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FIXED ABRASIVE ARTICLES AND METHODS OF FORMING SAME

TECHNICAL FIELD

The following is directed to fixed abrasive articles, and more particularly, to fixed

abrasive articles including shaped abrasive particles or elongated abrasive particles.

BACKGROUND ART

Abrasive articles incorporating abrasive particles are useful for various material

removal operations including grinding, finishing, polishing, and the like. Depending upon

the type of abrasive material, such abrasive particles can be useful in shaping or grinding

various materials in the manufacturing of goods. Certain types of abrasive particles have

been formulated to date that have particular geometries, such as triangular shaped abrasive

particles and abrasive articles incorporating such objects. See, for example, U.S. Pat. Nos.

5,201,916; 5,366,523; and 5,984,988.

Previously, three basic technologies that have been employed to produce abrasive

particles having a specified shape are fusion, sintering, and chemical ceramic. In the fusion

process, abrasive particles can be shaped by a chill roll, the face of which may or may not be

engraved, a mold into which molten material is poured, or a heat sink material immersed in

an aluminum oxide melt. See, for example, U.S. Pat. No. 3,377,660. In sintering processes,

abrasive particles can be formed from refractory powders having a particle size of up to 10

micrometers in diameter. Binders can be added to the powders along with a lubricant and a

suitable solvent to form a mixture that can be shaped into platelets or rods of various lengths

and diameters. See, for example, U.S. Pat. No. 3,079,242. Chemical ceramic technology

involves converting a colloidal dispersion or hydrosol (sometimes called a sol) to a gel or any

other physical state that restrains the mobility of the components, drying, and firing to obtain

a ceramic material. See, for example, U.S. Pat. Nos. 4,744,802 and 4,848,041.

The industry continues to demand improved abrasive materials and abrasive articles.

BRIEF DESCRIPTION OF THE DRAWINGS

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.

FIG. 1 includes a perspective view illustration of a fixed abrasive article according to

an embodiment.

FIG. 2 includes a perspective view illustration of a shaped abrasive particle according

to an embodiment.



FIG. 3A includes a perspective view illustration of a shaped abrasive particle in

accordance with an embodiment.

FIG. 3B includes a perspective view illustration of an elongated abrasive particle

according to an embodiment.

FIG. 4A includes an illustration of a shaped abrasive particle according to an

embodiment.

FIG. 4B includes an illustration of a shaped abrasive particle in accordance with an

embodiment.

FIG. 4C includes an illustration of a shaped abrasive particle in accordance with an

embodiment.

FIG. 4D includes an illustration of a shaped abrasive particle in accordance with an

embodiment.

FIG. 5A includes an illustration of a portion of a fixed abrasive article including

abrasive particles in accordance with an embodiment.

FIG. 5B includes an illustration of an abrasive particle within a fixed abrasive article

in accordance with an embodiment.

FIG. 5C includes an illustration of a plurality of abrasive particles within a fixed

abrasive article according to an embodiment.

FIG. 6 includes an illustration of a portion of a fixed abrasive article including

abrasive particles in accordance with an embodiment.

FIG. 7 includes an illustration of a portion of a fixed abrasive article including

abrasive particles in accordance with an embodiment.

FIG. 8 includes an illustration of a portion of a fixed abrasive article including

abrasive particles in accordance with an embodiment.

FIG. 9 includes a flowchart illustrating a method of forming a fixed abrasive article in

accordance with an embodiment.

FIGs. lOA-lOC include illustrations of a system for forming a fixed abrasive article in

accordance with an embodiment.

FIG. 11 includes an illustration of a system for forming a fixed abrasive article in

accordance with an embodiment.

FIG. 12A includes an illustration of a system for forming a fixed abrasive article in

accordance with an embodiment.

FIG. 12B includes an illustration of a forming structure for forming a fixed abrasive

article in accordance with an embodiment.



FIG. 13 includes an illustration of a system for forming a fixed abrasive article in

accordance with an embodiment.

FIG. 14 includes an illustration of a system for forming a fixed abrasive article in

accordance with an embodiment.

FIG. 15 includes a flowchart illustrating a method of forming a fixed abrasive article

in accordance with an embodiment.

FIG. 16 includes an illustration of a system for forming a fixed abrasive article in

accordance with an embodiment.

FIGs. 17A and 17B include illustrations of a system for forming a fixed abrasive

article in accordance with an embodiment.

FIG. 18 includes an illustration of a system for forming a fixed abrasive article in

accordance with an embodiment.

FIG. 19 includes an illustration of a system for forming a fixed abrasive article in

accordance with an embodiment.

FIG. 20 includes an illustration of a system for forming a fixed abrasive article in

accordance with an embodiment.

FIG. 21A includes an image of elongated abrasive particles in accordance with an

embodiment.

FIGS. 21B-21C include illustrations of a forming structure in accordance with an

embodiment.

FIG. 21D includes an image of a forming structure in accordance with an

embodiment.

FIGS. 22A-22B includes images of fixed abrasive articles in accordance with an

embodiment.

FIG. 22C includes a graph of orientation for the fixed abrasive articles of FIGS. 22A-

22B in accordance with an embodiment.

FIG. 23 includes a graph of cumulative Q-ratio for fixed abrasive articles in

accordance with an embodiment.

FIG. 24A includes an image of a fixed abrasive article in accordance with an

embodiment.

FIG. 24B includes an image of a forming structure in accordance with an

embodiment.

FIGS. 24C-24D include images of fixed abrasive articles in accordance with an

embodiment.



FIG. 25A provides a top-down illustration of a portion of an abrasive article in

accordance with an embodiment.

FIGS. 25B-D include illustrations of distributions in accordance with an embodiment.

FIG. 26 includes a top-down illustration of a portion of an abrasive article in

accordance with an embodiment.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT(S)

In accordance with an embodiment a fixed abrasive article is disclosed. The fixed

abrasive article may be suitable for material removal operations on a variety of workpieces

including for example metal or metal alloy materials. Moreover, in certain instances, the

fixed abrasive articles of the embodiments herein can include bonded abrasive articles, and

more particularly, thin wheels, cut-off wheels, chop saws, roll mill grinding wheels,

centerless grinding wheels, and the like. Such products may be particularly suitable for

material removal operations including for example, grinding, cutting, dicing, and the like.

FIG. 1 includes a perspective view illustration of a fixed abrasive article in

accordance with an embodiment. As illustrated, the fixed abrasive article 100 can have a

body 101 of a generally cylindrical shape including an upper surface 102, a bottom surface

104, and a side surface 103 extending between the upper surface 102 and bottom surface 104.

It will be appreciated that the fixed abrasive article of FIG. 1 is a non-limiting example, and

other shapes of the body may be utilized including, but not limited to, conical, cup-shaped,

depressed center wheels (e.g., T42), and the like. Finally, as further illustrated, the body 101

can include a central opening 185 which may be configured to accept an arbor or shaft for

mounting of the body 101 on a machine configured to rotate the body 101 and facilitate a

material removal operation.

The fixed abrasive article 100 can have a body 101 including abrasive particles,

including for example, the groups of abrasive particles 105 and 106, contained within the

volume of the body 101. The abrasive particles may be contained within the three-

dimensional volume of the body 101 by a bond material 107 that can extend throughout the

three-dimensional volume of the body 101. In accordance with an embodiment, the bond

material 107 can include materials such as vitreous, polycrystalline, monocrystalline, organic

(e.g., resin), metal, metal alloys, and a combination thereof.

In accordance with an embodiment, the abrasive particles contained within the fixed

abrasive 100 can include abrasive materials, including but not limited to oxides, carbides,

nitrides, borides, oxycarbides, oxynitrides, oxyborides, superabrasives, diamond, cubic boron

nitride, carbon-containing materials, and any combination thereof. In more particular



instances, the abrasive particles may include a monocrystalline material, a polycrystalline

material, a vitreous material, and any combination thereof. In at least one embodiment, the

abrasive particles can include a material such as alumina, zirconia, magnesia, rare-earth

oxides, and a combination thereof.

Moreover, it will be appreciated that the fixed abrasive article 100 can include a

combination of abrasive particles, including for example one or more types of abrasive

particles including for example primary and secondary types of abrasive particles. Primary

and secondary types may refer to the content of the abrasive particles within the body of the

fixed abrasive article, wherein the primary type abrasive particles are present in a higher

content than the secondary type of abrasive particles. In other instances, the distinction

between primary and secondary types of abrasive particles may be based upon the position of

the abrasive particle within the body, wherein the primary abrasive particles may be

positioned to conduct an initial stage of material removal or conduct the majority of material

removal compared to the secondary abrasive particles. In still other instances, the distinction

between primary and secondary abrasive particles may pertain to the abrasive nature (e.g.,

hardness, friability, fracture mechanics, etc.) of the abrasive particles, wherein the abrasive

nature of the primary particles is typically more robust as compared to the secondary type of

abrasive particles. Some suitable examples of abrasive particles that may be considered as a

secondary type of abrasive particle include diluent particles, agglomerated particles,

unagglomerated particles, naturally occurring materials (e.g., minerals), synthetic materials,

and a combination thereof.

In certain instances, the fixed abrasive article 100 can include a particular content of

abrasive particles within the body 101 that may facilitate suitable material removal

operations. For example, the body 101 can include a content of abrasive particles of at least

0.5 vol for a total volume of the body 101. In other instances, the content of abrasive

particles within the body 101 may be greater, such as at least 1 vol , at least 5 vol , at least

10 vol , at least 15 vol , at least 20 vol , at least 25 vol , at least 30 vol , at least 35

vol , at least 40 vol , or even at least 45 vol . Still, in another non-limiting embodiment,

the content of abrasive particles within the body 101 can be not greater than 60 vol , such as

not greater than 55 vol , not greater than 50 vol , not greater than 45 vol , not greater than

40 vol , not greater than 35 vol , not greater than 30 vol , not greater than 25 vol , not

greater than 20 vol , not greater than 15 vol , or even not greater than 10 vol . It will be

appreciated that the content of abrasive particles within the body 101 can be within a range

including any of the minimum and maximum percentages noted above, including but not



limited to, at least 0.5 vol to not greater than 50 vol , such as at least 1 vol and not

greater than 45 vol , or even within a range of at least 5 vol and not greater than 40 vol .

Furthermore, the body 101 of the fixed abrasive 100 can include a particular content

of bond material 107 that may facilitate suitable operation of the fixed abrasive article 100.

For example, the body 101 can include a content of bond material 107 of at least 0.5 vol for

a total volume of the body 101. In other embodiments, the content of bond material 107 can

be greater, such as at least 1 vol , at least 5 vol , at least 10 vol , at least 20 vol , at least

30 vol , at least 40 vol , at least 50 vol , at least 60 vol , or even at least 70 vol . Still,

in a non-limiting embodiment, the body 101 can have a content of bond material 107 of not

greater than about 90 vol , such as not greater than 80 vol , not greater than 70 vol , not

greater than 60 vol , not greater than 50 vol , not greater than 40 vol , not greater than 30

vol , not greater than 20 vol , or even not greater than 10 vol . It will be appreciated that

the content of bond material 107 within the body 101 can be within a range including any of

the minimum and maximum percentages noted above, including for example within a range

including at least 0.5 vol and not greater than 80 vol , with a range of at least 0.5 vol

and not greater than 50 vol , or even with a range of at least 1 vol to not greater than 40

vol .

In certain instances, the fixed abrasive article can have a body 101 including a content

of porosity. The porosity can extend throughout at least a portion of the entire volume of the

body 101, and in certain instances, may extend substantially uniformly throughout the entire

volume of the body 101. For example, the porosity can include closed porosity or open

porosity. The closed porosity can be in the form of discrete pores that are isolated from each

other by bond material and/or abrasive particles. Such closed porosity may be formed by use

of pore formers. In other instances, the porosity may be open porosity, defining an

interconnected network of channels extending throughout at least a portion of the three-

dimensional volume of the body 101. It will be appreciated that the body 101 may include a

combination of closed porosity and open porosity.

In accordance with an embodiment, the fixed abrasive article can have a body 101

including a particular content of porosity that can facilitate suitable material removal

operations. For example, the body 101 can have a porosity of at least 0.5 vol for a total

volume of the body 101. In other instances, the content of porosity may be greater, such as at

least 1 vol , at least 5 vol , at least 8 vol , at least 10 vol , at least 15 vol , at least 20

vol , at least 25 vol , at least 30 vol , at least 35 vol , at least 40 vol , at least 45 vol ,

at least 50 vol , at least 55 vol , at least 60 vol , or even at least 65 vol . Still, in another



non-limiting embodiment, the body 101 can include a content of porosity that is not greater

than 80 vol , such as not greater than 75 vol , not greater than 70 vol , not greater than 65

vol , not greater than 60 vol , not greater than 55 vol , not greater than 50 vol , not

greater than 45 vol , not greater than 40 vol , not greater 35 vol , not greater than 30

vol , not greater than 25 vol , not greater than 20 vol , not greater than 15 vol , not

greater than 10 vol , or even not greater than 5 vol . It will be appreciated that the body

101 can have a content of porosity within a range including any of the minimum and

maximum percentages noted above. For example, the body can have a content of porosity

within a range including at least 0.5 vol and not greater than 80 vol , such as at least 1

vol and not greater than 70 vol , or even at least 5 vol and not greater than 50 vol .

In accordance with another embodiment, it will be appreciated that the fixed abrasive

article 100 can include a body 101 including certain additives that may facilitate certain

grinding operations. For example, the body 101 can include additives such as fillers,

grinding aids, pore inducers, hollow materials, catalysts, coupling agents, curants, antistatic

agents, suspending agents, anti-loading agents, lubricants, wetting agents, dyes, fillers,

viscosity modifiers, dispersants, defoamers, and a combination thereof.

As further illustrated in FIG. 1, the body 101 can have a diameter 183, which may be

varied according to the desired material removal operation. The diameter can refer to the

maximum diameter of the body, particularly in those cases where the body 101 has a conical

or cup-shaped contour. In accordance with an embodiment, the body 101 can have a

diameter 183 of at least 20 mm, such as at least 50 mm, at least 80 mm, at least 100 mm, at

least 120 mm, at least 150 mm, at least 200 mm, at least 400 mm, at least 800 mm, at least

100 cm, at least 200 cm, at least 400 cm, or even at least 800 cm. In another embodiment, the

diameter 183 of the body can be not greater than 4 m, such as not greater than 2 m. It will be

appreciated the body 101 can have a diameter 183 within a range including any of the

minimum and maximum values noted above.

Moreover, the body can have a particular thickness as defined by the axis 181

extending along the side surface 103 between the upper surface 102 and the bottom surface

104 along the axial axis 180. The body 101 can have a thickness 181, which may be an

average thickness of the body 101, which can be not greater than 1 m, such as not greater

than 500 cm, not greater than 200 cm, not greater than 100 cm, not greater than 800 mm, not

greater than 500 mm, not greater than 200 mm, not greater than 100 mm, not greater than 80

mm, not greater than 50 mm, not greater than 30 mm, or even not greater than 10 mm. It will

be appreciated that the body may have a thickness 181, including an average thickness, of at



least 1 mm, at least 2 mm, at least 4 mm, at least 8 mm, or even at least 10 mm. It will be

appreciated the body 101 can have a thickness 181 within a range including any of the

minimum and maximum values noted above.

In accordance with an embodiment, the body 101 may have a particular relationship

between the diameter 183 and thickness 181, defining a ratio of diametenthickness that may

be suitable for certain material removal operations. For example, the body 101 can have a

ratio of diametenthickness of at least 10:1, such as at least 15:1, at least 20:1, at least 50:1, or

even at least 100: 1. It will be appreciated that the body may have a ratio of

diametenthickness of not greater than 10,000:1 or not greater than 1000:1.

In certain instances the abrasive particles may have a certain average particle size

relative to one or more dimensions of the body 101 of the fixed abrasive article, including but

not limited to the thickness 181 of the body 101. For example, the average particle size

(D50), which may be measured by the longest dimension of the particles, can be less than the

thickness 181 of the body 101. In particular instances, the abrasive particles can have an

average particle size that is not greater than 95% of the average thickness of the body, such as

not greater than 90%, not greater than 80%, not greater than 70%, not greater than 60%, not

greater than 50%, not greater than 40%, not greater than 30%, not greater than 20%, not

greater than 10%, not greater than 9%, not greater than 8%, not greater than 7%, not greater

than 6%, not greater than 5%, not greater than 4%, not greater than 3%, not greater than 2%,

or even not greater than 1% of the average thickness 181 of the body 101. Still, in another

non-limiting embodiment, the abrasive particles can have an average particle size that is at

least 0.001% of the average thickness of the body 101, such as at least 0.01%, at least 0.1%,

at least 1%, at least 2%, at least 3%, at least 4%, at least 5%, at least 6%, at least 7%, at least

8%, at least 9%, at least 10%, at least 11%, at least 12%, at least 15%, at least 20%, or even at

least 30% of the average thickness of the body 101. It will be appreciated that the abrasive

particles can have a relative average particle size based on the average thickness of the body

within a range including any of the minimum and maximum percentages noted above,

including for example, within a range including at least 0.001% and not greater than 95%,

within a range including at least 0.01% and not greater than 50%, or even within a range

including at least 0.1% and not greater than 20%.

In accordance with an embodiment herein, the fixed abrasive article 100 can be a

bonded abrasive article including abrasive particles contained within the three-dimensional

volume of the bond material 107, which can be distinct from certain other fixed abrasive

articles including, for example, coated abrasive articles, which generally include a single



layer of abrasive particles contained within a binder, such as a make coat and/or size coat.

Furthermore, coated abrasive articles generally include a backing as a support for the layer of

abrasive particles and binder. By contrast, bonded abrasive articles are generally self-

supporting articles including a three-dimensional volume of abrasive particles, bond material,

and optionally some porosity. Bonded abrasive articles may not necessarily include a

substrate, and can be essentially free of a substrate.

The fixed abrasive article 100 may include at least one reinforcing member 141. In

particular instances, the reinforcing material 141 can extend for a majority of the entire width

(e.g., the diameter 183) of the body 101. However, in other instances, the reinforcing

member 141 may extend for only a fraction of the entire width (e.g., diameter 183) of the

body 101. In certain instances, the reinforcing member 141 may be included to add suitable

stability to the body for certain material removal operations. In accordance with an

embodiment, the reinforcing member 141 can include a material such as a woven material, a

nonwoven material, a composite material, a laminated material, a monolithic material, a

natural material, a synthetic material, and a combination thereof. More particularly, in

certain instances, the reinforcing material 141 can include a material such as a

monocrystalline material, a polycrystalline material, a vitreous material, an amorphous

material, a glass (e.g., a glass fiber), a ceramic, a metal, an organic material, an inorganic

material, and a combination thereof. In particular instances, the reinforcing material 141 may

include fiberglass, and may be formed essentially from fiberglass.

In particular instances, the reinforcing material 141 can be substantially contained

within the three-dimensional volume of the body 101, more particularly, within the three-

dimensional volume of the bond material 107. In certain instances, the reinforcing material

141 may intersect an exterior surface of the body 101, including, but not limited to, the upper

surface 102, side surface 103, and/or bottom surface 104. For example, the reinforcing

material 141 can intersect the upper surface 102 or bottom surface 104. In at least one

embodiment, the reinforcing material 141 may define the upper surface 101 or bottom surface

104 of the body 101, such that the bond material 107 is disposed between one or more

reinforcing materials. It will be appreciated that while a single reinforcing member 141 is

illustrated in the embodiment of FIG 1, a plurality of reinforcing members may be provided

within the body 101 in a variety of arrangements and orientations suitable for the intended

material removal application.

As further illustrated, the body 101 can include certain axes and planes defining the

three-dimensional volume of the body 101. For example, the body 101 of the fixed abrasive



100 can include an axial axis 180. As further illustrated along the axial axis 180, the body

101 can include a first axial plane 131 extending along the axial axis 180 and through a

particular diameter of the body 101 at a particular angular orientation, as designated herein as

0°. As further illustrated, the body 101 can include a second axial plane 132 distinct from the

first axial plane 131. The second axial plane 132 can extend along the axial axis 180 and

through a diameter of the body 101 at an angular position, as designated by example herein as

30°. The first and second axial planes 131 and 132 of the body 101 may define particular

axial collections of abrasive particles within the body 101, including for example the axial

collection of abrasive particles 191 associated with the axial plane 131 and the axial

collection of abrasive particles 192 associated with the axial plane 132. Furthermore, the

axial planes of the body 101 may define sectors there between, including for example, sector

184 defined as the region between the axial planes 131 and 132 within the body 101. The

sector can include a particular group of abrasive particles that may facilitate improved

material removal operations. Reference herein to features of portions of abrasive particles

within the body, including abrasive particles within axial planes, will also be relevant to

groups of abrasive particles contained within one or more sectors of the body.

As further illustrated, the body 101 can include a first radial plane 121 extending

along a plane that is substantially parallel to the upper surface 102 and/or bottom surface 104

at a particular axial location along the axial axis 180. The body can further include a second

radial plane 122, which can extend in a substantially parallel manner to the upper surface 102

and/or bottom surface 104 at a particular axial location along the axial axis 180. The first

radial plane 121 and second radial plane 122 can be separated from each other within the

body 101, and more particularly, the first radial plane 121 and second radial plane 122 can be

axially separated from each other. As further illustrated, in certain instances, one or more

reinforcing members 141 may be disposed between the first and second radial planes 121 and

122. As will be described in more detail herein, the first and second radial planes 121 and

122 may include one or more particular groups of abrasive particles, including for example,

the group of abrasive particles 106 of the first radial plane 121 and the group of abrasive

particles 105 of the second radial plane 122, which may have certain features relative to each

other that may facilitate improved grinding performance.

The abrasive particles of the embodiments herein can include particular types of

abrasive particles. For example, the abrasive particles may include shaped abrasive particles

and/or elongated abrasive particles, wherein the elongated abrasive particles may include an

aspect ratio of length:width or length:height of at least 1.1:1. Various methods may be



utilized to obtain shaped abrasive particles. The particles may be obtained from a

commercial source or fabricated. Some suitable processes used to fabricate the shaped

abrasive particles can include, but is not limited to, depositing, printing (e.g., screen-

printing), molding, pressing, casting, sectioning, cutting, dicing, punching, pressing, drying,

curing, coating, extruding, rolling, and a combination thereof. Similar processes may be

utilized to obtain elongated abrasive particles. Elongated un-shaped abrasive particles may

be formed through crushing and sieving techniques.

FIG. 2 includes a perspective view illustration of a shaped abrasive particle in

accordance with an embodiment. The shaped abrasive particle 200 can include a body 201

including a major surface 202, a major surface 203, and a side surface 204 extending between

the major surfaces 202 and 203. As illustrated in FIG. 2, the body 201 of the shaped abrasive

particle 200 is a thin-shaped body, wherein the major surfaces 202 and 203 are larger than the

side surface 204. Moreover, the body 201 can include a longitudinal axis 210 extending from

a point or corner of the shaped abrasive particle 200 to a base (e.g., an edge of the shaped

abrasive particle 200 opposite the point or corner) and through the midpoint 250 on the major

surface 202. The longitudinal axis 210 can define the longest dimension of a major surface

while also extending through the midpoint 250 of the major surface. The body 201 can

further include a lateral axis 211 defining a width of the body 201 extending generally

perpendicular to the longitudinal axis 210 on the same major surface 202. Finally, as

illustrated, the body 201 can include a vertical axis 212, which in the context of thin shaped

bodies can define a height (or thickness) of the body 201. For thin-shaped bodies, the length

of the longitudinal axis 210 is equal to or greater than the vertical axis 212. As illustrated, the

thickness 212 can extend along the side surface 204 between the major surfaces 202 and 203

and perpendicular to the plane defined by the longitudinal axis 210 and lateral axis 211. It

will be appreciated that reference herein to length, width, and height of the abrasive particles

may be referenced to average values taken from a suitable sampling size of abrasive particles

of a batch.

The shaped abrasive particles can include any of the features of the abrasive particles

of the embodiments herein. For example, the shaped abrasive particles can include a

crystalline material, and more particularly, a polycrystalline material. Notably, the

polycrystalline material can include abrasive grains. In one embodiment, the body of the

abrasive particle, including for example, the body of a shaped abrasive particle can be

essentially free of an organic material, including for example, a binder. In at least one

embodiment, the abrasive particles can consist essentially of a polycrystalline material.



Some suitable materials for use as abrasive particles can include nitrides, oxides,

carbides, borides, oxynitrides, oxyborides, diamond, carbon-containing materials, and a

combination thereof. In particular instances, the abrasive particles can include an oxide

compound or complex, such as aluminum oxide, zirconium oxide, titanium oxide, yttrium

oxide, chromium oxide, strontium oxide, silicon oxide, magnesium oxide, rare-earth oxides,

and a combination thereof. In one particular embodiment, the abrasive particles can include

at least 95 wt alumina for the total weight of the body. In at least one embodiment, the

abrasive particles can consist essentially of alumina. Still, in certain instances, the abrasive

particles can include not greater than 99.5 wt alumina for the total weight of the body.

