 

wt%, or not greater than about 42 wt%.  It will be appreciated that the content of the solids materials 

in the first print material can be within a range between any of the minimum and maximum 

percentages noted above, including for example within a range of at least about 25 wt% and not 

greater than about 70 wt%, the least about 35 wt% and not greater than about 55 wt%, or even at least 

about 36 wt% and not greater than about 45 wt%. 

[0046] 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. 

[0047] Furthermore, the print material, including any of the print materials of the embodiments 

herein,  may be in the form of a mixture, may have a particular content of liquid material.  Some 

suitable liquids may include water.  In accordance with one embodiment, the first print material can 
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be formed to have a liquid content less than the solids content of the mixture.  In more particular 

instances, the first print material can have a liquid content of at least about 25 wt% for the total weight 

of the mixture.  In other instances, the amount of liquid within the first print material can be greater, 

such as at least about 35 wt%, at least about 45 wt%, at least about 50 wt%, or even at least about 58 

wt%.  Still, in at least one non-limiting embodiment, the liquid content of the first print material 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 first print material can be within a range between any of the 

minimum and maximum percentages noted above.   

[0048] Furthermore, to facilitate processing and forming shaped abrasive particles according to 

embodiments herein, the first print material, can have a particular storage modulus.  For example, the 

first print material 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 first print 

material 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 first print material can be within 

a range between any of the minimum and maximum values noted above.   

[0049] 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 first print 

material can be extruded within a gap between two plates that are set to be approximately 8 mm apart 

from each other.  After extruding the first print material into the gap, the distance between the two 

plates defining the gap is reduced to 2 mm until the first print material completely fills the gap 

between the plates.  After wiping away excess material, 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. 

[0050] The print material, which may include a mixture, can be formed to have a particular viscosity 

to facilitate formation of the body of the shaped abrasive particle having the features of the 

embodiments herein.  For example, the mixture can have a viscosity of at least about 4x10
3
 Pa s, such 

as at least about 5x10
3
 Pa s, at least about 6x10

3
 Pa s, at least about 7x10

3
 Pa s, at least about 7.5x10

3
 

Pa s.  In another non-limiting embodiment, the mixture can have a viscosity of not greater than about 

20x10
3
 Pa s, such as not greater than about 18x10

3
 Pa s, not greater than about 15x10

3
 Pa s, not 

greater than about 12x10
3
 Pa s.  Still, it will be appreciated that the mixture can have a viscosity 

within a range including any of the minimum and maximum values noted above, including but not 

limited to, at least about 4x10
3
 Pa s and not greater than about 20x10

3
 Pa s, such as at least about 



 Attorney Docket No.: A-22990-US 

 

- 7 - 

 

5x10
3
 Pa s and not greater than about 18x10

3
 Pa s, at least about 6x10

3
 Pa s and not greater than about 

15x10
3
 Pa s.  The viscosity can be measured in the same manner as the storage modulus as described 

above.   

[0051] Moreover, the first print material, which may be in the form of a mixture, may 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.   

[0052] Notably, the embodiments herein may utilize a first print material that can be distinct from 

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

within the first print material and, in particular, any of the organic additives noted above, may be a 

minor amount as compared to other components within the mixture.  In at least one embodiment, the 

first print material can be formed to have not greater than about 30 wt% organic material for the total 

weight of the first print material.  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 first 

print material can be at least about 0.01 wt%, such as at least about 0.5 wt% for the total weight of the 

first print material.  It will be appreciated that the amount of organic materials in the first print 

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

[0053] Moreover, the first print material 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 articles 

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 first print 

material 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. 

[0054] FIG. 1A includes a perspective view illustration of a process of forming a shaped abrasive 

particle via an additive manufacturing process in accordance with an embodiment.  As illustrated, the 

additive manufacturing process may utilize a deposition assembly 151 configured to have multi-axial 

movement in at least the X-direction, the Y-direction, and Z-direction for controlled deposition of a 

print material 122.  In particular instances, the deposition assembly 151 can have a deposition head 

153 configured to provide controlled delivery of a print material to a particular position.  Notably, the 

deposition assembly 151 may provide controlled deposition of a first print material as a first portion 

of the body at a first time and deposition of a second print material as a second portion of the body 

that is distinct from the first portion at the second time.  Such a process can facilitate the controlled 

deposition of discrete portions such that the discrete portions are deposited in precise locations with 
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respect to each other and can facilitate formation of a body of a shaped abrasive particle having 

suitable shape, dimensions, and performance.   

[0055] In particular instances, the deposition assembly 151 can be configured to deposit a first print 

material 102 as a first portion 101 of the body of the shaped abrasive particle.  In particular, the first 

portion 101 can define a fraction of the total volume of the body of the shaped abrasive particle.  In 

particular instances, the first portion 101 can have a first portion length (Lfp), a first portion width 

(Wfp), and a first portion thickness (Tfp).  According to one embodiment, Lfp may be greater than or 

equal to Wfp, Lfp may be greater than or equal to Tfp, and Wfp may be greater than or equal to Tfp.  

In particular instances, the length of the first portion may define the largest dimension of the first 

portion 101, and the width of the first portion 101 may define a dimension extending in a direction 

generally perpendicular to the length (Lfp) and may define the second largest dimension of the first 

portion 101.  Moreover, in some embodiments, the thickness (Tfp) of the first portion 101 may define 

the smallest dimension of the first portion 101, and may define a dimension extending in a direction 

perpendicular to either or both of the length (Lfp) and the width (Wfp).  It will be appreciated, 

however, that the first portion 101 can have various shapes as will be defined further herein. 

[0056] In accordance with an embodiment, the first portion 101 can have a primary aspect ratio 

(Lfp:Wfp) to facilitate suitable forming of the body of the shaped abrasive particle.  For example, the 

first portion 101 may have a primary aspect ratio (Lfp:Wfp) of at least about 1:1.  In other 

embodiments, the first portion 101 may have a primary aspect ratio that is about 2:1, such as at least 

about 3:1, at least about 5:1, or even at least about 10:1.   Still, in one non-limiting embodiment, the 

first portion 101 may have a primary aspect ratio of not greater than about 1000:1. 

[0057] Furthermore, the first portion 101 may be formed to have a particular secondary aspect ratio, 

such that the body of the shaped abrasive particle has a desirable shape.  For example, the first portion 

101 can have a secondary aspect ratio (Lfp:Tfp) of at least about 1:1.  In other embodiments, the first 

portion 101 may have a secondary aspect ratio that is at least about 2:1, such as at least about 3:1, at 

least about 5:1, or even at least about 10:1.  Still, in one non-limiting embodiment, the secondary 

aspect ratio of the first portion 101 may be not greater than about 1000:1. 

[0058] In yet another embodiment, the first portion 101 may be formed to have a particular tertiary 

aspect ratio (Wfp:Tfp) to facilitate suitable forming of the body of the shaped abrasive particle.  For 

example, the first portion 101 may have a tertiary aspect ratio (Wfp:Tfp) of at least about 1:1.  In 

other instances, the first portion 101 may have a tertiary aspect ratio of at least about 2:1, such as at 

least about 3:1, at least about 5:1, or even at least about 10:1.  In still another non-limiting 

embodiment, the first portion 101 can have a tertiary aspect ratio of not greater than about 1000:1.   

[0059] The dimensions of the first portion 101 of the body of the shaped abrasive particle may be 

formed to have a particular value to facilitate formation of the body having suitable shape and 

dimensions.  Any of the foregoing dimensions (e.g., Lfp, Wfp, Tfp) of the first portion 101 can have 
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an average dimension of not greater than about 2 mm.  In other instances, the average dimension of 

any one of the first portion length (Lfp), first portion width (Wfp), or first portion thickness (Tfp) can 

have an average dimension of not greater than about 1 mm, such as not greater than about 900 

microns, not greater than about 800 microns, not great than about 700 microns, not greater than about 

600 microns, not greater than about 500 microns, not greater than about 400 microns, not greater than 

about 300 microns, not greater than about 200 microns, not greater than about 150 microns, not 

greater than about 140 microns, not greater than about 130 microns, not greater than about 120 

microns, not greater than about 110 microns, not greater than about 100 microns, not greater than 

about 90 microns, not greater than about 80 microns, not greater than about 70 microns, not greater 

than about 60 microns, or even not greater than about 50 microns.  Still, in another non-limiting 

embodiment, any one of the first portion length (Lfp), the first portion width (Wfp), or the first 

portion thickness (Tfp) can have an average dimension that is at least about 0.01 microns, such as at 

least about 0.1 microns, or even at least about 1 micron.  It will be appreciated that any one of the first 

portion length, first portion width, or first portion thickness can have an average dimension within a 

range between any of the minimum and maximum values noted above. 

[0060] In another embodiment, the first portion 101 may be deposited to have a particular cross-

sectional shape.  Deposition of the first portion 101 with a particular cross-sectional shape can 

facilitate formation of a body of a shaped abrasive particle having a particular, desirable cross-

sectional shape and three-dimensional shape.  In accordance with an embodiment, the first portion 

101 can have substantially any contemplated cross-sectional shape.  More particularly, the first 

portion 101 can have a  cross-sectional shape in a plane defined by the first portion length (Lfp) and 

first portion width (Wfp), such as triangular, quadrilateral, rectangular, trapezoidal, pentagonal, 

hexagonal, heptagonal, octagonal, ellipsoids, a Greek alphabet letter, a Latin alphabet character, a 

Russian alphabet character, a Kanji character, irregular shaped contours, and any combination thereof.  

Furthermore, the first portion 101 may be formed to have a particular cross-sectional shape in a plane 

defined by the first portion length (Lfp) and first portion thickness (Tfp).  Such cross-sectional shape 

can include a shape selected from the group of triangular, quadrilateral, rectangular, trapezoidal, 

pentagonal, hexagonal, heptagonal, octagonal, ellipsoids, a Greek alphabet letter, a Latin alphabet 

character, a Russian alphabet character, a Kanji character, irregular shaped contours, and any 

combination thereof. 

[0061] In at least one embodiment, the first portion 101 may be deposited in the form of a layer.  In 

yet another embodiment, the first portion may be deposited (as shown in FIG. 1A) as an elongated 

structure, where the length is significantly greater than the thickness or the width.  In yet another 

embodiment, the first portion 101 may deposited as a discrete droplet.  More particularly, the 

deposition process may be conducted such that it includes depositing a plurality of discrete droplets of 

a predetermined volume of the first print material 102 to form the first portion 101.  For example, the 
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first portion 101 may be made up of a plurality of first sub-portions that are deposited in a controlled 

manner to define the dimensions of the first portion 101. 

[0062] As further illustrated in FIG. 1A, the process of forming a shaped abrasive particle according 

to an additive manufacturing process also can include controlled deposition of a second portion 110 

including a second print material 112.  In an embodiment, the second print material 112 can include a 

solid, a solution, a mixture, a liquid, a slurry, a gel, a binder, and a combination thereof.  In a 

particular embodiment, the second print material 112 can be the same as, or different from, the first 

print material.  For example, the second print material 112 can include a sol gel material as described 

above.  The deposition assembly 151 can deposit the second portion 110 in any suitable location 

including a particular location relative to the first portion 101.  For example, as illustrated in FIG. 1A, 

the second portion 110 may be deposited in a position to abut at least a portion of the first portion 101.  

Such controlled multi-axial movement of the deposition assembly 151 can facilitate both precise 

deposition of discrete portions including, for example, the first portion 101 and the second portion 

110, as well as controlled and precise deposition of a plurality of portions (and sub-portions) with 

respect to each other, thus facilitating the compilation of a plurality of portions to form the body of the 

shaped abrasive particle. 

[0063] As illustrated, the deposition assembly 151 can be configured to deposit the second print 

material 112 as the second portion 110 of the body of the shaped abrasive particle.  In particular, the 

second portion 110 can define a fraction of the total volume of the body of the shaped abrasive 

particle.  In particular instances, the second portion 110 can have a second portion length (Lsp), a 

second portion width (Wsp), and a second portion thickness (Tsp).  Notably, according to one aspect,  

Lsp can be greater than or equal to Wsp, Lsp can be greater than or equal to Tsp, and Wsp can be 

greater than or equal to Tsp.  In particular instances, the length (Lsp) of the second portion 110 may 

define the largest dimension of the second portion 110, and the width (Wsp) of the second portion 110 

may define a dimension extending in a direction generally perpendicular to the length (Lsp) and may 

define the second largest dimension in accordance with an embodiment.  Finally, in some 

embodiments, the thickness (Tsp) of the second portion 110 may define generally the smallest 

dimension of the second portion 110, and may define a dimension extending in a direction 

perpendicular to either or both of the length (Lsp) and the width (Wsp).  It will be appreciated, 

however, that the second portion 110 can have various shapes as will be defined further herein. 

[0064] In accordance with an embodiment, the second portion 110 can have a primary aspect ratio 

(Lsp:Wsp) that can facilitate formation of a body have a suitable shape and dimensions.  For example, 

the second portion 110 can have a primary aspect ratio (Lsp:Wsp) of at least about 1:1.  In other 

embodiments, the second portion 110 may have a primary aspect ratio that is about 2:1, such as at 

least about 3:1, at least about 5:1, or even at least about 10:1.  Still, in one non-limiting embodiment, 

the second portion 110 may have a primary aspect ratio of not greater than about 1000:1. 



 Attorney Docket No.: A-22990-US 

 

- 11 - 

 

[0065] Furthermore, the second portion 110 may be formed to have a particular secondary aspect 

ratio, such that the formed body of the shaped abrasive particle has a desirable shape.  For example, 

the second portion 110 can have a secondary aspect ratio (Lsp:Tsp) of at least about 1:1.  In other 

embodiments, the second portion 110 may have a secondary aspect ratio that is at least about 2:1, such 

as at least about 3:1, at least about 5:1, or even at least about 10:1.  Still, in one non-limiting 

embodiment, the secondary aspect ratio of the second portion 110 may be not greater than about 

1000:1. 

[0066] In yet another embodiment, the second portion 110 may be formed to have a particular 

tertiary aspect ratio (Wsp:Tsp) that can facilitate formation of a body have a suitable shape and 

dimensions.  For example, the second portion 110 can have a tertiary aspect ratio (Wsp:Tsp) of at 

least about 1:1.  In other instances, the second portion 110 may have a tertiary aspect ratio of at least 

about 2:1, such as at least about 3:1, at least about 5:1, or even at least about 10:1.  In still another 

non-limiting embodiment, the second portion 110 can have a tertiary aspect ratio of not greater than 

about 1000:1.   

[0067] The dimensions of the second portion 110 of the body of the shaped abrasive particle may be 

formed to have a particular value.  Any of the foregoing dimensions (e.g., Lsp, Wsp, Tsp) of the 

second portion 110 can have an average dimension of not greater than about 2 mm.  In other 

instances, the average dimension of any one of the second portion length (Lsp), second portion width 

(Wsp), or second portion thickness (Tsp) can have an average dimension of not greater than about 1 

mm, such as not greater than about 900 microns, not greater than about 800 microns, not great than 

about 700 microns, not greater than about 600 microns, not greater than about 500 microns, not 

greater than about 400 microns, not greater than about 300 microns, not greater than about 200 

microns, not greater than about 150 microns, not greater than about 140 microns, not greater than 

about 130 microns, not greater than about 120 microns, not greater than about 110 microns, not 

greater than about 100 microns, not greater than about 90 microns, not greater than about 80 microns, 

not greater than about 70 microns, not greater than about 60 microns, or even not greater than about 

50 microns.  Still, in another non-limiting embodiment, any one of the second portion length (Lsp), 

the second portion width (Wsp), or the second portion thickness (Tsp) can have an average dimension 

that is at least about 0.01 microns, such as at least about 0.1 microns, or even at least about 1 micron.  

It will be appreciated that any one of the second portion length, second portion width, or second 

portion thickness can have an average dimension within a range between any of the minimum and 

maximum values noted above. 

[0068] In another embodiment, the second portion 110 may be deposited to have a particular cross-

sectional shape.  Deposition of the second portion 110 with a particular cross-sectional shape can 

facilitate formation of a body of a shaped abrasive particle having a particular, desirable cross-

sectional shape and three-dimensional shape.  In accordance with an embodiment, the second portion 
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110 can have substantially any contemplated cross-sectional shape.  More particularly, the second 

portion 110 can have a cross-sectional shape in a plane defined by the second portion length (Lsp) and 

second portion width (Wsp), which may be viewed top-down, where the shape is selected from the 

group of triangular, quadrilateral, rectangular, trapezoidal, pentagonal, hexagonal, heptagonal, 

octagonal, ellipsoids, a Greek alphabet letter, a Latin alphabet character, a Russian alphabet character, 

a Kanji character, complex polygonal shapes, irregular shaped contours, and any combination thereof.  

Furthermore, the second portion 110 may be formed to have a particular cross-sectional shape in a 

plane defined by the second portion length (Lsp) and second portion thickness (Tsp), which may be 

evident in a side-view.  Such cross-sectional shape can include a shape selected from the group of 

triangular, quadrilateral, rectangular, trapezoidal, pentagonal, hexagonal, heptagonal, octagonal, 

ellipsoids, a Greek alphabet letter, a Latin alphabet character, a Russian alphabet character, a Kanji 

character, complex polygonal shapes, irregular shaped contours, and any combination thereof.  

Moreover, the second portion 110 may be formed to have a particular cross-sectional shape in a plane 

defined by the second portion width (Wsp) and second portion thickness (Tsp), which may be evident 

in a side-view.  Such cross-sectional shape can include a shape selected from the group of triangular, 

quadrilateral, rectangular, trapezoidal, pentagonal, hexagonal, heptagonal, octagonal, ellipsoids, a 

Greek alphabet letter, a Latin alphabet character, a Russian alphabet character, a Kanji character, 

complex polygonal shapes, irregular shaped contours, and any combination thereof.    

[0069] In at least one embodiment, the second portion 110 may be deposited in the form of a layer.  

In yet another embodiment, the second portion may be deposited (as shown in FIG. 1A) as an 

elongated structure, where the length is significantly greater than the thickness or the width.  In yet 

another embodiment, the second portion 110 may be deposited as a discrete droplet.  More 

particularly, the deposition process may be conducted such that it includes depositing a plurality of 

discrete droplets of a predetermined volume of the second print material 112 to form the second 

portion 110.  For example, the second portion 110 may be made up of a plurality of second sub-

portions that are deposited in a controlled manner to define the dimensions of the second portion 110. 

[0070] As further illustrated in FIG. 1A, the first portion 101 can have substantially the same cross-

sectional shape as the cross-sectional shape of the second portion 110.  However, it will be 

appreciated that in other embodiments, a plurality of portions may be deposited such that each of the 

portions can have a different cross-sectional shape with respect to each other.  For example, in at least 

one embodiment, the first portion 101 can be deposited with a first cross-sectional shape with respect 

to any two dimensions (e.g., length, width, and thickness) of the body of the first portion that can be 

different than a cross-sectional shape of the second portion 110 with respect to any two dimensions 

(e.g., length, width, thickness) defining the body of the second portion 110.    

[0071] In accordance with some embodiments, the first print material 102 can have a first 

composition and the second print material 112 can have a second composition.  In some instances, the 



 Attorney Docket No.: A-22990-US 

 

- 13 - 

 

first composition can be substantially the same as the second composition.  For example, the first 

composition and second composition can be essentially the same with respect to each other, such that 

only a content of impurity materials present in small amounts (e.g., such as less than about 0.1%) may 

constitute a difference between the first composition and the second composition.  Alternatively, in 

another embodiment, the first composition and second composition can be significantly different with 

respect to each other. 

[0072] In at least one embodiment, the first composition can include a material such as an organic 

material, inorganic material, and a combination thereof.  More particularly, the first composition may 

include a ceramic, a glass, a metal, a polymer, or any combination thereof.  In at least one 

embodiment, the first composition may include a material such as an oxide, a carbide, a nitride, a 

boride, an oxycarbide, an oxynitride, an oxyboride, and any combination thereof.  Notably, in one 

embodiment, the first composition can include alumina.  More particularly, the first composition may 

include an alumina-based material, such as a hydrated alumina material including, for example, 

boehmite.    

[0073] In at least one embodiment, the second composition can include a material such as an organic 

material, inorganic material, and a combination thereof.  More particularly, the second composition 

may include a ceramic, a glass, a metal, a polymer, or any combination thereof.  In at least one 

embodiment, the second composition may include a material such as an oxide, a carbide, a nitride, a 

boride, an oxycarbide, an oxynitride, an oxyboride, and any combination thereof.  Notably, in one 

embodiment, the second composition can include alumina.  More particularly, the first composition 

may include an alumina-based material, such as a hydrated alumina material including, for example, 

boehmite.    

[0074] In certain instances, the process of depositing a first print material and second print material 

(e.g., the first print material 110 and the second print material 112) can be conducted such that the 

first print material is deposited at a first time and the second print material is deposited at a second 

time and the first time and second time are discrete in different time intervals.  In such embodiments, 

the deposition process can be an intermittent process, wherein the deposition process includes the 

formation of discrete portions during discrete durations of time.  In an intermittent process, at least a 

portion of time passes between the formation of the first portion and the formation of the second 

portion, wherein there may be no deposition of material.   

[0075] Still, in other instances, it will be appreciated that the deposition process may be a continuous 

process.  In continuous processes, the deposition process may not necessarily include the deposition 

of discrete first and second portions at different time intervals.  Instead, the deposition process may 

utilize a continuous extrusion process in which print material can be extruded while the deposition 

assembly 151 is moving.  Moreover, the deposition assembly 151 may be capable of changing the 

dimension of the portion during the continuous deposition process, thereby facilitating the formation 
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of one or more portions with a variable dimensions (e.g., cross-sectional and three-dimensional 

dimensions) to facilitate the formation of a body of a shaped abrasive particle having a desirable two-

dimensional and three-dimensional shape.    

[0076] In accordance with another aspect of forming a body of a shaped abrasive particle via an 

additive manufacturing process, the process can include preferentially modifying one of the first 

portion 101 and the second portion 110 to join the first portion 101 and the second portion 110 and 

form a subsection 171 of the body.  In a particular embodiment, the process of modifying can include 

changing a phase of at least one of the first print material 102 and the second print material 112.  For 

example, modifying can include heating at least one of the first portion 101 and the second portion 

110.  More particularly, heating can include joining a part of the first portion 101 to the second 

portion 110, such as by fusing at least a part of the first portion 101 to the second portion 110.  

Heating also may be accomplished utilizing various techniques including, for example, convection, 

conduction, and radiation techniques.  In one particular embodiment, the process of heating at least 

one of the first portion 101 and second portion 110 can include impinging electromagnetic radiation 

on at least a portion of the first portion 110 and/or second portion 110 to facilitate joining a portion of 

the first portion 101 to the second portion 110.  Suitable types of electromagnetic radiation may be 

supplied by use of a laser.  Still, it will be appreciated that in other instances, the process of heating 

can include impinging electromagnetic radiation on at least a portion of the second portion to facilitate 

joining any one of the first portion and second portion.   

[0077] In other instances, the process of modifying a portion of the body also can include melting, 

selective laser melting, sintering, selective sintering, direct metal laser sintering, selective laser 

sintering, particle beam modification, electron beam melting, fused deposition modeling, curing, and 

any combination thereof.  Any of the foregoing processes can be used on a part or all of any of one or 

more of the portions to modify the portions. 

[0078] In another aspect of forming a body of a shaped abrasive particle via an additive 

manufacturing process, the process of forming a body of a shaped abrasive particle can be conducted 

according to a digital model.  The process of forming a body according to a digital model can include 

measuring at least a portion of the body and comparing it to a corresponding dimension of the digital 

model.  The process of comparing can be conducted during the forming process or after the forming 

process is completed for a portion or the entire body.  It will be appreciated that the provision of a 

digital model can facilitate the control of and the deposition process conducted by the deposition 

assembly 151. 

[0079] In particular instances, the process of forming a body according to a digital model can further 

include creating a plurality of digital cross-sections of the digital model.  Creation of the plurality of 

digital cross-sections can facilitate, for example, controlled deposition of one or more portions of the 

body.  For example, in one instance, the process can include depositing a first portion of the body at a 
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first time, where the first portion corresponds to a first cross-section of a plurality of cross-sections of 

the digital model.  Furthermore, the process can include depositing a second portion of the body 

distinct from the first portion at a second time that is different than the first time.  The second portion 

can correspond to a second cross-section of the plurality of cross-sections of the digital model.  

Accordingly, it will be appreciated that the plurality of digital cross-sections can be a guide for 

depositing the plurality of discrete portions, where a single digital cross-section can facilitate the 

deposition of a discrete first portion and a second digital cross-section can facilitate the deposition of 

a second discrete portion.  Each of the portions may be deposited, and while the deposition assembly 

151 is depositing and forming each of the portions, the dimensions of the portions can be measured 

and compared to a digital model.  More particularly, the deposition assembly 151 may be adapted to 

alter the deposition process based on the comparison of the dimensions of the deposited portion to a 

corresponding digital model portion.    

[0080] It also will be appreciated that an additive manufacturing process can include a process of 

compiling discrete portions including, for example, the first portion 101 and second portion 110, to 

form a subsection 171.  Furthermore, the process may include compiling a plurality of subsections to 

form the body of the shaped abrasive particle. 

[0081] In accordance with yet another embodiment, the process of forming the shaped abrasive 

particle can include a subtractive process.  Notably, the subtractive process may be conducted after 

completing at least some of the additive manufacturing process.  More particularly, the subtractive 

process may be conducted after total completion of the additive manufacturing process.  In at least 

one embodiment, the subtractive process can be conducted after forming a body of a precursor shaped 

abrasive particle.  In certain instances, the subtractive process can include removing at least a portion 

of the material used to form the precursor shaped abrasive particle.  Certain suitable subtractive 

processes may include, for example, forming at least one opening within a portion of the body, 

forming at least one aperture that extends through an entire portion of the body, and heating the body 

to remove a portion of the body, such as by volatilizing at least a portion of the body. 

[0082] The body of a shaped abrasive particle that has been formed by an additive manufacturing 

process can include a variety of suitable dimensions.  In particular instances, the body can have a 

body length (Lb), a body width (Wb), and a body thickness (Tb), such as shown in FIG. 6.  In one 

non-limiting embodiment, the length of the body may define the largest dimension of the shaped 

abrasive particle and the width of the body may define a dimension extending in a direction generally 

perpendicular to the length and may define the second largest dimension in accordance with an 

embodiment.  Moreover, in some embodiments, the thickness of the body may define the smallest 

dimension of the shaped abrasive particle, and may define a dimension extending in a direction 

perpendicular to either or both of the length and the width.  In some instances, Lb may be greater than 

or equal to Wb, and Lb may be greater than or equal to Tb.  Yet, in other designs of the shaped 
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abrasive particles, Wb may be greater than or equal to Tb.  It will be appreciated, however, that the 

body can have various shapes as will be defined further herein. 