Moreover, in particular instances, the shaped abrasive particles can be formed from a seeded

sol-gel. In at least one embodiment, the abrasive particles of the embodiments herein may be

essentially free of iron, rare-earth oxides, and a combination thereof.

The abrasive grains (i.e., crystallites) contained within the body of the abrasive

particles 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, not greater than about 1 micron,

not greater than about 0.9 microns, not greater than about 0.8 microns, not greater than about

0.7 microns, or even not greater than about 0.6 microns. Still, the average grain size of the

abrasive grains contained within the body of the abrasive particles can be at least about 0.01

microns, such as at least about 0.05 microns, at least about 0.06 microns, at least about 0.07

microns, at least about 0.08 microns, at least about 0.09 microns, at least about 0.1 microns,

at least about 0.12 microns, at least about 0.15 microns, at least about 0.17 microns, at least

about 0.2 microns, or even at least about 0.5 microns. It will be appreciated that the abrasive

grains can have an average grain size within a range between any of the minimum and

maximum values noted above.

In accordance with certain embodiments, certain abrasive particles can be composite

articles including at least two different types of grains within the body of the abrasive

particle. It will be appreciated that different types of grains are grains having different

compositions, different crystallite sizes, and/or different grit sizes with regard to each other.

For example, the body of the abrasive particle can be formed such that is includes at least two

different types of grains, wherein the two different types of grains can be nitrides, oxides,

carbides, borides, oxynitrides, oxyborides, diamond, and a combination thereof.



In accordance with an embodiment, the abrasive particles can have an average particle

size, as measured by the largest dimension (i.e., length) of at least about 100 microns. In fact,

the abrasive particles can have an average particle size of at least about 150 microns, such as

at least about 200 microns, at least about 300 microns, at least about 400 microns, at least

about 500 microns, at least about 600 microns, at least about 700 microns, at least about 800

microns, or even at least about 900 microns. Still, the abrasive particles of the embodiments

herein can have an average particle size that is not greater than about 5 mm, such as not

greater than about 3 mm, not greater than about 2 mm, or even not greater than about 1.5 mm.

It will be appreciated that the abrasive particles can have an average particle size within a

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

FIG. 2 includes an illustration of a shaped abrasive particle having a two-dimensional

shape as defined by the planes of the major surfaces 202 or 203, each of which has a

generally triangular two-dimensional shape. It will be appreciated that the shaped abrasive

particles of the embodiments herein are not so limited and can include other two-dimensional

shapes. For example, the shaped abrasive particles of the embodiment herein can include

particles having a body with a two-dimensional shape as defined by a major surface of the

body from the group of shapes including polygons, irregular polygons, irregular polygons

including arcuate or curved sides or portions of sides, ellipsoids, numerals, Greek alphabet

characters, Latin alphabet characters, Russian alphabet characters, Kanji characters, complex

shapes having a combination of polygons shapes, star shapes, and a combination thereof.

FIG. 3A includes a perspective view illustration of a shaped abrasive particle

according to an embodiment. Notably, the shaped abrasive particle 300 can include a body

301 including a surface 302 and a surface 303, which may be referred to as end surfaces 302

and 303. The body can further include surfaces 304, 305, 306, 307 extending between and

coupled to the end surfaces 302 and 303. The shaped abrasive particle of FIG. 3A is an

elongated shaped abrasive particle having a longitudinal axis 310 that extends along the

surface 305 and through the midpoint 340 between the end surfaces 302 and 303. It will be

appreciated that the surface 305 is selected for illustrating the longitudinal axis 310, because

the body 301 has a generally square cross-sectional contour as defined by the end surfaces

302 and 303. As such, the surfaces 304, 305, 306, and 307 have approximately the same size

relative to each other. However, in the context of other elongated abrasive particles wherein

the surfaces 302 and 303 define a different shape, for example a rectangular shape, wherein

one of the surfaces 304, 305, 306, and 307 may be larger relative to the others, the largest of

those surfaces defines the major surface and, therefore, the longitudinal axis would extend



along the largest of those surfaces. As further illustrated, the body 301 can include a lateral

axis 311 extending perpendicular to the longitudinal axis 310 within the same plane defined

by the surface 305. As further illustrated, the body 301 can further include a vertical axis 312

defining a height of the abrasive particle, wherein the vertical axis 312 extends in a direction

perpendicular to the plane defined by the longitudinal axis 310 and lateral axis 311 of the

surface 305.

It will be appreciated that, like the thin shaped abrasive particle of FIG. 2, the

elongated shaped abrasive particle of FIG. 3A can have various two-dimensional shapes such

as those defined with respect to the shaped abrasive particle of FIG. 2 . The two-dimensional

shape of the body 301 can be defined by the shape of the perimeter of the end surfaces 302

and 303. The elongated shaped abrasive particle 300 can have any of the attributes of the

shaped abrasive particles of the embodiments herein.

FIG. 3B includes an illustration of an elongated particle, which is not a shaped

abrasive particle. Shaped abrasive particles may be formed through particular processes,

including molding, printing, casting, extrusion, and the like. Shaped abrasive particles are

formed such that each particle has substantially the same arrangement of surfaces and edges

relative to each other. For example, a group of shaped abrasive particles generally have the

same arrangement and orientation and or two-dimensional shape of the surfaces and edges

relative to each other. As such, the shaped abrasive particles have a high shape fidelity and

consistency in the arrangement and orientation of the surfaces and edges relative to each

other. By contrast, non-shaped abrasive particles can be formed through different processes

and have different shape attributes. For example, crushed grains are typically formed by a

comminution process wherein a mass of material is formed and then crushed and sieved to

obtain abrasive particles of a certain size. However, a non-shaped abrasive particle will have

a generally random arrangement of the surfaces and edges, and generally will lack any

recognizable two-dimensional or three-dimensional shape in the arrangement of the surfaces

and edges. Moreover, the non-shaped abrasive particles do not necessarily have a consistent

shape with respect to each other and therefore have a significantly lower shape fidelity

compared to shaped abrasive particles. The non-shaped abrasive particles generally are

defined by a random arrangement of surfaces and edges with respect to each other.

As further illustrated in FIG. 3B, the elongated abrasive article can be a non-shaped

abrasive particle having a body 351 and a longitudinal axis 352 defining the longest

dimension of the particle, a lateral axis 353 extending perpendicular to the longitudinal axis

352 and defining a width of the particle. Furthermore, the elongated abrasive particle may



have a height (or thickness) as defined by the vertical axis 354 which can extend generally

perpendicular to a plane defined by the combination of the longitudinal axis 352 and lateral

axis 353. As further illustrated, the body 351 of the elongated, non-shaped abrasive particle

can have a generally random arrangement of edges 355 extending along the exterior surface

of the body 351.

As will be appreciated, the elongated abrasive particle can have a length defined by

longitudinal axis 352, a width defined by the lateral axis 353, and a vertical axis 354 defining

a height. As will be appreciated, the body 351 can have a primary aspect ratio of

length:width such that the length is greater than the width. Furthermore, the length of the

body 351 can be greater than or equal to the height. Finally, the width of the body 351 can be

greater than or equal to the height 354. In accordance with an embodiment, the primary

aspect ratio of length: width can be at least 1.1:1, at least 1.2:1, at least 1.5:1, at least 1.8:1, at

least 2:1, at least 3:1, at least 4:1, at least 5:1, at least 6:1, or even at least 10:1. In another

non-limiting embodiment, the body 351 of the elongated abrasive particle can have a primary

aspect ratio of length:width of not greater than 100: 1, not greater than 50: 1, not greater than

10:1, not greater than 6:1, not greater than 5:1, not greater than 4:1, not greater than 3:1, or

even not greater than 2:1. It will be appreciated that the primary aspect ratio of the body 351

can be with a range including any of the minimum and maximum ratios noted above.

Furthermore, the body 351 of the elongated abrasive particle 350 can include a

secondary aspect ratio of width:height that can be at least 1.1:1, such as at least 1.2:1, at least

1.5:1, at least 1.8:1, at least 2:1, at least 3:1, at least 4:1, at least 5:1, at least 8:1, or even at

least 10:1. Still, in another non-limiting embodiment, the secondary aspect ratio width:height

of the body 351 can be not greater than 100:1, such as not greater than 50:1, not greater than

10:1, not greater than 8:1, not greater than 6:1, not greater than 5:1, not greater than 4:1, not

greater than 3:1, or even not greater than 2:1. It will be appreciated the secondary aspect

ratio of width:height can be with a range including any of the minimum and maximum ratios

of above.

In another embodiment, the body 351 of the elongated abrasive particle 350 can have

a tertiary aspect ratio of length:height that can be at least 1.1:1, such as at least 1.2: 1, at least

1.5:1, at least 1.8:1, at least 2:1, at least 3:1, at least 4:1, at least 5:1, at least 8:1, or even at

least 10:1. Still, in another non-limiting embodiment, the tertiary aspect ratio length:height of

the body 351 can be not greater than 100:1, such as not greater than 50:1, not greater than

10:1, not greater than 8:1, not greater than 6:1, not greater than 5:1, not greater than 4:1, or



even not greater than 3:1. It will be appreciated that the tertiary aspect ratio of the body 351

can be within a range including any of the minimum and maximum ratios and above.

The elongated abrasive particle 350 can have certain attributes of the other abrasive

particles described in the embodiments herein including, but not limited to, composition,

microstructural features (e.g., average grain size), hardness, porosity, and the like.

FIG. 4A includes a top view illustration of a shaped abrasive particle according to an

embodiment. In particular, the shaped abrasive particle 400 can include a body 401 having

the features of other shaped abrasive particles of embodiments herein, including an upper

major surface 403 and a bottom major surface (not shown) opposite the upper major surface

403. The upper major surface 403 and the bottom major surface can be separated from each

other by at least one side surface 405, which may include one or more discrete side surface

portions, including for example, a first portion 406 of the side surface 405, a second portion

407 of the side surface 405, and a third portion 408 of the side surface 405. In particular, the

first portion 406 of the side surface 405 can extend between a first corner 409 and a second

corner 410. The second portion 407 of the side surface 405 can extend between the second

corner 410 and a third corner 411. Notably, the second corner 410 can be an external corner

joining two portions of the side surface 405. The second corner 410 and a third corner 4 11,

which is also an external corner, are adjacent to each other and have no other external corners

disposed between them. Also, the third portion 408 of the side surface 405 can extend

between the third corner 411 and the first corner 409, both of which are external corners that

are adjacent to each other and have no other external corners disposed between them.

As illustrated, the body 401 can include a first portion 406 including a first curved

section 442 disposed between a first linear section 441 and a second linear section 443 and

between the external corners 409 and 410. The second portion 407 is separated from the first

portion 406 of the side surface 405 by the external corner 410. The second portion 407 of the

side surface 405 can include a second curved section 452 joining a third linear section 451

and a fourth linear section 453. Furthermore, the body 401 can include a third portion 408

separated from the first portion 406 of the side surface 405 by the external corner 409 and

separated from the second portion 407 by the external corner 411. The third portion 408 of

the side surface 405 can include a third curved section 462 joining a fifth linear section 461

and a sixth linear section 463.

FIG. 4B includes a top view of a shaped abrasive particle 430 according to an

embodiment. The tip sharpness of a shaped abrasive particle, which may be an average tip

sharpness, may be measured by determining the radius of a best fit circle on an external



corner 43 1 of the body 432. For example, a top view of the upper major surface 433 of the

body 432 is provided. At an external corner 43 1, a best fit circle is overlaid on the image of

the body 432 of the shaped abrasive particle 430, and the radius of the best fit circle relative

to the curvature of the external corner 43 1 defines the value of tip sharpness for the external

corner 43 1. The measurement may be recreated for each external corner of the body 432 to

determine the average individual tip sharpness for a single shaped abrasive particle 430.

Moreover, the measurement may be recreated on a suitable sample size of shaped abrasive

particles of a batch of shaped abrasive particles to derive the average batch tip sharpness.

Any suitable computer program, such as ImageJ may be used in conjunction with an image

(e.g., SEM image or light microscope image) of suitable magnification to accurately measure

the best fit circle and the tip sharpness.

The shaped abrasive particles of the embodiments herein may have a particular tip

sharpness that may facilitate suitable performance in the fixed abrasive articles of the

embodiments herein. For example, the body of a shaped abrasive particle can have a tip

sharpness of not greater than 80 microns, such as not greater than 70 microns, not greater

than 60 microns, not greater than 50 microns, not greater than 40 microns, not greater than 30

microns, not greater than 20 microns, or even not greater than 10 microns. In yet another

non-limiting embodiment, the tip sharpness can be at least 2 microns, such as at least 4

microns, at least 10 microns, at least 20 microns, at least 30 microns, at least 40 microns, at

least 50 microns, at least 60 microns, or even at least 70 microns. It will be appreciated that

the body can have a tip sharpness within a range between any of the minimum and maximum

values noted above.

Another grain feature of shaped abrasive particles is the Shape Index. The Shape

Index of a body of a shaped abrasive particle can be described as a value of an outer radius of

a best-fit outer circle superimposed on the body, as viewed in two dimensions of a plane of

length and width of the body (e.g., the upper major surface or the bottom major surface),

compared to an inner radius of the largest best-fit inner circle that fits entirely within the

body, as viewed in the same plane of length and width. For example, turning to FIG. 4C, a

shaped abrasive particle is provided with two circles superimposed on the illustration to

demonstrate the calculation of Shape Index. A first circle is superimposed on the body 470

of the shaped abrasive particle, which is a best-fit outer circle representing the smallest circle

that can be used to fit the entire perimeter of the body 470 within its boundaries. The outer

circle has a radius (Ro). For shapes such as that illustrated in FIG. 4C, the outer circle may

intersect the perimeter of the body at each of the three external corners. However, it will be



appreciated that for certain irregular or complex shapes, the body may not fit uniformly

within the circle such that each of the corners intersect the circle at equal intervals, but a best-

fit, outer circle still may be formed. Any suitable computer program, such as ImageJ, may be

used in conjunction with an image of suitable magnification (e.g., SEM image or light

microscope image) to create the outer circle and measure the radius (Ro).

A second, inner circle can be superimposed on the body 470, as illustrated in FIG. 4C,

which is a best fit circle representing the largest circle that can be placed entirely within the

perimeter of the body 470 as viewed in the plane of the length and width of the body 470.

The inner circle can have a radius (Ri). It will be appreciated that for certain irregular or

complex shapes, the inner circle may not fit uniformly within the body such that the

perimeter of the circle contacts portions of the body at equal intervals, such as shown for the

shape of FIG. 4C. However, a best-fit, inner circle still may be formed. Any suitable

computer program, such as ImageJ, may be used in conjunction with an image of suitable

magnification (e.g., SEM image or light microscope image) to create the inner circle and

measure the radius (Ri).

The Shape Index can be calculated by dividing the outer radius by the inner radius

(i.e., Shape Index = Ri/Ro). For example, the body 470 of the shaped abrasive particle has a

Shape Index of approximately 0.35. Moreover, an equilateral triangle generally has a Shape

Index of approximately 0.5, while other polygons, such as a hexagon or pentagon, have

Shape Index values greater than 0.5. In accordance with an embodiment, the shaped abrasive

particles herein can have a Shape Index of at least 0.02, such as at least 0.05, at least 0.10, at

least 0.15, at least 0.20, at least 0.25, at least 0.30, at least 0.35, at least 0.40, at least 0.45, at

least about 0.5, at least about 0.55, at least 0.60, at least 0.65, at least 0.70, at least 0.75, at

least 0.80, at least 0.85, at least 0.90, or at least 0.95. Still, in another non-limiting

embodiment, the shaped abrasive particle can have a Shape Index of not greater than 1, such

as not greater than 0.98, not greater than 0.95, not greater than 0.90, not greater than 0.85, not

greater than 0.80, not greater than 0.75, not greater than 0.70, not greater than 0.65, not

greater than 0.60, not greater than 0.55, not greater than 0.50, not greater than 0.45, not

greater than 0.40, not greater than 0.35, not greater than 0.30, not greater than 0.25, not

greater than 0.20, not greater than 0.15, not greater than 0.10, not greater than 0.05, or not

greater than 0.02. It will be appreciated that the shaped abrasive particles can have a Shape

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

FIG. 4D includes a top view of a shaped abrasive particle according to another

embodiment. The shaped abrasive particle 480 can have a body 481 having the features of



other shaped abrasive particles of embodiments herein, including an upper major surface 483

and a bottom major surface (not shown) opposite the upper major surface 483. The upper

major surface 483 and the bottom major surface can be separated from each other by at least

one side surface 484, which may include one or more discrete side surface sections.

According to one embodiment, the body 481 can be defined as an irregular hexagon, wherein

the body has a hexagonal (i.e., six-sided) two dimensional shape as viewed in the plane of a

length and a width of the body 481, and wherein at least two of the sides, such as sides 485

and 486, have a different length with respect to each other. Notably, the length of the sides is

understood herein to refer to the width of the body 481 and the length of the body is the

greatest dimension extending through the midpoint of the body 481. Moreover, as illustrated,

none of the sides are parallel to each other. And furthermore, while not illustrated, any of the

sides may have a curvature to them, including a concave curvature wherein the sides may

curve inwards toward the interior of the body 481.

In accordance with an embodiment, the abrasive particles, which can include shaped

abrasive particles and/or elongated abrasive particles, can be placed within the body 101 of

the fixed abrasive article 100 depicted in FIG. 1 such that the abrasive particles have a

predetermined position and/or predetermined three-axis orientation. FIG. 5A includes a top-

down illustration of a first group of abrasive particles 545 within a radial plane of the body

101 (as depicted in FIG. 1). As illustrated, the first group 545 can include a plurality of

abrasive particles, including abrasive particles 502, 503, 504, 505, and 506 (502-506). The

first group 545 may further include abrasive particles 522, 523, 524, 525, 526 (522-526).

Unlike conventional fixed abrasive articles, including conventional bonded abrasive articles,

where the abrasive particles are randomly positioned and randomly oriented within the

volume of the body, the fixed abrasive articles of the embodiments herein include abrasive

particles in a predetermined position within the three-dimensional volume of the body 101.

Furthermore, the abrasive particles of the embodiments herein can be placed within the three-

dimensional volume of the body with a predetermined three-axis orientation. The provision

of the abrasive particles in a predetermined position and/or predetermined three-axis

orientation may facilitate improved material removal performance of the fixed abrasive

article compared to conventional fixed abrasive articles having abrasive particles randomly

positioned and oriented within the body.

The first group of abrasive particles 545 within a radial plane (e.g., the radial plane

122 depicted in FIG. 1) can each have a predetermined three-axis orientation, including a

predetermined rotational orientation, relative to the side surface 103 of the body 101. For



example, the shaped abrasive particle 502 can have a longitudinal axis 511. The longitudinal

axis 511 extends from a point or corner of the shaped abrasive particle 502 through the

midpoint of a major surface of the shaped abrasive particle 502. In an embodiment and as

shown in FIG. 5A, the longitudinal axis 511 can be substantially aligned with a radial axis

512 of the body 101. The radial axis 512 is a radius of the body 101 within the radial plane

122 that also extends through the midpoint of the major surface of the particle defining the

longitudinal axis 5 11 of the particle. Furthermore, the radial axis 512 is substantially

perpendicular to the side surface 103 to which the abrasive particle is most closely

positioned. A predetermined rotational orientation angle is the angle between the

longitudinal axis 5 11 of the shaped abrasive particle (or elongated particle) and the radial axis

512 in a plane defined by a length and a width of the shaped abrasive particle 502. More

specifically, the predetermined rotational orientation angle is measured at the point along the

longitudinal axis 511 closest to the side surface 103. Therefore, the predetermined rotational

orientation angle of the shaped abrasive particle 502 relative to the side surface 103 in FIG.

5A is substantially 0°. In accordance with an embodiment, at least a portion of the abrasive

particles within the fixed abrasive article 100 can have a predetermined rotational orientation

angle that is less than 90°. For example, the average predetermined rotational orientation

angle for a portion of the abrasive particles can be not greater than 90°, such as not greater

than 80°, not greater than 70°, not greater than 60°, not greater than 50°, not greater than 40°,

not greater than 30°, not greater than 20°, not greater than 10°, or not greater than 5°. Still, in

another non-limiting embodiment, the average predetermined rotational orientation angle for

a portion of the abrasive particles within the body 101 can be at least 0.1°, such as at least 1°,

at least 3°, at least 5°, at least 10°, at least 20°, at least 30°, at least 40°, or even at least 50°.

It will be appreciated that the average predetermined rotational orientation angle may be

controlled to facilitate improved grinding performance of the fixed abrasive article.

Furthermore, the average predetermined rotational orientation angle for a portion of the

abrasive particles in the body 101 can be within a range including any of the minimum and

maximum angles noted above.

For any of the embodiments herein, reference to a portion of the abrasive particles

having a predetermined rotational orientation angle can include at least a content of abrasive

particles, particularly shaped abrasive particles and/or elongated abrasive particles, which can

be distinct from conventional articles having a random orientation of the abrasive particles.

For example, a portion of abrasive particles in the body can include at least 10%, such as at

least 20%, at least 30%, at least 40%, at least 50%, at least 60%, at least 70%, at least 80%, or



even at least 90% of the total abrasive particles within the body 101. In accordance with a

particular embodiment, essentially all of the abrasive particles, including only the shaped

abrasive particles and/or elongated abrasive particles, can have a predetermined rotational

orientation angle within a range including any of the minimum and maximum values noted

above. Moreover, as will be understood in light of the entire disclosure and embodiments

herein, a portion of abrasive particles within the body 101 can include a group of abrasive

particles (e.g., a first group of abrasive particles in a radial plane or in a sector), a radial set of

abrasive particles, an axial collection of abrasive particles, and a combination thereof.

Furthermore, at least a portion of the abrasive particles, including the shaped abrasive

particles and/or elongated abrasive particles within the body 101, may have a standard

deviation of predetermined rotational orientation angle. A low standard deviation indicates a

high degree of control of the predetermined rotational orientation angle for that portion of the

abrasive particles having the predetermined rotational orientation angle within the body 101.

For example, in accordance with an embodiment, the portion of abrasive particles within the

body 101 having a predetermined rotational orientation angle can have a standard deviation

of that predetermined rotational orientation angle of not greater than 20 degrees, not greater

than 18 degrees, not greater than 16 degrees, not greater than 14 degrees, not greater than 12

degrees, not greater than 10 degrees, not greater than 9 degrees, not greater than 8 degrees,

not greater than 7 degrees, or even not greater than 6 degrees. Still, in at least one non-

limiting embodiment, the portion of the abrasive particles in the body having a predetermined

rotational orientation angle can have a standard deviation of that predetermined rotational

orientation angle of at least 0.01 degrees, such as at least 0.1 degrees, or even at least 1

degree. It will be appreciated that the standard deviation of the predetermined rotational

orientation angle can be within a range including any of the minimum maximum values noted

above. Reference herein to a portion of the abrasive particles within the body 101 having a

standard deviation predetermined rotation orientation angle can be reference to a portion as

described herein.

Referring briefly to FIG. 5B, an illustration of a shaped abrasive particle contained in

a body of a fixed abrasive in a predetermined three-axis orientation is provided. Reference to

a predetermined three-axis orientation includes the control of the three axes defining the

shaped abrasive particle 502 (including the longitudinal axis 585 extending through a

midpoint 584 of a first major surface 581, the lateral axis 586, and the vertical axis 587)

within the body 101 and, more particularly, relative to a side surface 103 of the body 101. In

particular, the shaped abrasive particle 502 can be lying flat within the body relative to a



major surface of the body 101. That is, the shaped abrasive particle 502 can have the first

major surface 581, a second major surface 582, and a side surface 583 extending between the

first and second major surfaces 581 and 582. The longitudinal axis 585, extending between a

tip or corner of the shaped abrasive particle 502 and a base or edge opposite that tip/corner

and also extending through the midpoint 584, can extend substantially parallel to a major

surface of the body 101, such as the upper surface 102 and/or bottom surface 104. Moreover,

the longitudinal axis 585 can extend substantially perpendicular to the side surface 103 of the

body 101 such that, at the point where the radial axis 512 intersects the side surface 103, the

angle formed by the longitudinal axis 585 and the side surface 103 is substantially orthogonal

when viewed top-down in the plane of a major surface of the body 101. This may be

particularly advantageous for fixed abrasive articles where the side surface 103 is configured

to conduct the primary material removal operations. As such, it may be particularly suitable

for the shaped abrasive particles and/or elongated abrasive particles to have a three-axis

orientation, including a predetermined rotational orientation, relative to the side surface 103

of the body 101.

As further illustrated in FIG. 5B, the lateral axis 586 defining a width of the shaped

abrasive particle 502 also can extend substantially parallel to a major surface of the body 101,

such as the upper surface 102 and/or bottom surface 104. Moreover, in some embodiments,

the lateral axis 586 can extend substantially parallel to a tangent 588 of the side surface 103

of the body 101 at the point where the radial axis 512 intersects the side surface 103.

As further illustrated in FIG. 5B, the vertical axis 587 defining a height of the shaped

abrasive particle 502 can extend substantially perpendicular to a major surface of the body

101, such as the upper surface 102 and/or bottom surface 104. Moreover, in some

embodiments, the vertical axis 587 can extend substantially parallel to a tangent 589 of the

side surface 103 of the body 101 at the point where the radial axis 512 intersects the side

surface 103.

Referring again to FIG. 5A, the first group of abrasive particles 545 can include a first

portion of abrasive particles having substantially the same predetermined three-axis

orientation relative to the side surface 103 of the body 101. For example, the abrasive

particles 502-506, which are shaped abrasive particles whose major surfaces have a triangular

two-dimensional shape, can have substantially the same three-axis orientation relative to the

side surface 103. More particularly, the abrasive particles 502-506 can have substantially the

same predetermined rotational orientation angle relative to the side surface 103. As

illustrated in the embodiment of FIG. 5A, the abrasive particle 502 has a longitudinal axis



511 that is substantially aligned with the radial axis 512, thereby defining a predetermined

rotational orientation angle of approximately 0° at the point where the longitudinal axis 511

is closest to the side surface 103. Likewise, the abrasive particle 503 includes a longitudinal

axis 513 that is substantially aligned with the radial axis 514. Therefore, the abrasive particle

503 also has a predetermined rotational orientation angle of approximately 0° at the point

where the longitudinal axis 513 is closest to the side surface 103. Furthermore, abrasive

particle 504 has a longitudinal axis 515 that is substantially aligned with radial axis 516.

Therefore, the abrasive particle 504 has a predetermined rotational orientation angle of

approximately 0° at the point where the longitudinal axis 515 is closest to the side surface

103. The abrasive particle 505 has a longitudinal axis 517 that is substantially aligned with

the radial axis 518, also defining a predetermined rotational orientation angle of

approximately 0°. Moreover, the abrasive particle 506 has a longitudinal axis 519

substantially aligned with the radial axis 520, thereby defining a predetermined rotational

orientation angle of approximately 0°. Accordingly, the abrasive particles 502-506 can have

substantially the same predetermined rotational orientation relative to the side surface 103 as

defined by the respective predetermined rotational orientation angles associated with each of

the abrasive particles 502-506. Moreover, it will be appreciated that each of the abrasive

particles 502-506 have substantially the same orientation of their lateral axes and vertical

axes relative to the corresponding radial axes 512, 514, 516, 518, and 520 and the side

surface 103. Moreover, while the shaped abrasive particles of FIG. 5A are illustrated as

having generally triangular two-dimensional shapes, other types of shaped abrasive particles

and/or elongated abrasive particles may be utilized.

As further illustrated in FIG. 5A, at least a portion of the abrasive particles within the

body 101 can be arranged in a controlled distribution relative to each other. A controlled

distribution can be defined by a combination of predetermined positions within the body that

are purposefully selected to be occupied by the abrasive particles. A controlled distribution

can include a pattern, such that the predetermined positions can define a two-dimensional

array. An array can include have short range order defined by a unit of abrasive particles.

An array may also be a pattern having long range order, including regular and repetitive units

linked together, such that the arrangement may be symmetrical and/or predictable. An array

may have an order that can be predicted by a mathematical formula. It will be appreciated

that two-dimensional arrays can be formed in the shape of polygons, ellipsis, ornamental

indicia, product indicia, or other designs. A controlled or predetermined distribution can also

include a non-shadowing arrangement. A non-shadowing arrangement may include a



controlled, non-uniform distribution, a controlled uniform distribution, and a combination

thereof. In particular instances, a non-shadowing arrangement may include a radial pattern, a

spiral pattern, a phyllotactic pattern, an asymmetric pattern, a self-avoiding random

distribution, and a combination thereof. In other instances, a non-shadowing arrangement

can include an intentional staggering of two or more particles relative to one another (i.e., an

intentional staggering of two or more predetermined positions and/or predetermined

rotational orientations), as discussed more fully with respect to FIG. 8.

According to one embodiment, the first group 545 of abrasive particles are arranged

in a controlled distribution relative to each other within a radial plane (e.g., the radial plane

122 depicted in FIG. 1). As will be appreciated, each of the abrasive particles within the first

group 545 can have substantially the same axial position within the body 101 such that each

of the abrasive particles are positioned within the radial plane 122. The abrasive particles

contained within the first group 545 may have different radial positions with respect to each

other. For example, the abrasive particles 522-526 can have the same axial position relative

to one another and a different radial position relative to the abrasive particles 502-506. It will

be appreciated that reference to the radial position can be referenced to the position of the

abrasive particles along a radial axis including, for example, radial axes 512-520.

Referring to FIG. 5C, a top-down view of a radial plane of abrasive particles within a

body of a fixed abrasive article is illustrated. As shown, the abrasive particles within the

radial plane of the body can be arranged in various controlled distributions with respect to

each other. For example, the abrasive particles of the first group 591 can be arranged in a

controlled distribution that has a generally rectangular pattern, such that the smallest unit 595

of abrasive particles defines a rectangle. As will be appreciated and as illustrated, other types

of controlled distributions may be utilized. In certain instances, different groups of abrasive

particles within the radial plane can define different controlled distributions. For example, as

illustrated, the abrasive particles of the group 592 may be arranged in a different controlled

distribution relative to those abrasive particles of the first group 591. Likewise, the abrasive

particles of the group 593 can be arranged in yet another controlled distribution relative to

groups 591 and 592. Finally, the abrasive particles of the group 594 may have a different

controlled distribution relative to the abrasive particles of the groups 593, 592, and 591. The

controlled distributions provided in FIG. 5C are merely illustrative and are non-limiting.

Various controlled distributions may be utilized to improve the grinding performance of the

fixed abrasive article.



The predetermined position of the abrasive particles relative to each other can define

the controlled distribution. For example, referring again to FIG. 5A, the abrasive particles

502-506 can be spaced apart from each other in a predetermined manner, which may

facilitate improved material removal operations. For example, as illustrated, the abrasive

particle 502 is spaced apart from the abrasive particle 503 by a spacing distance 551 defined

as the smallest distance between the abrasive particles 502 and 503. Moreover, the abrasive

particle 503 is spaced apart from the abrasive particle 504 by a spacing distance 552, the

abrasive particle 504 is spaced apart from the abrasive particle 505 by a spacing distance 553,

and the abrasive particle 505 is spaced apart from the abrasive particle 506 by a spacing

distance 554. According to an embodiment, at least a portion of the abrasive particles within

the body can have substantially the same spacing distance, including for example, the spacing

distances 551-554 between the abrasive particles 502-504. The portion can include any

portion of abrasive particles as described in embodiments herein.

Furthermore, a suitable spacing distance between particles may be based on the

average particle size (PSa) of the portion of abrasive particles, wherein the average particle

size of shaped abrasive particles is based on the length of the particles and the spacing

distance can be an average spacing distance between the abrasive particles of the portion. For

example, the spacing distance between a portion of the abrasive particles within the body can

be not greater than 10(PSa), such as not greater than 9(PSa), not greater than 8(PSa), not

greater than 7(PSa), such as not greater than 6(PSa), not greater than 5(PSa), not greater than

4(PSa), such as not greater than 3(PSa), not greater than 2(PSa), not greater than l(PSa), such

as not greater than 0.8(PSa), not greater than 0.5(PSa), not greater than 0.4(PSa), or even not

greater than 0.2(PSa). In at least one embodiment, the spacing distance for a portion of

abrasive particles can be 0, such that the abrasive particles are in contact with each other,

which may be particularly desirable for certain material removal operations. Still, in another

non-limiting embodiment, the spacing distance can be at least O.l(PSa), at least about 0.2

(PSa), at least 0.5(PSa), at least 0.8(PSa), at least l(PSa), at least 2(PSa), or even at least

3(PSa). It will be appreciated that the spacing distance can be within a range including any of

the minimum and maximum values noted above.

In still another embodiment, the portion of abrasive particles can have a particularly

low standard deviation of spacing distance, which can demonstrate the level of control in the

predetermined positioning of the abrasive particles within the body. For example, the

standard deviation of the spacing distance can be not greater than 2(PSa), such as not greater

than 1.8(PSa), not greater than 1.5(PSa), not greater than 1.2(PSa), such as not greater than



l(PSa), not greater than 0.8(PSa), not greater than 0.7(PSa), not greater than 0.6(PSa), not

greater than 0.5(PSa), not greater than 0.4(PSa), not greater than 0.3(PSa), not greater than

0.2(PSa), not greater than O.l(PSa), not greater than 0.08(PSa), not greater than 0.06(PSa),

not greater than 0.04(PSa), not greater than 0.03(PSa), or even not greater than 0.02(PSa).

Still, in at least one non-limiting embodiment, the standard deviation of the spacing distance

for a portion of the abrasive particles in the body can be at least O.OOOl(PSa), such as at least

O.OOl(PSa) or even at least O.Ol(PSa). It will be appreciated that the standard deviation of

spacing distance can be within a range including any of the minimum and maximum values

noted above.

Reference herein to the spacing distance and standard deviation of spacing distance

can include reference to the spacing between abrasive particles in the same radial plane, the

spacing between abrasive particles in different radial planes, the spacing between abrasive

particles in the same axial collection (i.e., within the same axial plane), the spacing between

abrasive particles in different axial collections (i.e., within different axial planes), the spacing

between abrasive particles in a radial set, the spacing between abrasive particles between

different radial sets, the spacing between abrasive particles within a sector, and the spacing

between abrasive particles in different sectors.

According to an embodiment, the abrasive particles of the first group 545 can have at

least one abrasive characteristic that is substantially the same with respect to each other.

Abrasive characteristics can include hardness, composition, average particle size, average

grain size, fracture toughness, two-dimensional shape, tip sharpness, tip angle, aspect ratio,

and a combination thereof. For example, as illustrated in FIG. 5A, the abrasive particles of

the first group 545 can have substantially the same two-dimensional shape (i.e., triangular

two-dimensional shape) with respect to each other. However, it will also be appreciated that

at least a portion of the abrasive particles within the first group 545 may have at least one

abrasive characteristic that is distinct from each other. Moreover, as also illustrated in FIG.

5A, the abrasive particles of the first group 545 may have at least one characteristic such as

an orientation (e.g., a predetermined rotational orientation) and/or position that is distinct

from each other. For example, in the illustrated embodiment of FIG. 5A, each of the abrasive

particles 502-506 have a substantially different predetermined rotational rotation angle

relative to each of the abrasive particles 522-526. As will be appreciated, this need not

necessarily be the case, and at least a portion of the shaped abrasive particles of the first

group, such as the abrasive articles 502-506, can have substantially the same orientation



characteristics with respect to each other, including for example, substantially the same

predetermined rotational orientation angle.

As further illustrated in FIG. 5A, the first group of abrasive particles 545 may include

a first radial set 501 of abrasive particles spaced at a first radial distance from the center of

the body 101 (e.g., from the axial axis 180). That is, the abrasive particles 502-506 may

define a first radial set 501 of abrasive particles having substantially the same radial distance

along their respective radial axes 512-520 within the body 101. Accordingly, each of the

abrasive particles of the first radial set 501 may also be substantially the same distance from

the side surface 103. As noted herein, the abrasive particles 502-506 of the first radial set

501 can have substantially the same predetermined rotational orientation relative to each

other. Moreover, each of the abrasive particles 502-506 of the first radial set 501 can have

substantially the same predetermined rotational orientation relative to the side surface 103 of

the body 101, including a predetermined three-axis orientation and a predetermined rotational

orientation relative to the side surface 103 of the body 101. In accordance with an

embodiment, the abrasive particles 502-506 of the first radial set 501 may have substantially

the same axial position with respect to each other within the body, such that they are within

the same radial plane 122. Furthermore, it will be appreciated that each of the abrasive

particles 502-506 of the first radial set 501 may have at least one abrasive characteristic that

is substantially the same with respect to each other, including for example abrasive

characteristic of hardness, composition, average particle size, average grain size, fracture

toughness, two-dimensional shape, tip sharpness, tip angle, aspect ratio, and a combination

thereof.

As further illustrated, the first group of abrasive particles 545 can include a second

radial set 521 of abrasive particles 522-526 that can be spaced at a particular radial distance

from the center of the body (e.g., from the axial axis 180). That is, the abrasive particles 522-

526 may define a second radial set 502 of abrasive particles having substantially the same

radial distance along their respective radial axes 512-520 within the body 101. Notably, the

radial distance of the abrasive particles 522-526 can be measured as the distance from the

center of body along their respective radial axes 512-520. Moreover, each of the abrasive

particles 522-526 of the second radial set 521 may be spaced at substantially the same

distance from the side surface 103 of the body 101. Moreover, the abrasive particles 522-526

of the second radial set can be spaced at a second radial distance from the center of the body

that is different than the first radial distance of the abrasive particles 502-506 of the first

radial set 501. For example, as illustrated in FIG. 5A, the abrasive particles 502-506 of the



first radial set 501 can be spaced at a distance further from the center of the body and closer

to the side surface 103 of the body 101 along their respective radial axes 512-520 as

compared to the abrasive particles 522-526 of the second radial set 521, which are closer to

the center of the body 101 as compared to the abrasive particles 502-506. Moreover, as

provided in the illustrated embodiment, the abrasive particles 522-526 of the second radial set

521 are further away from the side surface 103 as compared to the abrasive particles 502-506

of the first radial set 501.

In accordance with an embodiment, and as illustrated in FIG. 5A, the abrasive

particles 522-526 can have substantially the same predetermined rotational orientation

relative to each other. For example, the abrasive particle 522 can have a longitudinal axis

53 1 that defines the predetermined rotational orientation angle 532 relative to the radial axis

512. Notably, the predetermined rotational orientation angle 532 is measured at the point

where the longitudinal axis 531 is closest to the side surface 103. Moreover, the abrasive

particle 523 can have a longitudinal axis 533 that defines a predetermined rotational

orientation angle 534 relative to the radial axis 514. The abrasive particle 524 can have a

longitudinal axis 535 defining a predetermined rotational orientation angle 536 relative to the

radial axis 516. The abrasive particle 525 can have a longitudinal axis 537 defining a

predetermined rotational orientation angle 538 relative to the radial axis 518. Furthermore,

the abrasive particle 526 can have a longitudinal axis 539 defining a predetermined rotational

orientation angle 540 relative to the radial axis 520. In accordance with an embodiment, each

of the predetermined rotational orientation angles 532, 534, 536, 538, and 540 can be the

same. Still, in an alternative embodiment, the abrasive particles of a radial set, including for

example abrasive particles 522-526 of the second radial set 521, may have a different

predetermined rotational orientation angle with respect to each other.

In yet another embodiment, such as illustrated in FIG. 5A, the abrasive particles 502-

506 of the first radial set 501 may be positioned closer to the side surface 103 and configured

to conduct an initial material removal operation. The abrasive particles 522-526 of the

second radial set 521 can be spaced at a greater distance from the side surface 103 than the

abrasive particles 502-506 of the first radial set 501. As such, the abrasive particles 522-526

can be positioned as backup abrasive elements configured to conduct material removal

operations after some portion of the abrasive particles 502-506 of the first radial set 501 is

worn.

The abrasive particles 522-526 of the second radial set 521 can have substantially the

same axial position with respect to each other, such that the abrasive particles 522-526 are



positioned within the same radial plane 122. Furthermore, as will be appreciated, the

abrasive particles 522-526 of the second radial set 521 can have at least one abrasive

characteristic that is substantially the same with respect to each other. Suitable abrasive

characteristics can include but are not limited to, hardness, composition, average particle size,

average grain size, fracture toughness, two-dimensional shape, tip sharpness, typical, aspect

ratio, and a combination thereof. Still, in at least one non-limiting embodiment, the abrasive

particles 522-526 of the second radial set 521 can have at least one abrasive characteristic

that is distinct from each other. Moreover, it will be appreciated that the abrasive particles

502-506 of the first radial set 501 and the abrasive particles 522-526 and the second axial set

521 may have at least one abrasive characteristic that can be substantially the same with

regard to each other, including for example two-dimensional shape. Still, in another

alternative embodiment, the abrasive particles 502-506 of the first radial set 501 may have at

least one abrasive characteristic that is distinct from the abrasive particles 522-526 of the

second radial set 521.

As further illustrated in FIG. 5A, at least a portion of the abrasive particles of the first

group 545 can have a particular cutting tip or cutting edge having a predetermined orientation

relative to the side surface 103. For example, the abrasive particle 502 can have a cutting tip

547 that has a particular orientation relative to the side surface 103. Notably, the orientation

of the cutting tip 547 may be defined by the predetermined rotational orientation angle of the

abrasive particle 502.

In another embodiment, at least a portion of the abrasive particles in the body may

have a predetermined rotational orientation relative to an intended grinding direction 546 of

the abrasive article. For example, the shaped abrasive particle 522 can have a cutting tip 548

having a particular rotational orientation relative to the side surface 103, which in some

embodiments includes the predetermined rotational orientation angle 532. In certain

instances, the predetermined rotational orientation angle 532 can also define a rake angle

relative to the intended grinding direction 546 of the abrasive article 100. In the instance of

the shaped abrasive particle 502, the rake angle has a zero value because the shaped abrasive

particle 502 has a predetermined rotational orientation angle that orients the cutting tip 547

substantially perpendicular to the intended grinding direction 546. In the instance of the

shaped abrasive particle 522, the rake angle has a positive value because the shaped abrasive

particle 522 has a predetermined rotational orientation angle 532 that inclines the cutting tip

548 in the same direction as the intended grinding direction 546. In another embodiment, a

shaped abrasive particle can include a rake angle with a negative value, where a shaped



abrasive particle has a predetermined rotational orientation angle that inclines a cutting tip in

a direction opposite to the intended grinding direction 546. As such, it will be appreciated

that the abrasive particles and the orientation of their cutting tips or cutting surfaces relative

to the side surface may be controlled such that a suitable rake angle is created relative to an

intended grinding direction 546 of the abrasive article 100, which may facilitate improved

material removal performance.

Referring again to FIG. 1, in accordance with an embodiment, the body 101 of the

fixed abrasive article 100 can include multiple axial planes, including for example, the first

axial plane 131 and the second axial plane 132. Furthermore, each axial plane may have one

or more groups of abrasive particles, including for example, the groups of abrasive particles

191 and 192. The groups of abrasive particles 191 and 192 can be axial collections and/or

axial sets in the respective axial planes 131 and 132. Moreover, the abrasive particles of each

group of abrasive particles 191 and 192 can have at least one abrasive characteristic and/or at

least one orientation characteristic that is substantially the same with respect to the other

abrasive particles within the group, including (a) a predetermined rotational orientation angle,

or a rotational orientation in a plane defined by the length and the width of the particle; (b) a

predetermined tilt angle, or a rotational orientation in the plane defined by the length and the

thickness of the particle; and/or (c) a predetermined lateral axis rotational orientation angle,

or a rotational orientation in the plane defined by the width and the thickness of the particle.

It should also be noted that certain particles may utilize a combination of more than one type

of rotational orientation. In one embodiment, the abrasive particles of the group of abrasive

particles 191 can have at least one abrasive characteristic that is substantially the same and/or

at least one orientation characteristic (e.g., predetermined rotational orientation,

predetermined rotational orientation angle, predetermined tilt angle, and/or predetermined

lateral rotational orientation angle) that is substantially the same with respect to the other

abrasive particles within the group 191. Still, in another embodiment, at least one abrasive

particle within the group of abrasive particles 191 can have at least one abrasive characteristic

and/or at least one orientation characteristic (e.g., predetermined rotational orientation,

predetermined rotational orientation angle, predetermined tilt angle, and/or predetermined

lateral rotational orientation angle) that is different compared to at least one other abrasive

particle within the group of abrasive particles 191. For yet another embodiment, at least one

abrasive particle within the group of abrasive particles 191 can have at least one abrasive

characteristic and/or at least one orientation characteristic (e.g., predetermined rotational

orientation, predetermined rotational orientation angle, predetermined tilt angle, and/or



predetermined lateral rotational orientation angle) that is different compared to at least one

other abrasive particle within the group of abrasive particles 192 associated with the axial

plane 132.

As further illustrated in FIG. 1, the body 101 of the fixed abrasive article 100 can

include multiple radial planes, including for example, the first radial plane 121 and the

second radial plane 122. Furthermore, each radial plane may have one or more groups of

abrasive particles, such as the groups of abrasive particles 105 and 106, which can be in the

form of radial groups and/or radial sets of abrasive particles. In at least one embodiment, the

abrasive particles of each group of abrasive particles 105 and 106 can have at least one

abrasive characteristic and/or at least one orientation characteristic (e.g., predetermined

rotational orientation and/or predetermined lateral rotational orientation) that is substantially

the same with respect to the other abrasive particles of the groups of abrasive particles 105

and 106. In one embodiment, the abrasive particles of the group of abrasive particles 105 can

have at least one abrasive characteristic and/or at least one orientation characteristic (e.g.,

predetermined rotational orientation and/or predetermined lateral rotational orientation) that

is substantially the same with respect to the other abrasive particles within the group 105.

Still, in another embodiment, at least one abrasive particle within the group of abrasive

particles 105 can have at least one abrasive characteristic and/or at least one orientation

characteristic (e.g., predetermined rotational orientation and/or predetermined lateral

rotational orientation) that is different compared to at least one other abrasive particle within

the group of abrasive particles 105. For yet another embodiment, at least one abrasive

particle within the group of abrasive particles 105 can have at least one abrasive characteristic

and/or at least one orientation characteristic (e.g., predetermined rotational orientation and/or

predetermined lateral rotational orientation) that is different compared to at least one other

abrasive particle within the group of abrasive particles 106 associated with the radial plane

121.

In accordance with an embodiment, the body 101 can include a first group of abrasive

particles 106 in the first radial plane 121 and a second group of abrasive particles 105 within

a second radial plane 122. As illustrated, the first group of abrasive particles 106 in the first

radial plane 121 can be spaced apart axially from the second group of abrasive particles 105

in the second radial plane 122. The second group of abrasive particles 105 within the radial

plane 122 can have any of the attributes of the abrasive particles described herein, including

for example, the first group of abrasive particles 545. For example, the second group of

abrasive particles 105 can include shaped abrasive particles or elongated abrasive particles.



In another embodiment, the second group of abrasive particles 105 can be arranged in a

controlled distribution relative to each other. As will be appreciated, the second group of

abrasive particles 105 in the second radial plane 122 can have a predetermined position

within the radial plane 122 and have substantially the same axial position within the radial

plane 122 with respect to each other. Still, in other embodiments, the abrasive particles in the

second group 105 can have a different radial position with respect to each other within the

radial plane 122. In at least one embodiment, the second group of abrasive particles 105

within the second radial plane 122 can have a predetermined rotational orientation relative to

the side surface 103 of the body 101. Moreover, the first group of abrasive particles 106 can

have a first predetermined rotational orientation and the second group of abrasive particles

105 can have a second predetermined rotational orientation that may be different than the

predetermined rotational orientation of the first group of abrasive particles 106.

The abrasive particles of the second group 105 can have at least one abrasive

characteristic that is the same with respect to each other, including for example abrasive

characteristics such as hardness, composition, average particle size, average grain size,

fracture toughness, two-dimensional shape, tip sharpness, tip angle, aspect ratio, and a

combination thereof. Moreover, the abrasive particles of the second group 105 can have at

least one abrasive characteristic that is substantially the same as the abrasive particles of the

first group 106. Still, in another embodiment, the abrasive particles of the second group 105

can have at least one abrasive characteristic that is distinct from the abrasive characteristic of

the abrasive particles of the first group 106.

The body 101 of the fixed abrasive 100 can include a plurality of groups of abrasive

particles, including the first group of abrasive particles 106 in the radial plane 121 and second

group of abrasive particles 105 in the radial plane 122. Moreover, each of the groups of

abrasive particles can include a plurality of radial sets of abrasive particles wherein each of

the radial sets is spaced at different radial distances from the center of the body and the side

surface 103 relative to each other. For example, the first group of abrasive particles 106 can

include a plurality of radial sets and the second group of abrasive particles 105 can include a

plurality of radial sets. In certain embodiments, the radial sets may establish concentric rings

of abrasive particles around the central opening 185. However, it will be appreciated that a

radial set may extend for a portion of an entire circumference of the body 101. In at least one

instance, a radial set may extend for an entire circumference of the body at a given radial

distance from the center of the body 101.



FIG. 6 includes an illustration of a portion of a fixed abrasive article including

abrasive particles as viewed from a side surface in accordance with an embodiment. As

illustrated, and as referenced in FIG. 5A, the body 101 can include abrasive particles 502,

503, 504, 505, and 506 (502-506) as part of the first group 501. The body can include the

reinforcing member 141. Furthermore, the body can include a second group of abrasive

particles 630 including abrasive particles 631, 632, 633, 634, 635, 636, and 637 (631-637).