[0083] Moreover, reference herein to any dimensional characteristic (e.g., Lb, Wb, Tb) can be 

reference to a dimension of a single shaped abrasive particle of a batch, a median value, or an average 

value derived from analysis of a suitable sampling of shaped abrasive particles from a batch.  Unless 

stated explicitly, reference herein to a dimensional characteristic can be considered reference to a 

median value that is a based on a statistically significant value derived from a sample size of a 

suitable number of articles from a batch of articles.  Notably, for certain embodiments herein, the 

sample size can include at least 10 randomly selected articles from a batch of articles.  A batch of 

articles may be a group of articles that are collected from a single process run.  Additionally or 

alternatively, a batch of articles may include an amount of shaped abrasive particles suitable for 

forming a commercial grade abrasive product, such as at least about 20 lbs. of particles. 

[0084] In accordance with an embodiment, the body can have a primary aspect ratio (Lb:Wb) of at 

least about 1:1.  In other embodiments, the body may have a primary aspect ratio that is about 2:1, 

such as at least about 3:1, at least about 5:1, or even at least about 10:1.  Still, in one non-limiting 

embodiment, the body may have a primary aspect ratio of not greater than about 1000:1. 

[0085] Furthermore, the body may be formed to have a particular secondary aspect ratio, such that 

the shaped abrasive particle has a desirable shape.  For example, the body can have a secondary aspect 

ratio (Lb:Tb) of at least about 1:1.  In other embodiments, the body may have a secondary aspect ratio 

that is at least about 2:1, such as at least about 3:1, at least about 5:1, or even at least about 10:1.  Still, 

in one non-limiting embodiment, the secondary aspect ratio of the body may be not greater than about 

1000:1. 

[0086] In yet another embodiment, the body may be formed to have a particular tertiary aspect ratio 

(Wb:Tb) of at least about 1:1.  In other instances, the body may have a tertiary aspect ratio of at least 

about 2:1, such as at least about 3:1, at least about 5:1, or even at least about 10:1.  In still another 

non-limiting embodiment, the body can have a tertiary aspect ratio of not greater than about 1000:1.   

[0087] The dimensions of the body of the shaped abrasive particle may be formed to have a 

particular value.  Any of the foregoing dimensions (e.g., Lb, Wb, Tb) of the body can have an average 

dimension of at least about 0.1 microns.  In other instances, the average dimension of any one of the 

body length (Lb), body width (Wb), or body thickness (Tb) can have an average dimension of at least 

about 1 micron, at least about 10 microns, at least about 50 microns, at least about 100 microns, at 

least about 150 microns, at least about 200 microns, at least about 400 microns, at least about 600 

microns, at least about 800 microns, at least about 1 mm.  Still, in another non-limiting embodiment, 

any one of the body length (Lb), the body width (Wb), or the body thickness (Tb) can have an average 

dimension that is not greater than about 20 mm, not greater than about 18 mm, not greater than about 

16 mm, not greater than about 14 mm, not greater than about 12 mm, not greater than about 10 mm, 
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not greater than about 8 mm, not greater than about 6 mm, or even not greater than about 4 mm.  It 

will be appreciated that any one of the dimensions can have an average dimension within a range 

between any of the minimum and maximum values noted above. 

[0088] In another embodiment, the body may be formed to have a particular, desirable cross-

sectional shape.  For example, the body can have a cross-sectional shape in a plane defined by the 

body length (Lb) and body width (Wb), where the shape is selected from the group of triangular, 

quadrilateral, rectangular, trapezoidal, pentagonal, hexagonal, heptagonal, octagonal, ellipsoids, a 

Greek alphabet letter, a Latin alphabet character, a Russian alphabet character, a Kanji character, 

complex polygonal shapes, irregular shaped contours, and any combination thereof.  Furthermore, the 

body may be formed to have a particular cross-sectional shape in a plane defined by the body length 

(Lb) and the body thickness (Tb).  Such cross-sectional shape also can include a shape selected from 

the group of triangular, quadrilateral, rectangular, trapezoidal, pentagonal, hexagonal, heptagonal, 

octagonal, ellipsoids, a Greek alphabet letter, a Latin alphabet character, a Russian alphabet character, 

a Kanji character, complex polygonal shapes, irregular shaped contours, and any combination thereof. 

[0089] The body also may be formed to have a particular, desirable three-dimensional shape.  For 

example, the body can have a three-dimensional shape selected from the group consisting of a 

polyhedron, a pyramid, an ellipsoid, a sphere, a prism, a cylinder, a cone, a tetrahedron, a cube, a 

cuboid, a rhombohedrun, a truncated pyramid, a truncated ellipsoid, a truncated sphere, a truncated 

cone, a pentahedron, a hexahedron, a heptahedron, an octahedron, a nonahedron, a decahedron, a 

Greek alphabet letter, a Latin alphabet character, a Russian alphabet character, a Kanji character, 

complex polygonal shapes, irregular shaped contours, a volcano shape, a monostatic shape, and a 

combination thereof.  A monostatic shape is a shape with a single stable resting position.  

Accordingly, shaped abrasive particles having a monostatic shape can be applied to a substrate and 

consistently be oriented in the same position, as they have only one stable resting position.  For 

example, shaped abrasive particles having a monostaic shape may be suitable when applying the 

particles to a backing via gravity coating, which may be used in the formation of a coated abrasive 

product.  More particularly, the shaped abrasive particles may be mono-monostatic shapes, which 

describe three dimensional objects having a shape with only one unstable point of balance.  According 

to one particular embodiment, the shaped abrasive particle may have the shape of a gömböc.  In 

another embodiment, the shaped abrasive particle is a monostatic polyhedron with at least four 

surfaces. 

[0090] The additive manufacturing process according to the embodiments herein also may be used to 

form a plurality of shaped abrasive particles, where each of the shaped abrasive particles of the 

plurality of shaped abrasive particles have a body having a body length (Lb) a body width (Wb), and a 

body thickness (Tb) as described above.  In accordance with an embodiment, the plurality of shaped 

abrasive particles can have at least one of a body length variation of not greater than about 50%, a 
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body width variation of not greater than about 50%, and a body thickness variation of not greater than 

about 50%.   

[0091] The body length variation may be described as a standard deviation of body length for a 

suitable sampling from a plurality of shaped abrasive particles, which can include a plurality of 

shaped abrasive particles.  In an embodiment, the body length variation may be not greater than about 

40%, such as not greater than about 30%, not greater than about 20%, not greater than about 10%, or 

even not greater than about 5%.   

[0092] Like the body length variation, the body width variation may be a measure of the standard 

deviation of the width of the body for a suitable sampling of shaped abrasive particles from the 

plurality of shaped abrasive particles.  In accordance with an embodiment, the body width variation 

may be not greater than about 40%, such as not greater than about 30%, and not greater than about 

20%, not greater than about 10%, or even not greater than about 5%.   

[0093] Furthermore, the body thickness variation may be a standard deviation of body thickness for a 

suitable sampling of shaped abrasive particles from the plurality of shaped abrasive particles.  In 

accordance with one embodiment, the body thickness variation for the plurality of shaped abrasive 

particles may be not greater than about 40%, such as not greater than about 30%, not greater than 

about 20%, not greater than about 10%, or even not greater than about 5%.   

[0094] In accordance with an embodiment the additive manufacturing process can include forming a 

body of a shaped abrasive particle by shaping a raw material without the use of a production tool.  It 

will be appreciated that a production tool may refer to a mold or screen having one or more openings 

configured to contain and form the raw material into the desired final shaped abrasive particle.  In 

accordance with another embodiment, the additive manufacturing process can include forming a body 

of a shaped abrasive particle by depositing a plurality of discrete portions of raw material in a 

controlled, non-random manner relative to each other.  Still, in at least one embodiment, the additive 

manufacturing process can include depositing a plurality of portions of the body in a controlled, non-

random manner relative to each other into a production tool.  That is, in certain instances the additive 

manufacturing process can include use of a production tool.  In at least one manner, the additive 

manufacturing process is distinct from conventional screen printing and molding processes as the 

production tool can be filled with a plurality of discrete portions that are placed into the production 

tool in a controlled-nonrandom manner. 

[0095] Reference herein to formation of a shape abrasive particle will be understood to include 

formation of a precursor shaped abrasive particle.  That is the additive manufacturing process may 

form a precursor shaped abrasive particle, which may be a green body or unfinished body that can 

undergo further processing to form the final shaped abrasive particle.  In certain forming processes, 

the precursor shaped abrasive particle may have essentially the same shape of the final shaped 

abrasive particle. 
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[0096] In accordance with another embodiment, the additive manufacturing process can include 

processes such as light photopolymerization, laser powder forming, powder bed fusion, selective laser 

centering, micro-laser sintering, material extrusion, robocasting, material jetting, sheet lamination, 

and a combination thereof.  In one one particular embodiment, the light photopolymerization process 

can include stereolithography.  Stereolithography can include a process wherein at least one layer of a 

slurry containing a polymer material can be polymerized during the forming process to form a shaped 

abrasive particle.  More particularly, the stereolithography process can include provision of a mixture, 

such as a slurry containing a powder raw material and a carrier, and a polymer material that is 

configured to be polymerized during the forming process of forming the shaped abrasive particle. 

[0097] In another embodiment the additive manufacturing process can include a laser powder 

forming process.  Laser powder forming can include deposition of a raw material on a target, such as 

substrate and an impinging radiation, such as from a laser source, at the target and raw material to 

melt the raw material and form the raw material into at least a portion of a shaped abrasive particle.  

Notably, the laser powder forming process can include a change of phase of the raw material from a 

solid state to a liquid state such that a melt is formed prior to formation of at least a portion of the 

shaped abrasive particle. 

[0098] The laser powder forming process can utilize a raw material selected from the group of 

materials such as a metal, a metal alloy, a glass, a ceramic, a polymer, and a combination thereof.  In 

at least one particular embodiment, the shaped abrasive particle formed by the laser powder forming 

process can include a material such as a metal, a metal alloy, a glass, a ceramic, a ceramic precursor, a 

polymer, and a combination thereof.  The shaped abrasive particles in one embodiment formed by a 

laser powder forming process can consist essentially of a glass material comprising oxide. 

[0099] In another instance, the additive manufacturing process can include a selective laser sintering 

process. Selective laser sintering can include a process wherein radiation is directed to a target.  The 

radiation may be supplied from a laser source.  The radiation can be impinged on a target that includes 

a raw material, and the radiation can change at least a portion of the raw material into a portion of a 

shaped abrasive particle.  In more particular instances, the selective laser sintering process can include 

impinging radiation from a laser source onto a portion of a bed of raw material and converting a 

portion of the bed of raw material into a shaped abrasive particle.  For example, a portion of the bed 

of raw material impinged by the radiation can be converted in a manner such that it may undergo a 

phase change, while other portions of the raw material not subject to the radiation may maintain their 

original state.  In accordance with an embodiment, changing at least a portion of the raw material can 

include a change in a crystalline structure of the raw material.  For example, the bed of raw material 

may include a boehmite material that is changed by the radiation into an alternative form of alumina, 

including for example, alpha alumina.  In yet another embodiment, changing at least a portion of the 
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raw material can include changing a phases of the raw material, such as changing the raw material 

subject to the radiation from a solid phase to a liquid phase.  

[00100] The raw material used in the selective laser sintering operation can include a metal, a metal 

alloy, a glass, a ceramic, a ceramic precursor, a polymer, and a combination thereof.  In one particular 

embodiment, the raw material can include an oxide material, such as alumina or boehmite.  Moreover, 

the shaped abrasive particle formed by the selective laser sintering process can include a metal, a 

metal alloy, a glass, a ceramic, a ceramic precursor, a polymer, and a combination thereof.  In one 

particular embodiment, the shaped abrasive particle formed according to the selective laser sintering 

process can include an oxide material, such as alumina or boehmite.   

[00101] And yet another embodiment the additive manufacturing process can include material jetting. 

A material jetting process can include deposition of discrete droplets of raw material onto a target and 

coalescence of the discrete droplets into at least a portion of the body of the shape abrasive particle. 

[00102] According to one alternative process, the shaped abrasive particles can be formed using a low 

pressure injection molding process.  Unlike certain conventional injection molding processes, a 

molding material, which can include any of the properties of the print material of the embodiments 

herein directed to an additive manufacturing process, can be injected into a mold in a controlled 

manner.  In particular, during the process, the mold material can be injected into the mold under 

laminar flow conditions as opposed to turbulent flow conditions.  The laminar flow conditions allow 

for controlled placement of the mold material into the mold according to a filling procedure, which 

may include selective placement of the mold material into portions of the mold in a particular 

sequence for a controlled filling procedure.  The injection molding process may be combined with one 

or more processes described herein.   

[00103] In accordance with one particular embodiment, the additive manufacturing process for 

forming the shaped abrasive particle can include robocasting.  In certain instances, robocasting can 

include the deposition of a raw material onto a target in the form of discrete portions that are distinct 

from each other.  The portions may be later coalesced through subsequent processing to form the 

shape abrasive particles.  The raw material may be deposited from a nozzle onto a target or substrate 

in a controlled manner to form the body of the shaped abrasive particle.  

[00104] In accordance with an embodiment, the process of forming the body via robocasting can 

include controlling at least one process parameter from the group consisting of a a nozzle tip length; a 

nozzle width; a nozzle aspect ratio, a deposition pressure, a relationship between nozzle width and 

deposition pressure, a deposition rate, a deposition volume, a relationship between deposition rate and 

deposition position, a relationship between deposition pressure and deposition position, a shutoff 

distance, premove delay, a dispense gap, a filling pattern of the print material, a dynamic yield stress 

(σd) of a print material, a static yield stress (σs) of a print material, a yield stress ratio (σd/σs) of a 

print material, and a combination thereof.   
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[00105] In particular instances, the process of forming the body can include deposition or depositing a 

first print material as the first port portion of the body the first time and depositing a second print 

material as a second portion of the body distinct from the first portion and the second time.  FIG. 1B 

includes an illustration of a portion of a system and method of forming a shaped abrasive particle 

according to an embodiment.  As illustrated, the first deposition assembly 151 can be configured to 

deposit a first print material 122 and form at least the first portion 141 or the second portion 142.  

Certain processes may utilize a second deposition assembly 143 configured to deposit a second print 

material 147 from a second deposition head (i.e., second nozzle) 144 onto a target to form the first 

portion 141 or the second portion 142.  In accordance with an embodiment, depositing the first 

material 122 can include forming the first portion 141 (e.g., in the form of a layer) at a first time and 

depositing the second print material 147 as the second portion 142 (e.g., in the form of a layer) 

overlying the first portion 141.   

[00106] In accordance with one embodiment, the first portion 141 can have a first characteristic 

selected from the group of hardness, porosity, composition, and a combination thereof.  Moreover, in 

another embodiment, the second portion 142 can have a second characteristic selected from the group 

of hardness, porosity, composition, and a combination thereof.  In at least one embodiment, the first 

characteristic can be different from the second characteristic.   

[00107] In certain instances, the first print material 122 can have a first composition and the second 

print material 147 can have a second composition.  The first composition and second composition can 

be significantly different compared to each other.  For example, the first and second compositions can 

differ from each other in terms of primary compositional species, which are distinct from trace 

amount species that are otherwise undetectable.  In particular instances, the first and second 

compositions can be different from each other based on a difference of at least 2% of one of the 

primary compositional species in the first and second compositions.   

[00108] In another embodiment, the second composition can have a different porosity relative to the 

porosity of the first composition.  For example, in one embodiment, the first portion 141 may have a 

first porosity that is different than a second porosity of the second portion 142.  More particularly, the 

first portion can have a first porosity that is greater than the second porosity of the second portion 142.  

According to at least one embodiment, the body can be formed to have selective porosity in particular 

portions, which may be suitable to facilitate certain the mechanical properties and abrasive 

capabilities of the shaped abrasive particle.  In certain instances, the body can be formed with one or 

more portions (e.g., layers) having a select porosity to control the fracture mechanics of the shape 

abrasive particle. 

[00109] Any another embodiment, the first print material 122 and the second print material 137 can be 

deposited in different regions within the body.  For example, referring to FIG. 1, the first portion 141 

can include the first print material 122 and the second portion 142 can include the second print 
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material 147.  Controlled deposition of the first print material 122 and second print material 137 may 

be suitable to control the mechanical properties and abrasive characteristics of the shaped abrasive 

particle.  For example, controlled deposition of the first print material 122 and second print material 

137 may be suitable to form a shaped abrasive particle having a controlled fracturing behavior.  For 

example, the first print material 122 can have a first composition and the second print material 147 

can have a second composition, and the forming process can include selective deposition of the first 

and second compositions with respect to each other within the body to affect the fracturing behavior 

of the shaped abrasive particles.  For example, in one particular embodiment, the first print material 

122 and the second print material 147can be deposited in alternative layers with respect to each other 

within a region of the body to form a composite body, which may configured to control a self-

sharpening behavior of the body. 

[00110] In another embodiment, the first portion 141 can have a first hardness that is distinct from a 

second hardness associated with the second portion 142.  For example: one embodiment, the first 

portion 141 and the second portion 142 can have a difference in hardness relative to each other.  In 

certain instances, the first hardness of the first portion 141 can be greater than the second hardness of 

the second portion 142.  In one particular instance, the first portion 141 and second portion 42 can be 

deposited in a particular arrangement relative to each other, which may facilitate improved fracturing 

behavior and performance of the shaped abrasive particle. 

[00111] In yet another embodiment, the first print material 122 and second print material 147 can be 

deposited in different regions of the body to form a composite body including a controlled 

arrangement of the regions relative to an intended orientation of the shaped abrasive particle in a fixed 

abrasive article.  For example, the first print material 122 and second print material 147 can be 

arranged within the body such that when the shaped abrasive particle is deployed within a fixed 

abrasive article (e.g., bonded abrasive, coated abrasive, nonwoven abrasive, etc.) the first print 

material 122 and the second print material 147 are arranged relative to the intended orientation of the 

particle in the fixed abrasive.  Control of the orientation of the first print material 122 and the second 

print material 147 within the body of the shaped abrasive particle and relative to the intended 

orientation of the body in the fixed abrasive may facilitate improved performance of the shaped 

abrasive particle and the fixed abrasive article. 

[00112] In certain instances, the forming process can include depositing the first portion 141 having a 

first volume that is different than a second volume associated with the second portion 142.  For 

example, as illustrated in FIG. 1B, the first portion 141 can have a first volume that is different than a 

volume of the second portion 142.  More particularly, in certain instances, the first portion 141 can 

have a first volume that can be greater than the second volume of the second portion 142.  According 

to one particular embodiment, the volume of the portions can decrease as the forming process 
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continues, such that the volume of portions formed subsequent to the initial portion decreases relative 

to the volume of the initial portion.   

[00113] In accordance with an embodiment, the process of controlled deposition of the first portion 

and second portion may be suitable to control the size of certain features of the body of the shaped 

abrasive particle.  For example, in at least one embodiment, the first portion 141 can have a first 

volume that is greater than a second volume of the second portion 142.  In such instances, the first 

portion 141 may define a central region of the body and the second portion 142 may define at least a 

portion of a corner of the body.  More particularly, the first portion 141 may define a central region of 

the body and the second portion 142 may define an edge of the body.  Notably, it will be appreciated 

that for certain shaped abrasive particles, it may be desirable to form certain portions of the body 

using smaller portions, such as the edges and the corners, such that these portions of the body have 

smaller features and can act as sharp edges or sharp corners.  Accordingly, the forming process can 

include controlled volume deposition at certain portions of the body to facilitate control of the shape 

and size of certain features, which may facilitate improved performance of the shaped abrasive 

particle. 

[00114] As further illustrated in FIG. 1B, the process of forming can include utilization of a first 

deposition assembly 151, a first deposition head 153, and a first print material 122, that may be 

deposited from the first deposition assembly 151.  As noted in the embodiments herein, the utilization 

of a second deposition assembly 143 may facilitate the selective deposition of a second print material 

147, which may be distinct in various manners from the first print material 122 associated with the 

first deposition assembly 151.  For example, in at least one embodiment, the first portion 141 may be 

formed by one of the first deposition assembly 151 or the second deposition assembly 143.  As 

described in embodiments herein, the process of forming the body can include depositing at least a 

first print material 122, from the first deposition head 153 (i.e., nozzle 153) onto a target, wherein the 

movement of the nozzle may be controlled by a computer program.   

[00115] As will be appreciated, in certain forming processes, such as the forming process illustrated in 

FIG. 1A and 1B, the process of forming can include controlling a three-dimensional movement of the 

nozzle configured for deposition of a print material relative to a target.  In certain instances, 

controlling three-dimensional movement can include control of the nozzle in an X-axis, Y-axis, the Z-

axis.  Furthermore, as illustrated in FIG. 1B, the process may utilize a plurality of nozzles, wherein 

each nozzle of the plurality of nozzles can be configured to deposit a print material.  The process can 

include control of each of the nozzle the plurality of nozzles and a three-dimensional movement, such 

as control of the nozzles in an X-axis, Y-axis, and the Z-axis. 

[00116] In particular instances, the process of forming a body of the shaped abrasive particle having 

the features described herein may be facilitated by utilization of a nozzle 153 having a particular 

width 162.  For example, the nozzle 153 can have a width 162 that may be not greater than about 200 
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microns, such as not greater than about 150 microns, not greater than about 120 microns, not greater 

than about 100 microns, not greater than about 90 microns, not greater than about 85 microns, not 

greater than about 80 microns, not greater than about 75 microns, not greater than about 70 microns, 

not greater than about 65 microns, not greater than about 60 microns, not greater than about 55 

microns, not greater than about 50 microns, not greater than about 45 microns, not greater than about 

40 microns, not greater than about 35 microns, not greater than about 30 microns, not greater than 

about 25 microns, not greater than about 20 microns.  Still, in at least one non-limiting embodiment, 

the nozzle 153 may have a width 162 of at least about 0.1 microns, such as at least about 1 microns, or 

even at least about 10 microns.  It will be appreciated that the nozzle 153 can have a width 162 within 

a range between any of the minimum and maximum values noted above, including for example, 

within a range between at least about 0.1 microns and not greater than about 500 microns, such as 

within a range between at least about 0.1 microns and not greater than about 100 microns, or even 

within a range between at least about 0.1 microns and not greater than about 80 microns.  

[00117] It will be appreciated that reference herein to a nozzle width 162 can include reference to an 

interior opening within the nozzle 153.  For example, referring briefly to FIG. 1E, an illustration of an 

end of a nozzle according to an embodiment is provided.  As illustrated, the nozzle 153 can have an 

opening 155 defining a passage through which the print material can flow and be deposited.  The 

opening 155 can have various two-dimensional shapes, including for example polygon and 

ellipsoidal.  In accordance with one embodiment as illustrated in FIG. 1E, the opening 155 can have a 

circular two-dimensional shape, and thus the diameter 156 defines the width.  As such, reference 

herein to the width of the nozzle 153, will be understood to be reference to the width or diameter of 

the opening 155 depending upon the two-dimensional shape of the opening 155.  

[00118] In yet another embodiment, the nozzle 153 can have a tip length 161 defining a longest 

dimension of the nozzle 153.  Control of the tip length 161 of the nozzle 153 may facilitate improved 

deposition of the print material, and ultimately formation of features of the body of the shaped 

abrasive particle.  In accordance with an embodiment, the nozzle can have a tip length 161 of not 

greater than about 10 mm, such not greater than about 8 mm, not greater than about 6 mm, not greater 

than about 5 mm, or even not greater than about 4 mm.  Still, and another non-limiting embodiment, 

the nozzle 153 can have a tip length 161 of at least about 0.1 mm, such as at least about 0.2 mm, at 

least about 0.5 mm, or even at least about 1 mm.  It will be appreciated that the tip length 161 of the 

nozzle 153 can be within a range between any of the minimum maximum values noted above, 

including for example, a tip length 161 of at least about 0.1 mm and not greater than about 10 mm, 

such as at least about 0.1 mm and not greater than about 5 mm, or even at least about 0.2 mm and not 

greater than about 4 mm. 

[00119] In accordance with one embodiment, the nozzle aspect ratio value (width/tip length) of the 

nozzle 153 may be controlled to facilitate improved deposition and formation of features of the body 
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of the shaped abrasive particles.  For example, the nozzle 153 can have a nozzle aspect ratio value 

(width/tip length) of not greater than about 0.8, such as not greater than about 0.6, not greater than 

about 0.5, or even not greater than about 0.4.  Still, and another non-limiting embodiment, the nozzle 

153 may have a nozzle aspect ratio value of at least about 0.001, such as at least about 0.005, or even 

at least about 0.008.  It will be appreciated that the nozzle 153 can have a nozzle aspect ratio value 

within a range between any of the minimum and maximum values noted above, including for 

example, at least about 0.001 and not greater than about 0.8, such as at least about 0.005 and not 

greater than about 0.5, or even at least about 0.008 and not greater than about 0.4.  It will also be 

appreciated that the second deposition head (i.e., second nozzle 144) associated with the second 

deposition assembly 143 can have any of the features described in accordance with the first deposition 

assembly 151. 

[00120] In accordance with an embodiment, the process of forming can include controlling a 

deposition pressure to facilitate suitable deposition of the first print material and facilitating formation 

of a body having suitable features for use as a shaped abrasive particle.  For example, in at least one 

embodiment, the deposition pressure can be not greater than about greater than about 5 MPa, such as 

not greater than about 4.5 MPa, not greater than about 4 MPa, not greater than about 3.5 MPa, not 

greater than about 3 MPa, not greater than about 2.5 MPa, not greater than about 2 MPa, not greater 

than about 1.8 MPa, not greater than about 1.5 MPa, not greater than about 1.3 MPa, not greater than 

about 1 MPa, not greater than about 0.9 MPa, not greater than about 0.8 MPa, or even not greater than 

about 0.7 MPa.  Still, in at least one non-limiting embodiment, the deposition pressure can be at least 

about 0.005 MPa, such as at least about 0.01 MPa, at least about 0.05 MPa, at least about 0.08 MPa, 

or even at least about 0.1 MPa.. It will be appreciated that the deposition pressure may be within a 

range between any of the minimum and maximum values noted above, including for example a 

deposition pressure or at least about 0.05 MPa and not greater than about 5 MPa, such as at least about 

0.01 MPa and not greater than about 2 MPa, or even at least about 0.05 MPa and not greater than 

about 1.5 MPa. 