In accordance with an embodiment, at least a portion of the abrasive particles in the body

101, including shaped abrasive particles and/or elongated abrasive particles, can have a

predetermined rotational orientation including a predetermined lateral axis rotational

orientation angle. For example, the abrasive particle 502 can have a lateral axis 671 that

defines a width of the abrasive particle 502. The lateral axis 671, along with a normal axis

602 that extends from the particle 502 (as viewed from the side surface 103) and is normal to

one of the major surfaces of the body 101 (e.g., the upper surface 102) further define a

predetermined lateral axis rotation orientation angle 601. A portion of abrasive particles in

the body 101 may have a predetermined lateral axis rotational orientation angle to facilitate

improved material removal operations. In accordance with an embodiment, the group of

abrasive particles 501 including abrasive particles 502-506 can be placed within the body 101

such that each of the abrasive particles 502-506 can have substantially the same

predetermined lateral axis rotational orientation angle. For example, the abrasive particle 503

can have a lateral axis 672 that, along with a normal axis 604, define a predetermined lateral

axis rotational orientation angle 603. Additionally, the abrasive particle 504 can have a

lateral axis 673 that is used to define a predetermined lateral axis rotational orientation angle

605 relative to a normal axis 606. The abrasive particle 505 can have a lateral axis 674

defining a predetermined lateral axis rotational orientation angle 607 relative to a normal axis

608. Moreover, the abrasive particle 506 can have a lateral axis 675 defining a

predetermined lateral axis rotational orientation angle 609 relative to a normal axis 610. In

accordance with an embodiment, each of the predetermined lateral axis rotational orientation

angles 601, 603, 605, 607, and 609 of the abrasive particles 502-506 can have substantially

the same value. Still, in at least one embodiment, one or more of the abrasive particles 502-

506 of the first group 501 can have a predetermined lateral axis rotational orientation angle

601, 603, 605, 607, 609 that can be distinct from each other.

In accordance with an embodiment, the fixed abrasive article can be formed such that

at least a portion of the abrasive particles in the body, including shaped abrasive particles

and/or elongated abrasive particles, can be placed within the body to have a predetermined



lateral axis rotational orientation angle of not greater than 90°, such as not greater than 80°,

not greater than 70°, not greater than 60°, not greater than 50°, not greater than 40°, not

greater than 30°, not greater than 20°, not greater than 10°, or even not greater than 5°. Still,

in another embodiment, the average predetermined lateral axis rotational orientation angle for

the portion of abrasive particles can be at least 0.1°, such as at least 1°, at least 3°, at least 5°,

at least 10°, at least 20°, at least 30°, at least 40°, or even at least 50°. It will be appreciated

that the portion of the abrasive particles can have a predetermined lateral axis rotational

orientation angle within a range including any of the minimum and maximum values noted

above. Moreover, reference to the predetermined lateral axis rotational orientation angle for

a portion of abrasive particles can include reference to an average value of the predetermined

lateral axis rotational orientation angle.

In accordance with another embodiment, at least a portion of the abrasive particles

within the body 101, including shaped abrasive particles and/or elongated abrasive particles,

can have a particular standard deviation of the predetermined lateral axis rotational

orientation angle that may facilitate improved performance. For example, the portion of

abrasive particles can have a standard deviation of the predetermined lateral axis rotational

orientation angle of not greater than 20 degrees, such as not greater than 18 degrees, not

greater than 16 degrees, not greater than 14 degrees, not greater than 12 degrees, not greater

than 10 degrees, not greater than 9 degrees, not greater than 8 degrees, not greater than 7

degrees, or even not greater than 6 degrees. Still, in at least one non-limiting embodiment, a

portion of the abrasive particles can have a standard deviation of the predetermined lateral

axis rotational orientation angle of at least 0.1 degrees, such as at least 0.5 degrees, or even at

least 1 degree. It will be appreciated that the standard deviation of the predetermined lateral

axis rotational orientation angle can be with a range including any of the minimum and

maximum values noted above.

As further illustrated in FIG. 6, each of the abrasive particles 631-637 of the second

group 630 can have a particular predetermined lateral axis rotational orientation angle with

respect to the bottom surface 104 of the body. For example, the abrasive particle 631 can

have a lateral axis 681 that defines a width of the abrasive particle 631. The lateral axis 681,

along with a normal axis 661 that extends from the particle 631 (as viewed from the side

surface 103) and is normal to one of the major surfaces (e.g., the bottom surface 104) of the

body 101, define a predetermined lateral axis rotational orientation angle 641. The abrasive

particle 632 can have a lateral axis 682 defining a predetermined lateral axis rotational

orientation angle 642 relative to the normal axis 662. Additionally, the abrasive particle 633



can have a lateral axis 683 defining a predetermined lateral axis rotation orientation angle 643

relative to the normal axis 663. The abrasive particle 634 can have a lateral axis 684 defining

a predetermined lateral axis rotational orientation angle 644 relative to the normal axis 664.

The abrasive particle 635 can have a lateral axis 685 defining a predetermined lateral axis

rotational orientation angle 645 relative to the normal axis 665. The abrasive particle 636 can

have a lateral axis 686 defining a predetermined lateral axis rotational orientation angle 646

relative to the normal axis 666. Finally, the abrasive particle 637 can have a lateral axis 687

defining a predetermined lateral axis rotational orientation angle 647 relative to the normal

axis 667. It will be appreciated that each of the abrasive particles 631-637 can have the same

attributes as the abrasive particles 502-506 of the first group 501.

According to another aspect, the body 101 can include groups of abrasive particles,

including shaped abrasive particles and/or elongated abrasive particles, contained within axial

planes (i.e., axial collections of abrasive particles), including for example axial planes 131

and 132. Moreover, there may be groups of abrasive particles contained within sectors,

including for example sector 184 extending between axial planes 131 and 132. In one

embodiment, the body 101 can include a plurality of axial collections of abrasive particles,

wherein each axial collection includes a plurality of abrasive particles contained within an

axial plane within the body. For example, the axial plane 131 can include the axial collection

of abrasive particles 191. Furthermore, the axial plane 132 can include the axial collection of

abrasive particles 192.

FIG. 7 includes a cross-sectional view of a portion of a body of a fixed abrasive

article in accordance with an embodiment. A first axial collection of abrasive particles 701

can include abrasive particles 702, 703, 704, 705, 706, and 707 (702-707) within a first axial

plane 131 of the body 101. The abrasive particles 702-707 can include shaped abrasive

particles and/or elongated shaped abrasive particles. In accordance with an embodiment,

each of the abrasive particles 702-707 of the first axial collection 701 are in a predetermined

position and are substantially lying flat with respect to the major surfaces 102 and 104, such

that the longitudinal axes 721, 722, 723, 724, 725, and 726 of each of the abrasive particle

702-707 are extending substantially perpendicular to the side surface 103 of the body 101 and

substantially parallel to the major surfaces 102 and 104 of the body 101. It will be

appreciated that the axial collection of abrasive particles 701 can include any of the features

described in accordance with other groups of abrasive particles of the environment here

including, for example, groups of abrasive particles in a radial set and or a first group

abrasive particles in a radial plane.



In accordance with an embodiment, each of the abrasive particles 702-707 of the first

axial collection 701 can have a predetermined rotational orientation relative to the side

surface 103 of the body 101. The predetermined rotational orientation can be defined by a

predetermined rotational orientation angle as defined in other embodiments herein. The

abrasive particles 702-707 can have the same positive, zero, or negative values of

predetermined rotational orientation angle as described in other embodiments herein.

Moreover, it will be appreciated that each of the abrasive particles 702-707 of the first axial

collection 701 can have substantially the same predetermined rotational orientation relative to

each other. Still, in other instances, the predetermined rotational orientation of at least two of

the abrasive particles 702-707 of the first axial collection may be different with respect to

each other.

According to one embodiment, the abrasive particles 702-707 of the first axial

collection 701 can be arranged in a controlled distribution relative to each other. That is, the

abrasive particles 702-707 can be spaced at a particular distance relative to each other that

can define a particular distribution, such as a pattern.

In accordance with another embodiment, the abrasive particles 702-707 of the first

axial collection 701 can have at least one abrasive characteristic that is substantially the same

including, but not limited to, hardness, composition, average particle size, average grain size,

fracture toughness, two-dimensional shape, tip sharpness, tip angle, aspect ratio, and a

combination thereof. Still, it will be appreciated that, in certain instances, at least two of the

abrasive particles 702-707 of the first axial collection 701 may have at least one abrasive

characteristic that is different as compared to each other.

As further illustrated in FIG. 7, the group of abrasive particles within the axial plane

131 can include a second axial collection 710 of abrasive particles 711, 712, 713, 714, 715,

(711-715). The abrasive particles 711-715 can include shaped abrasive particles and/or

elongated shaped abrasive particles. In accordance with an embodiment, each of the abrasive

particles 711-715 of the second axial collection 710 can have a predetermined position and

can be substantially lying flat with respect to the major surfaces 102 and 104 like the abrasive

particles 702-707.

The abrasive particles 7 11-715 can have any of the attributes of the abrasive particles

702-707 of the first axial collection 701. For example, each of the abrasive particles 711-715

of the second axial collection 710 can have substantially the same predetermined rotational

orientation with respect to each other and with respect to the side surface 103 of the body

101. In addition, the abrasive particles 7 11-715 of the second axial collection 710 can be



arranged in a controlled distribution relative to each other or relative to the abrasive particles

702-707 of the first axial collection 701. For example, the controlled distribution can include

an ordered distribution of the abrasive particles 7 11-715 of the second axial collection 710

relative to each other. In one embodiment, the abrasive particles 7 11-715 of the second axial

collection 710 can have a different axial position, radial position, and/or predetermined

rotational orientation compared to the abrasive particles 702-707 of the first axial collection

701. In another embodiment, the group of abrasive particles within the axial plane 131 can

be in a controlled, non-shadowing arrangement. For example, two or more particles within

the axial plane 131 (e.g., particles 702, 711, 703, and 712) can be intentionally staggered

relative to one another, such that each of the particles occupies a position in a different radial

plane. It has been noted that it may be particularly advantageous to stagger the particles

relative to each other, such that particles in the same axial plane (e.g. the group of abrasive

particles within the axial plane 131) can occupy different axial and radial positions relative to

each other. Moreover, it is contemplated that abrasive particles within the same axial plane

may be spaced at different distances relative to the side surface 103, such that during use and

wear of the abrasive article, new and fresh cutting tips are continuously exposed to facilitate

suitable grinding operations. Moreover, it will be appreciated that position and rotational

orientation of abrasive particles within different groups (e.g., different radial groups) may be

controlled relative to each other.

It will be appreciated that the abrasive particles 7 11-715 of the axial collection 710

can have at least one abrasive characteristic that is substantially the same relative to each

other. Suitable examples of abrasive characteristics include hardness, composition, average

particle size, average grain size, fracture toughness, two-dimensional shape, tip sharpness, tip

angle, aspect ratio, and a combination thereof. Moreover, it will be appreciated that various

different abrasive particles of different axial collections may have substantially the same

abrasive characteristic relative to each other. However, in an alternative embodiment,

different abrasive particles of different axial collections can have at least one abrasive

characteristic that is different with respect to each other. For example, the abrasive particles

702-707 of the axial collection 701 can have at least one abrasive characteristic that is

different than the abrasive particles 711-7 15 of the axial collection 710.

It will be appreciated that different axial planes can include different axial collections

of abrasive particles. For example, the axial plane 131 can include a first axial collection

including for example abrasive particles 702-707 of the first axial collection 701 and the axial

plane 132 can include a second collection, including for example, the second axial collection



710of abrasive particles 711-715. The abrasive particles of an axial collection can have

substantially the same angular position within the body with respect to each other. Moreover,

in certain instances, the abrasive particles of an axial collection can have substantially the

same radial position within the body with respect to each other. For example, the abrasive

particles 711-715 of the second axial collection 710 can have substantially the same radial

position with respect to each other. As further illustrated, the abrasive particles 7 11-715 of

the second axial collection 710 can have a different axial position relative to each other, such

that the abrasive particle 711 may be closer to the upper surface 102 relative to the abrasive

particle 715. Still, in certain instances, the abrasive particles of any of the axial collections

including, for example, abrasive particles 711-715 may be formed to have a different radial

position with respect to each other. For example, in certain instances the abrasive particle

702-707 and abrasive particle 711-715 may be part of the same axial collection. In certain in

such instances, the abrasive particle 702 can have a different radial position relative to the

abrasive particle 711. That is, the abrasive particle 702 can be positioned at a different radial

distance from the center of the body 101 and closer to the side surface 103 relative to the

position of the abrasive particle 711.

FIG. 8 includes an illustration of a portion of a fixed abrasive article, as viewed in a

cross-sectional plane that is parallel to an axial plane of the article, in accordance with an

embodiment. The body 101 (FIG. 1) can include abrasive particles 801, 802, 803, 804, and

805 (801-805), which may be coupled to each other by an orientation structure 806. As

illustrated, the abrasive particle 805 can intersect the side surface 103 of the body 101 and

may be at least partially protruding from the volume of the body 101 and extending radially

beyond the side surface 103. In accordance with an embodiment, the orientation structure

806 can define a structure coupling at least a portion of the abrasive particles to each other

within the body 101. In certain instances, the orientation structure 806 can be coupled to a

majority of the abrasive particles, which may include shaped abrasive particles and/or

elongated abrasive particles.

In at least one embodiment, the orientation structure 806 can be a separate phase from

the bond material 825. In accordance with an embodiment, at least a portion of the abrasive

particles, including for example, abrasive particles 801-805 may be coupled to the orientation

structure 806 that extends throughout a portion of the bond material 825 within the body 101.

In certain instances, the orientation structure 806 can have a different composition compared

to the bond material 825. Notably, the orientation structure 806 can be a material that defines

a separate phase from the bond material 825. In accordance with an embodiment, the



orientation structure 806 can include a material such as a metal, ceramic, glass, an organic

material, a polymer, and a combination thereof.

In certain instances, the orientation structure 806 may extend throughout the entire

volume of the body 101. In other instances, the orientation structure 806 may extend for at

least a majority of the total volume of the body 801. In still another embodiment, the

orientation structure 806 may extend throughout at least a portion of the body 801, which

may be greater or less than a majority of the entire volume of the body 101. In particular

instances, the orientation structure 806 can be coupled to the abrasive particles and

configured to control three-axis position, including for example, the predetermined position

and/or predetermined rotational orientation of the abrasive particles within the body 101. For

example, the orientation structure 806 can be coupled to the abrasive particles 801-805 and

configured to control the predetermined position and predetermined rotational orientation,

including the predetermined rotational orientation angle, of the abrasive particles 801-805

relative to the side surface 103.

In accordance with an embodiment, the orientation structure 806 may have a

particular hardness relative to the hardness of the bond material 825, which may facilitate

certain material removal operations. For example, the orientation structure 806 can have a

hardness that is less than a hardness of the bond material 825. Still, in accordance with

another embodiment, the orientation structure 806 can have a hardness that is greater than a

hardness of the bond material 825. In yet another embodiment, the orientation structure 806

can have a hardness that is substantially the same as a hardness of the bond material 825. As

used herein, substantially the same is reference to two values that are within 5% of each other

based on the larger value.

In another embodiment, the orientation structure 806 may have a particular hardness

with respect to the abrasive particles, including abrasive particles 801-805. For example, in

at least one embodiment, the orientation structure 806 can have a hardness is less than a

hardness of the abrasive particles 801-805. The relative hardness of the orientation structure

806 to the abrasive particles 801-805 may be suited to facilitate improved grinding

performance. Still, in certain instances, the orientation structure 806 can have a hardness that

is substantially the same as the hardness of the abrasive particles.

The orientation structure 806 can be coupled to the abrasive particles and configured

to control the predetermined position of the abrasive particles within the volume of the body

101 including a radial position, an axial position, and an angular position of the abrasive

particles in the body 101. In another embodiment, the orientation structure 806 can be



coupled to each of the abrasive particles including shaped abrasive particles and/or elongated

abrasive particles throughout the body 101.

In accordance with another embodiment, the orientation structure 821 can be coupled

to various groups of abrasive particles including a first group of abrasive particles 810, 811,

812, 813, 814, and 815 (810-815) and a second group of abrasive particles 816, 817, 818,

819, and 820 (816-820). As illustrated, the first group of abrasive particles 810-815 can

include abrasive particles positioned in a first radial plane and the second group of abrasive

particle 816-820 can include abrasive particles positioned in a second radial plane. As

illustrated herein, the orientation structure 821 can extend between groups of abrasive

particles including abrasive particles 810-815 and 816-820 and bind them to each other. In

accordance with an embodiment, the orientation structure 821 can have various shapes and

constructions, including for example, a web, woven material, a nonwoven material, paper,

fabric, a spun woven material, a film, a laminate, a composite, and a preform having regions

sized and shaped to contain one or more abrasive particles, including a shaped abrasive

particle and/or elongated abrasive particle.

In another embodiment, the body 101 may include a first orientation structure, such as

orientation structure 806 coupled to a first group of abrasive particles 801-805, and a second

orientation structure, such as orientation structure 821, different than the first orientation

structure 806 and coupled to the second group of abrasive particles 810-820. In accordance

with an embodiment, the first orientation structure 806 can be coupled to the first group of

abrasive particles 801-805 positioned in a first radial plane within the body 101 and the

second orientation structure 821 can be coupled to a second group of abrasive particles 810-

820 positioned in a second radial plane within the body 101. More particularly, it will be

appreciated that the first orientation structure may be coupled to a first radial set of abrasive

particles within a radial plane and the second orientation structure can be coupled to a second

radial set of abrasive particles within a second radial plane of the body. It will be appreciated

that the first and second radial planes can be distinct from each other as described herein.

In an alternative embodiment, various orientation structures may be used and coupled

to abrasive particles of different portions of abrasive particles within the body including, for

example, different axial collections of abrasive particles and/or different axial sets of abrasive

particles. For example, in an embodiment, a first orientation structure may be coupled to a

group of abrasive particles in a first axial plane associated with a first axial collection and a

second orientation structure can be coupled to a second axial collection of abrasive particles



within a second axial plane. Still, a single axial plane may utilize a plurality of orientation

structures to couple one or more axial collections of abrasive particles therein.

In a further embodiment, the abrasive particles within the axial plane depicted in FIG.

8, namely particles 801-805, 811-815, and 816-820, can be arranged in a controlled

distribution relative to each other. For example, the controlled distribution can include (a) an

ordered distribution of the abrasive particles 801-805 relative to each other; (b) an ordered

distribution of the abrasive particles 811-815 relative to each other; and/or (c) an ordered

distribution of the abrasive particles 816-820 relative to each other. In another embodiment,

the abrasive particles 801-805, 811-815, and 816-820 within the axial plane can be in a

controlled, non-shadowing arrangement. For example, each of the depicted particles in FIG.

8 can be intentionally staggered relative to one another, such that each of the particles within

the axial plane occupies a different radial position (e.g., a different distance from the center of

the body 101). That is, when the particles are viewed top down in the body 101 (e.g., viewed

from a plane parallel to the major surfaces 102 or 104), the particles in one radial plane of the

body 101 (e.g., the particles 801-805) do not directly overlie the particles in another radial

plane of the body 101 (e.g., either the particles 811-815 or the particles 816-820).

Furthermore, the particles in one radial plane of the body 101 also may have different

rotational orientations (e.g., different predetermined rotational orientation angles, different

predetermined tilt angles, different predetermined lateral axis rotational orientation angles,

and/or different rake angles) relative to one another or relative to the particles in another

radial plane of the body 101.

FIG. 9 includes a flowchart providing a method of forming a fixed abrasive article

according to an embodiment. As illustrated, the process may be initiated at step 901 by

forming a mixture including a precursor bond material. The precursor bond material can

include material such as a ceramic, glass, frit, an organic material, a polymer, a resin, a metal,

and a combination thereof. In certain instances, the precursor bond material may include a

powder material. Still in another instance, the precursor bond material may include a liquid

material. It will be appreciated that the precursor bond material may include a combination

of phases, including both solid and liquid materials, which can be processed later to form the

finally-formed bond material of the fixed abrasive article.

As further illustrated in FIG. 9, the process can continue at step 902 by providing a

forming structure configured to position abrasive particles in a predetermined position within

the precursor bond material. More particularly, FIGs. lOA-lOC include illustrations of a

system for forming a fixed abrasive article according to an embodiment. FIG. 10A includes a



system 1001 including a production tool 1002 in which the green body of the fixed abrasive

article can be formed and processed to form the finally-formed fixed abrasive article. In

accordance with one embodiment, the system 1001 includes a forming structure 1006 having

at least one opening 1008, in which the abrasive particles, such as shaped abrasive particles

and/or elongated abrasive particles, are configured to pass through for deposition onto the

precursor bond material 1003 in a predetermined position and/or predetermined rotational

orientation. In at least one embodiment as illustrated in FIG. 10A, the abrasive particles 1007

can be deposited in a predetermined position on the precursor bond material 1003, such as the

abrasive particles 1004. As further illustrated, the forming structure 1006 can include a

container (e.g., a hopper) configured to contain a plurality of abrasive particles 1007 and

deposit them through a channel region 1009 ending in the opening 1008. The abrasive

particles may be fed though the forming structure by gravity, vibration, or by the application

of another force. It will be appreciated that control of the deposition process of the abrasive

particles 1004 on the precursor bond material 1003 can facilitate formation of a fixed

abrasive article where the abrasive particles have a predetermined position and/or

predetermined rotational orientation.

Furthermore, the forming structure 1006 can be moved in the directions 1005 and

1010 to facilitate controlled placement and orientation of the abrasive particles 1004 on the

precursor bond material 1003. In accordance with another embodiment, the abrasive particles

1007 are configured to pass through the at least one opening 1008 for deposition on or within

the precursor bond material 1003 with a predetermined rotational orientation relative to a side

surface of the body of the fixed abrasive article, which can be defined by a side surface 1031

of the production tool 1002. The forming structure 1006 can be configured to move and

control the predetermined position of a single abrasive particle by controlling the position of

the forming structure 1006 relative to the precursor bond material 1003. That is, the forming

structure 1006 can move in directions 1005 and 1010 and place individual abrasive particles

1004 on the precursor bond material 1003 thus controlling the predetermined position and/or

predetermined rotational orientation of the abrasive particles 1004 on the precursor bond

material 1003, and thus control the predetermined position and/or predetermined rotational

orientation of the abrasive particles 1004 in the finally-formed abrasive article.

As further illustrated, FIG. 10B includes a second step in the forming process, which

can include the deposition of a second layer of precursor bond material 1020 over the

abrasive particles 1004. After deposition of the second layer of precursor bond material

1020, the process may continue by further deposition of abrasive particles 1007 from the



forming structure 1006 on the second layer of precursor bond material 1020, as illustrated in

FIG. IOC. In at least one embodiment, the second layer of abrasive particles 1030 may be

deposited in the same manner as the abrasive particles 1004, such that they are placed on the

second layer of precursor bond material 1020 with a predetermined position and/or

predetermined rotational orientation, which facilitates the formation of a fixed abrasive article

wherein the second layer of abrasive particles 1030 have a predetermined position and/or

predetermined rotational orientation. The abrasive particles 1004 and 1030 can include

shaped abrasive particles and/or elongated abrasive particles.

In particular instances, the process of forming the fixed abrasive article can include

placing a first group of abrasive particles in a first radial plane within the precursor bond

material, such as illustrated in FIG. 10A, wherein the abrasive particles 1004 are placed on or

overlying a first layer of precursor bond material 1003. The process can further include

depositing a precursor bond material over the first group of abrasive particles 1004 in the first

radial plane, such as illustrated in FIG. 10B. As will be appreciated and as further illustrated

in FIG. IOC, the process can further include depositing a second group of abrasive particles

1030 that may be associated with a second radial plane overlying the first group of abrasive

particles 1004 the first radial plane. While reference has been made herein to the deposition

of abrasive particles in layers, such as radial planes, it will be appreciated that the abrasive

particles may be deposited in groups, which can be associated with a group in a radial plane,

a radial set, an axial collection, a portion of an axial collection, a sector, and a combination

thereof.

It will be appreciated that one or more reinforcing members may also be provided at

any point within the forming process, such as before or after the deposition of any of the

precursor bond material layers and before or after the deposition of any of the abrasive

particles. Moreover, the forming process may include one or more processing steps between

the deposition of any one of the components (e.g., abrasive particles, layer of precursor bond

material, reinforcing member, additives, etc.) used to form the fixed abrasive article. Such

processes can include treatment or partial treatment of the bond material. For example, in at

least one embodiment, the precursor bond material 1003 can be cured or partially cured

before the deposition of further components used to form the fixed abrasive article.

Moreover, it will be appreciated that while certain abrasive particles may be deposited using

the forming structure, further processing may be utilized for deposition of one or more other

components, including for example, other particulate matter (e.g., diluent grains, fillers, pore

formers, etc.). Deposition of the one or more other components can be conducted using the



forming structure 1006 or a separate forming structure to control the predetermined position

and/or predetermined rotational orientation of the one or more other components (e.g., diluent

grains, fillers, pore formers, etc.). Still, in certain other instances, the process of deposition of

the one or more other components can include deposition of the materials in a generally

random manner.

It will be further appreciated that controlling one or more processing variables can

facilitate the formation of a fixed abrasive article where the abrasive particles have a

predetermined position and/or predetermined rotational orientation. For example, certain

processing variables related to the bond and the abrasive particles being used, including the

composition of the precursor bond material and the average size of the abrasive particles, can

impact the final predetermined position and/or predetermined rotational orientation of the

abrasive particles within the fixed article. Certain processing conditions related to curing of

the green body can also contribute to the final positioning of the abrasive particles. For

example, without wishing to be bound by a particular theory, it is believed that by controlling

certain curing conditions (e.g., curing pressures, temperatures, and other conditions that

prevent the precursor bond material from curing before the placement of the particles within

the precursor bond material is completed), the placement of the abrasive particles in their

predetermined positions and/or predetermined rotational orientations also can be better

controlled.

FIG. 11 includes a system for forming a fixed abrasive article according to an

embodiment. As illustrated, the system 1100 can include a production tool 1102 having a

first layer of precursor bond material 1103 formed therein. Additionally, a group of abrasive

particles 1104 have been deposited on the first layer of precursor bond material 1103.

Notably, the abrasive particles 1104 which are deposited can be selected from a group of

abrasive particles 1112 contained in a hopper 1111. During processing, a forming structure

1106 can select a single abrasive particle from the group 1112 at position 1110 and move

from the position 1110 to a position near the precursor bond material 1103 for deposition of

an abrasive particle on or within the precursor bond material 1103 in a predetermined

position and/or a predetermined rotational orientation. In accordance with an embodiment,

the forming structure 1106 may be an optical pick-and-place machine capable of rapidly

selecting and controlling the predetermined position and/or predetermined rotational

orientation of a single abrasive particle at a time. For example, as illustrated, the forming

structure 1106 can be moved from position 1110 along the path 1109 with a single abrasive

particle of the group of abrasive particles 1112, and may further have complete three- space



movement capabilities including, but not limited to, movement in a vertical direction 1108

and horizontal direction 1105. The forming structure 1106 can have at least one control head

1107 configured to hold and deposit a single abrasive particle. It will be appreciated that the

process may employ a forming structure having a plurality of control heads, each of which

are configured to facilitate controlled deposition of an individual grain on or within the

precursor bond material 1103 with a predetermined position and/or a predetermined

rotational orientation.

In accordance with another embodiment, a forming structure utilized to facilitate

controlled deposition of one or more abrasive particles with a predetermined position and/or

predetermined rotational orientation can have a plurality of openings. FIG. 12A includes an

illustration of a system for forming a fixed abrasive article according to an embodiment. The

system 1200 includes a production tool 1202 and a forming structure 1205 that can have a

plurality of openings 1206 configured to allow the passage of the abrasive particles 1204

through the openings 1206 in the forming structure 1205 for deposition of the abrasive

particles 1204 on or within the precursor bond material 1203 with a predetermined position

and/or predetermined rotational orientation relative to a side surface 1030 of the production

tool and, ultimately, a side surface of the finally-formed fixed abrasive article. Utilizing a

forming structure 1205 with a plurality of openings 1206 can facilitate rapid and

simultaneous placement of a plurality of abrasive particles 1204, such as shaped abrasive

particles and/or elongated abrasive particles, on or within the precursor bond material 1203

with a predetermined position and/or predetermined rotational orientation.

Turning briefly to FIG. 2 IB and in accordance with an embodiment, a forming

structure 2100 is depicted from a top-down perspective. The forming structure 2100 includes

a plurality of portions, such as portions 2150, positioned within the production tool 2100.

The portions 2150 can be permanently affixed in any suitable configuration to the forming

structure 2100 or, alternatively, can be adjusted by any suitable means to create any suitable

configuration within the forming structure 2100. As shown in FIG. 21B, the plurality of

portions 2150 are positioned so as to be parallel with a plurality of radial axes radiating from

the center of the forming structure 2100.

The plurality of portions 2150 can be positioned not only to be parallel with radial

axes radiating from the center of the forming structure 2100, but each portion 2150 also is

spaced apart from adjacent portions 2150. In an embodiment, the average width (W) of an

opening between adjacent portions 2150 can be selected to facilitate placement of abrasive

particles in predetermined positions and/or predetermined rotational orientations within the



final fixed abrasive article. For example, the average width W of the openings between

adjacent portions 2150 can be adjusted to correspond to a physical dimension of the abrasive

particles (e.g., their average length, width, or thickness).

In an embodiment, the average width W can be controlled relative to a largest

dimension of an abrasive particle (i.e., the average width W between adjacent portions 2150

can correspond to a largest dimension of a shaped abrasive particle or elongated abrasive

particle). For example, the portions 2150 can be placed such that there is an average width W

between adjacent portions 2150, where the average width W corresponds to, for example, an

average length of the shaped and/or elongated abrasive particles. In an embodiment, the

width of the opening between adjacent portions 2150 can vary from a central axis or inner

diameter of the forming structure 2100 to a side surface or outer diameter of the forming

structure 2100. More particularly, the width of the opening between adjacent portions 2150

can increase from a width at the inner diameter of the forming structure 2100 to a greater

width at the outer diameter of the forming structure 2100. In one example, the width of the

opening between adjacent portions 2150 can be approximately 4 millimeters at the inner

diameter of the forming structure 2100. The width of the opening between adjacent portions

2150 can vary between approximately 5.23 millimeters (for one configuration of the portions

2150 within the forming structure 2100) and 6.17 millimeters (for another configuration of

the portions 2150 within the forming structure 2100) at the outer diameter of the forming

structure. Thus, the average width W between adjacent portions could be approximately

4.615 millimeters in one embodiment (i.e., for one configuration of the portions 2150 within

the forming structure 2100) or the average width W could be approximately 5.085

millimeters in another embodiment (i.e., for another configuration of the portions 2150 within

the forming structure 2100).

Then the mixture including the abrasive particles can be deposited into the forming

structure 2100. The portions 2150 can facilitate not only the positioning of the abrasive

particles (i.e., by positioning the abrasive particles between the portions 2150), but also can

facilitate the orientation of the abrasive particles, by positioning the abrasive particles in a

lying flat configuration, such that the longest dimension of the abrasive particles is

substantially parallel to a major surface of the forming structure 2100 and, ultimately, a major

surface of the final fixed abrasive article. In such a configuration, the abrasive particles can

be positioned between the portions 2150 with a major surface of the abrasive particle lying

parallel to a major surface of the final fixed abrasive article. In an embodiment, the average

width W of the openings between adjacent portions 2150 can be not greater than the average



length of the abrasive particles, such as not greater than 95%, not greater than 90%, not

greater than 85%, not greater than 80%, not greater than 75%, or even not greater than 50%

of the average length of the abrasive particles. In another embodiment, the average width W

between adjacent portions 2150 can be not greater than the average thickness of the abrasive

particles, such as not greater than 95%, not greater than 90%, not greater than 85%, not

greater than 80%, not greater than 75%, or even not greater than 50% of the average

thickness of the abrasive particles. In another embodiment, the average width W between

adjacent portions 2150 can be not greater than the average width of the abrasive particles,

such as not greater than 95%, not greater than 90%, not greater than 85%, not greater than

80%, not greater than 75%, or even not greater than 50% of the average width of the abrasive

particles.

Turning briefly to FIG. 21C, a portion of the forming structure 2100 is illustrated

from a top-down perspective with another configuration of the portions 2150. The portions

2150 can be positioned at any suitable angle relative to a radial axis of the forming structure

2100. For example, in FIG. 21C, the portions 2150 are positioned at a 45° angle to a radial

axis of the forming structure 2100. As discussed above, the openings between adjacent

portions 2150 can include an average width W. That average width W can correspond to a

physical dimension (e.g., an average length, width, or thickness) of the abrasive particles

being used in the mixture. When the mixture is deposited into the forming structure 2100, the

portions 2150 not only facilitate the placement of the abrasive particles between the portions

2150, but the portions 2150 also facilitate the orientation of the abrasive particles, by

positioning the abrasive particles in a lying flat configuration with a major surface of the

abrasive particles lying parallel to a major surface of the final fixed abrasive article. The

portions 2150 also facilitate the orientation of the abrasive particles such that a longest

dimension of the abrasive particles and/or a major surface of the abrasive particles is

positioned at a 45° angle to a side surface of the forming structure 2100 and, ultimately, a

side surface of the final fixed abrasive article. An exemplary image of a mixture of precursor

bond material and abrasive particles residing in the forming structure 2100 between the

portions 2150 positioned at a 45° angle is depicted in FIG. 21D.

Furthermore, depending on the intended grinding direction of the final fixed abrasive

article, the abrasive particles being positioned at a 45° angle to a side surface of the abrasive

article also can have a positive rake angle (e.g., +45° angle) or a negative rake angle (e.g., -

45° angle). For example, if the abrasive particles are positioned at a 45° angle, and the angle

inclines the abrasive particles in the intended grinding direction, then the abrasive particles



have a positive rake angle. If the abrasive particles are positioned at a 45° angle, and the

angle inclines the abrasive particles opposite to the intended grinding direction, then the

abrasive particles have a negative rake angle.

FIG. 12B includes a top-down illustration of a forming structure 1205 according to an

embodiment. As illustrated, the forming structure 1205 can have a plurality of openings

1221, 1222 and 1223 having various shapes and sizes relative to each other. Moreover, as

illustrated, the forming structure 1205 can have a variety of different orientations of the

openings 1221-1223 relative to each other. It will be appreciated that the openings 1221-

1223 may have a particular shape to control the predetermined position and/or predetermined

rotational orientation of the abrasive particles as the abrasive particles pass through the

openings 1221-1223. In more particular terms, for example, the openings 1221 and 1223

may allow only abrasive particles having a triangular two-dimensional shape of a particular

size range to pass through the forming structure 1205 in those particular locations, and thus

control the predetermined position and/or predetermined rotational orientation of the abrasive

particles passing therethrough on or within the precursor bond material 1203. The openings

1222 may be sized and shaped to allow passage of certain types of abrasive particles

therethrough including, for example, shaped abrasive particles having a rectangular two-

dimensional shape of a particular size range.

In accordance with an embodiment, the openings 1221-1223 within the forming

structure 1205 can have a particular two-dimensional shape selected from the group

consisting of a polygon, ellipsoids, irregular polygons, Greek alphabet characters, Latin

alphabet characters, Russian alphabet characters, complex shapes having a combination of

polygonal shapes, shapes with a combination of linear and arcuate sections, and a

combination thereof. Notably, the openings 1221-1223 can have substantially the same two-

dimensional shape as a two-dimensional shape of the shaped abrasive particles and/or

elongated abrasive particles passing there through. In addition, the two-dimensional shape of

the openings 1221-1223 can facilitate selective passage of only shaped abrasive particles of

the desired shape and size through the openings and thus selectively controlling the

predetermined position, predetermined rotational orientation, type and size of the abrasive

particle placed on or within the precursor bond material 1203.

Moreover, the placement of the openings 1221-1223 within the forming structure

1205 can facilitate placement of the abrasive particles in a controlled distribution on or within

the precursor bond material 1203, and therefore, in the finally-formed fixed abrasive article.

As, further illustrated in FIG. 12C, the openings 1221-1223 can be arranged in various



configurations including a controlled distribution. Moreover, it will be appreciated that the

openings 1221-1223 can be arranged within a particular distribution that can further define

the distribution of abrasive particles on the precursor bond material 1203. As will be

appreciated, the distribution of the openings 1221-1223 can correspond to and define the

controlled distribution of at least a portion of the abrasive particles within the precursor bond

material 1203 and the finally-formed fixed abrasive article. In one embodiment, the openings

1221-1223 can be staggered relative to each other and relative to a given radial axis. That is,

the openings 1221-1223 can be placed in concentric rings, but at different radial distances,

from the center of the forming structure 1205, as is shown in FIG. 12C. At least some of the

openings in one concentric ring (e.g., the openings 1221 positioned at one radial distance

from the center of the body) also can be staggered (not shown) relative to at least some of the

openings in the other concentric rings (e.g., the openings 1222 and 1223 positioned at lesser

radial distances from the center of the body). As a result, the staggered openings 1221-1223

would occupy different positions along different radial axes of the body or be staggered in

their positions relative to each radial axis. The abrasive particles which pass through the

staggered openings 1221-1223 of the forming structure 1205 can define a controlled, non-

shadowing arrangement in the final fixed abrasive article.

In an alternative embodiment, the openings 1221-1223 can be blind openings or

pockets defining a space within the body of the forming structure 1205, which do not extend

completely through the thickness of the forming structure 1205. Still, each of the openings

1221-1223 can be arranged, sized, and shaped to contain a shaped abrasive particle and/or

elongated abrasive particle and selectively control the predetermined position, predetermined

rotational orientation, type and size of the abrasive particle placed on or within the precursor

bond material 1203. Notably, in the instance where the forming structure 1205 utilizes

openings 1221-1223 in the form of pockets, the openings 1221-1223 can first be filled with a

suitable number of shaped abrasive particles and/or elongated abrasive particles. The

forming structure 1205 can then be delivered to a precursor bond material 1203 and inverted

such that at least one surface of the shaped abrasive particles and/or elongated abrasive

particles contained within the openings 1221-1223 contacts a surface of the precursor bond

material 1203. The forming structure 1205 may then be lifted leaving the shaped abrasive

particles and/or elongated abrasive particles on the precursor bond material 1203, and the

abrasive particles may have a predetermined position, predetermined rotational orientation,

and/or controlled distribution on the precursor bond material 1203 as provided by the

openings 1221-1223 in the forming structure. The single layer of a plurality of abrasive



particles (e.g., shaped abrasive particles and/or elongated abrasive particles) overlying the

precursor bond material 1203 can define a fixed abrasive preform. One or more preforms can

be made separately and then combined to form a green body of an abrasive article. The green

bond can be treated according to any one of the methods herein, including for example,

pressing (e.g., cold pressing, warm pressing, hot pressing, etc.) to change the green body to a

finally formed abrasive article.

Referring to FIG. 9, the process can further include step 903, during which the green

body formed in step 902 is treated to form a fixed abrasive article. The process of treating

can include treating the precursor bond material to form a finally-formed bond material.

Treating may be selected from the group of processes including, but not limited to, heating,

curing, sintering, melting, oxidizing, reducing, radiating, cooling, freezing, and a combination

thereof. Moreover, as noted herein, any of the foregoing treating processes may be

conducted completely or partially at any point during the forming process to facilitate the

formation of a fixed abrasive article of the embodiments herein.

In an embodiment, the forming structure may be a temporary structure that is not part

of the finally-formed fixed abrasive article. For example, referring again to the forming

structure 1205 of FIG. 12A, the forming structure 1205 may be in the form of a plate

configured to control the predetermined position and/or predetermined rotational orientation

of the abrasive particles as they are placed on the precursor bond material 1203. The forming

structure 1205 is removed prior to final treatment of the bond material to form the finally-

formed fixed abrasive article. In such instances, the abrasive particles may be temporarily in

contact with the forming structure 1205 during the forming process, but the forming structure

may be removed prior to final processing. In accordance with an embodiment, the forming

structure 1205 can include a material such as a metal, organic material, resin, polymer, glass,

ceramic, monocrystalline material, polycrystalline material, natural material such as mineral,

synthetic material, and a combination thereof.

In yet another embodiment, the forming structure can be an integrated structure

contained within the finally-formed fixed abrasive article. For example, referring to FIG. 13,

a system 1301 for forming a fixed abrasive article using a forming structure is provided in

accordance with an embodiment. The system 1301 can include a production tool 1302, a

precursor bond material 1303, and abrasive particles 1304 connected to each other via a

forming structure 1305. In such instances, the forming structure 1305 can be a permanent

structure configured to connect and couple at least a portion of the abrasive particles 1304 to

each other. In such instances, the forming structure 1305 may be referred to as an orientation



structure in the finally-formed fixed abrasive, wherein the abrasive particles 1304 can be

permanently attached to the forming structure 1305 and have a predetermined position and/or

predetermined rotational orientation based on their attachment to the forming structure 1305.

As such, further processing may include deposition of precursor bond material over the

abrasive particles 1304 and forming structure 1305 such that the forming structure 1305 is

integrated within the finally-formed fixed abrasive article.

In accordance with an embodiment, the forming structure 1305 can include a material

such as a metal, an organic material, a resin, a polymer, a glass, a ceramic, a monocrystalline

material, a polycrystalline material, a natural material such as a mineral, a synthetic material,

and a combination thereof.

In one embodiment, the forming structure 1305 can be a network structure including

abrasive particles coupled to each other. For example, the forming structure can include

bridges 1305 which, in one embodiment, can be akin to the orientation structure 821 depicted

in FIG. 8. As noted herein, in certain instances, the bridges 1305 of the forming structure

1305 can be a permanent part of the fixed abrasive article. However, in an alternative

embodiment, the bridges 1305 of the forming structure 1305 may be temporary and the

finally-formed fixed abrasive article can be essentially free of the bridges 1305 of the forming

structure 1305. In such instances, the bridges 1305 may be consumed or removed during

processing to form the fixed abrasive article. For example, the bridges 1305 of the forming

section 1305 connecting the abrasive particles 1304 may be removed during treating of the

green body, such as during a heating process. For example, one process may include

volatilization of the bridges 1305, such that the bridges 1306 are evolved as a gas or form

porosity within the finally-formed fixed abrasive article.

In other instances, the forming structure 1305 including the bridges 1305 coupling the

abrasive particles to each other, may be made of a material that is similar to the precursor

bond material 1303. In some embodiments, this may facilitate absorption of at least a portion

of the forming structure 1305, such as the bridges 1305, during treatment. As such, at least a

portion of the forming structure 1305 can be integrated into the precursor bond material and

become part of the fixed abrasive article during the treating process. In one particular

embodiment, at least a portion of the forming structure 1305, such as the bridges 1305, can be

dissociated or absorbed during treatment of the precursor bond material 1303 to form the

finally-formed bond material and the finally-formed fixed abrasive article.

In yet another embodiment, the forming structure may include at least one structure

configured to allow the flow of a mixture including the precursor bond material and abrasive



particles through one or more openings in the forming structure to control the deposition of

the precursor bond material and abrasive particles. For example, FIG. 14 includes an

illustration of a system for forming a fixed abrasive article according to an embodiment. As

illustrated, the system 1401 can include a production tool 1402 and deposition of a precursor

bond material 1403 within the production tool 1402. In certain instances, the system may

utilize multiple forming structures, including a first forming structure 1420, which may have

a reservoir for holding the precursor bond material 1421 therein until it is deposited as a layer

of precursor bond material 1403.

As further illustrated, a forming structure 1410 can also be utilized and facilitate

deposition of a mixture 1413 including abrasive particles 1412 and precursor bond material

1411 that may be deposited through an opening of a nozzle 1431 of the forming structure

1410 in a manner to control the predetermined position and/or predetermined rotational

orientation of the abrasive particles 1404. The opening of the nozzle 1431 can be sized and

shaped to facilitate suitable deposition of the abrasive particles 1412 and precursor bond

material 1411 in the desired manner. According to one embodiment, the mixture 1413 can be

a wet mixture that is poured through at least one opening in the forming structure 1410. In

another embodiment, one or more forces may be applied to the mixture 1413 within the

forming structure 1410 to facilitate deposition of the mixture 1413. The mixture 1413 can be

deposited as a layer of precursor bond material 1405 and abrasive particles 1404, wherein the

abrasive particles 1404 can have a predetermined rotational orientation relative to a side

surface of the production tool 1402 and, ultimately, the finally-formed fixed abrasive article.

The forming structures of the embodiments herein also can be configured to control

the predetermined tilt angle of at least a portion of the abrasive particles in the finally-formed

fixed abrasive article. As such, the forming structure can be configured to control the

average predetermined tilt angle and standard deviation of the predetermined tilt angle of a

portion of the abrasive particles as described in embodiments herein.

FIG. 15 includes a flowchart providing a method of forming a fixed abrasive article

according to an embodiment. As illustrated, the process can be initiated at step 1501 by

forming a mixture including a precursor bond material. The precursor bond material can

include those materials as noted in embodiments herein.

The process can continue with step 1502 by depositing abrasive particles into the

precursor bond material to form a green body. As will be appreciated, the abrasive particles

can include shaped abrasive particles and/or elongated abrasive particles as described in

embodiments herein.



In accordance with at least one embodiment, the process of depositing the abrasive

particles can include forming the abrasive particles. That is, the abrasive particles can be

formed during the process of forming the fixed abrasive article. In one particular

embodiment, the abrasive particles can be formed in situ during the process of forming the

entire fixed abrasive article. For example, in one instance, the process can include forming a

first portion of abrasive particles, depositing a first portion of the precursor material on the

first portion abrasive particles, and thereafter forming a second portion of abrasive particles,

distinct from the first portion of abrasive particles, on the first portion of the precursor bond

material. As will be appreciated, the first and second portions of abrasive particles can

include a first group in a radial plane, first and second groups in different radial planes, a first

radial set, first and second radial sets, a first axial collection, first and second axial

collections, a first axial set, first and second axial sets, and a combination thereof. As will be

appreciated, the process of forming the first portion of abrasive articles can include forming a

first portion including shaped abrasive particles and/or elongated abrasive particles having a

predetermined position and/or predetermined rotational orientation relative to a side surface

of the production tool that may define the side surface of the finally-formed fixed abrasive

article.

Certain suitable forming processes to form the abrasive particles can include an

additive manufacturing process, printing, screen printing, shaping, casting, stamping,

molding, scoring, fracturing, drying, and a combination thereof. In a particular embodiment,

such as illustrated in FIG. 16, a system 1601 for forming a fixed abrasive article according to

an embodiment can include a production tool 1602 and a precursor bond material 1603. The

system 1601 further includes a deposition structure 1605 such as a deposition head 1606

configured to form the abrasive particles 1604 in situ on the precursor bond material 1603.

For example, as illustrated in FIG. 16, discrete abrasive particles, including the abrasive

particle 1607, can be formed on or within the precursor bond material 1603 by the deposition

structure 1605. In one embodiment, the deposition structure 1605 can include a 3-D printing

device such that the forming process includes 3-D printing of the abrasive particles during the

forming of the fixed abrasive article. It will be appreciated that 3-D printing can include 3-D

printing of shaped abrasive particles and/or elongated abrasive particles. Moreover, while a

single deposition structure 1605 is illustrated, it is contemplated that a plurality of deposition

structures or a single deposition structure with a plurality of deposition heads may be utilized

to simultaneously form a plurality of abrasive particles.



The process of forming the fixed abrasive article can further include forming abrasive

particles and creating a forming structure (e.g., an orientation structure) configured to be

coupled to the abrasive particles. As such, the forming process can include formation of

abrasive particles and one or more forming structures, which may have bridges 1612 coupling

abrasive particles to each other. In certain instances, one or more groups of abrasive particles

1604 and bridges 1612 can be coupled to each other, wherein the bridges 1612 of the forming

structure can facilitate holding the abrasive particles 1604 in a predetermined position and/or

predetermined rotational orientation during the forming process and within the finally-formed

fixed abrasive article. Notably, the forming structure including the bridges 1612 extending

between the abrasive particles 1604 can be formed by 3-D printing or any of the other

processes noted herein. For example, as further illustrated in FIG 16, the deposition head

1605 can include a 3-D printing head configured to form the bridges 1612 of the forming

structure that extend between at least a portion of the abrasive particles 1604. It will be

appreciated that the process of forming the abrasive particles and the forming structure

together is an alternative process and need not necessarily always occur.

In yet another embodiment, the process of forming the abrasive particles during the

process of forming the fixed abrasive article can include a screen printing process. That is,

forming can include screen printing abrasive particles having a predetermined position and/or

a predetermined rotational orientation on the precursor bond material. FIG 17A includes a

system of forming a fixed abrasive article according to an embodiment. The system 1701 can

include a production tool 1702 including a precursor bond material 1703 and precursor

abrasive particles 1704 being formed within openings of a screen 1705 during a screen

printing process. As further illustrated in FIG. 17B, after forming the precursor abrasive

particles 1704 in the process of FIG. 17A, the screen 1705 can be removed such that

precursor abrasive particles 1704 are overlying the precursor bond material 1703.

The precursor abrasive particles that are formed during the process of forming the

fixed abrasive article can undergo further processing to form finally-formed abrasive articles.

Some suitable forming processes can include heating, curing, drying, doping, cooling,

freezing, coating, sintering, and a combination thereof. In at least one embodiment, the

process of treating the precursor shaped abrasive particles and formation of finally formed

abrasive particles can be the same process that may be used to treat the precursor bond

material and form a finally-formed bond material of the finally-formed fixed abrasive. Still,

in alternative instances, the process of treating the precursor shaped abrasive particles to form



final abrasive particles can be a different process than the process used to treat the precursor

bond material to form a finally-formed bond material of the finally-formed fixed abrasive.