[00121] In certain instances, the process of forming the body can include can include controlling the 

relationship between the nozzle width 162 and the deposition pressure to define a first forming factor 

(width/deposition pressure) having a value of at least about 0.2 microns/MPa, such as at least about 1 

micron/MPa, at least about 2 microns/MPa, at least about 4 microns/MPa, at least about 6 

microns/MPa, at least about 8 microns/MPa, at least about 10 microns/MPa, at least about 12 

microns/MPa, at least about 14 microns/MPa, or even at least about 16 microns/MPa.  Still, in at least 

one non-limiting embodiment, the first forming factor can have a value of not greater than about 

1x10
5
 microns/MPa, such as not greater than about 1x10

4
 microns/MPa, not greater than about 8000 

microns/MPa, not greater than about 6000 microns/MPa, not greater than about 5000 microns/MPa, 

not greater than about 4000 microns/MPa, not greater than about 3000 microns/MPa, not greater than 
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about 2000 microns/MPa, not greater than about 1000 microns/MPa, not greater than about 500 

microns/MPa, not greater than about 200 microns/MPa, or even not greater than about 100 

microns/MPa.  It will be appreciated that the first forming factor can be within a range between any of 

the minimum and maximum values noted above, including for example, at least about at least about 

0.2 microns/MPa and not greater than about 1x10
5
 microns/MPa,, such as at least about 1 micron/MPa 

and not greater than about 6000 microns/MPa, or even at least about 2 microns/MPa and not greater 

than about 1000 microns/MPa.  

[00122] In yet another embodiment, the process of forming the body can include control of the 

deposition rate that defines the rate at which the nozzle is moved.  Suitable control the deposition rate 

can facilitate suitable formation of the features of the shaped abrasive particles according to the 

embodiments herein.  For example, the forming process can include moving the nozzle a particular 

deposition rate, such as at least about 0.01 mm/s, at least about 0.05 mm/s, at least about 0.08 mm/s, 

at least about 0.1 mm/s, at least about 0.3 mm/s, at least about 0.5 mm/s, at least about 0.8 mm/s, at 

least about 1 mm/s, at least about 1.5 mm/s, at least about 2 mm/s, at least about 2.5 mm/s, at least 

about 3 mm/s.  Still, in another non-limiting embodiment, the process of forming can include moving 

the nozzle at a deposition rate of not greater about 50 mm/s, such as not great about 30 mm/s, or even 

not greater than about 20 mm/s.  It will be appreciated that the process of forming can include a 

deposition rate within a range between any of the minimum and maximum values noted above, 

including for example a deposition rate of at least about 0.01 mm/s and not greater than about 50 

mm/s, such as at least about 0.1 mm/s and not greater than about 30 mm/s, or even at least about 1 

mm/s and not greater than about 20 mm/s. 

[00123] In accordance with a particular embodiment, the process of forming can include controlling a 

deposition volume of one or more print materials to form particular portions of the body of the shaped 

abrasive particle.  For example, the process of forming can include controlling the deposition volume 

by changing the deposition volume of the print material, depending upon a portion of the body being 

formed.  In at least one embodiment, the forming process can include depositing a smaller volume of 

material in a region defining a corner of the body as compared to the volume of material deposited in 

the region defining a major surface of the body.  Such deposition procedures may be particularly 

suitable in the formation of sharp edges or corners which may be particularly suitable for the shaped 

abrasive particles of the embodiments herein.   

[00124] The process of depositing controlled volumes can include controlling deposition volume by 

controlling at least one of a deposition pressure and the deposition rate of the nozzle.  Particularly, the 

process of controlling deposition volume can include controlling a width, length, and height of the 

portion (e.g., the first portion 141) of the body formed at a first time.  Moreover, controlling the 

deposition volume can further include controlling the width of the deposition nozzle used to form the 

particular portion.  For example, a nozzle having a smaller width may be used to deposit the print 
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material associated with certain portions of the body (e.g., corners or edges) while a nozzle having a 

greater nozzle width may be used to deposit a print material associated with other portions, such as 

the major faces or interior portions of the body. 

[00125] In still another instance, the process of forming can include controlling the relationship 

between the deposition rate and the deposition position.  In one embodiment, controlling the 

relationship between deposition rate and deposition position can include changing the deposition rate 

depending upon the deposition position.  More particularly, controlling the relationship between 

deposition rate and deposition position can include varying the deposition rate to change the size of 

features in the body.  For example, in one embodiment, controlling the relationship between 

deposition rate and deposition position can include decreasing the deposition rate at a deposition 

position associated with the corner or edge of the body of the shaped abrasive particle relative to a 

deposition rate associated with a deposition position at a major surface or an interior portion of the 

body.   

[00126] In yet another embodiment, the process of forming can include controlling the relationship 

between deposition pressure and deposition position.  In at least one embodiment, the process of 

controlling the relationship between deposition pressure and the deposition position can include 

changing the deposition pressure depending upon the deposition position.  In another embodiment, the 

process of controlling the relationship between the deposition pressure and deposition position can 

include varying the deposition pressure depending on the deposition pressure to change the features in 

the body.  Particularly, in certain instances, the process of controlling the relationship between the 

deposition pressure and deposition position can include decreasing the deposition pressure at a 

deposition position associated with a corner or edge of the body of the shaped abrasive particle 

relative to a deposition pressure associated with a deposition position at a major surface or interior 

portion of the body.   

[00127] In still another embodiment, the process of forming the body can include controlling a 

premove delay between the initial deposition of the print material from the deposition assembly and 

the movement of the deposition assembly, including for example, movement of the nozzle from which 

the print material can be deposited.  For example, the premove delay may facilitate suitable formation 

of the features of the shaped abrasive particle, including those that may utilize certain deposition 

patterns, such as an outside-in and in-side out filling process.  The delay between the initiation of the 

deposition process and the movement of the deposition assembly can facilitate ensuring that the  In at 

least one embodiment, the process of forming the body can include utilizing a premove delay greater 

than about 0 seconds, such as at least about 0.1 seconds, or even at least about 0.5 seconds.  In still 

another embodiment, the premove delay may be not greater than about 10 seconds, such as not greater 

about 8 seconds, not greater than about 6 seconds, or even not greater than about 4 seconds.  It will be 

appreciated that the premove delay may be within a range between any of the minimum maximum 
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values noted above, including for example, at least about 0.1 seconds and not greater than about 10 

second, at least about 0.5 seconds and not greater than about 6 seconds. 

[00128] For at least one embodiment, the process of forming the body can include controlling a shut 

off distance defining a distance the deposition assembly travels between the time at which pressure is 

no longer applied to the print material and the print material stops depositing from the deposition 

assembly.  Control of the shutoff distance can facilitate formation of the features of the shaped 

abrasive particles of the embodiments herein.  The shutoff distance can be less than a dispense gap.  

In other instances, the shutoff distance can be greater than the dispense gap.  According to another 

embodiment, the shutoff distance can be substantially the same as the dispense gap, such that the 

value of the dispense gape and the value of the shutoff distance do not vary from each other by more 

than 5%.  In certain instances, the shutoff distance can be not greater than about 2 mm, not greater 

than about 1 mm, not greater than about 0.5 mm, not greater than about 0.2 mm, or even not greater 

than about 0.1 mm.  In at least one non-limiting embodiment, the shutoff distance can be at least about 

0.001 mm. It will be appreciated that the shutoff distance may be within a range between any of the 

minimum maximum values noted above, including for example, at least about 0.001 mm and not 

greater than about 1mm, at least about 0.001 mm and not greater than about 0.2 mm. 

[00129] The process of forming the body of the shaped abrasive particle can further include 

controlling a dispense gap 163. The dispense gap 163 may define a distance between the end of the 

nozzle 153 and a target 125, which may be a surface of a substrate or surface of another portion of 

where the print material is intended to be deposited.  It has been noted that control of the dispense gap 

163 can facilitate suitable formation of a shaped abrasive particle.  In accordance with an 

embodiment, the dispense gap163 can have a particular relationship relative to the width 162 of the 

nozzle 153.  For example, the dispense gap 163 can be not greater than about 10W, wherein “W” 

represents the width 162 of the nozzle 153.  In another embodiment, the dispense gap 163 can be not 

greater than about 9W, such as not greater than about 8W, not greater than about 7W, not greater than 

about 6W, not greater than about 5W, not greater than about 4W, not greater than about 3W, not 

greater than about 2W, or even not greater than about 1W.  Still, and another in embodiment, the 

dispense gap163 can be at least about 0.001W, such as at least about 0.005W, we least about 0.01W, 

or even at least about 0.1W.  It will be appreciated that the dispense gap 163 can have a value within a 

range between any of the minimum and maximum values noted above, including for example, at least 

we spoke 0.001W and not greater than about 10W, at least about 0.05W and not greater than about 

5W, or even at least about 0.01W and not greater than about 2W.  It will be appreciated that the 

second deposition assembly 143 and nozzle 144 can be controlled such that the dispense gap 

associated with the use of the nozzle 144 can have the same features as noted above. 

[00130] In accordance with another embodiment, the dispense gap 163 may have a particular 

relationship relative to the thickness “t”, wherein “t” represents the average thickness of the portion of 
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the body formed by the print material using the nozzle.  For example, the dispense gap 163 associated 

with the nozzle 153 can be controlled relative to the average thickness “t” of the second portion 142 

as formed by the nozzle 153.  In accordance with an embodiment, the dispense gap163 can be not 

greater about 10t, such as not greater than about 9t, not greater about 8t, not greater than about 7t, not 

greater than about 6t, not greater than about 5t, not greater than about 4t, not greater than about 3t, not 

greater than about 2t,, or even not greater than about 1t.  Still, and another non-limiting embodiment, 

the dispense gap 163 can be at least about 0.001t, such as at least about 0.05t, or even at least about 

0.01t.  It will be appreciated that the dispense gap 163 can have a value within a range between any of 

the minimum and maximum values noted above, including for example, at least about 0.001t and not 

greater than about 10t, such as at least about 0.05t and not greater than about 5t, or even at least about 

0.01t and not greater than about 2t. 

[00131] In at least one embodiment, the process of forming the body can include controlling the 

dispense gap 163 by varying the dispense gap 163 such that the first print material 122 contacts the 

target at a suitable distance upon exiting the end of the nozzle 153.  For example, the first print 

material 122 may exit the end of the nozzle 153 and the terminal and 123 of the first print material 

122 may contact the target 125.  In particular instances, controlling the dispense gap 163 can include 

controlling the height of the end of the nozzle 153 above the target 125, such that print material can 

contact the target upon exiting the nozzle 153 without forming a free droplet in the space between the 

end of the nozzle 153 and the target 125.  It is been noted that for certain types of print material, 

including those suitable for forming the shaped abrasive particle, the deposition process should be 

conducted to avoid the formation of free droplets, and during deposition a connection is maintained 

between the target 125 and the end of the nozzle 153 by the first print material 122.  

[00132] Furthermore, suitable formation of the body of the shaped abrasive particle can include 

controlling the dispense gap by varying the Z-directional distance between the end of the nozzle 153 

and the target 125 based upon at least one of the parameters of the group including nozzle tip length 

161, the nozzle width 162, the deposition pressure, the deposition rate, the deposition volume, the 

deposition position, the filling pattern of the print material, the dynamic yield stress of the print 

material, the static yield stress of the print material, the yield stress ratio of the print material, the 

viscosity of the print material, and a combination thereof.  According to one embodiment, the process 

of forming the body can include controlling the dispense gap 163 by varying the dispense gap based 

upon the deposition pressure.  In other instances, the process s of forming the body can include 

controlling the dispense gap 163 by varying the dispense gap 163 based upon the deposition position.  

In still other embodiments, the process of forming may include varying the dispense gap 163 

depending on the deposition position, and more particularly, based on the resolution of the feature 

desired at the particular deposition position.  For example, if the material is to be deposited at a 

position representing a corner or edge of the body of the shaped abrasive particle, the dispense gap 
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163 may be adjusted, and may be different compared to a dispense gap 163 used to form a major 

surface or interior portion of the body of the shaped abrasive particle.  Furthermore, the process of 

controlling the dispense gap 163 can include varying the dispense gap 163 to control the volume of 

material deposited at a deposition position, which may be suitable for formation of certain features of 

the body, including for example, a corner, an edge, a major surface, or interior portion of the body. 

[00133] In accordance with an embodiment, the process of forming the body of the shaped abrasive 

particle using the additive manufacturing process can include controlling a filling pattern that defines 

the order of forming the portions of the body. The filling pattern and particular process associated 

with the filling pattern can be selected to form a suitable shaped abrasive particle and may facilitate 

improved performance of the shaped abrasive particle and fixed abrasives incorporating the shaped 

abrasive particle.  As noted in the embodiments herein, the first portion 141 may be formed into a 

two-dimensional or three-dimensional shape depending upon the desired shape of the first portion 141 

and the final shape of the shaped abrasive particle.  Any one of the portions of the shaped abrasive 

particle (e.g., the first portion 141) can be formed in a particular order defined by a filling pattern.  

The filling pattern can define a deposition process including but not limited to an outside-in filling 

process, an inside-out filling process, a side-to-side filling process, a bottom-up filling process, and a 

combination thereof.   

[00134] For example, referring to FIG. 1C, a top-down view of a filling pattern for forming a portion 

of a shaped abrasive particle according to an embodiment is provided.  As illustrated, the first portion 

181 can be in the form of a layer and may be formed by initiating deposition of the print material at 

the position 182.  The deposition assembly and the process of depositing the print material may 

traverse along the path 187 in the direction 184 from the position 182 to the position 183, where the 

deposition process is stopped and the first portion 181 is completed.  Such a filling pattern can be an 

outside-in filling process.  The outside-in filling process can be characterized by a process that 

initially forms at least a portion of an outer periphery 185 of the first portion 181 and subsequently 

forms the interior portion 186.   

[00135] In another embodiment, an inside-out filling process may be utilized that can include a 

process of depositing the print material to initially form an interior region of a portion and 

subsequently forming the peripheral regions of the portion.  For example, referring again to FIG. 1C, 

a filling pattern using an inside-out filling process can be undertaken in the opposite direction of the 

outside-in filling process.  The inside-out filling process can initiate deposition at the position 183 and 

traverse along the path 187 in the direction opposite the direction 184 to the position 182 where the 

deposition process can be stopped and the first portion 181 is formed.  In such an embodiment, the 

interior portion 186 of the first portion 181 is formed first and the outer periphery 185 of the first 

portion 181 is formed subsequent to and around the interior portion 186.   
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[00136] Referring to FIG. 1D, a side-to-side filling process is illustrated according to an embodiment.  

In a side-to-side filling process, the deposition assembly can initiate deposition of the print material at 

position 187, and move laterally back and forth depositing the print material and stopping at position 

188 to form a first portion.  

[00137] FIG. 1D can also represent an embodiment of a bottom-up filling process in another 

embodiment.  It will be appreciated that for a bottom-up filling process, the print material can be 

deposited in a pattern that is based upon formation of one or more overlying layers.  For example, in a 

bottom-up filling process, the deposition assembly may initiate deposition of the print material at 

position 187 and move back and forth building the structure upon itself in a vertical direction and 

ending the deposition process at position 188.   

[00138] The process of forming the body can include controlling a filling pattern such that a first 

portion of the body formed at a first time can be formed using a first filling pattern, and a second 

portion of the body formed a second time, which is distinct from the first time, can be formed using a 

second filling pattern that is distinct from the first filling pattern.  For example, in one particular 

embodiment, the filling pattern used to form the body can include forming a first portion by an 

outside-in filling process and a second portion by an inside-out filling process.  More particularly, 

referring again to FIG. 1C, a first portion 181 in the form of a first layer can be formed by an outside-

in forming process and subsequently a second portion can be formed over the first portion 181.  The 

second portion can be in the form of a layer overlying the first portion 181, and the second portion can 

be formed by an inside-out filling process, wherein deposition can be initiated at a position directly 

above position 183 and concluded at a position directly above position 182. 

[00139] According to a particular embodiment, the print material, which can include a mixture, can 

have a particular dynamic yield stress (σd) that may facilitate suitable formation of the body of the 

shaped abrasive particle.  For example, the print material may have a dynamic yield stress (σd) of at 

least about 100 Pa, at least about 120 Pa, at least about 140 Pa, at least about 160 Pa, at least about 

180 Pa, at least about 200 Pa.  Still, in another non-limiting embodiment, the print material may have 

a dynamic yield stress(σd) of not greater than about 1500 Pa, not greater than about 1300 Pa, not 

greater than about 1200 Pa, not greater than about 1100 Pa, not greater than about 1000 Pa.  It will be 

appreciated that the print material can have a dynamic yield stress (σd) within a range between any of 

the minimum maximum values above, including for example, at least about 100 Pa and not greater 

than about 1500 Pa, at least about 160 Pa and not greater than about 1200 Pa, or even at least about 

200 Pa, and not greater than about 1200 Pa. 

[00140] The process of forming the body can include controlling at least one process parameter such 

as the dispense gap, the nozzle tip length, the nozzle width, the deposition pressure, the deposition 

rate, the deposition volume, the deposition position, and the filling pattern of the print material based 

on the dynamic yield stress (σd) of the print material.  It will be appreciated that the process can 
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include controlling a combination of the foregoing process parameters based on the dynamic yield 

stress.  Control of one or more process parameters based on the dynamic yield stress may facilitate 

improved formation of a shaped abrasive particle. 

[00141] In another embodiment, the print material, which may include a mixture, may have a 

particular static yield stress (σs) that may facilitate suitable formation of the body of the shaped 

abrasive particle.  For example, the may have a static yield stress (σs) of at least about 180 Pa, such as 

at least about 200 Pa, at least about 250 Pa, at least about 300 Pa, at least about 350 Pa, at least about 

400 Pa, at least about 450 Pa, at least about 500 Pa, at least about 550 Pa, at least about 600 Pa.  In 

another non-limiting embodiment, the static yield stress (σs) can be not greater than about 20,000 Pa, 

such as not greater than about 18,000 Pa, not greater than about 15,000 Pa, not greater than about 

5000 Pa, not greater than about 1000 Pa.  It will be appreciated that the print material can have a static 

yield stress (σs) within a range between any of the minimum and maximum values noted above, 

including for example, at least about 180 Pa and not greater than about 20,000 Pa, at least about 400 

Pa and not greater than about 18,000 Pa, or even at least about 500 Pa and not greater than about 5000 

Pa. 

[00142] The process of forming the body can include controlling at least one process parameter such 

as the dispense gap, the nozzle tip length, the nozzle width, the deposition pressure, the deposition 

rate, the deposition volume, the deposition position, and the filling pattern of the print material based 

on the static yield stress (σs) of the print material.  It will be appreciated that the process can include 

controlling a combination of the foregoing process parameters based on the static yield stress.  

Control of one or more process parameters based on the static yield stress may facilitate improved 

formation of a shaped abrasive particle. 

[00143] In certain instances, the process of forming the body of the shaped abrasive particle can 

include forming a print material having a particular relationship between the static yield stress (σs) 

and the dynamic yield stress (σd).  In one embodiment, the print material may be formed such that the 

static yield stress is different than the dynamic yield stress.  More particularly, the print material may 

be formed such that it is a shear-thinning print material configured to be suitably extruded from the 

nozzle and yet have control dimensional stability to avoid significant movement (e.g., slumping) once 

deposited on the target.  

[00144] In one embodiment, the print material, which may include a mixture, can have a static yield 

stress that is greater than the dynamic yield stress that may facilitate formation of the shaped abrasive 

particle.  More particularly, the print material may be formed such that it has a particular yield stress 

ratio (σd/σs), such as not greater than about 1, not greater than about 0.99, not greater about 0.97, not 

greater than about 0.95, not greater than about 0.9, not greater than about 0.85, not greater than about 

0.8, not greater than about 0.75, not greater than about 0.7, not greater than about 0.65, not greater 

than about 0.6, not greater than about 0.55, or even not greater than about 0.5.  Still, in one non-
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limiting embodiment, the yield stress ratio (σd/σs) can be at least about 0.01, such as at least about 

0.05, at least about 0.08, at least about 0.1, at least about 0.15, at least about 0.2, at least about 0.25, at 

least about 0.3, at least about 0.35, at least about 0.4, or even at least about 0.45, or even at least 0.5.  

It will be appreciated that the print material can have a yield stress ratio within a range between any of 

the minimum and maximum values noted above, including for example, a yield stress ratio of not 

greater than one and at least about 0.01, such as not greater than about 0.97 and at least about 0.1, or 

even not greater than about 0.8 and at least about 0.2. 

[00145] The process of forming the body can include controlling at least one process parameter such 

as the dispense gap, the nozzle tip length, the nozzle width, the deposition pressure, the deposition 

rate, the deposition volume, the deposition position, and the filling pattern of the print material based 

on the yield stress ratio (σd/σs) of the print material.  It will be appreciated that the process can 

include controlling a combination of the foregoing process parameters based on the yield stress ratio 

(σd/σs).  Control of one or more process parameters based on the yield stress ratio (σd/σs) may 

facilitate improved formation of a shaped abrasive particle. 

[00146] In yet another embodiment, the print material may be formed to have a particular viscosity to 

facilitate formation of the body of the shaped abrasive particle having the features of the embodiments 

herein.  For example, the print material can have a viscosity of at least about 4x10
3
 Pa s, such as at 

least about 5x10
3
 Pa s, at least about 6x10

3
 Pa s, at least about 7x10

3
 Pa s, at least about 7.5x10

3
 Pa s.  

In another non-limiting embodiment, the print material can have a viscosity of not greater than about 

20x10
3
 Pa s, such as not greater than about 18x10

3
 Pa s, not greater than about 15x10

3
 Pa s, or even 

not greater than about 12x10
3
 Pa s.  Still, it will be appreciated that the print material can have a 

viscosity within a range including any of the minimum and maximum values noted above, including 

but not limited to, at least about 4x10
3
 Pa s and not greater than about 20x10

3
 Pa s, such as at least 

about 5x10
3
 Pa s and not greater than about 18x10

3
 Pa s, at least about 6x10

3
 Pa s and not greater than 

about 15x10
3
 Pa s.  For those print materials that are shear-thinning or otherwise non-Newtonian 

materials, the above viscosity values may be an apparent viscosity.  The viscosity can be measured by 

incrementally decreasing a shear rate from 100 s
-1

 to 2 s
-1

 without pre-shearing the print material using 

a parallel plate rheometer. 

[00147] The process of forming the body can include controlling at least one process parameter such 

as the dispense gap, the nozzle tip length, the nozzle width, the deposition pressure, the deposition 

rate, the deposition volume, the deposition position, and the filling pattern of the print material based 

on the viscosity of the print material.  It will be appreciated that the process can include controlling a 

combination of the foregoing process parameters based on the viscosity.  Control of one or more 

process parameters based on the viscosity may facilitate improved formation of a shaped abrasive 

particle. 
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[00148] It will be appreciated that any of the forming processes herein can be combined with other 

processes, including conventional processes of printing, spraying, deposition, casting, molding, and 

the like.  In certain instances, the additive manufacturing process may be used to form a preform of 

the body of the shaped abrasive particle.  The preform can be a skeleton of the body, such as an outer 

portion or an inner portion that is first created, and processed further through one or more other 

processes to create the shaped abrasive particle.  For example, in at least one embodiment, an additive 

manufacturing process may be used to form an exterior portion of the body, such as the peripheral 

walls of the body.  After forming the exterior portion, a subsequent operation may be utilized to form 

an interior portion of the body, including for example, a separate forming process (e.g., a filling 

process) using the same material or a different material used in the additive manufacturing process 

used to form the exterior portion.  One suitable forming process to form the interior portion can 

include a spraying process or printing process.  The two step process of forming the different portions 

of the body may facilitate efficient processing over a process relying only on an additive 

manufacturing process to form the entire body of the shaped abrasive particle.  It will be appreciated 

that the above example is non-limiting and other two-step processes including the additive 

manufacturing process may be used.  It is envisioned that one may form an interior portion of the 

body using the additive manufacturing process and forming an exterior portion of the body using a 

different process than the additive manufacturing process.    

[00149] The shaped abrasive particle formed by an additive manufacturing process as defined herein 

can include a variety of other suitable dimensions and features.  In an embodiment, the body of the 

shaped abrasive particle includes a first major surface, a second major surface, and at least one side 

surface extending between the first major surface and the second major surface.   

[00150] The bodies of the shaped abrasive particles can have a percent flashing that may facilitate 

improved performance.  Notably, the flashing defines an area of the body as viewed along one side, 

wherein the flashing extends from a side surface of the body 301 within the boxes 302 and 303, as 

illustrated in FIG. 3.  The flashing can represent tapered regions proximate to the upper surface 303 

and bottom surface 304 of the body 301.  The flashing can be measured as the percentage of area of 

the body 301 along the side surface contained within a box extending between an innermost point of 

the side surface (e.g., 321) and an outermost point (e.g., 322) on the side surface of the body 301.  In 

one particular instance, the body 301 can have a particular content of flashing, which can be the 

percentage of area of the body 301 contained within the boxes 302 and 303 compared to the total area 

of the body 301 contained within boxes 302, 303, and 304.  The flashing can represent tapered regions 

proximate to first and second major surfaces of the body.  The flashing can be measured as the 

percentage of area of the body along the side surface contained within a box extending between an 

innermost point of the side surface and an outermost point on the side surface of the body.   
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[00151] In one particular instance, the body can have a particular content of flashing, which can be the 

percentage of area of the body within the tapered regions compared to the total area of the body.  

According to one embodiment, the percent flashing (f) of the body can be at least about 1%.  In 

another embodiment, the percent flashing can be greater, such as at least about 2%, at least about 3%, 

at least about 5%, at least about 8%, at least about 10%, at least about 12%, such as at least about 

15%, at least about 18%, or even at least about 20%.  Still, in a non-limiting embodiment, the percent 

flashing of the body 301 can be controlled and may be not greater than about 45%, such as not greater 

than about 40%, not greater than about 35%, not greater than about 30%, not greater than about 25%, 

not greater than about 20%, not greater than about 18%, not greater than about 15%, not greater than 

about 12%, not greater than about 10%, not greater than about 8%, not greater than about 6%, or even 

not greater than about 4%.  In a particular embodiment, the body can be essentially free of flashing.  It 

will be appreciated that the percent flashing of the body can be within a range between any of the 

above minimum and maximum percentages.  Moreover, it will be appreciated that the above flashing 

percentages can be representative of an average flashing percentage or a median flashing percentage 

for a batch of shaped abrasive particles.  

[00152] The shaped abrasive particles of the embodiments herein can be formed such that the body 

includes a crystalline material, and more particularly, a polycrystalline material.  Notably, the 

polycrystalline material can include 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. 

[00153] In one aspect, the body of the shaped abrasive particle can be an agglomerate including a 

plurality of particles, grit, and/or grains bonded to each other to form the body.  Suitable grains can 

include nitrides, oxides, carbides, borides, oxynitrides, oxyborides, diamond, and a combination 

thereof.  In particular instances, the 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, the ceramic article is formed such 

that the grains forming the body include alumina, and more particularly, may consist essentially of 

alumina.  In another instance, the body of the ceramic article can consist essentially of alumina.  

Moreover, in particular instances, the body of the shaped abrasive particle can be formed from a 

seeded sol gel. 

[00154] In an embodiment, the body can include a polycrystalline material.  The grains (e.g., 

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.  Still, the average grain size of the grains contained within the body can be at least about 0.01 
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microns, such as at least about 0.05 microns, such as at least about 0.08 microns, at least about 0.1 

microns, or even at least about 0.5 microns.  It will be appreciated that the grains can have an average 

grain size within a range between any of the minimum and maximum values noted above. 

[00155] In accordance with certain embodiments, the shaped abrasive particle can be a composite 

article including at least two different types of grains within the 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 it 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.   

[00156] In some embodiments, the body of the ceramic article can include a variety of suitable 

additives.  For example, the additive can include an oxide.  In a particular embodiment, the additive 

can include a metal element, such as a rare-earth element.  In another particular embodiment, the 

additive can include a dopant material.  For example, the dopant material can include an element or 

compound selected from the group consisting of an alkali element, an alkaline earth element, a rare-

earth element, a transition metal element, and a combination thereof.  In yet another embodiment, the 

dopant material can include an element selected from the group consisting 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. 

[00157] According to a particular embodiment, the forming process can form precursor shaped 

abrasive particles,.  The precursor shaped abrasive particles may undergo further processing to form 

shaped abrasive particles.  Such further processing can include, but need not be limited to, drying, 

heating, evolving, volatilizing, sintering, doping, drying, curing, reacting, radiating, mixing, stirring, 

agitating, calcining, comminuting, sieving, sorting, shaping, and a combination thereof.   

[00158] Drying may include removal of a particular content of material, including volatiles, such as 

water.  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 280°C, or even not greater 

than about 250°C.  Still, in one non-limiting embodiment, the drying process may be conducted at a 

drying temperature of at least about 50°C.  It will be appreciated that the drying temperature may be 

within a range between any of the minimum and maximum temperatures noted above.  Furthermore, 

the drying process may be conducted for a particular duration.  For example, the drying process may 

be not greater than about six hours.   

[00159] The process of forming the precursor shaped abrasive particle to a finally-formed shaped 

abrasive particle may further comprise a sintering process.  Sintering of the precursor shaped abrasive 

particle may be utilized to densify the article, which is generally in a green state as the precursor 

shaped abrasive particle.  In a particular instance, the sintering process can facilitate the formation of 
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a high-temperature phase of the ceramic material.  For example, in one embodiment, the precursor 

shaped abrasive particle may be sintered such that a high-temperature phase of the material is formed, 

including for example, alpha alumina.  According to one particular embodiment, the shaped abrasive 

particle can be a shaped abrasive particle having at least about 90 wt% alpha alumina for the total 

weight of the particle.  In a more particular instance, the content of alpha alumina may be greater such 

that the shaped abrasive particle may consist essentially of alpha alumina.   

[00160] In accordance with another aspect, a method of forming a fixed abrasive article including 

shaped abrasive particles formed through the additive manufacturing process can also be 

accomplished.  For example, the process of forming a fixed abrasive article can include forming a 

plurality of shaped abrasive particles on a substrate, where each of the shaped abrasive particles of the 

plurality of shaped abrasive particles have a body formed by an additive manufacturing process.  It 

will be appreciated that the fixed abrasive article may include a bonded abrasive article, a coated 

abrasive article, and the like.  It will further be appreciated that the substrate can include, for example, 

a backing. 

[00161] In at least one embodiment, the forming process can be conducted such that the shaped 

abrasive particles are formed directly overlying the substrate.  For example, in accordance with an 

embodiment, a perspective view illustration of a fixed abrasive article including shaped abrasive 

particles overlying the substrate is provided in FIG. 2.  As illustrated, the fixed abrasive article 200 

can include a first shaped abrasive particle 201 overlying a substrate 204 and a second shaped 

abrasive particle 211 overlying the substrate 204.   

[00162] It will be appreciated that the process of forming a shaped abrasive particle as part of a fixed 

abrasive article can include any of the processes described herein in other embodiments.  For 

example, as indicated herein, the body of each of the shaped abrasive particles 201 and 211 of the 

plurality of shaped abrasive particles can be formed according to a digital model.  As further 

illustrated, and described herein, each of the shaped abrasive particles 201 and 211 can have bodies 

formed from a plurality of portions 203, which may be discrete from each other, or may have 

undergone further processing (e.g., modifying) to join the portions together to form each of the bodies 

of the shaped abrasive particles 201 and 211.   

[00163] As described in the embodiments herein, the additive manufacturing process of forming the 

body according to a digital model can include depositing a first print material as a first portion of the 

body of each of the shaped abrasive particles of the plurality of shaped abrasive particles at a first 

time.  Furthermore, the process can include depositing a second print material as a second portion of 

the body of each of the shaped abrasive particles of the plurality of shaped abrasive particles at a 

second time that is different than the first time.  In a particular embodiment, the additive 

manufacturing process also can include preferentially modifying one of the first portion and the 
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second portion to join the first portion and the second portion and form a subsection of the body of the 

shaped abrasive particle. 

[00164] In accordance with a particular embodiment, the forming process can be conducted directly 

on at least a portion of a bonding layer 231, which may be overlying the substrate.  The bonding layer 

231 can include a material such as an inorganic material, a vitreous material, a crystalline material, an 

organic material, a resin material, a metal material, a metal alloy, and a combination thereof.  The 

bonding layer may be a continuous layer or material or may be a discontinuous layer of material 

having discrete bonding regions separated by gaps, wherein essentially no bonding material is present.  

The process of forming can include selectively forming shaped abrasive particles in regions 

corresponding to the discrete bonding regions, such that each discrete bonding region has one or more 

shaped abrasive particles contained therein. 

[00165] In some embodiments of the forming process, the substrate 204 may be translated through a 

forming zone.  In the forming zone, at least one shaped abrasive particle of the plurality of shaped 

abrasive particles can be formed overlying the substrate.  In particular instances, the translation of the 

substrate 204 can include a stepped translation process, wherein the substrate 204 may be translated a 

certain distance and stopped to allow the formation of the shaped abrasive particle to occur.  After a 

shaped abrasive particle is suitably formed overlying the substrate 204, the stepped translation process 

can continue by translating the substrate 204 in a desirable direction by a known distance again and 

stopping again to facilitate the formation of another shaped abrasive particle at a particular location on 

substrate 204.  In one embodiment, as shown in FIG. 2, the substrate 204 may be translated to a first 

position defined by the position of the shaped abrasive particle 211, wherein at a first time the shaped 

abrasive particle 211 can be formed by an additive manufacturing process.  After suitable formation 

of the shaped abrasive particle 211, the substrate 204 may be translated in a direction to a position 

identified by the position of the shaped abrasive particle 201 overlying the substrate 204.  At that 

point, the substrate 204 may be stopped to allow the formation of the shaped abrasive particle 201 at 

the location provided in FIG 2.   

[00166] As such, a plurality of shaped abrasive particles can be formed at predetermined locations on 

the substrate 204.  Notably, in certain instances, the formation of the fixed abrasive article 200 can be 

conducted such that each of the shaped abrasive particles can be placed on the backing, and such 

placement can be conducted simultaneously with the formation of the body of each of the shaped 

abrasive particles.   

[00167] Furthermore, it will be appreciated that such a process of forming a fixed abrasive article also 

can include orienting each of the shaped abrasive particles of the plurality of the shaped abrasive 

particles relative to the substrate.  Such orienting can facilitate the controlled orientation of each of the 

shaped abrasive particles relative to each other as well as relative to the substrate 204.  For example, 
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the process of forming the body of a shaped abrasive particle can be conducted simultaneously with 

the process of orienting the shaped abrasive particle relative to the substrate 204.   

[00168] In more particular instances, each shaped abrasive particle may be formed in a manner such 

that it has a controlled orientation with respect to a vertical orientation, a rotational orientation, a flat 

orientation, or a side orientation.  In the flat orientation, a bottom surface of a shaped abrasive particle 

can be closest to a surface of the substrate 204 (e.g., a backing) and an upper surface of the shaped 

abrasive particle can be directed away from the substrate 204 and configured to conduct initial 

engagement with a workpiece.  Note herein that vertical orientation can refers to the orientation of the 

particles as viewed in a plane perpendicular to the belt, whereas rotational orientation refers to the 

orientation of a shaped abrasive particle as viewed in a plane parallel to the belt.   

[00169] Turning briefly to FIG. 4, a coated abrasive article is illustrated including shaped abrasive 

particles in a particular orientation relative to the substrate.  For example, the coated abrasive article 

400 can include a substrate 401 (i.e., a backing) and at least one adhesive layer overlying a surface of 

the substrate 401.  The adhesive layer can include a make coat 403 and/or a size coat 404.  The coated 

abrasive 400 can include abrasive particulate material 410, which can include shaped abrasive 

particles 405 of the embodiments herein and a second type of abrasive particulate material 407 in the 

form of diluent abrasive particles having a random shape, which may not necessarily be shaped 

abrasive particles.  The make coat 403 can be overlying the surface of the substrate 401 and 

surrounding at least a portion of the shaped abrasive particles 405 and second type of abrasive 

particulate material 407.  The size coat 404 can be overlying and bonded to the shaped abrasive 

particles 405 and second type of abrasive particulate material 407and the make coat 403.   

[00170] According to one embodiment, the shaped abrasive particles 405 herein can be oriented in a 

predetermined orientation relative to each other and the substrate 401.  As illustrated in FIG. 4, the 

shaped abrasive particles 405 can be oriented in a flat orientation relative to the substrate 401.  In the 

flat orientation, the bottom surface 414 of the shaped abrasive particles can be closest to a surface of 

the substrate 401 (i.e., the backing) and the upper surface 413 of the shaped abrasive particles 405 can 

be directed away from the substrate 401 and configured to conduct initial engagement with a 

workpiece.   

[00171] According to another embodiment, the shaped abrasive particles 505 can be placed on a 

substrate 501 in a predetermined side orientation, such as that shown in FIG. 5.  In particular 

instances, a majority of the shaped abrasive particles 505 of the total content of shaped abrasive 

particles 505 on the abrasive article 500 can have a predetermined side orientation.  In the side 

orientation, the bottom surface 414 of the shaped abrasive particles 505 can be spaced away and 

angled relative to the surface of the substrate 501.  In particular instances, the bottom surface 414 can 

form an obtuse angle (A) relative to the surface of the substrate 501.  Moreover, the upper surface 513 

can be spaced away and angled relative to the surface of the substrate 501, which in particular 
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instances, may define a generally acute angle (B).  In a side orientation, a side surface 416 of the 

shaped abrasive particle can be closest to the surface of the substrate 501, and more particularly, may 

be in direct contact with a surface of the substrate 501.   

[00172] According to another embodiment, one or more shaped abrasive particles can be placed on a 

substrate in a predetermined side orientation.  In particular instances, a majority of the shaped 

abrasive particles of the plurality of shaped abrasive particles on the abrasive article can have a 

predetermined side orientation.  In the side orientation, a bottom surface of the shaped abrasive 

particle can be spaced away and angled relative to the surface of the substrate 204.  In particular 

instances, the bottom surface can form an obtuse angle relative to the surface of the substrate 204.  

Moreover, the upper surface of the shaped abrasive particle is spaced away and angled relative to the 

surface of the substrate 204, which in particular instances, may define a generally acute angle.  In a 

side orientation, one or more side surfaces of the shaped abrasive particle can be closest to the surface 

of the substrate 204, and more particularly, may be in direct contact with a surface of the substrate 

204.    

[00173]  For certain fixed abrasive articles herein, at least about 55% of the plurality of shaped 

abrasive particles on the fixed abrasive article 200 can be oriented in a side orientation.  Still, the 

percentage may be greater, such as at least about 60%, at least about 65%, at least about 70%, at least 

about 75%, at least about 77%, at least about 80%, at least about 81%, or even at least about 82%.  

And for one non-limiting embodiment, a fixed abrasive article 200 may be formed using the shaped 

abrasive particles herein, wherein not greater than about 99% of the plurality of shaped abrasive 

particles are oriented in a side orientation.  

[00174] Furthermore, the abrasive articles made with the shaped abrasive particles formed by the 

additive manufacturing processes described herein can utilize various contents of the shaped abrasive 

particles.  For example, the fixed abrasive articles can be coated abrasive articles including a single 

layer of the shaped abrasive particles in an open coat configuration or a closed coat configuration.  

For example, the plurality of shaped abrasive particles can define an open coat abrasive product 

having a coating density of shaped abrasive particles of not greater than about 70 particles/cm
2
.  In 

other instances, the density of shaped abrasive particles per square centimeter of the open coat 

abrasive article may be not greater than about 65 particles/cm
2
, such as not greater than about 60 

particles/cm
2
, not greater than about 55 particles/cm

2
, or even not greater than about 50 particles/cm

2
.  

Still, in one non-limiting embodiment, the density of the open coat coated abrasive using the shaped 

abrasive particles herein can be at least about 5 particles/cm
2
, or even at least about 10 particles/cm

2
.  

It will be appreciated that the density of shaped abrasive particles per square centimeter of an open 

coat coated abrasive article can be within a range between any of the above minimum and maximum 

values. 
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[00175] In an alternative embodiment, the plurality of shaped abrasive particles can define a closed 

coat abrasive product having a coating density of shaped abrasive particles of at least about 75 

particles/cm
2
, such as at least about 80 particles/cm

2
, at least about 85 particles/cm

2
, at least about 90 

particles/cm
2
, at least about 100 particles/cm

2
.  Still, in one non-limiting embodiment, the density of 

the closed coat coated abrasive using the shaped abrasive particle herein can be not greater than about 

500 particles/cm
2
.  It will be appreciated that the density of shaped abrasive particles per square 

centimeter of the closed coat abrasive article can be within a range between any of the above 

minimum and maximum values. 

[00176] The substrate of the fixed abrasive articles described herein can include a variety of suitable 

materials, including an organic material such as polymers, an inorganic material, such as metal, glass, 

ceramic, and a combination thereof.  In certain instances, the substrate can include a woven material.  

However, the substrate may be made of a non-woven material.  In another embodiment, the substrate 

can include a material selected from the group consisting of cloth, paper, film, fabric, fleeced fabric, 

vulcanized fiber, woven material, non-woven material, webbing, polymer, resin, phenolic resin, 

phenolic-latex resin, epoxy resin, polyester resin, urea formaldehyde resin, polyester, polyurethane, 

polypropylene, polyimides, and a combination thereof. 

[00177] In certain situations, the shaped abrasive particles may be placed on a first substrate, which 

facilitates further processing of the shaped abrasive particles, such as drying, heating, and sintering.  

The substrate may be a permanent article.  However, in other instances, the substrate may be a 

sacrificial article, that can be partially or completely destroyed during further processing of the shaped 

abrasive particles.  The first substrate may be combined with a second substrate after processing of the 

shaped abrasive particles, for later forming the abrasive article.  For example, in instances using a 

permanent first substrate, the first substrate may be combined with the second substrate to form a 

composite substrate that is used in the finally-formed fixed abrasive article.  In still other instances 

where a sacrificial substrate is used, the placement and orientation of the shaped abrasive particles on 

the first substrate may be substantially maintained through the forming process, even though the first 

substrate is partially or completely removed.  The finally-formed shaped abrasive particles may be 

combined with a second substrate while maintaining their placement and orientation to facilitate 

formation of the finally-formed abrasive article. 

[00178] In some embodiments, the substrate of the fixed abrasive articles also can include a suitable 

additive or additives.  For example, the substrate can include an additive chosen from the group 

consisting of catalysts, coupling agents, curants, anti-static agents, suspending agents, anti-loading 

agents, lubricants, wetting agents, dyes, fillers, viscosity modifiers, dispersants, defoamers, and 

grinding agents. 

[00179] The fixed abrasive articles described herein, in addition to including a substrate (e.g., a 

backing), can include at least one adhesive layer, such as a bonding layer, overlying a surface of the 
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substrate.  The adhesive layer can include a make coat.  A polymer formulation may be used to form 

any of a variety of layers of the abrasive article such as, for example, a frontfill, a pre-size, the make 

coat, the size coat, and/or a supersize coat.  When used to form the frontfill, the polymer formulation 

generally includes a polymer resin, fibrillated fibers (preferably in the form of pulp), filler material, 

and other optional additives.  Suitable formulations for some frontfill embodiments can include 

material such as a phenolic resin, wollastonite filler, defoamer, surfactant, a fibrillated fiber, and a 

balance of water.  Suitable polymeric resin materials include curable resins selected from thermally 

curable resins including phenolic resins, urea/formaldehyde resins, phenolic/latex resins, as well as 

combinations of such resins.  Other suitable polymeric resin materials may also include radiation 

curable resins, such as those resins curable using electron beam, UV radiation, or visible light, such as 

epoxy resins, acrylated oligomers of acrylated epoxy resins, polyester resins, acrylated urethanes and 

polyester acrylates and acrylated monomers including monoacrylated, multiacrylated monomers.  The 

formulation can also comprise a nonreactive thermoplastic resin binder which can enhance the self-

sharpening characteristics of the deposited abrasive composites by enhancing the erodability.  

Examples of such thermoplastic resin include polypropylene glycol, polyethylene glycol, and 

polyoxypropylene-polyoxyethene block copolymer, etc.  Use of a frontfill on the substrate can 

improve the uniformity of the surface, for suitable application of the make coat and improved 

application and orientation of shaped abrasive particles in a predetermined orientation. 

[00180] The abrasive article also can include abrasive particulate material, which can include shaped 

abrasive particles of the embodiments herein and a second type of abrasive particulate material in the 

form of diluent abrasive particles having a random shape, which may not necessarily be shaped 

abrasive particles.  In an embodiment, the make coat can be overlying the surface of the substrate and 

surrounding at least a portion of the shaped abrasive particles and second type of abrasive particulate 

material.  In another embodiment, the make coat can be bonded directly to at least a portion of the 

substrate.  The make coat can include a variety of suitable materials including, for example, an 

organic material, a polymeric material, or a material selected from the group consisting of polyesters, 

epoxy resins, polyurethanes, polyamides, polyacrylates, polymethacrylates, poly vinyl chlorides, 

polyethylene, polysiloxane, silicones, cellulose acetates, nitrocellulose, natural rubber, starch, shellac, 

and a combination thereof. 

[00181] The adhesive layer also can include a size coat.  The size coat can be overlying at least a 

portion of the plurality of shaped abrasive particles described herein, as well as any second type of 

abrasive particulate material and the make coat.  The size coat also can be bonded directly to at least a 

portion of the plurality of shaped abrasive particles.  Like the make coat, the size coat can include a 

variety of suitable materials including, for example, an organic material, a polymeric material, or a 

material selected from the group consisting of polyesters, epoxy resins, polyurethanes, polyamides, 
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polyacrylates, polymethacrylates, poly vinyl chlorides, polyethylene, polysiloxane, silicones, cellulose 

acetates, nitrocellulose, natural rubber, starch, shellac, and a combination thereof. 

[00182] The fixed abrasive articles, including the shaped abrasive particles and the additive 

manufacturing processes used to form the shaped abrasive particles as described herein represent a 

departure from and improvement over conventional fixed abrasive articles.  While many processes of 

forming shaped abrasive particles, including shaped abrasive particles, rely primarly on templating 

and/or substractive processes (e.g., molding, screen printing, etc.), the processes disclosed in the 

embodiments herein include a forming process for forming shaped abrasive particles using an additive 

manufacturing process.  Moreover, the processes may further utility a digital model, which can be 

used to analyze, compare, and adapt the forming process, which may facilitate improved dimensional 

uniformity, shape, placement, and ultimately performance of the article utilizing the shaped abrasive 

particles.    

[00183] While it will be appreciated that the shaped abrasive particles of the embodiments can have 

any suitable shape, FIGs. 6 through 19 provide illustrations of some exemplary, non-limiting shaped 

abrasive particles that may be made according to the embodiments herein.   

[00184] In particular, in one embodiment provided in FIG. 18, the shaped abrasive particle 1800 can 

include a body 1801 including a first layer 1802 and a second layer 1803 overlying the first layer 

1802.  According to an embodiment, the body 1801 can have layers 1802 and 1803 that are arranged 

in a stepped configuration relative to each other.  A stepped configuration can be characterized by at 

least one plateau region 1820 on a surface 1810 of the first layer 1802 between a side surface 1804 of 

the first layer 1802 and a side surface 61805 of the second layer 1803.  The size and shape of the 

plateau region 1820 may be controlled or predetermined by one or more processing parameters and 

may facilitate an improved deployment of the abrasive particles into an abrasive article and 

performance of the abrasive article.   

[00185] In one embodiment, the plateau region 1802 can have a lateral distance 1821, which can be 

defined as the greatest distance between an edge 1807 between the upper surface 1810 of the first 

layer 1802 and a side surface 1804 of the first layer to the side surface 1805 of the second layer.  

Analysis of the lateral distance 1821 may be facilitated by a top-view image of the body 1801, such as 

shown in FIG. 19.  As illustrated, the lateral distance 1821 can be the greatest distance of the plateau 

region 1802.  In one embodiment, the lateral distance 1821 may have a length that is less than the 

length 1810 of the first layer 1802 (i.e., larger layer).  In particular, the lateral distance 1821 can be 

not greater than about 90%, such as not greater than about 80%, not greater than about 70%, not 

greater than about 60%, not greater than about 50%, not greater than about 40%, not greater than 

about 30%, or even not greater than about 20% of the length 1810 of the first layer 1802 of the body 

1801.  Still, in one non-limiting embodiment, the lateral distance 1821 can have a length that is at 

least about 2%, at least about 5%, at least about 8%, at least about 10%, at least about 20%, at least 
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about 25%, at least about 30%, or even at least about 50% of the length of the first layer 1802 of the 

body 1801.  It will be appreciated that the lateral distance 1821 can have a length within a range 

between any of the minimum and maximum percentages noted above.    

[00186] The second layer 1803 can have a particular length 1809, which is the longest dimension of a 

side, such as shown in FIG. 19, relative to a length 1810 of the first layer 1802 that may facilitate 

improved deployment of the abrasive particles into an abrasive article and/or performance of the 

abrasive article.  For example, the length 1809 of the second layer 1803 can be not greater than about 

90%, such as not greater than about 80%, not greater than about 70%, not greater than about 60%, not 

greater than about 50%, not greater than about 40%, not greater than about 30%, or even not greater 

than about 20% of the length 1810 of the first layer 1802 of the body 1801.  Still, in one non-limiting 

embodiment, the second layer 1803 can have a length 1809 that can be at least about 2%, at least 

about 10%, at least about 20%, at least about 30%, at least about 40%, at least about 50%, at least 

about 60%, or even at least about 70% of the length 1810 of the first layer 1802 of the body 1801.  It 

will be appreciated that the length 1809 of the second layer 1803 relative to the length 1810 of the 

first layer 1802 can be within a range between any of the minimum and maximum percentages noted 

above.    

[00187] The foregoing shaped abrasive particle of FIGs. 18 and 19 can be formed using the additive 

manufacturing process according to the embodiments herein.  Moreover, it is contemplated that the 

organization of the layers can be different than as illustrated.  The body may include any combination 

of layers of different dimensions and/or shapes in any organization relative to each other.    

[00188] Moreover, coated abrasive articles have been described in detail herein, but it will be 

appreciated that the shaped abrasive particles of the embodiments may be employed in bonded 

abrasive articles.  Bonded abrasive articles can take various shapes including wheels, discs, cups, 

segments, and the like generally consisting of composites having abrasive grains contained within a 

three-dimensional bond matrix. Additionally, the bonded abrasive tools can include some volume 

percentage of porosity. 

[00189] Some suitable materials for use as the bond material can include metal materials, polymer 

materials (e.g., resin), vitreous or amorphous phase materials, crystalline phase materials, and a 

combination thereof.    

[00190] Bonded abrasive articles are typically formed from an initial mixture including the bond 

material or a precursor of the bond material, the abrasive particles (e.g., shaped abrasive particles, 

diluent particles, combination of different types of abrasive particles, etc.), and fillers (e.g., active 

fillers, grinding aids, pore formers, mixing aids, reinforcing agents, etc.).  The mixture can be formed 

into a green body (i.e., unfinished body) using various techniques, including but not limited to, 

molding, pressing, extruding, depositing, casting, infiltrating, and a combination thereof.  The green 

body may undergo further processing to aid formation of the final-formed bonded abrasive body.  The 
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processing may depend on the composition of the mixture, but can include processes such as drying, 

curing, radiating, heating, crystallizing, re-crystallizing, sintering, pressing, decomposition, 

dissolution, and a combination thereof.  

[00191] The final-formed bonded abraisve article may have various contents of the components (i.e., 

abrasive particles, bond material, filler, and porosity) depending on the intended end use.  For 

example, in certain instances, the final-formed bonded abrasive article can have a porosity of at least 

about 5 vol % of the total volume of the bonded abrasive article.  In other embodiments, the porosity 

can be greater, such as on the order of at least about 15 vol %, at least 25 vol %, at least about 25 vol 

%, at least about 50 vol %, or even at least about 60 vol %.  Particular embodiments may utilize a 

range of porosity between about 5 vol % and about 75 vol % of the total volume of the bonded 

abrasive article. 

[00192] Moreover, the final-formed bonded abrasive may have a content of bond material of at least 

about 10 vol% for the total volume of the bonded abrasive body.  In other instances, the body can 

include at least about 30 vol%, such as at least about 40 vol%, at least about 50 vol% or even at least 

about 60 vol % bond material for the total volume of the body of the bonded abrasive article.  Certain 

embodiments may utilize a range of bond material between about 10 vol % and about 90 vol %, such 

as between about 10 vol% and about 80 vol%, or even bewteen about 20 vol% and about 70 vol% of 

the total volume of the bonded abrasive article. 

[00193] The final-formed bonded abrasive may have a content of abrasive particles of at least about 

10 vol% for the total volume of the bonded abrasive body.  In other instances, the body can include at 

least about 30 vol%, such as at least about 40 vol%, at least about 50 vol% or even at least about 60 

vol % abrasive particles for the total volume of the body of the bonded abrasive article.  In other 

examples, the abrasive article may utilize a range of abrasive particles between about 10 vol % and 

about 90 vol %, such as between about 10 vol% and about 80 vol%, or even bewteen about 20 vol% 

and about 70 vol% of the total volume of the bonded abrasive article. 

[00194] 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. 

[00195] In accordance with one aspect, the shaped abrasive particles of the embodiments herein can 

have bodies including various features facilitated by the additive manufacturing process.  For 

example, in one embodiment the shaped abrasive particle may have a body having at least one major 

surface having a self-similar feature.  FIG. 20 includes a perspective view illustration of a shaped 

abrasive particle according to an embodiment.  As illustrated, the shaped abrasive particle 2000 can 

include a body 2001 having an upper major surface 2002, a lower major surface 2004, and side 
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surfaces 2005, 2006, and 2007 extending between the major surfaces 2002 and 2004.  FIG. 21 

includes a top view of a major surface of the shaped abrasive particle 2000 of FIG. 20.   