In accordance with another embodiment, the process of depositing the abrasive

particles on or within the precursor bond material can further include rearranging at least a

portion of the abrasive particles to have a predetermined position and/or predetermined

rotational orientation. For example, as illustrated in the process of FIG. 18, a system 1801

can include a production tool 1802 and a precursor bond material 1803 formed according to

an embodiment herein. As further illustrated, the abrasive particles 1804 can be deposited on

the precursor bond material 1803. Thereafter, the abrasive particles 1804 may be rearranged

to change the predetermined position and/or the predetermined rotational orientation of the

abrasive particles. In certain instances, rearranging can include providing a force to the

abrasive particles 1804, which force is configured to cause a change in the predetermined

position and/or rotational orientation of the abrasive particles 1804. For example, in one

embodiment, a rotational force 1805 and/or vibrational force 1805 may be applied to the

production tool 1802 to facilitate a change in the predetermined position and/or

predetermined rotational orientation of the abrasive particles 1804 on or within the precursor

bond material 1803. Some suitable forces that may be utilized can include gravity,

centripetal, centrifugal, uniaxial, biaxial, isometric, and a combination thereof.

Alternatively, the process of rearranging the abrasive particles can include providing

energy to the abrasive particles configured to cause a change in the predetermined position

and/or predetermined rotational orientation of the abrasive particles on or within the

precursor bond material. For example, as illustrated in FIG. 18, in certain instances, an

electromagnetic energy 1806 may be applied to the abrasive particles 1804 to facilitate

rearranging the abrasive particles on or within the precursor bond material 1803. The

abrasive particles may include a material or may be coated with a material (e.g., silane) that

can facilitate their alignment by the application of electromagnetic energy. Other suitable

forms of energy that may be supplied to the abrasive particles 1804 can include electrical,

mechanical, vibratory, electromagnetic, magnetic, sonic, and a combination thereof. While

reference has been made to deposition of the abrasive particles and rearrangement of the

abrasive particles after deposition, it will be appreciated that the process of rearrangement

may be conducted during the process of deposition, such as before the abrasive particles 1804

contact the precursor bond material 1803.

In yet another embodiment, the process of depositing the abrasive particles can

include deposition of a mixture of the abrasive particles and precursor bond material into the



production tool. FIG. 19 includes a system for forming a fixed abrasive article according to

an embodiment. As illustrated, the system 1901 can include deposition of a mixture 1903

into a production tool 1902, where the mixture includes the precursor bond material 1904 and

abrasive particles 1905. After deposition of the mixture 1902, one or more forces can be

applied to the mixture 1902 to facilitate a change in the position and/or rotational orientation

of the abrasive particles, such that the abrasive particles are urged to a predetermined position

and/or predetermined rotational orientation of the abrasive particles. In one particular

embodiment, the process of applying a force can include translating one or more structures

1906 (e.g., a doctor blade), such as in the direction 1907, over the surface of the mixture 1903

to facilitate the change in position and/or rotational orientation of the abrasive particles 1905

from those illustrated in the region 1908 to those illustrated in the region 1909.

FIG. 20 includes an illustration of a system for forming a fixed abrasive article

according to an embodiment. As illustrated, the system 2000 can include a production tool

2016 and a mixture 2006, including precursor bond material 2003 and abrasive particles

2004. The mixture 2006 is contained in and deposited by a deposition structure 2010 through

a forming structure 2002.

In particular instances, deposition of the mixture 2006 can include one or more

processes such as printing (e.g., screen-printing), molding, pressing, casting, sectioning,

cutting, dicing, punching, pressing, drying, curing, coating, extruding, rolling, and a

combination thereof. In a particular embodiment, deposition includes extruding the mixture

2006 through a forming structure 2002.

The forming structure 2002 can include one or more openings. The openings can be

sized and shaped to allow the flow of the mixture 2006 therethrough and orientation of the

abrasive particles 2004 therein. The size, shape, and distribution of the openings in the

forming structure 2002 can be controlled to facilitate a deposition of the abrasive particles

2004 with a predetermined position, a controlled distribution, and/or a predetermined

rotational orientation relative to a side surface of the production tool 2016 and, ultimately, a

major surface of the finally-formed fixed abrasive article. While not illustrated, it is

contemplated that more than one type of forming structure can be utilized to create different

portions within the fixed abrasive article, where the different portions of the article include

abrasive particles of different abrasive characteristics and/or orientation characteristics,

including, but not limited to, predetermined position and/or predetermined rotational

orientation.



In an embodiment, the openings in the forming structure 2002 may have a two-

dimensional shape selected from the group consisting of a polygon, an ellipsoid, a numeral, a

Greek alphabet character, a Latin alphabet character, a Russian alphabet character, a complex

shape having a combination of polygonal shapes, and a combination thereof. In another

embodiment, the openings in the forming structure 2002 may have a same two-dimensional

shape as the two-dimensional shape of the abrasive particles 2004.

Deposition of the mixture 2006 can form a plurality of preformed bodies 2014, which

bodies can include abrasive particles 2004 and precursor bond material 2003, and which

bodies also can have different or similar shapes and sizes. In an embodiment, all of the

preformed bodies 2014 may have any number of same, or similar, characteristics, such as for

example, dimensions, shapes, homogeneity, or abrasive particle density.

In an embodiment, the preformed bodies 2014 may each include an elongated

preformed structure. In a particular instance, each of the preformed bodies 2014 may be in

the form of a pellet or another object having a predetermined shape.

The preformed bodies 2014 can each have a length (as shown by the dimension "L" in

FIG. 20) and a maximum width, as measured in a direction perpendicular to the length and as

shown by the dimension "W" in FIG. 20. In an embodiment, the maximum width of at least

one of the preformed bodies 2014 may be a diameter of the at least one preformed body 2014.

In a particular embodiment, the length may be at least 25% of the maximum width, such as at

least 100% of the maximum width, at least 150% of the maximum width, at least 175% of the

maximum width, at least 200% of the maximum width, at least 250% of the maximum width,

or at least 500% of the maximum width. The preformed bodies 2014 also may have an aspect

ratio, as measured by a ratio of the length to the width or maximum diameter, of at least 0 .1,

such as at least 0.2, at least 0.5, at least 1, at least 1.5, at least 2, at least 3, at least 4, at least 5,

at least 6, at least 7, at least 8, at least 9, or at least 10. In another embodiment, the preformed

bodies 2014 may have an aspect ratio of less than 100, such as less than 50, or less than 25.

In certain instances, at least one of the preformed bodies 2014 may be generally

cylindrical. As used herein to describe the preformed bodies 2014, "generally cylindrical"

refers to a condition wherein at least one of the preformed bodies 2014 may occupy at least

75% of a volume of a best fit cylinder, such as at least 80% of a volume of a best fit cylinder,

such as at least 95% of a volume of a best fit cylinder, such as at least 90% of a volume of a

best fit cylinder, such as at least 95% of a volume of a best fit cylinder, such as at least 96%

of the volume of the best fit cylinder, at least 97% of the volume of the best fit cylinder, at

least 98% of the volume of the best fit cylinder, or at least 99% of the volume of the best fit



cylinder. In a further embodiment, a majority of the preformed bodies 2014 may be generally

cylindrical. In another embodiment, all of the preformed bodies 2014 may be generally

cylindrical. In other instances, at least one of the preformed bodies 2014 may be cylindrical.

That is, at least one of the preformed bodies 2014 may have a first face, a second face parallel

with respect to the first face, and a cylindrical sidewall disposed between the first and second

faces. In a further embodiment, a majority of the preformed bodies 2014 may be cylindrical.

In another embodiment, all of the preformed bodies 2014 may be cylindrical.

In another embodiment, at least one of the preformed bodies 2014 may have a two-

dimensional shape selected from the group consisting of a polygon, an ellipsoid, a numeral, a

Greek alphabet character, a Latin alphabet character, a Russian alphabet character, a complex

shape having a combination of polygonal shapes, and a combination thereof.

The preformed bodies 2014 may have an abrasive particle density, as measured by a

density of the abrasive particles 2004 relative to the overall body of the preformed bodies

2014. In an embodiment, the abrasive particle density of the preformed bodies 2014 may be

higher than a conventional mixture of abrasive particles and precursor bond material formed

using a non-extrusion method or technique.

In certain instances, the abrasive particles 2004 may be homogenously, or nearly

homogenously, distributed within at least one of the preformed bodies 2014. In another

embodiment, the abrasive particles 2004 may be randomly or non-homogenously distributed

within the preformed bodies 2014.

In an embodiment, at least two of the abrasive particles 2004 disposed in at least one

preformed body 2014 may have the same predetermined three-axis orientation with respect to

one another. In another embodiment, at least two abrasive particles 2004 in each of the

preformed bodies 2014 may have the same predetermined three-axis orientation with respect

to one another. In a further embodiment, all abrasive particles 2004 disposed in at least one

of the preformed bodies 2014 may have the same predetermined three-axis orientation with

respect to one another. In yet another embodiment, all abrasive particles 2004 disposed in

each of the preformed bodies 2014 may have the same predetermined three-axis orientation

with respect to one another.

During or after deposition of the mixture 2006, the preformed bodies 2014 may be

combined, or positioned relative to one another, and treated to form the fixed abrasive article.

Additional precursor bond material may be applied prior to treating the preformed bodies

2014 and forming the fixed abrasive article.



In accordance with another embodiment, the process of depositing the mixture 2006

can further include rearranging at least a portion of the preformed bodies 2014 within the

production tool 2016. In an embodiment, the preformed bodies 2014 can be rearranged to

abut one another. In another embodiment, all of the preformed bodies 2014 may be deposited

on a surface of the production tool 2016 with little or no spacing between the preformed

bodies 2014. In a particular instance, at least two of the preformed bodies 2014 may be

deposited by the forming structure 2002 so as to be in at least partial contact with one

another. In another particular instance, a majority, such as all, of the preformed bodies 2014

may be deposited so that each preformed body 2014 is in at least partial contact with an

adjacent preformed body 2014. Any of the foregoing methods of formation may be

combined with any of the other methods to facilitate the formation of a fixed abrasive article

including abrasive particles having the features of the embodiments herein. Notably, any

portion of the foregoing methods can be combined with any of the features and steps of any

of the other processes to facilitate formation of a fixed abrasive article having the features of

the embodiments herein.

Some reference has been made in the embodiments herein to staggering of particles.

In addition to controlling the placement and rotational orientation of each of the abrasive

particles in the bonded abrasive body, it may also be advantageous to control the placement

and rotational orientation of the abrasive particles relative to each other. For example, based

upon some empirical data, it has been noted that certain arrangements of the abrasive

particles may facilitate improved operations of the abrasive article. Notably, it may be

advantageous to stagger the particles relative to each other and relative to one or more

reference planes or axes within the body to avoid excessive wear and decreased abrasive

capabilities of the abrasive article during use.

According to one embodiment, the abrasive particles within any plane, group,

collection, or set can be arranged in a particular distribution relative to each other. The

distribution can be a pattern having short range order and long range order, wherein the long

range order is based on repetition of a smallest unit defining the short range order. The

distribution may be a random distribution of abrasive particles having no discernable short

range order or long range order. In other instances, the distribution may be a controlled, non

uniform distribution. A controlled "non-uniform distribution" means that the position of the

abrasive particles has a controlled asymmetry (i.e., a controlled randomness), such that

although the distribution of abrasive particles can be described by or predicted by, for

example, a radial, spiral, or phyllotactic equation, the distribution of abrasive particles



exhibits at least a partial asymmetry. The controlled non-uniform distribution can be

partially, substantially, or fully asymmetric. The controlled non-uniform distribution can be

utilized for a portion of abrasive particles within any plane, group, collection, and/or set. The

distribution can cover multiple portions of the abrasive article or can cover only a portion of

the abrasive article.

It is contemplated that the controlled non-random distributions according to the

embodiments described herein can also include a distribution where only a portion of the total

number of abrasive particles of the distribution possesses a controlled asymmetry. Such a

situation can occur, for instance, by combining or substituting a portion of a uniformly

distributed pattern or a completely random pattern with a portion of the controlled non

uniform distribution. Still, in at least one embodiment, the controlled non-random

distribution can include a distribution where 100% of the particles having a controlled

asymmetry.

The controlled asymmetry can be a controlled reflection asymmetry (also called

mirror symmetry, line symmetry, and bilateral symmetry), a controlled rotational asymmetry,

a controlled translational symmetry, controlled glide reflection symmetry, or combinations

thereof. In at least one embodiment, the non-uniform distribution can be an arrangement

described by a rotational asymmetry. For example, for a radial, spiral, or phyllotactic pattern

having a rotational symmetry of an order of one, such a distribution has no rotational

symmetry because the distribution repeats itself only once during a rotation of 360° about its

center. In other words, if two copies of the same exact pattern are placed directly over each

other and one copy is held constant while the second copy is rotated 360° about its center, all

of the apertures of both copies will come into alignment only once during the 360° rotation.

In one embodiment, the distribution can be a phyllotactic pattern. As used herein, "a

phyllotactic pattern" means a pattern related to phyllotaxis. Phyllotaxis is the arrangement of

lateral organs such as leaves, flowers, scales, florets, and seeds in many kinds of plants.

Many phyllotactic patterns are marked by the naturally occurring phenomenon of

conspicuous patterns having arcs, spirals, and whorls. The pattern of seeds in the head of a

sunflower is an example of this phenomenon. Multiple arcs or spirals, also called parastichy,

can have their origin at a center point of the distribution and travel outward, while other

spirals originate to fill in the gaps left by the inner spirals. See Jean's Phyllotaxis A Systemic

Study in Plant Morphogenesis at p . 17. Frequently, the spiral-patterned arrangements can be

viewed as radiating outward in both the clockwise and counterclockwise directions.



FIG. 25A provides a top-down illustration of a portion of an abrasive article according

to an embodiment. Notably, FIG. 25A includes an illustration of a radial plane 2501 within

an abrasive article. The radial plane 2501 includes shaped abrasive particles 2502 each

having a triangular two-dimensional shape as viewed in the plane of the radial plane 2501.

As illustrated, each of the abrasive particles is substantially laying down within the radial

plane 2501. FIG. 25A is an illustration of a distribution of abrasive particles having a

controlled, non-random distribution in the form of a phyllotactic pattern.

FIGS. 25B-D include images of other distributions that may be used to control

placement and rotational orientation of the abrasive particles in a plane, group, set, or

collection, such that the abrasive particles are arranged in a particular distribution within the

body of the abrasive article. Each of the distributions illustrated in FIGS. 25B-D can

represent distributions of abrasive particles that may occur in any plane, group, set, or

collection within the embodiments herein. Each of the dots in the images of FIGS. 25B-D

can represent the placement of an abrasive particle, such as a shaped abrasive particle and/or

elongated abrasive particle. The distributions illustrated in FIGS. 25B-D may also represent

a corresponding distribution of cavities for a form or production tool used to place the

abrasive particles in the body of the abrasive article.

Moreover it will be appreciated that any of the distributions illustrated in the figures

herein can be used together or separately. For example, in one embodiment, it may be

advantageous to utilize a first type of distribution (e.g., the distribution of FIG. 25B) for a

first portion of abrasive particles (e.g., shaped abrasive particles and/or elongated abrasive

particles in a plane, group, collection, or set) and a second type of distribution (e.g., the

distribution of FIG. 25C) for a second portion of abrasive particles (e.g., shaped abrasive

particles and/or elongated abrasive particles in a plane, group, collection, sector, or set).

Additionally, any one of the distributions provided herein can utilize different groups

of abrasive particles where the abrasive particles of one group have at least one abrasive

characteristic that is different compared to abrasive particles of another group. For example,

the abrasive article may include a distribution including a first group of abrasive particles and

a second group of abrasive particles, wherein the first group and second group have at least

one abrasive characteristic that is distinct from each other. Suitable examples of abrasive

characteristics include hardness, composition, average particle size, average grain size,

fracture toughness, two-dimensional shape, tip sharpness, tip angle, aspect ratio, or any

combination thereof. For example, in one embodiment, a first portion of a distribution, such

as the spiral portion 2510 of FIG. 25B, can include a first type of shaped abrasive particle



having a first two-dimensional shape and a second portion of the distribution, such as the

spiral portion 251 1 of FIG. 25B can include a second type of abrasive particle, such as an

elongated particle or a diluent particle (e.g., an unshaped abrasive particle). It will be

appreciated that any portions of any distribution may utilize different groups of abrasive

particles where the groups have at least one abrasive characteristic that is distinct from the

abrasive particles in another group.

Moreover, it will be appreciated that any two portions of a distribution may utilize

abrasive particles having a different orientation characteristic. Exemplary orientation

characteristics can include a predetermined rotational orientation, a predetermined lateral axis

rotational orientation, a predetermined vertical axis rotational orientation, or any combination

thereof. For example, a first portion of a distribution (e.g., the spiral portion 2510) can

include abrasive particles having a first predetermined rotational orientation and a second

portion of the distribution (e.g., the spiral portion 251 1) can include abrasive particles having

a second predetermined rotational orientation that is different than the first predetermined

rotational orientation. It will be appreciated that other controlled orientation characteristics

may differ between different portions of the distribution. Controlling one or more orientation

characteristics of abrasive particles between two different portions of a distribution may

facilitate efficient grinding and limit the wear of the abrasive article that may affect grinding

performance and life.

It will also be appreciated that one or more orientation characteristics may differ

between particles within the same portion. As described in embodiments herein, any portion

of a distribution including, for example, the spiral portion 2510, may include different groups

of abrasive particles, which may have different abrasive characteristics and/or orientation

characteristics with respect to each other.

It will also be appreciated that different regions of the abrasive article, such as

different axial planes, radial planes, and the like, can utilize different distributions. For

example, in one embodiment, a first radial plane of the body can include a first distribution,

such as the distribution illustrated in FIG. 25B. And a second radial plane, which can be

disposed under or over the first radial plane within the body of the abrasive article may utilize

a second distribution that is different from the first distribution.

In still another embodiment, various regions within the abrasive body may utilize the

same distribution. For example, a first radial plane and a second radial plane, which are

separated from each other by some axial distance, can utilize the same distribution, such as

the distribution illustrated in FIG. 25B. In yet a more particular embodiment, it is



contemplated that the same distribution may be utilized in different regions (e.g., radial

plane) within the body of the abrasive, but the distributions may be rotated relative to each

other to facilitate suitable staggering of the particles. For example, a first radial plane may

utilize the distribution illustrated in FIG. 25B and a second radial plane overlying the first

radial plane may utilize the same distribution, but the distribution in the second radial plane

can be rotated relative to the distribution in the first radial plane, such that abrasive particles

in the same positions within the two distributions are not overlapping, but staggered relative

to each other when viewing the radial planes top down.

In still another embodiment, a portion of the abrasive article (e.g., such as a group of

abrasive particles in the same radial plane) may include a combination of abrasive particles

arranged in a particular distribution combined with other particles having a random

arrangement. For example, a first group of abrasive particles, such as shaped abrasive

particles, may be present in a portion of the abrasive article including, for example, within the

same radial plane and distributed in the manner as illustrated in FIG. 25B. A second group of

abrasive particles, such as diluent particles, may then be deposited at positions between the

positions occupied by the first group of abrasive particles, such as within the gap regions

2512 between the spiral portions 2510 and 251 1 that are associated with the first group of

abrasive particles. Filling gap regions that exist between the positions associated with a

particular distribution may facilitate improved grinding efficiency and may further limit the

wear of the abrasive article during operation of the abrasive article. It will be appreciated that

such an article can be formed by first depositing the first group of abrasive particles in a

controlled manner according to any of the techniques described herein, and later depositing

one or more other groups of abrasive particles in the gap regions.

FIG. 26 includes a top-down illustration of a portion of an abrasive article according

to an embodiment. As illustrated, the abrasive article 2601 includes a side surface 2602 and

abrasive particles 2603, 2604, 2605, 2606 and 2607 (2603-2607) contained within a first

radial plane. The abrasive article further includes abrasive particles 2643, 2644, 2645, 2646

and 2647 contained in a second radial plane underlying the first radial plane. As further

illustrated, the abrasive particle 2603 is spaced apart from the side surface 2602 by a spacing

distance 2623, which is measured as the shortest distance along the radial axis 2613 between

the side surface 2602 and a point on the abrasive particle 2603 closest to the side surface

2602 when viewed top down. The abrasive particle 2604 also includes a spacing distance

2624 along the radial axis 2614. The abrasive particle 2605 also includes a spacing distance

2625 along the radial axis 2615. The abrasive particle 2606 also includes a spacing distance



2626. This difference in spacing distances can define a staggered relationship between each

of the adjacent abrasive particles 2603-2606 within the first radial plane, such that as the

abrasive article 2601 wears along the side surface, fresh particles are constantly exposed,

which may facilitate improved efficiency and life of the abrasive article.

The abrasive particles may also be staggered relative to each other in different radial

planes. For example, as illustrated in FIG. 26, the abrasive particle 2643, which is underlying

the abrasive particle 2603, can be staggered relative to the abrasive particle 2603, such that

one particle is not completely underlying the other abrasive particle. As illustrated in FIG.

26, as viewed top down, at least a portion of the abrasive particle 2643 is offset from the

abrasive particle 2603, such that the particles are not in perfect axial alignment relative to

each other. Stated alternatively, as viewed top down and as shown, at least a portion of the

abrasive particle 2643 is not underlying the abrasive particle 2603. Ensuring that at least a

portion of the abrasive particles in different radial planes are not in alignment with one

another and have an axially and radially staggered relationship with respect to each other may

facilitate improved efficiency and life of the abrasive article. It will be appreciated that when

evaluating the axial and/or radial staggering of abrasive particles in different radial planes,

such staggering is to be measured between the closest two particles or two immediately

adjacent particles that are separated from each other by the smallest axial distance. FIG. 26

further illustrates the same relationship of axial and radial staggering for each of the pairs of

abrasive particles, including abrasive particles 2604 and 2644, abrasive particles 2605 and

2645, abrasive particles 2606 and 2646, and abrasive particles 2607 and 2647.

It will further be appreciated that the radial and/or axial staggering of abrasive

particles may be controlled by controlling one or more rotational orientation characteristics of

the abrasive particles. In yet another embodiment, the radial and/or axial staggering of

abrasive particles may be controlled by controlling one or more rake angles of the abrasive

particles.

It will be appreciated that reference herein to any materials of the articles of the

embodiments includes forming the article essentially from any of the materials mentioned.

Moreover, it will be appreciated that the foregoing description also contemplates that any of

the articles of the embodiments herein may be essentially free of any materials that are

described as well as those materials that are not described with any of the articles.

Many different aspects and embodiments are possible. Some of those aspects and

embodiments are described herein. After reading this specification, skilled artisans will

appreciate that those aspects and embodiments are only illustrative and do not limit the scope



of the present invention. Embodiments may be in accordance with any one or more of the

items as listed below.

EXAMPLES

EXAMPLE 1

Sample wheels were formed to analyze how the use of a formation structure affects

(a) the placement of abrasive particles in a predetermined position and/or predetermined

rotational orientation; and (b) the grinding performance of the sample wheel.

A comparative wheel sample was made containing commercially available rod-

shaped sintered bauxite abrasive particles (CS1). An image of the rod-shaped sintered

bauxite abrasive particles, used in both the comparative sample CS 1 and the sample S1

discussed herein, are shown in FIG. 2 1A. The comparative sample CS1 was formed using a

conventional process, namely by pouring a mixture of precursor bond material and the rod-

shaped particles into a mold to form a green body. Then the green body was treated (e.g.,

cured) to form the fixed abrasive article CS1 with a diameter of approximately 16".

A first wheel sample, SI, was formed in accordance with the embodiments described

herein. The same mixture of precursor bond material and rod-shaped sintered bauxite

abrasive particles used to make the conventional wheel sample CS 1 was also used to make

the sample SI. The mixture was deposited into a production tool having a forming structure.

An illustration of the forming structure is shown in FIG. 21B. It will be appreciated that the

forming structure 2100 depicted in FIG. 2 IB can be employed in any of the processes or

embodiments described herein, or used with any of the shaped abrasive particles or elongated

abrasive particles described herein, to assist with placing shaped or elongated abrasive

particles in predetermined positions and/or predetermined rotational orientations within a

fixed abrasive article.

The first wheel sample SI was made using the forming structure 2100 depicted in

FIG. 21B, including the "radial" configuration of slots 2150 as shown in FIG. 21B. After the

mixture was deposited into the production tool, a green body was formed. Then the green

body was treated (e.g., cured) to form the fixed abrasive article sample SI with a diameter of

approximately 16".

FIGS. 22A and 22B depict cross-sectional images of the comparative wheel sample

CS1 and first sample SI, respectively. The cross-sectional images were both taken in a plane

parallel to the major surfaces of the samples. An analysis was performed on these images to

assess the orientation of the abrasive particles within the sample wheels. Those abrasive

particles whose orientation was substantially "radial," or whose longest dimension was



parallel to a radial axis of the wheel and perpendicular to a side surface of the wheel, were

denoted in a lighter color. Those abrasive particles whose orientation was substantially

"90°," or whose longest dimension was perpendicular to a radial axis of the wheel and

parallel to a side surface of the wheel, were denoted in a dark color.