[00196] As illustrated, and in accordance with an embodiment, the major surface 2002 of the shaped 

abrasive particle 2000 can have a self-similar feature 2003.  A self-similar feature 2003 can be an 

arrangement of features on a surface of the body of the shaped abrasive particle, such as a major 

surface of the body.  The self-similar feature can include one or more features that can be arranged 

relative to each other, such as in a particular distribution, such as features arranged in a pattern 

relative to each other.  The self-similar feature 2003 can include a plurality of shapes disposed on the 

major surface 2002 of the body 2001.  In more particular instances, the self-similar feature 2003 can 

include a plurality of two-dimensional shapes nested within each other on the major surface 2002.  

For example, in the embodiment illustrated in FIGs. 20 and 21, the self-similar feature 2003 can 

include a plurality of two-dimensional triangular shapes patterned on the surface, and distributed 

relative to each other in a nested arrangement, including the plurality of triangles 2009 and 2010. 

[00197]  In another embodiment, the self-similar feature can include arrangement of two-dimensional 

shapes at the major surface of the body of the shaped abrasive particle wherein the arrangement of the 

two-dimensional shapes are substantially the same two-dimensional shape as the two-dimensional 

shape defined by a periphery of the major surface.  For example, referring to the embodiments of FIG 

20 and 21, the triangles 2009 and 2010 can have substantially the same two-dimensional shape as the 

two-dimensional shape of the periphery 2012 of the upper major surface 2002 of the shaped abrasive 

particle 2000.  It will be appreciated that while the embodiments of FIG 20 and 21 illustrate a shaped 

abrasive particle having a generally triangular two-dimensional shape, other two-dimensional shapes 

may be formed using the additive manufacturing process.  For example, the body of the shaped 

abrasive particle can include a two-dimensional shape from the group including a regular polygons, 

irregular regular polygons, irregular shapes, triangles, quadrilaterals, rectangles, trapezoid, pentagons, 

hexagons, heptagons, octagons, ellipses, Greek alphabet letters, Latin enough alphabet characters, 

Russian alphabet characters, Kanji characters, and a combination thereof. 

[00198] Referring to FIG. 22, a top view image of a portion of the shaped abrasive particle of FIG. 20 

is provided.  The shaped abrasive particle 2000 can include a corner 2201 which when viewed top-

down can define a particular radius of curvature.  Notably, the corner 2201 can have an arcuate 

contour 2202 to which a best-fit circle 2203 may be fit.  The best-fit circle 2203 may have a radius 

2204 that can define the corner roundness of the corner 2201.  The best fit circle may be fit and the 

radius evaluated using a suitable form of imaging and magnification, such as provided in FIG. 22.  

Suitable software, such as ImageJ may be used.  

[00199] In one embodiment, the body of a shaped abrasive particle can have a particular corner 

roundness that may facilitate use in abrasive operations.  For example, the shaped abrasive particle 

can have a body having a corner roundness of not greater than about 250 microns, such as not greater 
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than about 220 microns, not greater than about 200 microns, not greater than about 180 microns, not 

greater than about 160 microns, not greater than about 140 microns, not greater than about 120 

microns, not greater than about 100 microns, not greater than about 90 microns, not greater than about 

80 microns, not greater than about 70 microns, not greater than about 60 microns, not greater than 

about 50 microns, not greater than about 40 microns, not greater than about 30 microns, or even not 

greater than about 20 microns.  In one non-limiting embodiment, the body of the shaped abrasive 

particle can have a corner roundness of at least about 0.1 microns, such as at least about 0.5 microns.  

It will be appreciated that the body can have a corner roundness within a range including any of the 

minimum and maximum values noted above, including for example at least about 0.1 microns and not 

greater than about 250 microns, such as at least about 0.1 microns and not greater than about 100 

microns, or even at least about 0.5 µm and not greater than about 80 microns. 

[00200] In accordance with another embodiment, the shaped abrasive particle can have at least one 

major surface defining a concave, stepped surface.  For example, referring to FIG. 23 a portion of a 

major surface of the shaped abrasive particle of FIG. 20 is provided.  As provided, the major surface 

2002 can have a concave, stepped surface, which may be defined by a plurality of step features 2301 

extending along at least a portion of the length of the body 2001.  In a particular embodiment, the 

concave, stepped surface can define a thickness at a midpoint 2302 that is less than a thickness (t) of 

the body at an edge.  It will be appreciated that the thickness (t) can extend in a direction 

perpendicular to the major surface 2002 of the body 2001 along the side surface 2005.  In accordance 

with a particular embodiment, the concave, stepped surface can include step features 2301 including a 

plurality of flats 2304 and risers 2305, were in the flats extend substantially parallel to the plane of the 

major surface 2002 and the risers 2305 extend substantially perpendicular to the plane of the major 

surface 2002.  Moreover, the risers 2305 extend substantially perpendicular to the flats 2304.   

[00201] In accordance with an embodiment, the step features 2301 of the concave, stepped surface, 

can include flats 2304 defining a particular average width relative to the length (l) of the body 2001. 

For example, the flats 2304 can have an average width (wf) that is not greater than about 0.8(l), 

wherein “l’ defines the length or longest dimension of the body 2001 (see. FIG. 21) extending along 

one side of the major surface 2002.  In another embodiment, the flats 2304 can have an average width 

(wt) that can be not greater than about 0.5(l), such as not greater than about 0.4(l), not greater than 

about 0.3(l), not greater than about 0.2(l), not greater than about 0.1(l), not greater than about 0.09(l), 

not greater than about 0.08(l).  In still one non-limiting embodiment, the flats 2304 can have an 

average width (wf) that can be at least about 0.001(l), such as at least about 0.005(l), at least about 

0.01(l).  It will be appreciated that the flats 2304 can have an average width (wf) within a range 

between any of the minimum and maximum values noted above, including for example, within a 

range including at least about 0.001(l) and not greater than about 0.8(l), such as at least about 0.005(l) 

and not greater than about 0.4(l), or even at least about 0.01(l) and not greater than about 0.2(l). 
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[00202] In another embodiment, the risers 2305 can have an average height (hr) extending in a 

direction substantially perpendicular to the plane of the major surface 2002 that can be formed to have 

a particular relationship to the length (l) of the body 2001 of the shaped abrasive particle 2000.  For 

example, the average height (hr) of the risers can be not great about 0.2(l), wherein “l” defines the 

length of the body 2001.  In another embodiment, the risers 2305 can have an average height (hr) not 

greater than about 0.15(l), such as not greater than about 0.1(l), not greater than about 0.05(l), or even 

not greater than about 0.02(l).  In at least one non-limiting embodiment, the risers 2305 can have an 

average height (hr) of at least about 0.0001(l), such as at least about 0.0005(l).  It will be appreciated 

that the risers 2305 can have an average height (hr) that is within a range including any of the 

minimum and maximum values noted above, including for example, at least about 0.0001(l) and not 

greater than about 0.2(l), or at least about 0.0005(l) and not greater than about 0.1(l). 

[00203] Still another embodiment, the step features 2301 including the flats 2304 and risers 2305 may 

be formed to have a certain relationship relative to each other that may facilitate improved 

performance of the shaped abrasive particle and associated abrasive article.  For example, the flats 

2304 may have a particular average width (wr) that is greater than the average height (hr) of the risers 

2305.  In more particular instances, the average height (hr) of the risers 2305 can be not greater than 

about 0.95(wf).  According to another embodiment, the average height (hr) of the risers 2305 can be 

not greater than about 0.9(wf), such as not greater than about 0.8(wf), not greater than about 0.7(wf), 

not greater than about 0.5(wf), not greater than about 0.3(wf), not greater than about 0.2(wf), not 

greater than about 0.1(wf).  In one non-limiting embodiment, the average height (hr) of the risers 2305 

can be at least about 0.0001(wf), such as at least about 0.001(wf).  It will be appreciated that the 

average height (hr) of the risers 2305 can be within a range including any of the minimum and 

maximum values noted above, including for example, at least about 0.0001(wf) and not greater than 

about 0.95(wf), or even at least about 0.001(wf) and not greater than about 0.2(wf). 

[00204] Formation of the concave, stepped surface including step features 2301 can be facilitated by 

control of the filling pattern used to form the upper surface 2002 of the body 2001.  It will be 

appreciated that in other instances, alternative filling patterns may be used to form alternative features 

in one or more major surfaces of the body 2001.  For example, in one embodiment the upper surface 

for at least one major surface of the body 2001 can have a convex, stepped surface.  A convex, 

stepped surface may have a thickness at a midpoint 2302 that is greater than a thickness of the body at 

an edge.  As such, such a convex, stepped surface may include stepped features, wherein the thickness 

of the body decreases moving from the midpoint 2302 to the edge 2303.  Such a feature may be 

facilitated by formation of the upper surface utilizing a particular filling pattern, including for 

example, an inside-out filling process, wherein the material at the midpoint 2302 is deposited before 

the material at the edge 2303. 
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[00205] In another embodiment, certain shaped abrasive particles formed according to the methods 

described herein can include a body that has at least one peripheral ridge extending around at least a 

portion of a side surface of the body.  FIG. 24 includes a side view image of a portion of a shaped 

abrasive particle according to an embodiment.  As provided, the shaped abrasive particle 2400 can 

include a body 2401 including a first major surface 2402, a second major surface 2403 opposite the 

first major surface 2402, and side surfaces 2404 and 2405 extending between the first major surface 

2402 and second major surface 2403.  As further illustrated, the side surfaces 2404 and 2405 can 

include at least one peripheral ridge 2407 extending around at least a portion of the side surfaces 2404 

and 2405 of the body 2401.  In certain instances, the one or more peripheral ridges 2407 can extend 

around the majority of the side surfaces 2404 and 2405 of the body 2401.  For certain embodiments, 

the one or more peripheral ridges 2407 can extend around the entire peripheral length of the side 

surfaces 2404 and 2405 of the body 2401.  As further illustrated, the at least one peripheral ridge 2407 

can extend in a direction generally perpendicular to the thickness (t) of the body and substantially 

parallel to the planes defined by the first major surface 2402 and second major surface 2403.   

[00206] Furthermore, in at least another embodiment at least one of the peripheral ridges 2407 can 

extend around the entire side surface of the body 2401 without intersecting one or more major 

surfaces, including for example, the first major surface 2402 and/or the second major surface 2403.  

As illustrated in FIG. 24, at least one of the peripheral ridges 2407 can extend along at least two side 

surfaces 2404 and 2405 and an adjoining edge 2408 extending between the side surfaces 2404 and 

2405. 

[00207] For certain shaped abrasive particles of the embodiments herein, the peripheral ridges 2407 

can be separated by protrusions 2406.  In particular, each pair of peripheral ridges 2407 can be 

separated by at least one protrusion of the group of protrusions 2406.  Notably, the protrusions 2406 

can each have a thickness that is less than the total thickness (t) of the body 2401. 

[00208] In one embodiment, the at least one peripheral ridge 2407 can have a depth (dr) that extends 

from an upper surface into the body and having a particular relationship relative to the thickness (t) of 

the body 2401.  For example, the at least one peripheral ridge 2407 can have a depth (dr) that is not 

greater than about 0.8(t), wherein “t” is a thickness of the body.  Still, the at least one peripheral ridge 

2407 can have a depth (dr) that is not greater than about 0.7(t), such as not greater than about 0.6(t), 

not greater than about 0.5(t), not greater than about 0.4(t), not greater than about 0.3(t), not greater 

than about 0.2(t), not greater than about 0.18(t), not greater than about 0.16(t), not greater than about 

0.15(t), not greater than about 0.14(t), not greater than about 0.12(t), not greater than about 0.1(t), not 

greater than about 0.09(t), not greater than about 0.08(t), not greater than about 0.07(t), not greater 

than about 0.06(t), or even not greater than about 0.05(t).  In one non-limiting embodiment, the at 

least one peripheral ridge 2407 can have a depth (dr) that is at least about 0.001(t), such as at least 

about 0.01(t).  It will be appreciated that the depth (dr) of the at least one peripheral ridge 2407 can be 



 Attorney Docket No.: A-22990-US 

 

- 50 - 

 

within a range including any of the minimum and maximum values noted above, including for 

example a depth (dr) of at least about 0.001(t) and not greater than about 0.8(t), such as at least about 

0.001(t) and not greater than about 0.5(t), or even at least about 0.001(t) and not greater than about 

0.1(t).  Furthermore, it will be appreciated that reference herein to the at least one peripheral ridge 

having a depth (dr) can also refer to an average depth of the plurality of peripheral ridges 2407.  

Moreover, the average depth of the plurality of peripheral ridges 2407 can have the same relationship 

relative to the average thickness (t) of the body 2401 as described above. 

[00209] At least one embodiment, shaped abrasive particles of the embodiments herein can include at 

least one transverse ridge that can extend over at least two surfaces and an adjoining edge between the 

at least two surfaces.  Referring again to FIG. 24, the at least one peripheral ridge 2407 can be in the 

form of a transverse ridge that extends over the first side surface 2404, second side surface 2405, and 

the adjoining edge 2408 between the first side surface 2404 and the second side surface 2405.  In 

more particular instances, a transverse ridge can extend over at least three surfaces in at least two 

adjoining edges between the at least three surfaces.  For example, in the instance of a shaped abrasive 

particle having a triangular two-dimensional shape as viewed top-down, a transverse ridge can extend 

around the side surfaces between the major surfaces such that the transverse ridge extends over all 

three sides surfaces and at least two of the adjoining edges between the at least three surfaces.  It will 

be appreciated that the transverse ridges can extend around the entire periphery of the side surfaces of 

the body, which may include more than three side surfaces in the case of a body having other two-

dimensional shapes as viewed top down (e.g., a rectangular two-dimensional shape with four side 

surfaces and four adjoining edges). 

[00210] In another embodiment, the body of the shaped abrasive particle can include a plurality of 

transverse ridges 2407, wherein each of the transverse ridges of the plurality of transverse ridges 2407 

extend parallel to each other around at least a portion of the periphery of the body 2401.  In another 

embodiment, at least one of the transverse ridges of the plurality of transverse ridges can have a 

different length relative to each other.  It will be appreciated that the length is a measure of the longest 

dimension of the transverse ridge.  For example, in the embodiment of FIG. 24, the transverse ridges 

2407 can have lengths extending perpendicular to the thickness “t” of the body 2401.  However, it 

will be appreciated that some of the transverse ridges 2407 may have lengths that differ from others, 

such that at least one of the transverse ridges 2407 has a length that is greater than or less than a 

length of another transverse ridge.  According to a particular embodiment, each of the transverse 

ridges 2407 of the plurality transverse ridges can have different lengths relative to each other. 

[00211] In yet another aspect, the shaped abrasive particles of the embodiments herein may include a 

body having at least one corner that includes a plurality of micro-protrusions extending from the 

corner.  The formation of a body having at least one corner with the micro-protrusions may facilitate 

improved abrasive performance.  FIG. 25 includes an image of a portion of a corner of a shaped 
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abrasive particle according to an embodiment herein.  The shaped abrasive particle 2500 can include a 

body 2501 having a corner 2502 that can include a plurality of micro-protrusions 2503 extending from 

the corner 2502.  In accordance with an embodiment, the micro-protrusions 2503 can define a 

plurality of discrete corner protrusions 2504, 2505, 2506, and 2507 (2504-2507) separated by a 

plurality of ridges 2508.  In accordance with one embodiment, the plurality of discrete corner 

protrusions 2504-24 507 can have different shapes relative to each other.  For example, the discrete 

protrusion 2504 is extending further in a lateral direction from the corner 2502 relative to the discrete 

corner protrusion 2505.   

[00212] Furthermore, the discrete corner protrusion 2504-2507 can have different corner contours 

relative to each other.  For example, the discrete corner protrusion 2504 as viewed top-down can have 

a sharper corner roundness relative to the other discrete corner protrusion 2505, 2506 and 2507.  In 

certain instances, each of the discrete corner protrusions 2504-2507 can have different corner 

roundness values relative to each other.  In yet another embodiment, the micro-protrusions 2503 

associate with the corner 2502 can define a plurality of discrete corner protrusion 2504 and 2507, 

which may have different contours relative to each other.  In one particular embodiment, the corner 

2502 can have a different corner roundness values at the upper surface 2510 defined by the discrete 

corner protrusion 2507 relative to the average corner roundness of the corner at the bottom surface 

2511 defined by the discrete corner protrusion 2504.   

[00213] In another embodiment, the particular feature of the micro-protrusions 2503 can include a 

plurality of discrete corner protrusions 2504-2507, wherein at least two of the discrete corner 

protrusions can define a step having a lateral shift relative to each other.  For example, the discrete 

corner protrusion 2504 can extend further from the body 2501 relative to the discrete corner 

protrusion 2505 and define a lateral shift 2509 between the outermost peripheral edge of the discrete 

corner protrusion 2504 relative to the outermost peripheral edge of the discrete corner protrusion 

2505. 

[00214] In accordance with another embodiment, the corner 2502 including the micro-protrusions 

2503 can define a serrated edge in accordance with one embodiment.  The micro-protrusions 2503 can 

define a serrated contour along the edge 2513 extending between the first major surface 2510 and the 

second major surface 2511.  More particularly, the formation of discrete corner protrusions 2504-1507 

separated by ridges 2508 can give the edge 2513 a serrated contour that  may facilitate improved 

abrasive capabilities.   

[00215] In yet another aspect, the shaped abrasive particles of the embodiments herein can include a 

body having a scalloped topography defining a plurality of curved protrusions having ridges 

extending between the curve protrusions. In a one embodiment, FIG. 26 includes an image of a 

portion of a surface of a shaped abrasive particle having a scalloped topography.  As illustrated, the 

body 2601 can include a portion including a scalloped topography 2602.  The scalloped topography 
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2602 can include a plurality of curved protrusions 2603 having ridges 2604 extending between the 

curve protrusions 2603.  In accordance with one embodiment, the scalloped topography 2602 can 

extend over a majority of an entire surface of the body 2601.  In certain instances, the scalloped 

topography 2602 can extend over an entire surface of one surface (e.g., side surface or major surface) 

of the body of the shaped abrasive particle.  In yet another design, the scalloped topography 2602 can 

extend over a majority of the entire side surface area of the body 2601 of the shaped abrasive particle.  

Still in at least one embodiment, the scalloped topography 2602 can extend over the entire surface 

area of the body 2601 of the shaped abrasive particle. 

[00216] The scalloped topography 2602 can include curve protrusions 2603 defining arcuate portions 

of the external surface of the body extending between ridges 2604.  In one particular embodiment, the 

curve protrusions 2603 can be in the form of each elongated protrusions, wherein each protrusion has 

a length (l), width (w), and a height (h), wherein each protrusion can have an arcuate contour in the 

direction of the width and the height.  For example, as illustrated in the embodiment of FIG. 26, the 

curve protrusions 2603 can be an elongated protrusion 2605 having a length 2606, a width of 2607, 

and a height 2608.  As will be appreciated the length 2606 can define the longest dimension of the 

elongated protrusion 2605, the width 2607 can extend in a direction substantially perpendicular to the 

length 2606, and in particular, can extend for the distance between adjacent ridges on either side of 

the elongated protrusion 2605.  The elongated protrusion 2605 can further include a height 2608 that 

can define the greatest distance the elongated protrusion 2605 extends in a direction perpendicular to 

the plane defined by the length 2606 and width 2607.  The height 2608 may further be defined the 

distance between the highest point on the elongated protrusion 2605 and lowest point, which may be 

associated with a ridge adjacent either side of the elongated protrusion 2605.   

[00217] In at least one embodiment, the elongated protrusion 2605 can have a length 2606 extending 

in substantially the same direction as the length of the body 2601 of the shaped abrasive particle.  In 

accordance with one embodiment the length of at least one elongated protrusion 2605 can be at least 

about 0.8(l) where “l” is the length of the body 2601 of the shaped abrasive particle.  In other 

instances, the length of the elongated protrusion 2605 can be at least 0.9(l), or even at least about 1(l), 

such that the length of the elongated protrusion 2605 is equivalent to the length of the body 2601.  It 

will be appreciated that reference to the length of the elongated protrusion 2605 can include reference 

to an average length of a plurality of elongated protrusions, and the average length can have the same 

relationship relative to the length of the body as described above.  

[00218] The elongated protrusions can be formed to have a particular relationship of width 2607 

relative to the height 2608.  For example, on one or more of the plurality of elongated protrusions, 

including for example, the elongated protrusion 2605 can have a height 2608 that is less than the 

width 2607.  It will be appreciated that the body 2601 can include a plurality of elongated protrusion, 

which can define an average width and average height, and reference herein to a width or height can 
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also include reference to an average width or average height for a plurality of elongated protrusions.  

The average height (hep) of the plurality of elongated protrusions 2603 can be not greater than about 

0.9(wep), wherein “wep” represents the average width of the elongated protrusions, such as not 

greater than about 0.8(wep), not greater than about 0.7(wep), not greater than about 0.6(wep), not 

greater than about 0.5(wep), not greater than about 0.4(wep), not greater than about 0.3(wep), not 

greater than about 0.2(wep), or even not greater than about 0.1(wep).  Still, in at least one 

embodiment, the plurality of elongated protrusions can have an average height (hep) that is at least 

about 0.001(wep), or even at least about 0.1(wep).  It will be appreciated that the average height (hep) 

of the plurality of elongated protrusions can be within a range including any of the minimum and 

maximum values above, including for example, at least about 0.001(wep) and not greater than about 

0.9(wep), or at least about 0.001(wep) and not greater than about 0.5(wep). 

[00219] In accordance with one embodiment, the average height of the plurality of elongated 

protrusions 2603 can be not greater than about 500 microns, such as not greater than about 400 

microns, not greater than about 300 microns, not greater than about 250 microns, not greater than 

about 200 microns, not greater than about 150 microns, not greater than about 100 microns, not 

greater than about 90 microns, not greater than about 30 microns, or even not greater than about 50 

microns.  Still, in one non-limiting embodiment, the average height of the plurality of elongated 

protrusions 2603 can be at least about 0.01 microns, at least about 0.1 microns, or even at least about 

1 micron.  It will be appreciated that the average height of the plurality of elongated protrusions 2603 

can be within range including any of the minimum and maximum values noted above, including for 

example, at least about 0.1 microns and not great than about 200 microns, such as at least about 0.1 

microns and not than about 100 microns. 

[00220] In accordance with another embodiment, the plurality of elongated protrusions 2603 can have 

an average width that is less than the average length of the body.  In certain instances, the plurality of 

elongated protrusions may have a particular relationship to the average width relative to the length of 

the body 2601 of the shaped abrasive particle.  For example, the average width of the plurality of 

elongated protrusions can be not greater than about 0.9(l), such as not greater than about 0.8(l), not 

greater than about 0.7(l), not greater than about 0.6(l), not greater than about 0.5(l), not greater than 

about 0.4(l), not greater than about 0.3(l), not greater than about 0.2(l), or even not greater than about 

0.1(l).  Still, in at least one non-limiting embodiment, the average width of the plurality of elongate 

protrusions can be at least 0.001(l), or at least the 0.01(l).  It will be appreciated that the average width 

can be within range including any of the minimum and maximum values noted above, including for 

example, at least about 0.0 01(l) and not greater than about 0.9(l), such as at least about 0.01(l) and 

not great than about 0.5(l). 

[00221] In certain instances, the plurality of elongated protrusions can have an average width that is 

not greater than about 500 microns, such not greater than about 400 microns, not greater than about 
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300 microns, not greater than about 250 microns, or even not greater than about 200 microns.  Still, in 

at least one non-limiting embodiment, the average width of the plurality of elongate protrusions can 

be at least about 0.01 microns, at least about 0.1 microns, or even at least about 1 micron.  It will be 

appreciated that the plurality of elongated protrusions can have an average width within a range 

including any of the minimum and maximum values noted above, including for example, at least 

about 0.01 microns and not greater than about 500 microns, such as at least about 0.01 microns and 

not greater than about 300 microns. 

[00222] As further illustrated in FIG. 26, the scalloped topography 2602 may facilitate formation of 

sides and edges of the shaped abrasive particle having a non-linear feature which may beneficially 

affect the abrasive properties of the shaped abrasive particles.  For example, the scalloped topography 

may facilitate improved fracture mechanics of the shaped abrasive particle.  In at least one particular 

embodiment, scalloped topography 2602 can intersect an edge defining at least one corner of the 

body.  For example, referring again to FIG. 25, the side surface 2514 between the major surfaces 2510 

and 2511 can have a scalloped topography that intersects the corner 2502 and defines a serrated 

contour along the length of the edge 2513.  Formation of a serrated edge 2513 may facilitate improved 

abrasive capabilities of the shaped abrasive particle. 

[00223] In accordance with an embodiment, the body of the shaped abrasive particle can include at 

least four major surfaces joined together at common edges.  In certain instances, the four major 

surfaces can have substantially the same surface area relative to each other.  More specifically, the 

body may include a tetrahedral shape.   

[00224] FIG. 27 includes a top-down image of a shaped abrasive particle according to the 

embodiment.  FIG. 27 includes a shaped abrasive particle including a bottom surface 2702, three 

major side surfaces 2703, 2704, and 2705 joined to the bottom surface 2702 along common edges 

defined by the peripheral surface of the bottom surface 2702.  As further provided in FIG. 27, the 

body 2701 of the shaped abrasive particle includes an upper surface 2706.  The upper surface 2706 

can include a peripheral surface 2708 having a generally planar contour.  Accordingly, the body 2701 

can represent a truncated tetrahedral shaped abrasive particle, and more specifically, a volcano shape 

shaped abrasive particle.   

[00225] The body 2701 can include an opening 2709, which may be in the form of a blind opening or 

depression extending into the body at the upper surface 2706.  In one particular embodiment, the 

upper surface 2706 can have a concave, stepped surface defined by the peripheral surface 2708 and a 

first stepped surface 2711 having a substantially planar region (e.g., a flat) in the form of a triangular 

area.  The first stepped surface 2711 can define a step disposed in the opening 2709.  The first stepped 

surface 2711 can be recessed into the opening 2709 below the peripheral surface 2708.  The concave, 

stepped surface can also include a second stepped surface 2712 having a substantially planar region, 

which may be in the form of a triangular area, and recessed into the opening 2709 below the planar 
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peripheral surface 2708 and the first stepped surface 2711.  The concave, stepped surface can also 

include a riser 2713 between the first stepped surface 2711 and the peripheral surface 2708.  The 

concave, stepped surface may also include a riser 2714 between the second stepped surface 2712 and 

the first stepped surface 2713.  In particular embodiments having an opening 2709 in the upper 

surface 2706, the shaped abrasive particle may define a volcano shape shaped abrasive particle, 

wherein the midpoint 2710 of the opening 2709 is recessed into the body away from the planar 

peripheral surface 2708.   

[00226] As also provided in FIG. 27, the body 2701 can be formed of a plurality of portions, including 

for example, portion 2721 defining the peripheral surface of the bottom surface 2702 and portion 

2722 overlying the first portion 2721.  The body can further include a plurality of overlying portions 

above the portions 2721 and 2722.  As illustrated, the portions 2721 and 2722 can be in the form of 

triangular layers as viewed top-down in FIG. 27.  Moreover, as illustrated, the layers can facilitate the 

formation of edges 2731, 2732, and 2733 between the major surface 2703, 2704, and 2705 and 

extending from the upper surface 2707 to the bottom surface 2702 having micro-protrusions.  The 

micro-protrusions can define a serrated contour along the edges 2731, 2732, and 2733.   