FIG. 22C depicts a bar graph of the results of the image analysis on the wheels

depicted in FIGS. 22A and 22B. The largest percentage of the abrasive particles in the

sample CS 1 were oriented in a "tangential direction," where a longest dimension of the

particle was substantially perpendicular to a radial axis of the wheel and substantially parallel

to the side surface or a tangent to the side surface. By contrast, the largest percentage of the

abrasive particles in the sample S1 were oriented in a "radial direction," where a longest

dimension of the particle was substantially parallel to a radial axis of the wheel and

substantially perpendicular to the side surface or a tangent to the side surface. Clearly, then,

the use of a forming structure, including the forming structure 2100 with the slots 2150, can

facilitate the formation of a fixed abrasive article having shaped abrasive particles or

elongated abrasive particles in predetermined positions and/or predetermined rotational

orientations.

In addition to sample SI, a further wheel sample S2 was made in accordance with

embodiments described herein, notably using the forming structure 2100 depicted in FIG.

21C with the "45°" configuration of the slots 2150. The sample S2 included the same

precursor bond material and abrasive particles as the CS1 and SI sample wheels. After the

mixture was deposited into the production tool (an exemplary image of which is depicted in

FIG. 21D), a green body was formed. Then the green body was treated (e.g., cured) to form

the fixed abrasive article sample S2 with a diameter of approximately 16".

Samples SI and S2 were used in a grinding test on a workpiece of cold 304 stainless

steel at a constant speed. The samples S1 - S2 were tested at two different depths of cut

("DoC"), namely at 0.075" and 0.1". The grinding performance of the samples S1-S2, and

particularly the cumulative Q-ratio (lb/lb) of each sample for each of the two DoC, was

measured and summarized in the bar graph depicted in FIG. 23.

As FIG. 23 shows, sample S1 had a better Q-ratio for a DoC of 0.075" than for a DoC

of 0.1". Sample S2 was tested in both a positive rake direction and a negative rake direction.

That is, sample S2 was tested in a grinding direction that corresponds to the 45° inclination of

the abrasive particles in the sample S2 wheel (a positive rake direction). Sample S2 also was

tested in a grinding direction that was opposite to the 45° inclination of the abrasive particles

in the sample S2 wheel (a negative rake direction). In the negative rake direction, sample S2



had a better Q-ratio for a DoC of 0.1" than for a DoC of 0.075". In the positive rake

direction, sample S2 had a better Q-ratio for a DoC of 0.075" than for a DoC of 0.1". In

particular, for the 0.075" DoC, sample S2 had an 18% separation in Q-ratio between the

negative and positive rake directions. Clearly, then, the use of a forming structure that

facilitates the positioning of shaped abrasive particles or elongated abrasive particles in

predetermined positions and/or predetermined rotational orientations also can affect the

grinding performance of the resulting fixed abrasive article.

EXAMPLE 2

Thin wheels were formed to analyze how the use of a formation structure affects the

placement of abrasive particles in a predetermined position and/or predetermined rotational

orientation.

A first wheel sample, S3, was formed according to a conventional process. The

sample wheel S3 was a 3" x 1/16" Type 4 1 wheel (e.g., a flat cutting wheel) with a target

weight of 19.2 grams. A precursor bond material was formed in an Erlich mixer by blending

184 grams of dry phenolic resin (Durez 29346) with 893.8 grams of finely chopped bulk

molding compound ("BMC"). For the abrasive particles, 1006.9 grams of triangular shaped

abrasive particles (as described in accordance with embodiments herein) were mixed with

254.6 grams of Nephaline syenite (a type of weak grain). To this, 54.5 grams of liquid resin

(Durez LPR5%) was added to wet the abrasive particles. This wet particle mix was added to

the dry precursor bond material blend while stirring. The wheel was then formed in a

production tool (e.g., a mold cavity) by placing a first layer of reinforcing material in the

bottom of the mold cavity. The reinforcing material was IPAC style 3321 phenolic-coated

fiberglass with paper on one face. Each of these fiberglass webs, with the paper, weighs

approximately 0.94 grams. The IPAC layer was placed into the mold cavity with the paper

facing the bottom of the mold cavity, so that the paper faced to the outside of the final wheel.

Approximately 18.5 grams of the mixture that contained both the precursor bond material and

shaped abrasive particles was deposited on top of the IPAC layer. The mixture of precursor

bond material and shaped abrasive particles was deposited into the mold cavity such that the

shaped abrasive particles were randomly distributed and oriented throughout the mixture. A

second IPAC layer was placed on top of the mixture, again with the paper facing to the

outside of what would become the final wheel. This green body configuration was cold

pressed in the mold cavity at a pressure of 100 bar with a 4 second dwell. The compressed

wheel was cured under a force of approximately 200 pounds using the following cycle: (a) a

ramp temperature over 5 hours from approximately room temperature to 195 °C; (b) a hold at



195 °C for 3 hours and 20 minutes; and (c) a ramp temperature over 1.5 hours from 195 °C to

60 °C. A CT scan of the sample S3 was performed and a cross- sectional image of sample S3,

as viewed in a plane parallel to the major surfaces of the sample wheel S3, is shown in FIG.

24A. As FIG. 24A shows, the triangular shaped abrasive particles are randomly distributed

or positioned within the wheel S3. The particles also have random rotational orientations

relative to, for example, a side surface of the wheel S3.

A second wheel sample, S4, was formed in accordance with the embodiments

described herein. The sample wheel S4 was a 3" x 1/16" Type 4 1 wheel (e.g., a flat cutting

wheel) with a target weight of 19.2 grams. The sample wheel S4 was a layered structure

featuring two IPAC layers on the outer major surfaces of the wheel, and an alternating

structure of 8 grains sheets interspersed with a precursor bond material. The precursor bond

material, which included 1.1 grams of dry phenolic resin powder (Durez 29346), 1.78 grams

of Nepheline Syenite, and 0.6 grams of liquid phenolic resin (Durez LPR5%) was mixed by

hand in a small bowl with a spatula.

Each grain sheet, which weighed approximately 1.68 grams (including 0.89 grams of

grain and 0.79 grams of BMC), was formed in accordance with embodiments described

herein. A forming structure, namely a template, included openings that were pockets. An

image of the template used to make each grain sheet is shown in FIG. 24B. That is, the

openings were pockets that defined a space within the body of the template and did not

extend completely through the thickness of the template. Notably, the pockets were

staggered from one concentric ring to the next, such that when the sample S4 wheel was

viewed from the top down, the shaped abrasive particles of one ring were staggered in their

radial position as compared to adjacent concentric rings of shaped abrasive particles. For

each grain sheet, approximately 1 gram of shaped abrasive particles (e.g., the same triangular

shaped abrasive particles used in sample wheel S3) was spread around the template while the

template was rotated and gently shaken from side to side. This rotation and vibration step

assisted in filling most of the pockets in the template with shaped abrasive particles. The

particle placement was completed by using tweezers to place a particle in any open pocket,

replace any broken particles in pockets with whole or unbroken particles, and remove any

excess particles from the non-pocket areas of the template. A circular layer of BMC having

an outer diameter of 3" was then placed on top of the particles in the template. The BMC

was pressed into the particles. Then the BMC and template in combination were turned over,

after which the template was removed from the BMC. The shaped abrasive particles



remained on the BMC layer. The grain sheet was refrigerated between layers of wax paper

until all of the grain sheets were completed and the wheel was ready for assembly.

The wheel was formed in a production tool (e.g., a mold cavity) by placing a first

layer of IPAC reinforcing material in the bottom of the mold cavity with the paper facing

toward the eventual outer surface of the wheel. One grain sheet was placed on top of the

IPAC layer. Then 0.5 grams of the precursor bond material was sprinkled onto the surface of

the grain sheet. A second grain sheet was placed into the mold cavity, and a further 0.5

grams of the precursor bond material was sprinkled onto the surface of the second grain

sheet. This process continued until 8 total grain sheets, with seven layers of precursor bond

material sprinkled in between, were deposited in the mold cavity. A final layer of IPAC

reinforcing material was deposited in the mold cavity with the paper facing toward the

eventual outer surface of the wheel. Then the wheel was pressed, stacked, and cured under

the same conditions described above with respect to sample S3.

A CT scan of the sample S4 was performed and two cross-sectional images of sample

S4, as viewed in a plane parallel to the major surfaces of the sample wheel S4, are shown in

FIGS. 24C-24D. As FIGS. 24C-24D show, the triangular shaped abrasive particles occupy

predetermined positions within the wheel S4. First, the triangular shaped abrasive particles

are positioned in a pattern of concentric rings. Second, the triangular shaped abrasive

particles are positioned in a predetermined rotational orientation relative to a side surface of

the wheel S4. Their predetermined rotational orientation is akin to that orientation shown and

discussed in relation to particles 502-506 in FIG. 5A. More particularly, a significant portion

of the particles in the wheel S4 exhibit a predetermined rotational orientation angle of

approximately 0° because the longitudinal axes of the particles align with radial axes of the

wheel. Many of the particles also have a major surface or face aligned with a major surface

of the wheel S4. Clearly, the Sample S4 demonstrates control of both the positioning of

shaped abrasive particles or elongated abrasive particles in predetermined positions and

predetermined rotational orientations within a finally-formed fixed abrasive article.

EMBODIMENTS

Embodiment 1. A fixed abrasive article comprising:

a body including abrasive particles contained within a bond material, the abrasive particles

including shaped abrasive particles or elongated abrasive particles having an aspect ratio of

length:width of at least 1.1:1, each of the shaped abrasive particles or elongated abrasive

particles having a predetermined position or a predetermined three-axis orientation.

Embodiment 2 . A fixed abrasive article comprising:



a body having abrasive particles contained within a bond material, the abrasive particles

including a plurality of shaped abrasive particles or elongated abrasive particles having an

aspect ratio of length:width of at least 1.1:1, each of the shaped abrasive particles or

elongated abrasive particles have a predetermined rotational orientation angle relative to a

side surface of the body.

Embodiment 3 . A fixed abrasive article comprising:

a body having abrasive particles contained within a bond material, the abrasive particles

including a plurality of shaped abrasive particles or elongated abrasive particles having an

aspect ratio of length:width of at least 1.1:1, wherein at least a portion of the abrasive

particles are coupled to an orientation structure extending throughout a portion of the bond

material within the body.

Embodiment 4 . The fixed abrasive article of any one of Embodiments 1, 2, and 3,

wherein the bond material comprises a material selected from the group consisting of

vitreous, polycrystalline, monocrystalline, organic, metal, and a combination thereof.

Embodiment 5 . The fixed abrasive article of any one of Embodiments 1, 2, and 3,

wherein the body comprises a shape selected from the group consisting of cylindrical,

conical, cup-shaped, depressed center wheel, and a combination thereof.

Embodiment 6 . The fixed abrasive article of any one of Embodiments 1, 2, and 3,

wherein the body comprises an upper surface, a bottom surface, and wherein the side surface

extends between the upper surface and the bottom surface.

Embodiment 7 . The fixed abrasive article of any one of Embodiments 1, 2, and 3,

wherein the abrasive particles are contained within a three-dimensional volume of the bond

material.

Embodiment 8. The fixed abrasive article of any one of Embodiments 1, 2, and 3,

wherein the body comprises at least one reinforcing member, wherein the reinforcing

member is selected from a group consisting of a woven material, a non-woven material, a

composite material, a laminated material, a monolithic material, a natural material, a

synthetic material, and a combination thereof.

Embodiment 9 . The fixed abrasive article of Embodiment 8, wherein the reinforcing

material comprises a material selected from the group consisting of a monocrystalline

material, a polycrystalline material, a vitreous material, a glass, a ceramic, a metal, an organic

material, an inorganic material, and a combination thereof, wherein the reinforcing member

Embodiment 10. The fixed abrasive article of Embodiment 8, wherein the reinforcing

material extends for at least a portion of the entire width of the body, wherein the reinforcing



material extends for a majority of the entire width of the body, wherein the reinforcing

material extends for an entire width of the body.

Embodiment 11. The fixed abrasive article of Embodiment 8, wherein the reinforcing

material is substantially contained within the volume of the bond material, wherein the

reinforcing material is intersecting an exterior surface of the body, wherein the reinforcing

material defines a major surface of the body.

Embodiment 12. The fixed abrasive article of any one of Embodiments 1, 2, and 3,

wherein each of the shaped abrasive particles or elongated abrasive particles having a

predeter Embodiment 13. The fixed abrasive article of Embodiment 12, wherein at

least a portion of the shaped abrasive particles or at least a portion of the elongated abrasive

particles have substantially the same predetermined three-axis orientation relative to the side

surface of the body.

Embodiment 14. The fixed abrasive article of the Embodiment 13, wherein the

predetermined three-axis orientation includes a predetermined rotational orientation of each

the abrasive particles relative to a side surface of the body.

Embodiment 15. The fixed abrasive article of any one of Embodiments 1, 2, and 3,

wherein each of the shaped abrasive particles comprises a cutting tip or cutting edge having a

predetermined orientation relative to the side surface.

Embodiment 16. The fixed abrasive article of any one of Embodiments 1, 2, and 3,

wherein the body comprises a first group of abrasive particles within a first radial plane

within the body, each of the abrasive particles of the first group having a predetermined

rotational orientation within the first radial plane relative to a side surface of the body.

Embodiment 17. The fixed abrasive article of Embodiment 16, wherein the first

group of abrasive particles includes shaped abrasive particles or elongated abrasive particles.

Embodiment 18. The fixed abrasive article of Embodiment 16, wherein the abrasive

particles of the first group of abrasive particles are arranged in a controlled distribution

relative to each other.

Embodiment 19. The fixed abrasive article of Embodiment 18, wherein the controlled

distribution includes an ordered distribution of the first group of abrasive particles relative to

each other within the first radial plane.

Embodiment 20. The fixed abrasive article of Embodiment 16, wherein the abrasive

particles within the first group have a predetermined position having substantially the same

axial position within the radial plane with respect to each other.



Embodiment 21. The fixed abrasive article of Embodiment 20, wherein the abrasive

particles of the first group comprise a different radial position with respect to each other.

Embodiment 22. The fixed abrasive article of Embodiment 16, wherein the abrasive

particles of the first group have at least one abrasive characteristic that is substantially the

same, wherein the at least one abrasive characteristic is selected from the group consisting of

hardness, composition, average particle size, average grain size, fracture toughness, two-

dimensional shape, tip sharpness, tip angle, aspect ratio, and a combination thereof.

Embodiment 23. The fixed abrasive article of Embodiment 16, further comprising a

second group of abrasive particles within a second radial plane within the body, each of the

abrasive particles of the second group having a predetermined rotational orientation within

the second radial plane relative to a side surface of the body.

Embodiment 24. The fixed abrasive article of Embodiment 23, wherein the second

group of abrasive particles includes shaped abrasive particles or elongated abrasive particles.

Embodiment 25. The fixed abrasive article of Embodiment 23, wherein the second

group of abrasive particles are arranged in a controlled distribution relative to each other.

Embodiment 26. The fixed abrasive article of Embodiment 25, wherein the controlled

distribution includes an ordered distribution of the second group of abrasive particles relative

to each other within the second radial plane.

Embodiment 27. The fixed abrasive article of Embodiment 23, wherein the first

radial plane and second radial plane are axially spaced apart from each other within the body.

Embodiment 28. The fixed abrasive article of Embodiment 23, wherein the first

group of abrasive particles have a first predetermined rotational orientation and the second

group of abrasive particles have a second predetermined rotational orientation different than

the first predetermined rotational orientation.

Embodiment 29. The fixed abrasive article of Embodiment 23, wherein the abrasive

particles within the second group have a predetermined position having substantially the

same axial position within the radial plane with respect to each other.

Embodiment 30. The fixed abrasive article of Embodiment 29, wherein the abrasive

particles of the second group comprise a different radial position with respect to each other.

Embodiment 31. The fixed abrasive article of Embodiment 23, wherein the abrasive

particles of the second group have at least one abrasive characteristic that is the same,

wherein the at least one abrasive characteristic is selected from the group consisting of

hardness, composition, average particle size, average grain size, fracture toughness, two-

dimensional shape, tip sharpness, tip angle, aspect ratio, and a combination thereof.



Embodiment 32. The fixed abrasive article of Embodiment 31, wherein the abrasive

particles of the first group and the second group have at least one abrasive characteristic that

is different.

Embodiment 33. The fixed abrasive article of Embodiment 16, wherein the first

group of abrasive particles includes a first radial set of abrasive particles spaced at a first

radial distance from a center of the body.

Embodiment 34. The fixed abrasive article of Embodiment 33, wherein each of the

abrasive particles of the first radial set of abrasive particles have substantially the same

predetermined rotational orientation relative to each other.

Embodiment 35. The fixed abrasive article of Embodiment 33, wherein each of the

abrasive particles of the first radial set of abrasive particles have substantially the same

predetermined rotational orientation relative to a side surface of the body.

Embodiment 36. The fixed abrasive article of Embodiment 33, wherein each of the

abrasive particles of the first radial set of abrasive particles have substantially the same axial

position with respect to each other, and are spaced at substantially the same first radial

distance from the center of the body with respect to each other.

Embodiment 37. The fixed abrasive article of Embodiment 35, wherein the abrasive

particles of the first radial set have at least one abrasive characteristic that is substantially the

same, wherein the at least one abrasive characteristic is selected from the group consisting of

hardness, composition, average particle size, average grain size, fracture toughness, two-

dimensional shape, tip sharpness, tip angle, aspect ratio, and a combination thereof.

Embodiment 38. The fixed abrasive article of Embodiment 33, wherein the first

group of abrasive particles includes a second radial set of abrasive particles spaced at a

second radial distance from a center of the body that is different than the first radial distance.

Embodiment 39. The fixed abrasive article of Embodiment 38, wherein each of the

abrasive particles of the second radial set of abrasive particles have substantially the same

predetermined rotational orientation relative to each other.

Embodiment 40. The fixed abrasive article of Embodiment 38, wherein at least two

of the abrasive particles of the second radial set of abrasive particles have a different

predetermined rotational orientation relative to each other.

Embodiment 41. The fixed abrasive article of Embodiment 38, wherein each of the

abrasive particles of the second radial set of abrasive particles have substantially the same

predetermined rotational orientation relative to a side surface of the body.



Embodiment 42. The fixed abrasive article of Embodiment 38, wherein the first

radial set is positioned as initial abrasive elements configured to conduct initial material

removal operations and the second radial set is positioned as a back-up abrasive elements

configured to conduct material removal operations after some portion of the first radial set is

worn.

Embodiment 43. The fixed abrasive article of Embodiment 38, wherein the abrasive

particles of the first radial set are closer to a side surface of the body than the abrasive

particles of the second radial set.

Embodiment 44. The fixed abrasive article of Embodiment 38, wherein the abrasive

particles of the first radial set intersect a side surface of the body and the abrasive particles of

the second radial set are spaced a distance from the side surface.

Embodiment 45. The fixed abrasive article of Embodiment 38, wherein each of the

abrasive particles of the second radial set of abrasive particles have substantially the same

axial position with respect to each other, and are spaced at substantially the same second

radial distance from the center of the body with respect to each other.

Embodiment 46. The fixed abrasive article of Embodiment 38, wherein the abrasive

particles of the second radial set have at least one abrasive characteristic that is substantially

the same, wherein the at least one abrasive characteristic is selected from the group consisting

of hardness, composition, average particle size, average grain size, fracture toughness, two-

dimensional shape, tip sharpness, tip angle, aspect ratio, and a combination thereof.

Embodiment 47. The fixed abrasive article of Embodiment 46, wherein the abrasive

particles of the first radial set have at least one abrasive characteristic different than the

abrasive particles of the second radial set.

Embodiment 48. The fixed abrasive article of any one of Embodiments 1, 2, and 3,

wherein the body comprises a plurality of groups of abrasive particles associated with a

plurality of different radial planes within the body, and wherein each group of the plurality of

groups of abrasive particles includes a plurality of radial sets of abrasive particles, wherein

each of the radial sets are spaced at a different radial distance from a center of the body

relative to each other.

Embodiment 49. The fixed abrasive article of any one of Embodiments 1, 2, and 3,

wherein the body comprises a plurality of axial collections of abrasive particles, wherein each

axial collection includes a plurality of abrasive particles contained within a same axial plane

within the body.



Embodiment 50. The fixed abrasive article of any one of Embodiments 1, 2, and 3,

wherein the body comprises a first axial collection of abrasive particles within a first axial

plane within the body, each of the abrasive particles of the first axial collection having a

predetermined rotational orientation relative to a side surface of the body.

Embodiment 51. The fixed abrasive article of Embodiment 50, wherein the abrasive

particles of the first axial collection include shaped abrasive particles or elongated abrasive

particles.

Embodiment 52. The fixed abrasive article of Embodiment 50, wherein the abrasive

particles of the first axial collection of abrasive particles are arranged in a controlled

distribution relative to each other.

Embodiment 53. The fixed abrasive article of Embodiment 52, wherein the controlled

distribution includes an ordered distribution of the first axial collection of abrasive particles

relative to each other within the first axial plane.

Embodiment 54. The fixed abrasive article of Embodiment 50, wherein the abrasive

particles of the first axial collection have at least one abrasive characteristic that is

substantially the same, wherein the at least one abrasive characteristic is selected from the

group consisting of hardness, composition, average particle size, average grain size, fracture

toughness, two-dimensional shape, tip sharpness, tip angle, aspect ratio, and a combination

thereof.

Embodiment 55. The fixed abrasive article of Embodiment 50, further comprising a

second axial collection of abrasive particles within a second axial plane within the body that

is different than the first axial plane, each of the abrasive particles of the second axial

collection having a predetermined rotational orientation within the second axial plane relative

to a side surface of the body.

Embodiment 56. The fixed abrasive article of Embodiment 55, wherein the abrasive

particles of the second axial collection include shaped abrasive particles or elongated abrasive

particles.

Embodiment 57. The fixed abrasive article of Embodiment 55, wherein the second

axial collection of abrasive particles are arranged in a controlled distribution relative to each

other.

Embodiment 58. The fixed abrasive article of Embodiment 57, wherein the controlled

distribution includes an ordered distribution of the second axial collection of abrasive

particles relative to each other within the second axial plane.



Embodiment 59. The fixed abrasive article of Embodiment 50, wherein the abrasive

particles of the second axial collection have a predetermined position including substantially

the same angular position within the body.

Embodiment 60. The fixed abrasive article of Embodiment 50, wherein the abrasive

particles of the second axial collection have a different radial position with respect to each

other.

Embodiment 61. The fixed abrasive article of Embodiment 50, wherein the abrasive

particles of the second axial collection have at least one abrasive characteristic that is

substantially the same, wherein the at least one abrasive characteristic is selected from the

group consisting of hardness, composition, average particle size, average grain size, fracture

toughness, two-dimensional shape, tip sharpness, tip angle, aspect ratio, and a combination

thereof.

Embodiment 62. The fixed abrasive article of Embodiment 50, wherein the abrasive

particles of the first axial collection have at least one abrasive characteristic different than the

abrasive particles of the second axial collection.

Embodiment 63. The fixed abrasive article of any one of Embodiments 1 and 3,

wherein each of the shaped abrasive particles or elongated abrasive particles have a

predetermined rotational orientation angle relative to a side surface of the body.

Embodiment 64. The fixed abrasive article of any one of Embodiments 2 and 63,

wherein the predetermined rotational orientation angle defines an angle between a radial axis

and a particle axis, wherein the predetermined rotational orientation angle is less than 90

degrees.

Embodiment 65. The fixed abrasive article of any one of Embodiments 2 and 63,

wherein the average predetermined rotational orientation angle for the shaped abrasive

particles or elongated abrasive particles is not greater than 90 degrees or not greater than 80

degrees or not greater than 70 degrees or not greater than 60 degrees or not greater than 50

degrees or not greater than 40 degrees or not greater than 30 degrees or not greater than 20

degrees or not greater than 10 degrees or not greater than 5 degrees.

Embodiment 66. The fixed abrasive article of any one of Embodiments 2 and 63,

wherein the average predetermined rotational orientation angle for the shaped abrasive

particles or elongated abrasive particles is at least 0 .1 degrees or at least 1 degree or at least 3

degrees or at least 5 degrees or at least 10 degrees or at least 20 degrees or at least 30 degrees

or at least 40 degree or at least 50 degrees.



Embodiment 67. The fixed abrasive article of any one of Embodiments 2 and 63,

wherein a portion of the shaped abrasive particles or elongated abrasive particles comprises a

standard deviation of predetermined rotational orientation angle of not greater than 20

degrees or not greater than 10 degrees or not greater than 9 degrees or not greater than 8

degrees or not greater than 7 degrees or not greater than 6 degrees.

Embodiment 68. The fixed abrasive article of Embodiment 67, wherein the portion

includes at least one of a first group, a radial set, an axial collection, and a combination

thereof.