[00227] Moreover, the major surfaces 2703, 2704, and 2705 can have a plurality of elongated 

protrusions 2741 extending around the periphery of the surfaces.  The body 2701 can also include a 

plurality transverse ridges 2742 extending around the major surfaces 2703, 2704, and 2705 and 

adjoining edges 2731, 2732, and 2733.  Looking top-down as provided in FIG. 27, the major surfaces 

2703, 2704, and 2705 can also have a scalloped topography defining a plurality of arcuate protrusions 

241 separated by the plurality of transverse ridges 2742. 

[00228] FIG. 28 includes a top-down view of a shaped abrasive particle according to an embodiment.  

As provided, the body 2801 of the shaped abrasive particle can include a bottom surface 2802 and 

major side surfaces 2803 2804, and 2805 joined to the bottom surface 2802 at the peripheral surface 

2806 of the bottom surface 2802.  The body 2801 can further include corners 2811, 2812, 2813, and 

2814 joined by the edges 2821, 2822, and 2823 such that the body forms a tetrahedral shape.  Unlike 

the shaped abrasive particle of FIG. 27, the body 2801 of the shaped abrasive particle of FIG. 28 is 

not a truncated pyramid, but includes the four corners 2811, 2812, 2813, and 2814.  Notably, the 

corners 2811, 2812, and 2813 can be defined by a first portion 2831 of the body and the corner 2814 

can be defined by a second portion 2832 formed at a second time and distinct from the portion 2831.  

In at least one embodiment, the corners 2811, 2812, and 2813 can have substantially the same corner 

roundness value and the corner 2814 can have a corner roundness value that is different than the 

corner roundness values of the corners 2811, 2812, and 2813.  In at least one embodiment, the corner 

2814 can have a corner roundness value that is greater than the corner roundness values of the corners 

2811, 2812, and 2813.  In still another embodiment, the corner 2814 can have a corner roundness 

value that is less than the corner roundness values of the corners 2811, 2812, and 2813.  FIG. 29 
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includes a side-view image of the shaped abrasive particle of FIG. 28.  It will be appreciated that the 

shaped abrasive body particles of the embodiments herein can include bodies having various three-

dimensional shapes as described herein, and are not to be interpreted as limited to those embodiments 

illustrated or depicted. 

[00229] Without wishing to be tied to a particular theory, it is thought that one or more features of the 

embodiments herein can facilitate formation of shaped abrasive particles having improved abrasive 

properties.  In certain instances, it has been noted that the shaped abrasive particles can have unique 

fracturing behavior, wherein during abrasive operations regions of the portions making up the body of 

the shaped abrasive particle may be selectively removed, which may expose sharper portions, thus 

exhibiting a self-sharpening behavior.  FIG. 30 includes an image of a corner of a shaped abrasive 

particle according to an embodiment.  As provided, certain region 3002 of a portion 3003 of the body 

3001 of the shaped abrasive particle have been removed during an abrasive operation to expose an 

unused region 3005 of another portion 3006 of the body 3001, which has a sharp corner and may 

facilitate continued abrasive operations.  

[00230] ITEMS  

[00231] Item 1.  A method of forming a shaped abrasive particle having a body formed by an additive 

manufacturing process.   

[00232] Item 2.  A method comprising forming a body of a shaped abrasive particle according to a 

digital model. 

[00233] Item 3.  The method of any one of items 1 and 2, wherein the additive manufacturing process 

includes forming a body of a shaped abrasive particle by shaping a raw material without use of a 

production tool. 

[00234] Item 4.  The method of any one of items 1 and 2, wherein the additive manufacturing process 

includes forming a body of a shaped abrasive particle by depositing a plurality of discrete portions in 

a controlled, non-random manner relative to each other. 

[00235] Item 5.  The method of item 4, wherein depositing a plurality of portions of the body in a 

controlled, non-random manner relative to each other includes deposition of the plurality of portions 

into a production tool. 

[00236] Item 6.  The method of any one of items 1 and 2, wherein the method comprises at least one 

process selected from the group consisting of layer additive method, light photopolymerization, laser 

powder forming, powder bed fusion, selective laser sintering, micro-laser sintering, material extrusion 

robocasting, material jetting, sheet lamination, and a combination thereof. 

[00237] Item 7.  The method of item 6, wherein light photopolymerization includes stereolithography, 

wherein stereolithography includes despositing at least one layer of a slurry containing a polymer 

material that is polymerized during the forming process to form a shaped abrasive particle. 
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[00238] Item 8.  The method of item 6, wherein laser powder forming includes depositing a raw 

material on a target and impinging radiation from a laser source on the target to melt the raw material 

and form the raw material into a shaped abrasive particle. 

[00239] Item 9.  The method of item 8, wherein the shaped abrasive particle comprises a material 

selected from the group consting of a metal, metal alloy, glass, ceramic, polymer, and a combination 

thereof. 

[00240] Item 10.  The method of item 9, wherein the shaped abrasive particle consists essentially of a 

glass material comprising an oxide. 

[00241] Item 11.  The method of item 6, wherein selective laser sintering includes impinging radiation 

from a laser source on a target including a raw material and changing at least a portion of one of the 

phases of the raw material into a shaped abrasive particle. 

[00242] Item 12.  The method of item 11, wherein selective laser sintering includes impinging 

radiation from a laser source on a select portion of a bed of raw material and converting a portion of 

the bed of raw material into a shaped abrasive particle. 

[00243] Item 13.  The method of item 11, wherein changing at least a portion of one of the phases of 

the raw material includes a change in crystalline structure of the raw material. 

[00244] Item 14.  The method of item 11, wherein changing at least a portion of one of the phases of 

the raw material includes a change from a solid phase to a liquid phase of the raw material. 

[00245] Item 15.  The method of item 11, wherein changing at least a portion of one of the phases of 

the raw material includes sintering of the raw material. 

[00246] Item 16.  The method of item 11, wherein the shaped abrasive particle comprises a material 

selected from the group consting of a metal, metal alloy, glass, ceramic, polymer and a combination 

thereof. 

[00247] Item 17.  The method of item 6, wherein material jetting includes deposition of discrete 

droplets of raw material on a target and coalescence of the discrete droplets into a body to form a 

shaped abrasive particle.   

[00248] Item 18.  The method of item 6, wherein material jetting includes depositing a plurality of 

discrete droplets into production tool in a controlled, non-random arrangment to form a shaped 

abrasive particle. 

[00249] Item 19.  The method of any one of items 1 and 2, wherein forming the body comprises 

controlling at least one process parameter selected from the group consisting of:  a nozzle tip length; a 

nozzle width; a nozzle aspect ratio; a deposition pressure; a relationship between nozzle width and 

deposition pressure; a deposition rate; a deposition volume, a relationship between deposition rate and 

deposition position; a relationship between deposition pressure and deposition position; a shutoff 

distance; a premove delay; a dispense gap; a filling pattern of the print material; a dynamic yield 
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stress (σd) of a print material; a static yield stress (σs) of a print material; a yield stress ratio (σd/σs) of 

a print material; a viscosity of the print material; and a combination thereof. 

[00250] Item 20.  The method of item 19, further comprising:  depositing a first print material as a 

first portion of the body at a first time; and depositing a second print material as a second portion of 

the body distinct from the first portion at a second time. 

[00251] Item 21.  The method of item 20, wherein the first print material has a first composition and 

the second print material comprises a second composition. 

[00252] Item 22.  The method of item 21, wherein the first composition and the second composition 

are significantly different compared to each other.  

[00253] Item 23.  The method of item 21, wherein the second composition has a difference in porosity 

relative to the first composition. 

[00254] Item 24.  The method of item 21, wherein the first print material and second print material are 

deposited at different regions within the body and configured to affect the fracturing behavior of the 

shaped abrasive particle. 

[00255] Item 25.  The method of item 21, wherein the first print material and second print material are 

deposited in alternative layers within a region of the body forming a composite material configured to 

control a self-sharpening behavior of the body. 

[00256] Item 26.  The method of item 21, wherein the first print material and second print material are 

deposited in different regions of the body forming a composite material including a controlled 

arrangment of the regions relative to an intended orientation of the shaped abrasive particle in a fixed 

abrasive article. 

[00257] Item 27.  The method of item 20, wherein depositing the first print material comprises 

forming a first layer of the body at a first time and depositing the second print material comprises 

forming a second layer of the body overlying the first layer. 

[00258] Item 28.  The method of item 20, wherein the first portion can have a first characteristic 

selected from the group consisting of hardness, porosity, composition, and a combination thereof, and 

the second portion can have a second characteristic selected from the group consisting of hardness, 

porosity, composition, and a combination thereof, and wherein the first characteristic can be different 

from the second characteristic.   

[00259] Item 29.  The method of item 28, wherein the first portion can have a first porosity that is 

greater than a second porosity of the second portion, and wherein the first portion and the second 

portion are deposited in an arrangment relative to each other within the body forming a composite 

material configured to affect the fracturing behavior of the shaped abrasive particle. 

[00260] Item 30.  The method of item 28, wherein the first portion can have a first hardness that is 

greater than a second hardness of the second portion, and wherein the first portion and the second 
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portion are deposited in an arrangment relative to each other within the body forming a composite 

material configured to affect the fracturing behavior of the shaped abrasive particle. 

[00261] Item 31.  The method of item 20, wherein the first portion can have a first volume that is 

greater than a second volume of the second portion. 

[00262] Item 32.  The method of item 31, wherein the first portion can define a central region of the 

body and the second portion can define an edge of the body. 

[00263] Item 33.  The method of item 31, wherein the first portion can define a central region of the 

body and the second portion can define a corner of the body. 

[00264] Item 34.  The method of item 19, wherein the method of forming the body further comprises 

depositing a print material from a nozzle onto a substrate, wherein the movement of the nozzle is 

controlled by a computer program. 

[00265] Item 35.  The method of item 34, wherein the nozzle comprises a nozzle width not greater 

than about 200 microns or not greater than about 100 microns or not greater than about 90 microns or 

not greater than about 85 microns or not greater than about 80 microns or not greater than about 75 

microns or not greater than about 70 microns or not greater than about 65 microns or not greater than 

about 60 microns or not greater than about 55 microns or not greater than about 50 microns or not 

greater than about 45 microns or not greater than about 40 microns or not greater than about 35 

microns or not greater than about 30 microns or not greater than about 25 microns or not greater than 

about 20 microns.  

[00266] Item 36.  The method of item 34, wherein the nozzle comprises a width of at least about 0.1 

microns or at least about 1 micron or at least about 10 microns. 

[00267] Item 37.  The method of item 19, wherein the nozzle comprises a tip length of not greater than 

about 10 mm or not greater than about 8 mm or not greater than about 6 mm or not greater than about 

5 mm or not greater than about 4 mm. 

[00268] Item 38.  The method of item 19, wherein the nozzle comprises a tip length of at least about 

0.1 mm or at least about 0.2 mm or at least about 0.5 mm or at least about 1 mm. 

[00269] Item 39.  The method of item 19, wherein the nozzle comprises an aspect ratio value 

(width/tip length) of not greater than about 0.8 or not greater than about 0.6 or not greater than about 

0.5 or not greater than about 0.4.   

[00270] Item 40.  The method of item 19, wherein the nozzle comprises an aspect ratio value 

(width/tip length) of at least about 0.001 or at least about 0.005 or at least about 0.008. 

[00271] Item 41.  The method of item 19, wherein the deposition pressure is not greater than about 5 

MPa or not greater than about 4.5 MPa or not greater than about 4 MPa or not greater than about 3.5 

MPa or not greater than about 3 MPa or not greater than about 2.5 MPa or not greater than about 2 

MPa or not greater than about 1.8 MPa or not greater than about 1.5 MPa or not greater than about 1.3 
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MPa or not greater than about 1 MPa or not greater than about 0.9 MPa or not greater than about 0.8 

MPa or not greater than about 0.7 MPa.   

[00272] Item 42.  The method of item 19, wherein the deposition pressure is at least about 0.005 MPa 

or at least about 0.01 MPa or at least about 0.05 MPa or at least about 0.08 MPa or at least about 0.1 

MPa. 

[00273] Item 43.  The method of item 19, wherein the relationship between nozzle width and 

deposition pressure (width/pressure) defines a first forming factor having a value of at least about 0.2 

microns/MPa or at least about 1 micron/MPa or at least about 2 microns/MPa or at least about 4 

microns/MPa or at least about 6 microns/MPa or at least about 8 microns/MPa or at least about 10 

microns/MPa or at least about 12 microns/MPa or at least about 14 microns/MPa or at least about 16 

microns/MPa. 

[00274] Item 44.  The method of item 19, wherein the relationship between nozzle width and 

deposition pressure (width/pressure) defines a first forming factor having a value of not greater than 

about 1x10
5
 microns/MPa or not greater than about 1x10

4
 microns/MPa or not greater than about 

8000 microns/MPa or not greater than about 6000 microns/MPa or not greater than about 5000 

microns/MPa or not greater than about 4000 microns/MPa or not greater than about 3000 

microns/MPa or not greater than about 2000 microns/MPa or not greater than about 1000 

microns/MPa or not greater than about 500 microns/MPa or not greater than about 200 microns/MPa 

or not greater than about 100 microns/MPa. 

[00275] Item 45.  The method of item 19, wherein forming comprises moving the nozzle at a 

deposition rate of at least about 0.01 mm/s or at least about 0.05 mm/s or, at least about 0.08 mm/s or 

at least about 0.1 mm/s or at least about 0.3 mm/s or at least about 0.5 mm/s or at least about 0.8 mm/s 

or at least about 1 mm/s or at least about 1.5 mm/s or at least about 2 mm/s or at least about 2.5 mm/s 

or at least about 3 mm/s. 

[00276] Item 46.  The method of item 19, wherein forming comprises moving the nozzle at a 

deposition rate of not greater than about 50 mm/s or not greater than about 30 mm/s or not greater 

than about 20 mm/s. 

[00277] Item 47.  The method of item 19, wherein forming comprises controlling a deposition volume 

of a print material to define a portion of the body. 

[00278] Item 48.  The method of item 47, wherein controling the deposition volume comprises 

changing the depostion volume of the print material depending upon the portion of the body being 

formed. 

[00279] Item 49.  The method of item 47, wherein forming comprises depositing a smaller volume of 

material at a region defining a corner of the body as compared to a region defining a major surface of 

the body. 



 Attorney Docket No.: A-22990-US 

 

- 61 - 

 

[00280] Item 50.  The method of item 47, wherein controlling the deposition volume includes 

controlling a deposition pressure and deposition rate of the nozzle. 

[00281] Item 51.  The method of item 50, wherein controlling the deposition volume includes 

controlling a width, length, and height of a first portion of the body formed at a first time. 

[00282] Item 52.  The method of item 19, wherein forming comprises controlling the relationship 

between deposition rate and deposition position. 

[00283] Item 53.  The method of item 52, wherein controlling the relationship between deposition rate 

and depostion positing includes changing the deposition rate depending upon the deposition position. 

[00284] Item 54.  The method of item 52, wherein controlling the relationship between deposition rate 

and depostion position includes decreasing the depostion rate at a deposition position associated with 

a corner of the body of the shaped abrasive particle relative to a deposition rate assocated with a 

deposition position at a major surface of the body. 

[00285] Item 55.  The method of item 52, wherein controlling the relationship between deposition rate 

and depostion position includes varying the deposition rate to change the size of features in the body 

depending on the deposition position. 

[00286] Item 56.  The method of item 19, wherein forming comprises controlling the relationship 

between the deposition pressure and the deposition position. 

[00287] Item 57.  The method of item 56, wherein controlling the relationship between the deposition 

pressure and the depostion position includes changing the deposition pressure depending upon the 

deposition position. 

[00288] Item 58.  The method of item 56, wherein controlling the relationship between the deposition 

pressure and the depostion position includes decreasing the depostion pressure at a deposition position 

associated with a corner of the body of the shaped abrasive particle relative to a deposition pressure 

associated with a deposition position at a major surface of the body. 

[00289] Item 59.  The method of item 56, wherein controlling the relationship between the deposition 

pressure and the depostion position includes varying the deposition pressure to change the size of 

features in the body depending on the deposition position. 

[00290] Item 60.  The method of item 19, wherein forming a body further comprises controlling a 

premove delay between a beginning of deposition of the print material and movement of a nozzle for 

depositing the print material.  

[00291] Item 61.  The method of item 60, wherein the premove delay is greater than 0 seconds. 

[00292] Item 62.  The method of item 60, wherein the premove delay is not greater than about 10 

seconds. 

[00293] Item 63.  The method of item 19, wherein forming a body further comprises controlling a 

shutoff distance defining the distance a nozzle moves after turning the pressure off to the print 

material. 
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[00294] Item 64.  The method of item 19, wherein the shutoff distance is less than a dispense gap. 

[00295] Item 65.  The method of item 19, wherein the shutoff distance is greater than a dispense gap. 

[00296] Item 66.  The method of item 19, wherein the shutoff distance is substantially equal to a 

dispense gap. 

[00297] Item 67.  The method of item 19, wherein forming comprises controlling a dispense gap 

defining a distance between the nozzle and target. 

[00298] Item 68.  The method of item 67, wherein the dispense gap is not greater than about 10W, 

wherein “W” represents the width of the nozzle, wherein the dispense gap is not greater than about 

9W or not greater than about 8W or not greater than about 7W or not greater than about 6W or not 

greater than about 5W or not greater than about 4W or not greater than about 3W or not greater than 

about 2W or not greater than about 1W. 

[00299] Item 69.  The method of item 67, wherein the dispense gap is at least about 0.001W, wherein 

“W” represents the width of the nozzle, wherein the dispense gap is at least about 0.005W or at least 

about 0.01W or at least about 0.1W. 

[00300] Item 70.  The method of item 67, wherein the dispense gap is not greater about 10t, wherein 

“t” represents the thickness of the print material, wherein the dispense gap is not greater than about 9t 

or not greater than about 8t or not greater than about 7t or not greater than about 6t or not greater than 

about 5t or not greater than about 4t or not greater than about 3t or not greater than about 2t or not 

greater than about 1t. 

[00301] Item 71.  The method of item 67, wherein the dispense gap is at least about 0.001t, wherein 

“t” represents the thickness of the print material, wherein the dispense gap is at least about 0.005t or at 

least about 0.01t. 

[00302] Item 72.  The method of item 67, wherein controlling the dispense gap includes varying the 

dispense gap such that the print material contacts the target immediately upon exiting the nozzle. 

[00303] Item 73.  The method of item 67, wherein controlling the dispense gap includes controlling 

the height of the nozzle above the target such that the print material contacts the target upon exiting 

the nozzle without forming a free droplet in the space between the nozzle and target.  

[00304] Item 74.  The method of item 67, wherein controlling the dispense gap includes varying the 

Z-directional distance between the nozzle and the target based upon at least one of the nozzle tip 

length, the nozzle width, the deposition pressure, the deposition rate, the deposition volume, the 

deposition position, the filling pattern of the print material, the dynamic yield stress (σd) of the print 

material, the static yield stress (σs) of the print material, the yield stress ratio (σd/σs) of the print 

material, the viscosity of the print material, and a combination thereof. 

[00305] Item 75.  The method of item 67, wherein controlling the dispense gap includes varying the 

dispense gap based on the deposition position. 
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[00306] Item 76.  The method of item 67, wherein controlling the dispense gap includes varying the 

dispense gap to alter the volume of material deposited at a deposition position. 

[00307] Item 77.  The method of item 19, wherein forming further comprises controlling the filling 

pattern that defines the order of forming a first portion of the body at a first time and a second portion 

of the body at a second time. 

[00308] Item 78.  The method of item 77, wherein the filling pattern defines an deposition process 

selected from the group consisting of an outside-in filling process, an inside-out filling process, a side-

to-side filling process, bottom-up filling process, and a combination thereof. 

[00309] Item 79.  The method of item 77, wherein controlling the filling pattern includes forming a 

first portion of the body at a first time using a first filling pattern and a second portion of the body at a 

second time using a second filling pattern, wherein the first filling pattern is different from the second 

filling pattern. 

[00310] Item 80.  The method of item 77, wherein the filling pattern includes forming a first layer by 

an outside-in filling process and a second layer overlying the first layer by an inside-out filling 

process. 

[00311] Item 81.  The method of item 19, wherein the print material can include a mixture comprising 

an inorganic material in a content of at least about 25 wt% for a total weight of the mixture or at least 

about 35 wt% or at least about 36 wt% or and not greater than about 75 wt% or not greater than about 

70 wt% or not greater than about 65 wt% or not greater than about 55 wt% or not greater than about 

45 wt% or not greater than about 44 wt%.   

[00312] Item 82.  The method of item 81, wherein the mixture comprises a sol-gel. 

[00313] Item 83.  The method of item 81, wherein the inorganic material comprises a ceramic. 

[00314] Item 84.  The method of item 81, wherein the inorganic material comrpises a material selected 

from the group consisting of oxides, carbides, nitrides, borides, oxycarbides, oxynitrides, oxyborides, 

carbon-based materials, and a combination thereof. 

[00315] Item 85.  The method of item 81, wherein the inorganic material comprises alumina. 

[00316] Item 86.  The method of item 81, wherein the inorganic material comprises boehmite. 

[00317] Item 87.  The method of item 81, wherein the mixture comprises nitric acid. 

[00318] Item 88.  The method of item 81, wherein the mixture comprises water. 

[00319] Item 89.  The method of item 81, wherein the mixture comprises a dynamic yield stress (σd) 

of at least about 100 Pa or at least about 120 Pa or at least about 140 Pa or at least about 160 Pa or at 

least about 180 Pa or at least about 200 Pa.   

[00320] Item 90.  The method of item 81, wherein the mixture comprises a dynamic yield stress (σd) 

of not greater than about 1500 Pa or not greater than about 1300 Pa or not greater than about 1200 Pa 

or not greater than about 1100 Pa or not greater than about 1000 Pa.   
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[00321] Item 91.  The method of item 81, wherein forming comprises controlling at least one of the 

dispense gap, the nozzle tip length, the nozzle width, the deposition pressure, the deposition rate, the 

deposition volume, the deposition position, and the filling pattern of the print material based on the 

dynamic yield stress (σd) of the print material. 

[00322] Item 92.  The method of item 81, wherein the mixture comprises a static yield stress (σs) of at 

least about 180 Pa or at least about 200 Pa or at least about 250 Pa or at least about 300 Pa or at least 

about 350 Pa or at least about 400 Pa or at least about 450 Pa or at least about 500 Pa or at least about 

550 Pa or at least about 600 Pa.   

[00323] Item 93.  The method of item 81, wherein the mixture comprises a static yield stress (σs) of 

not greater than about 20000 Pa or not greater than about 18000 Pa or not greater than about 15000 Pa 

or not greater than about 5000 Pa or not greater than about 1000 Pa.  

[00324] Item 94.  The method of item 81, wherein the mixture comprises a static yield stress (σs) 

different than the dynamic yield stress (σd). 

[00325] Item 95.  The method of item 81, wherein the mixture comprises a static yield stress (σs) 

greater than the dynamic yield stress (σd). 

[00326] Item 96.  The method of item 81, wherein the mixture comprises a yield stress ratio (σd/σs) of 

not greater than about 1 or not greater than about 0.99 or not greater than about 0.97 or not greater 

than about 0.95 or not greater than about 0.9 or not greater than about 0.85 or not greater than about 

0.8 or not greater than about 0.75 or not greater than about 0.7 or not greater than about 0.65 or not 

greater than about 0.6 or not greater than about 0.55 or not greater than about 0.5.   

[00327] Item 97.  The method of item 81, wherein forming comprises controlling at least one of the 

dispense gap, the nozzle tip length, the nozzle width, the deposition pressure, the deposition rate, the 

deposition volume, the deposition position, and the filling pattern of the print material based on the 

static yield stress (σs) of the print material. 

[00328] Item 98.  The method of item 81, wherein the mixture comprises a yield stress ratio (σd/σs) of 

at least about 0.01 or at least about 0.05 or at least about 0.08 or at least about 0.1 or at least about 

0.15 or at least about 0.2 or at least about 0.25 or at least about 0.3 or at least about 0.35 or at least 

about 0.4 or at least about 0.45 or at least about 0.5.  

[00329] Item 99.  The method of item 81, wherein forming comprises controlling at least one of the 

dispense gap, the nozzle tip length, the nozzle width, the deposition pressure, the deposition rate, the 

deposition volume, the deposition position, and the filling pattern of the print material based on the 

yield stress ratio (σd/σs) of the print material. 

[00330] Item 100.  The method of item 81, wherein the mixture is a shear thinning material. 

[00331] Item 101.  The method of item 81, wherein the mixture comprises a viscosity of at least about 

4x10
3
 Pa s or at least about 5x10

3
 Pa s or at least about 6x10

3
 Pa s or at least about 7x10

3
 Pa s or at 

least about 7.5x10
3
 Pa s.   
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[00332] Item 102.  The method of item 81, wherein the mixture comprises a viscosity of not greater 

than about 20x10
3
 Pa s or such as not greater than about 18x10

3
 Pa s or not greater than about 15x10

3
 

Pa s or not greater than about 12x10
3
 Pa s.  

[00333] Item 103.  The method of item 81, wherein forming comprises controlling at least one of the 

dispense gap, the nozzle tip length, the nozzle width, the deposition pressure, the deposition rate, the 

deposition volume, the deposition position, and the filling pattern of the print material based on the 

viscosity of the print material. 

[00334] Item 104.  The method of any one of items 1 and 2, wherein forming further comprises 

controlling a three-dimensional movement of a nozzle configured for deposition of a print material, 

wherein controlling the three-dimensional movement includes control of the nozzle in an X-axis, a Y-

axis, and a Z-axis. 

[00335] Item 105.  The method of any one of items 1 and 2, wherein forming further comprises 

control of a plurality of nozzles, wherein each nozzle of the plurality of nozzles can be configured to 

deposit a print material and control of the plurality of nozzles includes control of three-dimensional 

movement of each nozzle in an X-axis, a Y-axis, and a Z-axis. 

[00336] Item 106.  The method of any one of items 1 and 2, further comprising:  depositing a first 

print material as a first portion of the body at a first time; and depositing a second print material as a 

second portion of the body distinct from the first portion at a second time. 

[00337] Item 107.  The method of item 106, wherein the first time is different than the second time. 

[00338] Item 108.  The method of item 106, wherein the first print material comprises a material 

selected from the group consisting of a solid, a powder, a solution, a mixture, a liquid, a slurry, a gel, 

a binder, and a combination thereof. 

[00339] Item 109.  The method of item 106, further comprising preferentially modifying one of the 

first portion and second portion to join the first portion and second portion and form a subsection of 

the body. 

[00340] Item 110.  The method of item 109, wherein modifying comprises changing a phase of at least 

one of the first print material and the second print material. 

[00341] Item 111.  The method of item 109, wherein modifying comprises heating at least one of the 

first portion and second portion. 

[00342] Item 112.  The method of item 111, wherein heating comprises fusing the first portion to the 

second portion.    

[00343] Item 113.  The method of item 111, wherein heating comprises joining the first portion to the 

second portion. 

[00344] Item 114.  The method of item 111, wherein heating comprises impinging electromagnetic 

radiation on at least a portion of the first portion. 
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[00345] Item 115.  The method of item 111, wherein heating comprises impinging electromagnetic 

radiation on at least a portion of the second portion. 

[00346] Item 116.  The method of item 106, wherein depositing comprises depositing a plurality of 

discrete droplets of a predetermined volume of the first print material to form the first portion. 

[00347] Item 117.  The method of item 106, wherein depositing comprises depositing a plurality of 

discrete droplets of a predetermined volume of the second print material to form the second portion. 

[00348] Item 118.  The method of item 106, wherein the first portion comprises a first portion length 

(Lfp), a first portion width (Wfp), and a first portion thickness (Tfp), and wherein Lfp>Wfp, Lfp>Tfp, 

and Wfp>Tfp. 

[00349] Item 119.  The method of item 118, wherein the first portion comprises a primary aspect ratio 

(Lfp:Wfp) of at least about 1:1 or at least about 2:1 or at least about 3:1 or at least about 5:1 or at least 

about 10:1, and not greater than about 1000:1. 

[00350] Item 120.  The method of item 118, wherein the first portion comprises a secondary aspect 

ratio (Lfp:Tfp) of at least about 1:1 or at least about 2:1 or at least about 3:1 or at least about 5:1 or at 

least about 10:1, and not greater than about 1000:1. 

[00351] Item 121.  The method of item 118, wherein the first portion comprises a tertiary aspect ratio 

(Wfp:Tfp) of at least about 1:1 or at least about 2:1 or at least about 3:1 or at least about 5:1 or at least 

about 10:1, and not greater than about 1000:1. 

[00352] Item 122.  The method of item 118, wherein at least one of the first portion length (Lfp), the 

first portion width (Wfp), and the first portion thickness (Tfp) has an average dimension of not greater 

than about 2 mm or such as not greater than about 1 mm or not greater than about 900 microns or not 

greater than about 800 microns or not greater than about 700 microns or not greater than about 600 

microns or not greater than about 500 microns or not greater than about 400 microns or not greater 

than about 300 microns or not greater than about 200 microns or not greater than about 150 microns 

or not greater than about 140 microns or not greater than about 130 microns or not greater than about 

120 microns or not greater than about 110 microns or not greater than about 100 microns or not 

greater than about 90 microns or not greater than about 80 microns or not greater than about 70 

microns or not greater than about 60 microns or not greater than about 50 microns, and at least about 

0.01 microns or at least about 0.1 microns or at least about 1 micron. 

[00353] Item 123.  The method of item 118, wherein the first portion comprises a cross-sectional 

shape in a plane defined by the first portion length (Lfp) and the first portion width (Wfp) selected 

from the group consisting of triangular, quadrilateral, rectangular, trapezoidal, pentagonal, hexagonal, 

heptagonal, octagonal, ellipsoidal, Greek alphabet characters, Latin alphabet characters, Russian 

alphabet characters, and a combination thereof. 

[00354] Item 124.  The method of item 118, wherein the first portion comprises a cross-sectional 

shape in a plane defined by the first portion length (Lfp) and the first portion thickness (Tfp) selected 
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from the group consisting of triangular, quadrilateral, rectangular, trapezoidal, pentagonal, hexagonal, 

heptagonal, octagonal, ellipsoidal, Greek alphabet characters, Latin alphabet characters, Russian 

alphabet characters, and a combination thereof. 

[00355] Item 125.  The method of item 118, wherein the first portion is in the form of layer. 

[00356] Item 126.  The method of item 106, wherein the second portion comprises a second portion 

length (Lsp), a second portion width (Wsp), and a second portion thickness (Tfp), and wherein 

Lsp>Wsp, Lsp>Tsp, and Wsp>Tsp. 

[00357] Item 127.  The method of item 126, wherein the second portion comprises a primary aspect 

ratio (Lsp:Wsp) of at least about 1:1 or at least about 2:1 or at least about 3:1 or at least about 5:1 or at 

least about 10:1, and not greater than about 1000:1. 

[00358] Item 128.  The method of item 126, wherein the second portion comprises a secondary aspect 

ratio (Lsp:Tsp) of at least about 1:1 or at least about 2:1 or at least about 3:1 or at least about 5:1 or at 

least about 10:1, and not greater than about 1000:1. 

[00359] Item 129.  The method of item 126, wherein the second portion comprises a tertiary aspect 

ratio (Wsp:Tsp) of at least about 1:1 or at least about 2:1 or at least about 3:1 or at least about 5:1 or at 

least about 10:1, and not greater than about 1000:1. 

[00360] Item 130.  The method of item 126, wherein at least one of the second portion length (Lsp), 

the second portion width (Wsp), and the second portion thickness (Tsp) has an average dimension of 

not greater than about 2 mm or such as not greater than about 1 mm or not greater than about 900 

microns or not greater than about 800 microns or not greater than about 700 microns or not greater 

than about 600 microns or not greater than about 500 microns or not greater than about 400 microns 

or not greater than about 300 microns or not greater than about 200 microns or not greater than 

about150 microns or not greater than about 140 microns or not greater than about 130 microns or not 

greater than about 120 microns or not greater than about 110 microns or not greater than about 100 

microns or not greater than about 90 microns or not greater than about 80 microns or not greater than 

about 70 microns or not greater than about 60 microns or not greater than about 50 microns, and at 

least about 0.01 microns or at least about 0.1 microns or at least about 1 micron. 

[00361] Item 131.  The method of item 126, wherein the second portion comprises a cross-sectional 

shape in a plane defined by the second portion length (Lsp) and the second portion width (Wsp) 

selected from the group consisting of triangular, quadrilateral, rectangular, trapezoidal, pentagonal, 

hexagonal, heptagonal, octagonal, ellipsoidal, Greek alphabet characters, Latin alphabet characters, 

Russian alphabet characters, and a combination thereof. 

[00362] Item 132.  The method of item 126, wherein the second portion comprises a cross-sectional 

shape in a plane defined by the second portion length (Lsp) and the second portion thickness (Tsp) 

selected from the group consisting of triangular, quadrilateral, rectangular, trapezoidal, pentagonal, 
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hexagonal, heptagonal, octagonal, ellipsoidal, Greek alphabet characters, Latin alphabet characters, 

Russian alphabet characters, and a combination thereof. 

[00363] Item 133.  The method of item 126, wherein the first portion comprises a cross-sectional 

shape different than a cross-sectional shape of the second portion. 

[00364] Item 134.  The method of item 126, wherein the first portion comprises a cross-sectional 

shape substantially the same as a cross-sectional shape of the second portion. 

[00365] Item 135.  The method of item 106, wherein the first print material comprises a first 

composition and the second print material comprises a second composition. 

[00366] Item 136.  The method of item 135, wherein the first composition and the second composition 

are essentially the same with respect to each other. 

[00367] Item 137.  The method of item 135, wherein the first composition and the second composition 

are significantly different with respect to each other. 

[00368] Item 138.  The method of item 135, wherein the first composition comprises a material 

selected from the group consisting of organic material, inorganic material, and a combination thereof. 

[00369] Item 139.  The method of item 135, wherein the first composition comprises a material 

selected from the group consisting of a ceramic, a glass, a metal, a polymer, and a combination 

thereof. 

[00370] Item 140.  The method of item 135, wherein the first composition comprises a material 

selected from the group consisting of an oxide, a carbide, a nitride, a boride, an oxycarbide, 

oxynitride, oxyboride, and a combination thereof. 

[00371] Item 141.  The method of item 135, wherein the first composition comprises alumina. 

[00372] Item 142.  The method of item 135, wherein the second composition comprises a material 

selected from the group consisting of organic material, inorganic material, and a combination thereof. 

[00373] Item 143.  The method of item 135, wherein the second composition comprises a material 

selected from the group consisting of a ceramic, a glass, a metal, a polymer, and a combination 

thereof. 

[00374] Item 144.  The method of item 135, wherein the second composition comprises a material 

selected from the group consisting of an oxide, a carbide, a nitride, a boride, an oxycarbide, 

oxynitride, oxyboride, and a combination thereof. 

[00375] Item 145.  The method of item 135, wherein the second composition comprises alumina. 

[00376] Item 146.  The method of item 106, wherein the second print material includes a solid, a 

powder, a solution, a mixture, a liquid, a slurry, a gel, a binder, and a combination thereof. 

[00377] Item 147.  The method of item 1, further comprising forming the body according to a digital 

model. 

[00378] Item 148.  The method of any one of items 2 and 147, further comprising comparing at least a 

portion of the body to the digital model. 
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[00379] Item 149.  The method of item 148, wherein comparing includes measuring at least a portion 

of the body and comparing it to a corresponding dimension of the digital model.  

[00380] Item 150.  The method of item 148, wherein comparing is conducted during forming. 

[00381] Item 151.  The method of item 148, wherein comparing is conducted after forming. 

[00382] Item 152.  The method of any one of items 2 and 147, further comprising creating a plurality 

of digital cross-sections of the digital model. 

[00383] Item 153.  The method of item 152, further comprising:  depositing a first portion of the body 

at a first time, the first portion corresponding to a first cross-section of the plurality of cross-sections 

of the digital model; depositing a second portion of the body distinct from the first portion at a second 

time different than the first time, the second portion corresponding to a second cross-section of the 

plurality of cross-sections of the digital model. 

[00384] Item 154.  The method of item 152, further comprising using the plurality of digital cross-

sections as a guide for depositing a plurality of discrete portions. 

[00385] Item 155.  The method of item 1, wherein the additive manufacturing process defines a 

process of compiling discrete portions to form a sub-portion. 

[00386] Item 156.  The method of item 155, further comprising compiling a plurality of sub-portions 

to form the body of the shaped abrasive particle. 

[00387] Item 157.  The method of any one of items 1 and 2, further comprising a subtractive process. 

[00388] Item 158.  The method of item 157, wherein the subtractive process is conducted after 

forming a body of a precursor shaped abrasive particle. 

[00389] Item 159.  The method of item 157, wherein the subtractive process includes removing at 

least a portion of the material used to form a precursor shaped abrasive particle. 

[00390] Item 160.  The method of item 157, wherein the subtractive process includes forming at least 

one opening within a portion of the body. 

[00391] Item 161.  The method of item 157, wherein the subtractive process includes forming an 

aperture through a portion of the body. 

[00392] Item 162.  The method of item 157, wherein the subtractive process includes heating to 

remove a portion of the body. 

[00393] Item 163.  The method of item 162, wherein heating comprises volatilizing at least a portion 

of the body. 

[00394] Item 164.  The method of any one of items 1 and 2, further comprising at least one process of 

modifying a portion of the body including melting, selective laser melting, sintering, selective 

sintering, direct metal laser sintering, selective laser sintering, particle beam modification, electron 

beam melting, fused deposition modeling, curing, and a combination thereof. 

[00395] Item 165.  The method of any one of items 1 and 2, wherein forming comprises prototype 

printing of the body of the shaped abrasive particle. 
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[00396] Item 166.  The method of any one of items 1 and 2, wherein forming comprises laminated 

object manufacturing. 

[00397] Item 167.  The method of any one of items 1 and 2, wherein the body comprises a three-

dimensional shape including a body length (Lb), a body width (Wb), and a body thickness (Tb), and 

wherein Lb>Wb, Lb>Tb, and Wb>Tb. 

[00398] Item 168.  The method of item 167, wherein the body comprises a primary aspect ratio 

(Lb:Wb) of at least about 1:1 or at least about 2:1 or at least about 3:1 or at least about 5:1 or at least 

about 10:1, and not greater than about 1000:1. 

[00399] Item 169.  The method of item 167, wherein the body comprises a secondary aspect ratio 

(Lb:Tb) of at least about 1:1 or at least about 2:1 or at least about 3:1 or at least about 5:1 or at least 

about 10:1, and not greater than about 1000:1. 

[00400] Item 170.  The method of item 167, wherein the body comprises a tertiary aspect ratio 

(Wb:Tb) of at least about 1:1 or at least about 2:1 or at least about 3:1 or at least about 5:1 or at least 

about 10:1, and not greater than about 1000:1. 

[00401] Item 171.  The method of item 167, wherein at least one of the body length (Lb), the body 

width (Wb), and the body thickness (Tb) has an average dimension of at least about 0.1 microns or at 

least about 1 micron or at least about 10 microns or at least about 50 microns or at least about 100 

microns or at least about 150 microns or at least about 200 microns or at least about 400 microns or at 

least about 600 microns or at least about 800 microns or at least about 1 mm, and not greater than 

about 20 mm or not greater than about 18 mm or not greater than about 16 mm or not greater than 

about 14 mm or not greater than about 12 mm or not greater than about 10 mm or not greater than 

about 8 mm or not greater than about 6 mm or not greater than about 4 mm. 

[00402] Item 172.  The method of item 167, wherein the body comprises a cross-sectional shape in a 

plane defined by the body length and the body width selected from the group consisting of triangular, 

quadrilateral, rectangular, trapezoidal, pentagonal, hexagonal, heptagonal, octagonal, ellipsoids, 

Greek alphabet characters, Latin alphabet characters, Russian alphabet characters, and a combination 

thereof. 

[00403] Item 173.  The method of item 167, wherein the body comprises a cross-sectional shape in a 

plane defined by the body length and the body thickness selected from the group consisting of 

triangular, quadrilateral, rectangular, trapezoidal, pentagonal, hexagonal, heptagonal, octagonal, 

ellipsoids, Greek alphabet characters, Latin alphabet characters, Russian alphabet characters, and a 

combination thereof. 

[00404] Item 174.  The method of any one of items 1 and 2, wherein the body comprises a three-

dimensional shape selected from the group consisting of a polyhedron, a pyramid, an ellipsoid, a 

sphere, a prism, a cylinder, a cone, a tetrahedron, a cube, a cuboid, a rhomohedron, a truncated 

pyramid, a truncated ellipsoid, a truncated sphere, a truncated cone, a pentahedron, a hexahedron, a 
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heptahedron, an octahedron, a nonahedron, a decahedron, Greek alphabet characters, Latin alphabet 

characters, Russian alphabet characters, and a combination thereof. 

[00405] Item 175.  The method of any one of items 1 and 2, further comprising forming a plurality of 

shaped abrasive particles, wherein each of the shaped abrasive particles of the plurality of shaped 

abrasive particles have a body having a body length (Lb), a body width (Wb), and a body thickness 

(Tb). 

[00406] Item 176.  The method of item 175, wherein the plurality of shaped abrasive particles have at 

least one of:  a body length variation of not greater than about 50%; a body width variation of not 

greater than about 50%; and a body thickness variation of not greater than about 50%.   

[00407] Item 177.  The method of any one of items 1 and 2, wherein the body has a first major 

surface, a second major surface, and at least one side surface extending between the first major 

surface and the second major surface. 

[00408] Item 178.  The method of any one of items 1 and 2, wherein the body comprises a percent 

flashing not greater than about 40% or not greater than about 20% or not greater than about 10% or 

not greater than about 4%, wherein the body is essentially free of flashing. 

[00409] Item 179.  The method of any one of items 1 and 2, wherein the body is essentially free of a 

binder, wherein the body is essentially free of an organic material. 

[00410] Item 180.  The method of any one of items 1 and 2, wherein the body comprises a 

polycrystalline material, wherein the polycrystalline material comprises grains, wherein the grains are 

selected from the group of materials consisting of nitrides, oxides, carbides, borides, oxynitrides, 

diamond, and a combination thereof, wherein the grains comprise an oxide selected from the group of 

oxides consisting of aluminum oxide, zirconium oxide, titanium oxide, yttrium oxide, chromium 

oxide, strontium oxide, silicon oxide, and a combination thereof, wherein the grains comprise 

alumina, wherein the grains consist essentially of alumina. 

[00411] Item 181.  The method of any one of items 1 and 2, wherein the body consists essentially of 

alumina. 

[00412] Item 182.  The method of any one of items 1 and 2, wherein the body is formed from a seeded 

sol gel. 

[00413] Item 183.  The method of any one of items 1 and 2, wherein the body comprises a 

polycrystalline material having an average grain size not greater than about 1 micron. 

[00414] Item 184.  The method of any one of items 1 and 2, wherein the body is a composite 

comprising at least about 2 different types of compositions. 

[00415] Item 185.  The method of any one of items 1 and 2, wherein the body comprises an additive, 

wherein the additive comprises an oxide, wherein the additive comprises a metal element, wherein the 

additive comprises a rare-earth element. 
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[00416] Item 186.  The method of item 185, wherein the additive comprises a dopant material, 

wherein the dopant material includes an element selected from the group consisting of an alkali 

element, an alkaline earth element, a rare earth element, a transition metal element, and a combination 

thereof, wherein the dopant material comprises an element selected from the group consisting 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.   

[00417] Item 187.  A method of forming a fixed abrasive comprising:  forming a plurality of shaped 

abrasive particles on a substrate, wherein each of the shaped abrasive particles of the plurality of 

shaped abrasive particles have a body formed by an additive manufacturing process.   

[00418] Item 188.  The method of item 187, wherein forming is conducted directly overlying the 

substrate. 

[00419] Item 189.  The method of item 187, wherein forming is conducted directly on at least a 

portion of a bonding layer overlying the substrate, wherein the bonding layer comprises a material 

selected from the group consisting of an inorganic material, a vitreous material, a crystalline material, 

an organic material, a resin material, a metal material, a metal alloy, and a combination thereof.    

[00420] Item 190.  The method of item 187, wherein the substrate is translated through a forming 

zone, wherein in the forming zone at least one shaped abrasive particle of the plurality of shaped 

abrasive particles is formed overlying the substrate. 

[00421] Item 191.  The method of item 187, wherein translation includes a stepped translation process. 

[00422] Item 192.  The method of item 187, wherein the body of each of the shaped abrasive particles 

of the plurality of shaped abrasive particles is formed according to a digital model.   

[00423] Item 193.  The method of item 187, wherein the additive manufacturing process comprises:  

depositing a first print material as a first portion of the body of each of the shaped abrasive particles of 

the plurality of shaped abrasive particles at a first time; and depositing a second print material as a 

second portion of the body of each of the shaped abrasive particles of the plurality of shaped abrasive 

particles at a second time different than the first time. 

[00424] Item 194.  The method of item 193, further comprising preferentially modifying one of the 

first portion and second portion to join the first portion and second portion and form a subsection of 

the body of the shaped abrasive particle. 

[00425] 1 Item 95.  The method of item 187, wherein the plurality of shaped abrasive particles are 

formed at a predetermined location on the substrate. 

[00426] Item 196.  The method of item 187, further comprising placing each of the shaped abrasive 

particles of the plurality of shaped abrasive particles on the substrate, wherein the placing is 

conducted simultaneously with forming the body of each of the shaped abrasive particles of the 

plurality of shaped abrasive particles.   



 Attorney Docket No.: A-22990-US 

 

- 73 - 

 

[00427] Item 197.  The method of item 187, further comprising orienting each of the shaped abrasive 

particles of the plurality of shaped abrasive particles relative to the substrate. 

[00428] Item 198.  The method of item 197, wherein orienting and forming are conducted 

simultaneously. 

[00429] Item 199.  The method of item 187, wherein at least about 55% of the plurality of shaped 

abrasive particles are oriented in a side orientation. 

[00430] Item 200.  The method of item 187, wherein the plurality of shaped abrasive particles define 

an open coat, wherein the plurality of shaped abrasive particles of the first portion define a closed 

coat, wherein the open coat comprises a coating density of not greater than about 70 particles/cm
2
. 

[00431] Item 201.  The method of item 187, wherein the substrate comprises a woven  material, 

wherein the substrate comprises a non-woven material, wherein the substrate comprises an organic 

material, wherein the substrate comprises a polymer, wherein the substrate comprises a material 

selected from the group consisting of cloth, paper, film, fabric, fleeced fabric, vulcanized fiber, woven 

material, non-woven material, webbing, polymer, resin, phenolic resin, phenolic-latex resin, epoxy 

resin, polyester resin, urea formaldehyde resin, polyester, polyurethane, polypropylene, polyimides, 

and a combination thereof.    

[00432] Item 202.  The method of item 187, wherein the substrate comprises an additive chosen from 

the group consisting of catalysts, coupling agents, curants, anti-static agents, suspending agents, anti-

loading agents, lubricants, wetting agents, dyes, fillers, viscosity modifiers, dispersants, defoamers, 

and grinding agents. 

[00433] Item 203.  The method of item 187, further comprising an adhesive layer overlying the 

substrate, wherein the adhesive layer comprises a make coat, wherein the make coat overlies the 

substrate, wherein the make coat is bonded directly to a portion of the substrate, wherein the make 

coat comprises an organic material, wherein the make coat comprises a polymeric material , wherein 

the make coat comprises a material selected from the group consisting of polyesters, epoxy resins, 

polyurethanes, polyamides, polyacrylates, polymethacrylates, poly vinyl chlorides, polyethylene, 

polysiloxane, silicones, cellulose acetates, nitrocellulose, natural rubber, starch, shellac, and a 

combination thereof.   

[00434] Item 204.  The method of item 203, wherein the adhesive layer comprises a size coat, wherein 

the size coat overlies a portion of the plurality of shaped abrasive particles, wherein the size coat 

overlies a make coat, wherein the size coat is bonded directly to a portion of the plurality of shaped 

abrasive particles, wherein the size coat comprises an organic material, wherein the size coat 

comprises a polymeric material, wherein the size coat comprises a material selected from the group 

consisting of polyesters, epoxy resins, polyurethanes, polyamides, polyacrylates, polymethacrylates, 

poly vinyl chlorides, polyethylene, polysiloxane, silicones, cellulose acetates, nitrocellulose, natural 

rubber, starch, shellac, and a combination thereof.  
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[00435] Item 205.  A shaped abrasive particle comprising a body having at least one major surface 

having a self-similar feature.  

[00436] Item 206.  A shaped abrasive particle comprising a body having at least one peripheral ridge 

extending around at least a portion of a side surface of the body.   

[00437] Item 207.  A shaped abrasive particle comprising a body having at least one major surface 

defining a concave stepped surface.   

[00438] Item 208.  A shaped abrasive particle comprising a body having at least one transverse ridge 

extending along at least two surfaces and an adjoining edge between the at least two surfaces.   

[00439] Item 209.  A shaped abrasive particle comprising a body having a corner including a plurality 

of microprotrusions extending from the corner.   

[00440] Item 210.  A shaped abrasive particle comprising a body including a surface comprising a 

scalloped topography. 

[00441] Item 211.  The shaped abrasive particle of any one of items 205, 206, 207, 208, 209, and 210 

wherein body comprises a corner roundness of not greater than about 250 microns or not greater than 

about 220 microns or not greater than about 200 microns or not greater than about 180 microns or not 

greater than about 160 microns or not greater than about 140 microns or not greater than about 120 

microns or not greater than about 100 microns or not greater than about 90 microns or not greater than 

about 80 microns or not greater than about 70 microns or not greater than about 60 microns or not 

greater than about 50 microns or not greater than about 40 microns or not greater than about 30 

microns or not greater than about 20 microns.   

[00442] Item 212.  The shaped abrasive particle of any one of items 205, 206, 207, 208, 209, and 210, 

wherein body comprises a corner roundness of at least about 0.1 microns or at least about 0.5 microns. 

[00443] Item 213.  The shaped abrasive particle of any one of items 206, 207, 208, 209, and 210, 

wherein the body comprises a major surface including a self-similar feature. 

[00444] Item 214.  The shaped abrasive particle of any one of items 205 and 213, wherein the self-

similar feature comprises an arrangement of two-dimensional shapes having substantially the same 

two-dimensional shape of the periphery of the major surface. 

[00445] Item 215.  The shaped abrasive particle of any one of items 205 and 213, wherein the major 

surface has a two-dimensional shape selected from the group consisting of regular polygons, irregular 

polygons, irregular shapes, triangles, quadrilaterals, rectangles, trapezoids, pentagons, hexagons, 

heptagons, octagons, ellipses, Greek alphabet characters, Latin alphabet characters, Russian alphabet 

characters, and a combination thereof. 

[00446] Item 216.  The shaped abrasive particle of any one of items 205 and 213, wherein the major 

surface comprises a triangular two-dimensional shape. 

[00447] Item 217.  The shaped abrasive particle of any one of items 205 and 213, wherein the self-

similar feature comprises a plurality of triangular two-dimensional shapes nested within each other. 
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[00448] Item 218.  The shaped abrasive particle of any one of items 205, 207, 208, 209, and 210, 

wherein the body has at least one peripheral ridge extending around at least a portion of a side surface 

of the body.    

[00449] Item 219.  The shaped abrasive particle of any one of items 206 and 218, wherein the at least 

one peripheral ridge extends around a majority of the side surface of the body. 

[00450] Item 220.  The shaped abrasive particle of any one of items 206 and 218, wherein the at least 

one peripheral ridge extends around an entire side surface of the body. 

[00451] Item 221.  The shaped abrasive particle of any one of items 206 and 218, wherein the at least 

one peripheral ridge extends around the side surface of the body without intersecting a major surface. 

[00452] Item 222.  The shaped abrasive particle of any one of items 206 and 218, wherein the at least 

one peripheral ridge intersects at least two surfaces and an edge of the body. 

[00453] Item 223.  The shaped abrasive particle of any one of items 206 and 218, wherein the body 

comprises a length (l), a width (w), and a thickness (t), wherein l>w>t, and the at least one peripheral 

ridge extends peripherally around a side surface of the body extending between major surfaces. 

[00454] Item 224.  The shaped abrasive particle of any one of items 206 and 218, wherein the at least 

one peripheral ridge comprises a depth that is not greater than about 0.8t, wherein “t” is a thickness of 

the body, not greater than about 0.7t or not greater than about 0.6t or not greater than about 0.5t or not 

greater than about 0.4t or not greater than about 0.3t or not greater than about 0.2t or not greater than 

about 0.18t or not greater than about 0.16t or not greater than about 0.15t or not greater than about 

0.14t or not greater than about 0.12t or not greater than about 0.1t or not greater than about 0.09t or 

not greater than about 0.08t or not greater than about 0.07t or not greater than about 0.06t or not 

greater than about 0.05t. 

[00455] Item 225.  The shaped abrasive particle of any one of items 206 and 218, wherein the at least 

one peripheral ridge comprises a depth that is at least about 0.001t, wherein “t” is a thickness of the 

body, at least about 0.01t. 

[00456] Item 226.  The shaped abrasive particle of any one of items 205, 206, 208, 209, and 210, 

wherein the body has at least one major surface defining a concave, stepped surface.   

[00457] Item 227.  The shaped abrasive particle of any one of items 207 and 226, wherein the concave 

stepped surface defines a thickness at the midpoint of the major surface that is less than a thickness of 

the body at an edge. 

[00458] Item 228.  The shaped abrasive particle of any one of items 207 and 226, wherein concave 

stepped surface comprises a plurality of flats and risers, wherein the flats extend substantially parallel 

to the plane of the major surface and the risers extend substantially perpendicular to the plane of the 

major surface. 

[00459] Item 229.  The shaped abrasive particle of item 228, wherein the flats have an average width 

(wf) that is not greater than about 0.8(l), wherein “l” defines a length of the body, not greater than 



 Attorney Docket No.: A-22990-US 

 

- 76 - 

 

about 0.5(l) or not greater than about 0.4(l) or not greater than about 0.3(l) or not greater than about 

0.2(l) or not greater than about 0.1(l) or not greater than about 0.09(l) or not greater than about 0.08(l). 

[00460] Item 230.  The shaped abrasive particle of item 228, wherein the flats have an average width 

(wf) that is at least about 0.001(l), wherein “l” defines a length of the body, at least about 0.005(l) or 

at least about 0.01(l). 

[00461] Item 231.  The shaped abrasive particle of item 228, wherein the risers have an average height 

(hr) that is not greater than about 0.2(l), wherein “l” defines a length of the body, not greater than 

about 0.15(l) or not greater than about 0.1(l) or not greater than about 0.05(l) or not greater than about 

0.02(l). 

[00462] Item 232.  The shaped abrasive particle of item 228, wherein the risers have an average 

height(hr) that is at least about 0.0001(l) wherein “l” defines a length of the body, at least about 

0.0005(l). 

[00463] Item 233.  The shaped abrasive particle of item 228, wherein the flats have an average width 

that is greater than an average height of the risers, wherein the average height of the risers (hr) is not 

greater than about 0.95(wf), wherein “wf” defines an average width of the flats, not greater than about 

0.9(wf) or not greater than about 0.8(wf) or not greater than about 0.7(wf) or not greater than about 

0.5(wf) or not greater than about 0.3(wf) or not greater than about 0.2(wf) or not greater than about 

0.1(wf). 

[00464] Item 234.  The shaped abrasive particle of item 228, wherein the average height of the risers 

is at least about 0.0001(wf), wherein “wf” defines an average width of the flats, at least about 

0.001(wf). 

[00465] Item 235.  The shaped abrasive particle of any one of items 205, 206, 208, 209, and 210, 

wherein wherein the body has at least one major surface defining a convex, stepped surface defining a 

thickness at the midpoint of the major surface that is greater than a thickness of the body at an edge. 

[00466] Item 236.  The shaped abrasive particle of any one of items 205, 206, 207, 209, and 210, 

wherein the body comprises at least one transverse ridge extending along at least two surfaces and an 

adjoining edge between the at least two surfaces.   

[00467] Item 237.  The shaped abrasive particle of any one of items 208 and 236, wherein the at least 

one transverse ridge extends over at least three surfaces and at least two adjoining edges between the 

at least three surfaces.  

[00468] Item 238.  The shaped abrasive particle of any one of items 208 and 236, wherein the body 

comprises a plurality of transverse ridges, each of the transverse ridges of the plurality of transverse 

ridges extending parallel to each other around at least a portion of the periphery of the body. 

[00469] Item 239.  The shaped abrasive particle of item 238, wherein at least one of the transverse 

ridges of the plurality of transverse ridges has a different length relative to another transverse ridge of 

the plurality of transverse ridges. 
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[00470] Item 240.  The shaped abrasive particle of item 238, wherein each of the transverse ridges of 

the plurality of transverse ridges have different lengths relative to each other. 

[00471] Item 241.  The shaped abrasive particle of any one of items 205, 206, 207, 208, and 210, 

wherein the body comprises a corner including a plurality of microprotrusions extending from the 

corner.   

[00472] Item 242.  The shaped abrasive particle of any one of items 209 and 241, wherein the 

microprotrusions define a plurality of discrete corner protrusions separated by a plurality of ridges. 

[00473] Item 243.  The shaped abrasive particle of item 242, wherein the plurality of discrete corner 

protrusions have a plurality of different contours relative to each other. 

[00474] Item 244.  The shaped abrasive particle of item 242, wherein at least two discrete corner 

protrusions have a different corner radius relative to each other. 

[00475] Item 245.  The shaped abrasive particle of item 242, wherein at least two discrete corner 

protrusions define a step having a lateral shift relative to each other. 

[00476] Item 246.  The shaped abrasive particle of any one of items 209 and 241, wherein the corner 

roundness at an upper surface is different than a corner roundness at a bottom surface, and wherein 

the upper surface has a lower surface area than the bottom surface. 

[00477] Item 247.  The shaped abrasive particle of any one of items 209 and 241, wherein the 

microprotrusions define a serrated edge.   

[00478] Item 248.  The shaped abrasive particle of any one of items 205, 206, 207, 208, and 209, 

wherein the body has a surface comprising a scalloped topography. 

[00479] Item 249.  The shaped abrasive particle of any one of items 210 and 248, wherein the 

scalloped topography extends over a majority of a surface area of at least one surface of the body. 

[00480] Item 250.  The shaped abrasive particle of any one of items 210 and 248, wherein the 

scalloped topography extends over a majority of an entire surface area of at least one surface of the 

body. 

[00481] Item 251.  The shaped abrasive particle of any one of items 210 and 248, wherein the 

scalloped topography defines a plurality of curved protrusions having ridges extending between the 

curved protrusions. 

[00482] Item 252.  The shaped abrasive particle of any one of items 210 and 248, wherein the 

scalloped topography includes a plurality of elongated protrusions, each protrusion having a length, a 

width, and a height, wherein each protrusion has an arcuate contour extending in the direction of the 

width and the height. 

[00483] Item 253.  The shaped abrasive particle of item 252, wherein the length of each elongated 

protrusion extends substantially in the direction of a length of the body. 
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[00484] Item 254.  The shaped abrasive particle of item 252, wherein the length of at least one 

elongated protrusion is at least about 0.8(l), wherein “l” is the length of the body, at least about 09(l) 

or at least about 1(l). 

[00485] Item 255.  The shaped abrasive particle of item 252, wherein the plurality of elongated 

protrusions have an average height that is less than the average width (wep), wherein the average 

height of the plurality of elongated protrusion is not greater than about 0.9(wep) or not greater than 

about 0.8(wep) or not greater than about 0.7(wep) or not greater than about 0.6(wep) or not greater 

than about 0.5(wep) or not greater than about 0.4(wep) or not greater than about 0.3(wep) or not 

greater than about 0.2(wep) or not greater than about 0.1(wep). 

[00486] Item 256.  The shaped abrasive particle of item 255, wherein the average height of the 

plurality of elongated protrusions is not greater than about 500 microns or not greater than about 400 

microns or not greater than about 300 microns or not greater than about 250 microns or not greater 

than about 200 microns or not greater than about 150 microns or not greater than about 100 microns 

or not greater than about 90 microns or not greater than about 70 microns or not greater than about 50 

microns. 

[00487] Item 257.  The shaped abrasive particle of item 252, wherein the plurality of elongated 

protrusions comprises an average width that is less than the average length. 

[00488] Item 258.  The shaped abrasive particle of item 252, wherein plurality of elongated 

protrusions have an average width that is less than the length (l) of the body, wherein the average 

width of the plurality of elongated protrusion is not greater than about 0.9(l) or not greater than about 

0.8(l) or not greater than about 0.7(l) or not greater than about 0.6(l) or not greater than about 0.5(l) or 

not greater than about 0.4(l) or not greater than about 0.3(l) or not greater than about 0.2(l) or not 

greater than about 0.1(l). 

[00489] Item 259.  The shaped abrasive particle of item 252, wherein the average width of the 

plurality of elongated protrusion is at least about 0.001(l) or at least about 0.01(l). 

[00490] Item 260.  The shaped abrasive particle of item 252, wherein the average width of the 

plurality of elongated protrusions is not greater than about 500 microns or not greater than about 400 

microns or not greater than about 300 microns or not greater than about 250 microns or not greater 

than about 200 microns. 

[00491] Item 261.  The shaped abrasive particle of any one of items 210 and 248, wherein the 

scalloped topography intersects an edge defining at least one corner of the body and defines an edge 

having a serrated contour along the length of the edge. 

[00492] Item 262.  The shaped abrasive particle of any one of items 205, 206, 207, 208, 209, and 210 

wherein the body comprises at least 4 major surfaces joined together at common edges. 

[00493] Item 263.  The shaped abrasive particle of item 262, wherein the at least 4 major surfaces 

have substantially the same surface area. 
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[00494] Item 264.  The shaped abrasive particle of item 262, wherein the body comprises a tetrahedral 

shape. 

[00495] Item 265.  The shaped abrasive particle of any one of items 205, 206, 207, 208, 209, and 210 

wherein the body comprises a three-dimensional shape selected from the group consisting of a 

polyhedron, a pyramid, an ellipsoid, a sphere, a prism, a cylinder, a cone, a tetrahedron, a cube, a 

cuboid, a rhomohedron, a truncated pyramid, a truncated ellipsoid, a truncated sphere, a truncated 

cone, a pentahedron, a hexahedron, a heptahedron, an octahedron, a nonahedron, a decahedron, Greek 

alphabet characters, Latin alphabet characters, Russian alphabet characters, a volcano shape, 

monostatic shape, and a combination thereof. 

[00496] Item 266.  The shaped abrasive particle of any one of items 205, 206, 207, 208, 209, and 210 

wherein the body comprises a three-dimensional shape including a body length (Lb), a body width 

(Wb), and a body thickness (Tb), and wherein Lb>Wb, Lb>Tb, and Wb>Tb. 

[00497] Item 267.  The shaped abrasive particle of item 266, wherein the body comprises a primary 

aspect ratio (Lb:Wb) of at least about 1:1 or at least about 2:1 or at least about 3:1 or at least about 5:1 

or at least about 10:1, and not greater than about 1000:1. 

[00498] Item 268.  The shaped abrasive particle of item 266, wherein the body comprises a secondary 

aspect ratio (Lb:Tb) of at least about 1:1 or at least about 2:1 or at least about 3:1 or at least about 5:1 

or at least about 10:1, and not greater than about 1000:1. 

[00499] Item 269.  The shaped abrasive particle of item 266, wherein the body comprises a tertiary 

aspect ratio (Wb:Tb) of at least about 1:1 or at least about 2:1 or at least about 3:1 or at least about 5:1 

or at least about 10:1, and not greater than about 1000:1. 

[00500] Item 270.  The shaped abrasive particle of item 266, wherein the body comprises a cross-

sectional shape in a plane defined by the body length and the body width selected from the group 

consisting of triangular, quadrilateral, rectangular, trapezoidal, pentagonal, hexagonal, heptagonal, 

octagonal, ellipsoids, Greek alphabet characters, Latin alphabet characters, Russian alphabet 

characters, and a combination thereof. 

[00501] Item 271.  The shaped abrasive particle of item 266, wherein the body comprises a cross-

sectional shape in a plane defined by the body length and the body thickness selected from the group 

consisting of triangular, quadrilateral, rectangular, trapezoidal, pentagonal, hexagonal, heptagonal, 

octagonal, ellipsoids, Greek alphabet characters, Latin alphabet characters, Russian alphabet 

characters, and a combination thereof. 

[00502] Item 272.  The shaped abrasive particle of any one of items 205, 206, 207, 208, 209, and 210 

wherein the body is essentially free of a binder, wherein the body is essentially free of an organic 

material. 

[00503] Item 273.  The shaped abrasive particle of any one of items 205, 206, 207, 208, 209, and 210 

wherein the body comprises a polycrystalline material, wherein the polycrystalline material comprises 
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grains, wherein the grains are selected from the group of materials consisting of nitrides, oxides, 

carbides, borides, oxynitrides, diamond, and a combination thereof, wherein the grains comprise an 

oxide selected from the group of oxides consisting of aluminum oxide, zirconium oxide, titanium 

oxide, yttrium oxide, chromium oxide, strontium oxide, silicon oxide, and a combination thereof, 

wherein the grains comprise alumina, wherein the grains consist essentially of alumina. 

[00504] Item 274.  The shaped abrasive particle of any one of items 205, 206, 207, 208, 209, and 210 

wherein the body is formed from a seeded sol gel. 

[00505] Item 275.  The shaped abrasive particle of any one of items 205, 206, 207, 208, 209, and 210 

wherein the body comprises a polycrystalline material having an average grain size not greater than 

about 1 micron. 

[00506] Item 276.  The shaped abrasive particle of any one of items 205, 206, 207, 208, 209, and 210 

wherein the body is a composite comprising at least about 2 different types of compositions. 

[00507] Item 277.  The shaped abrasive particle of any one of items 205, 206, 207, 208, 209, and 210 

wherein the body comprises an additive, wherein the additive comprises an oxide, wherein the 

additive comprises a metal element, wherein the additive comprises a rare-earth element. 

[00508] Item 278.  The shaped abrasive particle of item 277, wherein the additive comprises a dopant 

material, wherein the dopant material includes an element selected from the group consisting of an 

alkali element, an alkaline earth element, a rare earth element, a transition metal element, and a 

combination thereof, wherein the dopant material comprises an element selected from the group 

consisting 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.   

[00509] Item 279.  The shaped abrasive particle of any one of items 205, 206, 207, 208, 209, and 210 

wherein the body is coupled to a substrate as part of a fixed abrasive, wherein the fixed abrasive 

article is selected from the group consisting of a bonded abrasive article, a coated abrasive article, and 

a combination thereof. 

[00510] Item 280.  The shaped abrasive particle of item 279 wherein the substrate is a backing, 

wherein the backing comprises a woven material, wherein the backing comprises a non-woven 

material, wherein the backing comprises an organic material, wherein the backing comprises a 

polymer, wherein the backing comprises a material selected from the group consisting of cloth, paper, 

film, fabric, fleeced fabric, vulcanized fiber, woven material, non-woven material, webbing, polymer, 

resin, phenolic resin, phenolic-latex resin, epoxy resin, polyester resin, urea formaldehyde resin, 

polyester, polyurethane, polypropylene, polyimides, and a combination thereof.    

[00511] Item 281.  The shaped abrasive particle of item 280, wherein the backing comprises an 

additive selected from the group consisting of catalysts, coupling agents, curants, anti-static agents, 
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suspending agents, anti-loading agents, lubricants, wetting agents, dyes, fillers, viscosity modifiers, 

dispersants, defoamers, and grinding agents. 

[00512] Item 282.  The shaped abrasive particle of item 280, further comprising an adhesive layer 

overlying the backing, wherein the adhesive layer comprises a make coat, wherein the make coat 

overlies the backing, wherein the make coat is bonded directly to a portion of the backing, wherein the 

make coat comprises an organic material, wherein the make coat comprises a polymeric material, 

wherein the make coat comprises a material selected from the group consisting of polyesters, epoxy 

resins, polyurethanes, polyamides, polyacrylates, polymethacrylates, poly vinyl chlorides, 

polyethylene, polysiloxane, silicones, cellulose acetates, nitrocellulose, natural rubber, starch, shellac, 

and a combination thereof.   

[00513] Item 283.  The shaped abrasive particle of item 282, wherein the adhesive layer comprises a 

size coat, wherein the size coat overlies a portion of the plurality of shaped abrasive particles, wherein 

the size coat overlies a make coat, wherein the size coat is bonded directly to a portion of the plurality 

of shaped abrasive particles, wherein the size coat comprises an organic material, wherein the size 

coat comprises a polymeric material, wherein the size coat comprises a material selected from the 

group consisting of polyesters, epoxy resins, polyurethanes, polyamides, polyacrylates, 

polymethacrylates, polyvinyl chlorides, polyethylene, polysiloxane, silicones, cellulose acetates, 

nitrocellulose, natural rubber, starch, shellac, and a combination thereof.    

[00514] Item 284.  The shaped abrasive particle of any one of items 205, 206, 207, 208, 209, and 210 

wherein the shaped abrasive particle is part of a plurality of a first type of shaped abrasive particles, 

wherein a majority of the first type of shaped abrasive particles are coupled to a backing in an open 

coat, wherein the open coat comprises a coating density of not greater than about 70 particles/cm
2 
or 

not greater than about 65 particles/cm
2 
or not greater than about 60 particles/cm

2
 or not greater than 

about 55 particles/cm
2 
or not greater than about 50 particles/cm

2
 or at least about 5 particles/cm

2
 or at 

least about 10 particles/cm
2
.  

[00515] Item 285.  The shaped abrasive particle of any one of items 205, 206, 207, 208, 209, and 210 

wherein the shaped abrasive particle is part of a plurality of a first type of shaped abrasive particles, 

wherein a majority of the first type of shaped abrasive particles are coupled to a backing in a closed 

coat, wherein having a closed coat of the blend of shaped abrasive particles on a backing, wherein the 

closed coat comprises a coating density of at least about 75 particles/cm
2
 or at least about 80 

particles/cm
2
 or at least about 85 particles/cm

2
 or at least about 90 particles/cm

2 
or at least about 100 

particles/cm
2
. 

[00516] Item 286.  The shaped abrasive particle of any one of items 205, 206, 207, 208, 209, and 210 

wherein the shaped abrasive particle is part of a blend including a plurality of a first type of shaped 

abrasive particles and a third type of abrasive particle, wherein the third type of abrasive particle 
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comprises a shaped abrasive particle, wherein the third type of abrasive particle comprises a diluent 

type of abrasive particle, wherein the diluent type of abrasive particle comprises an irregular shape.   

[00517] Item 287.  The shaped abrasive particle of item 286, wherein the blend of abrasive particles 

comprises a plurality of shaped abrasive particles, and wherein each shaped abrasive particle of the 

plurality of shaped abrasive particles is arranged in a controlled orientation relative to a backing, the 

controlled orientation including at least one of a predetermined rotational orientation, a predetermined 

lateral orientation, and a predetermined longitudinal orientation. 

[00518] Item 288.  A method of forming a shaped abrasive particle using a low pressure injection 

molding process. 

[00519] Item 289.  The method of item 288, wherein the low pressure injection molding includes 

filling a mold with a mold material using laminar flow conditions.  

[00520] Item 290.  The method of item 288, wherein the laminar flow conditions are based on at least 

one of a rheology of the mold material, the shape of the mold, mold material, and a combination 

thereof. 

[00521] Examples 

[00522] Example 1 

[00523] A print material was made by creating a mixture including 39 wt% boehmite and alpha 

alumina seeds in water.  Nitric acid was added to adjust the pH of the mixture to 4.  The print material 

was then transferred to a container, de-aired using a vacuum pump, and aged at room temperature for 

up to 30 days or until the rheological properties were sufficient for printing.  The print material was 

then loaded into a deposition assembly of a robocasting unit, commercially available as EFD Nordson 

® Ultra TT 525 having a Tungsten Palm OS® controller and EFD 1.2 software.  The deposition 

assembly includes a nozzle having a nozzle width of 100 µm, a nozzle tip length of approximately 

6.35 mm or 3 mm.  The print material had a static yield stress of approximately 750 Pa, a dynamic 

yield stress of approximately 450 Pa.  The print material was a shear thinning mixture with an 

apparent viscosity of 9000 Pa s at a shear rate of 100 s
-1

.   

[00524] The height of the nozzle and the tactile height sensor were carefully adjusted so that the 

height measurements used by the printer were accurate. An initial line of print material was deposited 

to expel air and adjust the deposition pressure, deposition rate, deposition volume, and dispense gap.  

Certain process parameters such as the deposition rate, deposition pressure, and dispense gap were 

evaluated and adjusted based on the rheological characteristics of the print material until the printed 

line had approximately the same width as the nozzle width.  The pressure was approximately 0.5 MPa 

(70 psi), the deposition rate was approximately 3 mm/s, and the dispense gap was approximately 100 

µm.   

[00525] A program for forming a shaped abrasive particle having a triangular shape including 

deposition of 6 layers of the same size was loaded onto the controller.  The filling pattern included 
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deposition of a first layer having a triangular two-dimensional shape using an outside-in “escargot” 

process.  The premove delay was 0.1 seconds.  A second layer was then formed overlying the first 

layer.  The nozzle was moved vertically upward 100 µm above the stop position of the first layer.  

The second layer was then formed having a triangular two-dimensional shape and was formed using a 

filling pattern based on an inside-out process.  The premove delay was 0.3 seconds.  Four additional 

layers were formed on top of each other using the alternating outside-in and inside-out process until 6 

layers were formed.   

[00526] The body was dried in ambient conditions and sintered at approximately 1250°C for 90 

minutes.  The shaped abrasive particle of FIG. 20 is representative of the shaped abrasive particle 

formed according to Example 1. 

[00527] Example 2 

[00528] A tetrahedral or pyramidal shaped abrasive particle was formed using the same print material 

of Example 1.  The robocasting parameters were the same as Example 1 except that the nozzle width 

was 150 microns and the nozzle length was approximately 6.35 mm.  Moreover, the filling process 

was essentially the same as Example 1, except that the premove delay was 0.2 seconds for layers 

formed using an inside-out filling process, and each of the layers got successively smaller in size as 

the pyramidal shape was formed.  The shaped abrasive particles were dried in ambient conditions and 

sintered at approximately 1250°C for 90 minutes.  The shaped abrasive particle of FIGs. 28 and 29 is 

representative of a shaped abrasive particle formed according to Example 2. 

[00529] Example 3 

[00530] A volcano-shape, shaped abrasive particle was formed using the same print material of 

Example 2, except that the filling process is changed for a final grouping of the layers, such as about 

the last 3 layers.  The filling pattern uses an alternating outside-in and inside-out filling process as 

described in Example 2, except that the final group of layers were deposited around the periphery of 

the shape, but did not deposit the print material fully into the interior of the body to create the opening 

and volcano-shape.  The shaped abrasive particles were dried in ambient conditions and sintered at 

approximately 1250°C for 90 minutes.  The shaped abrasive particle of FIG. 27 is representative of a 

shaped abrasive particle formed according to Example 3 including the opening 2709. 

[00531] Certain references have demonstrated the formation of various objects on a centimeter scale 

by certain additive manufacturing techniques.  However, these references are not directed to the 

formation of shaped abrasive particles having the features of the shaped abrasive particles of the 

embodiments herein making them suitable for use as abrasives.  Moreover, formation of shaped 

abrasive particles having the features and dimensions of the embodiments herein, which makes them 

suitable for their intended purpose, requires knowledge that is not readily available from references 

disclosing formation of articles on a centimeter scale.  The knowledge needed to migrate from 

centimeter scale technology to millimeter or micron sized technology is non-trivial and was the result 
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of significant research.  Benefits, other advantages, and solutions to problems have been described 

above with regard to specific embodiments.  However, the benefits, advantages, solutions to 

problems, 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 

items. 

[00532] The shaped abrasive particles of the embodiments herein are suitable for use in fixed abrasive 

articles, which may be used to create products in various industries including metal working and 

fabrication industries, the automotive industry, building and construction materials, and the like. 

[00533] 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. 

[00534] The foregoing 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. 

[00535] 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). 

[00536] 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 singular also includes the plural, 
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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. 

[00537] 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. 
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WHAT IS ITEMED IS: 

1.  A shaped abrasive particle comprising a body having at least one major surface having a 

self-similar feature.  

2.  The shaped abrasive particle of item 1, wherein the body comprises a corner roundness of 

not greater than about not greater than about 100 microns. 

3.  The shaped abrasive particle of item 1, wherein the self-similar feature comprises an 

arrangement of two-dimensional shapes having substantially the same two-dimensional shape as the 

periphery of the major surface. 

4.  The shaped abrasive particle of item 1, wherein the major surface has a two-dimensional 

shape selected from the group consisting of regular polygons, irregular polygons, irregular shapes, 

triangles, quadrilaterals, rectangles, trapezoids, pentagons, hexagons, heptagons, octagons, ellipses, 

Greek alphabet characters, Latin alphabet characters, Russian alphabet characters, and a combination 

thereof. 

5.  The shaped abrasive particle of item 1, wherein the major surface comprises a triangular 

two-dimensional shape. 

6.  The shaped abrasive particle of item 1, wherein the self-similar feature comprises a 

plurality of triangular two-dimensional shapes nested within each other. 

7.  The shaped abrasive particle of item 1, wherein the body has at least one peripheral ridge 

extending around at least a portion of a side surface of the body.    

8.  The shaped abrasive particle of item 7, wherein wherein the at least one peripheral ridge 

extends around an entire side surface of the body. 

9.  A shaped abrasive particle comprising a body having at least one peripheral ridge 

extending around at least a portion of a side surface of the body.   

10.  The shaped abrasive particle of item 9, wherein the at least one peripheral ridge extends 

around the side surface of the body without intersecting a major surface of the body. 

11.  The shaped abrasive particle of item 9, wherein the at least one peripheral ridge intersects 

at least two surfaces and an edge of the body. 

12.  The shaped abrasive particle of item 9, wherein the at least one peripheral ridge 

comprises a depth that is not greater than about 0.8t, wherein “t” is a thickness of the body. 

13.  The shaped abrasive particle of item 9, wherein the body has at least one major surface 

defining a concave, stepped surface.   

14.  The shaped abrasive particle of item 13, wherein the concave stepped surface comprises a 

plurality of flats and risers, wherein the flats extend substantially parallel to the plane of the major 

surface and the risers extend substantially perpendicular to the plane of the major surface, and 

wherein the flats have an average width that is greater than an average height of the risers. 
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15.  A shaped abrasive particle comprising a body having a corner including a plurality of 

microprotrusions extending from the corner.   

16.  The shaped abrasive particle of item 15, wherein the body includes a surface comprising 

a scalloped topography. 

17.  The shaped abrasive particle of item 15, wherein the microprotrusions define a plurality 

of discrete corner protrusions separated by a plurality of ridges. 

18.  The shaped abrasive particle of item 17, wherein the plurality of discrete corner 

protrusions have a plurality of different contours relative to each other. 

19.  The shaped abrasive particle of item 15, wherein the microprotrusions define a serrated 

edge.   

20.  The shaped abrasive particle of item 15, wherein the body comprises a three-dimensional 

shape selected from the group consisting of a polyhedron, a pyramid, an ellipsoid, a sphere, a prism, a 

cylinder, a cone, a tetrahedron, a cube, a cuboid, a rhomohedron, a truncated pyramid, a truncated 

ellipsoid, a truncated sphere, a truncated cone, a pentahedron, a hexahedron, a heptahedron, an 

octahedron, a nonahedron, a decahedron, Greek alphabet characters, Latin alphabet characters, 

Russian alphabet characters, a volcano shape, monostatic shape, and a combination thereof. 
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ABSTRACT OF THE DISCLOSURE 

 A method of forming a shaped abrasive particle includes having a body formed by an 

additive manufacturing process.   
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