Embodiment 69. The fixed abrasive article of any one of Embodiments 1, 2, and 3,

wherein the shaped abrasive particles or elongated abrasive particles have a longitudinal axis

extending substantially parallel to a major surface of the body.

Embodiment 70. The fixed abrasive article of any one of Embodiments 1, 2, and 3,

wherein the shaped abrasive particles or elongated abrasive particles have a longitudinal axis

extending substantially perpendicular to the side surface of the body.

Embodiment 71. The fixed abrasive article of any one of Embodiments 1, 2, and 3,

wherein the shaped abrasive particles or elongated abrasive particles have a predetermined

lateral axis rotational orientation angle.

Embodiment 72. The fixed abrasive article of Embodiment 71, wherein the average

predetermined lateral axis rotational orientation angle of the shaped abrasive particles or

elongated abrasive particles is not greater than 90 degrees or not greater than 80 degrees or

not greater than 70 degrees or not greater than 60 degrees or not greater than 50 degrees or

not greater than 40 degrees or not greater than 30 degrees or not greater than 20 degrees or

not greater than 10 degrees or not greater than 5 degrees.

Embodiment 73. The fixed abrasive article of Embodiment 71, wherein the average

predetermined lateral axis rotational orientation angle for the shaped abrasive particles or

elongated abrasive particles is at least 0 .1 degrees or at least 1 degree or at least 3 degrees or

at least 5 degree or at least 10 degrees or at least 20 degrees or at least 30 degrees or at least

40 degree or at least 50 degrees.

Embodiment 74. The fixed abrasive article of Embodiment 71, wherein a portion of

the shaped abrasive particles or elongated abrasive particles comprises a standard deviation of

the predetermined lateral axis rotational orientation angle of not greater than 20 degrees or

not greater than 10 degrees or not greater than 9 degrees or not greater than 8 degrees or not

greater than 7 degrees or not greater than 6 degrees.



Embodiment 75. The fixed abrasive article of Embodiment 74, wherein the portion

includes at least one of a first group, a radial set, an axial collection, and a combination

thereof.

Embodiment 76. The fixed abrasive article of any one of Embodiments 1 and 2,

wherein at least a portion of the abrasive particles are coupled to an orientation structure

extending throughout a portion of the bond material within the body.

Embodiment 77. The fixed abrasive article of any one of Embodiments 3 and 76,

wherein the orientation structure has a different composition compared to the bond material.

Embodiment 78. The fixed abrasive article of any one of Embodiments 3 and 76,

wherein the orientation structure defines a structure coupling at least a portion of the abrasive

particles to one another and defining a separate phase from the bond material.

Embodiment 79. The fixed abrasive article of any one of Embodiments 3 and 76,

wherein the orientation structure is coupled to a majority of the shaped abrasive particles or

elongated abrasive particles.

Embodiment 80. The fixed abrasive article of any one of Embodiments 3 and 76,

wherein the orientation structure comprises a material selected from the group consisting of a

metal, a ceramic, a glass, an organic material, a polymer, and a combination thereof.

Embodiment 81. The fixed abrasive article of any one of Embodiments 3 and 76,

wherein the orientation structure extends throughout an entire volume of the body.

Embodiment 82. The fixed abrasive article of any one of Embodiments 3 and 76,

wherein the orientation structure extends through at least a portion of the entire volume of the

body.

Embodiment 83. The fixed abrasive article of any one of Embodiments 3 and 76,

wherein the orientation structure is coupled to the abrasive particles and configured to control

the predetermined rotational orientation of the abrasive particles within the body.

Embodiment 84. The fixed abrasive article of any one of Embodiments 3 and 76,

wherein the orientation structure comprises a hardness less than a hardness of the bond

material.

Embodiment 85. The fixed abrasive article of any one of Embodiments 3 and 76,

wherein the orientation structure comprises a hardness less than a hardness of the abrasive

particles.

Embodiment 86. The fixed abrasive article of any one of Embodiments 3 and 76,

wherein the orientation structure comprises a web, a woven material, a non-woven material,

paper, fabric, a spunwoven material, a film, a laminate, a composite, a preform with regions



sized to contain a shaped abrasive particle or elongated abrasive particle, and a combination

thereof.

Embodiment 87. The fixed abrasive article of any one of Embodiments 3 and 76,

wherein the orientation structure is coupled to the abrasive particles and configured to control

a predetermined position including a radial position, an axial position, and an angular

position of the abrasive particles within the body.

Embodiment 88. The fixed abrasive article of any one of Embodiments 3 and 76,

wherein the orientation structure is coupled to each of the shaped abrasive particles or

elongated abrasive particles throughout the body.

Embodiment 89. The fixed abrasive article of any one of Embodiments 3 and 76,

wherein the orientation structure comprises a hardness greater than a hardness of the bond

material.

Embodiment 90. The fixed abrasive article of any one of Embodiments 3 and 76,

wherein the orientation structure comprises a hardness substantially the same as a hardness of

the bond material.

Embodiment 91. The fixed abrasive article of any one of Embodiments 3 and 76,

wherein the orientation structure comprises a hardness substantially the same as a hardness of

the abrasive particles.

Embodiment 92. The fixed abrasive article of any one of Embodiments 3 and 76,

wherein the body comprises a first orientation structure associated with a first group of

abrasive particles and a second orientation structure different than the first orientation

structure associated with a second group of abrasive particles.

Embodiment 93. The fixed abrasive article of Embodiment 92, wherein the first

orientation structure is associated with a first group of abrasive particles within a first radial

plane and the second orientation structure is associated with a second group of abrasive

particles within a second radial plane.

Embodiment 94. The fixed abrasive article of Embodiment 92, wherein the first

orientation structure is associated with a first radial set of abrasive particles within a first

radial plane and the second orientation structure is associated with a second radial set of

abrasive particles.

Embodiment 95. The fixed abrasive article of Embodiment 92, wherein the first

orientation structure is associated with a first axial collection of abrasive particles within a

first axial plane and the second orientation structure is associated with a second axial

collection of abrasive particles within a second axial plane.



Embodiment 96. The fixed abrasive article of any one of Embodiments 1, 2, and 3,

wherein the abrasive particles comprise a material selected from the group consisting of

oxides, carbides, nitrides, borides, oxycarbides, oxynitrides, oxyborides, diamond, carbon-

containing materials, and a combination thereof, or wherein the abrasive particles comprise a

monocrystalline material, polycrystalline material, a vitreous material, and a combination

thereof, or wherein the abrasive particles comprise at least one material selected from the

group consisting of alumina, zirconia, magnesia, rare-earth oxides, and a combination

thereof.

Embodiment 97. The fixed abrasive article of any one of Embodiments 1, 2, and 3,

wherein the abrasive particles further comprise particles selected from the group consisting of

diluent particles, agglomerated particles, natural particles, synthetic particles, and a

combination thereof.

Embodiment 98. The fixed abrasive article of any one of Embodiments 1, 2, and 3,

wherein the shaped abrasive particles comprise a material selected from the group consisting

of oxides, carbides, nitrides, borides, oxycarbides, oxynitrides, oxyborides, diamond, carbon-

containing materials, and a combination thereof, or wherein the shaped abrasive particles

comprise a monocrystalline material, polycrystalline material, a vitreous material, and a

combination thereof, or wherein the shaped abrasive particles comprise at least one material

selected from the group consisting of alumina, zirconia, magnesia, rare-earth oxides, and a

combination thereof.

Embodiment 99. The fixed abrasive article of Embodiment 98, wherein each of the

shaped abrasive particles have a body including at least about 95 wt alumina for the total

weight of the body.

Embodiment 100. The fixed abrasive article of Embodiment 98, wherein each of the

shaped abrasive particles have a body including not greater than about 99.5 wt alumina for

the total weight of the body.

Embodiment 101. The fixed abrasive article of Embodiment 98, wherein each of the

shaped abrasive particles have a body comprising a polycrystalline material including

crystalline grains, wherein the average grain size is not greater than about 1 micron.

Embodiment 102. The fixed abrasive article of Embodiment 98, wherein each of the

shaped abrasive particles have a body comprising a polycrystalline material including

crystalline grains, wherein the average grain size is at least about 0.01 microns.

Embodiment 103. The fixed abrasive article of Embodiment 98, wherein each of the

shaped abrasive particles have a body that is essentially free of a binder, or wherein the body



is essentially free of an organic material, or wherein the body is essentially free of rare earth

elements, or wherein the body is essentially free of iron, or wherein the body is formed from

a seeded sol gel.

Embodiment 104. The fixed abrasive article of Embodiment 98, wherein each of the

shaped abrasive particles have a body comprising a two-dimensional shape as viewed in a

plane defined by a length and a width of the body selected from the group consisting of

polygons, ellipsoids, numerals, Greek alphabet characters, Latin alphabet characters, Russian

alphabet characters, complex shapes having a combination of polygonal shapes, and a

combination thereof.

Embodiment 105. The fixed abrasive article of Embodiment 98, wherein each of the

shaped abrasive particles have a body comprising a triangular two-dimensional shape.

Embodiment 106. The fixed abrasive article of Embodiment 98, wherein each of the

shaped abrasive particles have a body comprising a three-pointed star two-dimensional shape.

Embodiment 107. The fixed abrasive article of Embodiment 98, wherein each of the

shaped abrasive particles have a body, and the body comprises at least one tip having a tip

sharpness of not greater than 80 microns or not greater than 70 microns or not greater than 60

microns or not greater than 50 microns.

Embodiment 108. The fixed abrasive article of Embodiment 107, wherein the tip

comprises a tip sharpness of at least 1 micron.

Embodiment 109. The fixed abrasive article of Embodiment 98, wherein each of the

shaped abrasive particles have a body comprising a length (1), a width (w), and a height (hi),

wherein the length>width, the length>height, and the width>height.

Embodiment 110. The fixed abrasive article of Embodiment 109, wherein the height

(h) is at least about 100 microns the width not greater than about 5 mm and the length not

greater than 5 mm.

Embodiment 111. The fixed abrasive article of Embodiment 109, wherein the body

comprises a primary aspect ratio of length:width of at least about 1:1 and not greater than

about 10:1.

Embodiment 112. The fixed abrasive article of Embodiment 109, wherein the body

comprises a secondary aspect ratio defined by a ratio of width:height within a range between

about 5:1 and about 1:1.

Embodiment 113. The fixed abrasive article of Embodiment 109, wherein the body

comprises a tertiary aspect ratio defined by a ratio of length:height within a range between

about 6:1 and about 1:1.



Embodiment 114. The fixed abrasive article of Embodiment 109, wherein the body

comprises a dishing value (d) of not greater than about 2 or not greater than about 1.5 or not

greater than about 1.2.

Embodiment 115. The fixed abrasive article of any one of Embodiments 1, 2, and 3,

wherein the body further comprises an additive selected from the group consisting of fillers,

grinding aids, pore inducers, hollow materials, catalysts, coupling agents, curants, anti-static

agents, suspending agents, anti-loading agents, lubricants, wetting agents, dyes, fillers,

viscosity modifiers, dispersants, defoamers, and a combination thereof.

Embodiment 116. The fixed abrasive article of any one of Embodiments 1, 2, and 3,

wherein the body comprises a side surface configured to conduct a material removal

operation.

Embodiment 117. The fixed abrasive article of any one of Embodiments 1, 2, and 3,

wherein the body comprises a porosity within a range including 0.5 vol and 80 vol for a

total volume of the body.

Embodiment 118. The fixed abrasive article of any one of Embodiments 1, 2, and 3,

wherein the body comprises a content of abrasive particles within a range including at least

0.5 vol and not greater than 50 vol for a total volume of the body.

Embodiment 119. The fixed abrasive article of any one of Embodiments 1, 2, and 3,

wherein the body comprises a content of bond material within a range including at least 0.5

vol and not greater than 50 vol for a total volume of the body.

Embodiment 120. The fixed abrasive article of any one of Embodiments 1, 2, and 3,

wherein the body is in the form of a thin wheel having a ratio of diametenthickness of at least

10:1 or at least 50:1 or at least 100:1.

Embodiment 121. The fixed abrasive article of any one of Embodiments 1, 2, and 3,

wherein the body comprises a thickness of not greater than 10 mm.

Embodiment 122. The fixed abrasive article of any one of Embodiments 1, 2, and 3,

wherein the body comprises a diameter of at least 20 mm.

Embodiment 123. A method of forming a fixed abrasive article comprising:

forming a mixture including a precursor bond material;

providing a forming structure configured to position abrasive particles comprising shaped

abrasive particles or elongated abrasive particles each having an aspect ratio of length:width

of at least 1.1:1, in a predetermined position within the precursor bond material; and



treating the green body to form a fixed abrasive article having a body and wherein each of the

abrasive particles have a predetermined position within the body and a predetermined

rotational orientation relative to a side surface of the body.

Embodiment 124. The method of Embodiment 123, wherein the precursor bond

material comprises a material selected from the group consisting of a ceramic, a glass, a frit,

an organic material, a polymer, a metal, and a combination thereof.

Embodiment 125. The method of Embodiment 123, wherein the precursor bond

material includes a powder.

Embodiment 126. The method of Embodiment 123, wherein the forming structure

comprises at least one opening and the abrasive particles are configured to pass through the at

least one opening for deposition in the precursor bond material in a predetermined position.

Embodiment 127. The method of Embodiment 123, wherein the abrasive particles are

configured to pass through the at least one opening for deposition in a predetermined position

within the body of the fixed abrasive article.

Embodiment 128. The method of Embodiment 127, wherein the abrasive particles are

configured to pass through the at least one opening for deposition in the precursor bond

material in a predetermined rotational orientation relative to a side surface of the body of the

fixed abrasive article.

Embodiment 129. The method of Embodiment 127, wherein the forming structure is

configured to move and control the predetermined position of a single abrasive particle by

controlling the position of the forming structure relative to the precursor bond material.

Embodiment 130. The method of Embodiment 127, wherein the forming structure is

configured to place a single abrasive particle at a time onto the precursor bond material to

control the predetermined position of each of the abrasive particles.

Embodiment 131. The method of Embodiment 123, wherein the forming structure

comprises a plurality of openings.

Embodiment 132. The method of Embodiment 131, further comprising passing the

abrasive particles through the openings in the forming structure for deposition of the abrasive

particles into the precursor bond material with a predetermined position and predetermined

rotational orientation relative to a side surface.

Embodiment 133. The method of Embodiment 132, wherein passing the abrasive

particles through the openings in the forming structure includes passing an abrasive particle

through an opening in the forming structure to place the abrasive particle in the bond material

with a predetermined position and predetermined rotational orientation.



Embodiment 134. The method of Embodiment 132, wherein the openings are

positioned on the forming structure to control the position of each of the abrasive particles

within the precursor bond material.

Embodiment 135. The method of Embodiment 132, wherein the openings have a

shape configured to control the rotational orientation of the abrasive particles as the abrasive

particles pass through the openings.

Embodiment 136. The method of Embodiment 132, wherein the openings have a

two-dimensional shape selected from the group consisting of a polygon, an ellipsoid, a

numeral, a Greek alphabet character, a Latin alphabet character, a Russian alphabet character,

a complex shape having a combination of polygonal shapes, and a combination thereof.

Embodiment 137. The method of Embodiment 132, wherein the openings have

substantially the same two-dimensional shape as the two-dimensional shape of the shaped

abrasive particles or elongated abrasive particles.

Embodiment 138. The method of Embodiment 132, wherein the openings are

arranged in a distribution within the forming structure.

Embodiment 139. The method of Embodiment 138, wherein the distribution of the

openings corresponds to the distribution of at least a portion of the abrasive particles within

the body.

Embodiment 140. The method of Embodiment 123, wherein the process includes

placing a first group of abrasive particles in a first radial plane within the precursor bond

material.

Embodiment 141. The method of Embodiment 140, wherein the process includes

placing a first group of shaped abrasive particles or elongated particles in a first radial plane

within the precursor bond material.

Embodiment 142. The method of Embodiment 140, wherein the first group of

abrasive particles is a layer of abrasive particles overlying a layer of precursor bond material.

Embodiment 143. The method of Embodiment 140, further comprising depositing

precursor bond material over the first group of abrasive particles in the first radial plane.

Embodiment 144. The method of Embodiment 143, further comprising depositing a

second group of abrasive particles in a second radial plane overlying the first group of

abrasive particle in the first radial plane.

Embodiment 145. The method of Embodiment 144, wherein the second group of

abrasive particles is a layer overlying a layer of precursor bond material.



Embodiment 146. The method of Embodiment 144, wherein depositing the second

group of abrasive particle includes depositing the second group of abrasive particles on a

layer of the precursor bond material disposed between the first group of abrasive particles and

the second group of abrasive particles.

Embodiment 147. The method of Embodiment 144, further comprising treating the

precursor bond material to form a bond material

Embodiment 148. The method of Embodiment 123, wherein the forming structure is

temporary structure that is not included within the fixed abrasive article.

Embodiment 149. The method of Embodiment 123, wherein the forming structure is

an integrated structure contained within the fixed abrasive article.

Embodiment 150. The method of Embodiment 123, wherein the abrasive particles are

permanently attached to the forming structure.

Embodiment 151. The method of Embodiment 123, wherein the abrasive particles are

temporarily in contact with the forming structure.

Embodiment 152. The method of Embodiment 123, wherein the forming structure is

a template configured to control the predetermined position of the abrasive particles.

Embodiment 153. The method of Embodiment 123, wherein the forming structure is

a template configured to control the predetermined rotational orientation of the abrasive

particles relative to a side surface of the body of the fixed abrasive article.

Embodiment 154. The method of Embodiment 123, wherein the forming structure is

a network structure including the abrasive particles coupled to each other by bridges.

Embodiment 155. The method of Embodiment 154, wherein the bridges are

permanent and a part of the fixed abrasive article.

Embodiment 156. The method of Embodiment 154, wherein the bridges are

temporary and the fixed abrasive article is essentially free of the bridges.

Embodiment 157. The method of Embodiment 154, wherein the bridges are

consumed or removed during processing to form the fixed abrasive article.

Embodiment 158. The method of Embodiment 154, wherein the bridges are removed

during treating of the green body.

Embodiment 159. The method of Embodiment 123, wherein the mixture comprises

the precursor bond material and abrasive particles including shaped abrasive particles or

elongated abrasive particles, wherein the mixture is translated through the forming structure

to form a layer of precursor bond material and abrasive particles having a predetermined

rotational orientation relative to a major surface of the layer.



Embodiment 160. The method of Embodiment 159, wherein the mixture is a wet

mixture and the mixture is poured through openings in the forming structure to form a layer

of precursor bond material and abrasive particles having a predetermined rotational

orientation relative to a major surface of the layer.

Embodiment 161. The method of Embodiment 123, wherein the forming structure is

selected from a group of materials consisting of a metal, organic, resin, polymer, glass,

ceramic, monocrystalline, polycrystalline, natural material, synthetic material, and a

combination thereof.

Embodiment 162. The method of Embodiment 123, wherein the forming structure is

configured to control a predetermined rotational orientation angle of the abrasive particles.

Embodiment 163. The method of Embodiment 162, wherein the predetermined

rotational orientation angle of the abrasive particles is not greater than 90 degrees and at least

0.1 degrees.

Embodiment 164. The method of Embodiment 123, wherein the forming structure is

configured to control a standard deviation of a predetermined rotational orientation of a first

group of abrasive particles.

Embodiment 165. The method of Embodiment 164, wherein the standard deviation of

the predetermined rotational orientation angle is not greater than 20 degrees or not greater

than 10 degrees or not greater than 9 degrees or not greater than 8 degrees or not greater than

7 degrees or not greater than 6 degrees.

Embodiment 166. The method of any one of Embodiments 123-165, wherein

providing the forming structure configured to position abrasive particles further comprises:

depositing the abrasive particles and the precursor bond material to form a preformed body.

Embodiment 167. The method of Embodiment 166, wherein depositing the abrasive

particles and the precursor bond material comprises extrusion.

Embodiment 168. The method of any one of Embodiments 123-167, wherein

providing the forming structure configured to position abrasive particles further comprises:

forming a mixture comprising the abrasive particles and the precursor bond material; and

extruding the mixture through the forming structure to form a preformed body including the

abrasive particles and the precursor bond material.

Embodiment 169. The method of any one of Embodiments 167 and 168 , wherein the

preformed body comprises a plurality of preformed bodies, wherein the plurality of

preformed bodies are combined to form the fixed abrasive article.



Embodiment 170. The method of any one of Embodiments 123-169, wherein

providing the forming structure configured to position abrasive particles is performed so as to

form a plurality of elongated preformed structures.

Embodiment 171. The method of any one of Embodiments 23-170, wherein providing

the forming structure configured to position abrasive particles is performed so as to form a

plurality of preformed bodies.

Embodiment 172. The method of Embodiment 171, wherein the preformed bodies

have a length and a maximum width, as measured in a direction perpendicular to the length,

and wherein the length is greater than the maximum width, wherein the length is at least

150% the maximum width, at least 175% the maximum width, at least 200% the maximum

width, at least 250% the maximum width.

Embodiment 173. The method of any one of Embodiments 171 and 172, wherein the

preformed bodies have an aspect ratio as measured by a ratio of length to a maximum width,

as measured in a direction perpendicular to the length, and wherein the aspect ratio is at least

1.5, at least 2, at least 3, at least 4, at least 5, at least 6, at least 7, at least 8, at least 9, at least

10.

Embodiment 174. The method of any one of Embodiments 171-173, wherein the

preformed bodies have an aspect ratio as measured by a ratio of length to a maximum width,

as measured in a direction perpendicular to the length, and wherein the aspect ratio is less

than 100, less than 50, less than 25.

Embodiment 175. The method of any one of Embodiments 171-174, wherein the

preformed bodies are generally cylindrical, wherein the pellets are cylindrical.

Embodiment 176. The method of any one of Embodiments 171-175, wherein the

preformed bodies have first and second faces oriented parallel with respect to each other and

a cylindrical sidewall disposed between the first and second faces.

Embodiment 177. The method of any one of Embodiments 171-176, wherein the

preformed bodies have an abrasive particle density, and wherein the abrasive particle density

is higher than a mixture formed using a non-extruded method.

Embodiment 178. The method of any one of Embodiments 171-177, wherein at least

two abrasive particles disposed in at least one preformed body have a same predetermined

three-axis orientation with respect to one another, wherein at least two abrasive particles

disposed in each of the preformed bodies have a same predetermined three-axis orientation

with respect to one another, wherein all abrasive particles disposed in at least one of the

preformed bodies have a same predetermined three-axis orientation with respect to one



another, wherein all abrasive particles disposed in each of the preformed bodies have a same

predetermined three-axis orientation with respect to one another.

Embodiment 179. A method of forming a fixed abrasive article comprising:

forming a mixture including a precursor bond material;

depositing abrasive particles comprising shaped abrasive particles or elongated abrasive

particles each having an aspect ratio of length:width of at least 1.1:1, into the precursor bond

material to form a green body; and treating the green body to form a fixed abrasive article

having a body and abrasive particles contained in the body in a predetermined position and a

predetermined rotational orientation relative to a side surface of the body.

Embodiment 180. The method of Embodiment 179, wherein depositing includes

forming the abrasive particles.

Embodiment 181. The method of Embodiment 180, wherein forming of the abrasive

particles is conducted during the process of forming the fixed abrasive article.

Embodiment 182. The method of Embodiment 180, wherein forming comprises:

forming a first portion of abrasive particles; depositing a first portion of a precursor bond

material on the first portion of abrasive particles; and forming a second portion of abrasive

particles distinct from the first portion of abrasive particles on the first portion of the

precursor bond material.

Embodiment 183. The method of Embodiment 182, wherein the first portion

includes at least one of a first group, a first radial set, a first axial collection, and a

combination thereof.

Embodiment 184. The method of Embodiment 182, wherein the second portion

includes at least one of a second group, a second radial set, a second axial collection, and a

combination thereof.

Embodiment 185. The method of Embodiment 182, wherein forming the first portion

includes forming a first portion of shaped abrasive particles or elongated abrasive particles

having a predetermined position or a predetermined rotational orientation relative to a major

surface of the body.

Embodiment 186. The method of Embodiment 182, wherein forming the first portion

includes forming a first portion of shaped abrasive particles or elongated abrasive particles

having a predetermined position and a predetermined rotational orientation relative to a major

surface of the body.



Embodiment 187. The method of Embodiment 180, wherein forming comprises a

process selected from the group consisting of additive manufacturing, printing, shaping,

casting, stamping, molding, and a combination thereof.

Embodiment 188. The method of Embodiment 180, wherein forming comprises

screen printing of the abrasive particles.

Embodiment 189. The method of Embodiment 180, wherein forming comprises

screen printing of the shaped abrasive particles or elongated abrasive particles.

Embodiment 190. The method of Embodiment 180, wherein forming comprises 3D

printing of the abrasive particles.

Embodiment 191. The method of Embodiment 180, wherein forming comprises 3D

printing of the shaped abrasive particles or elongated abrasive particles.

Embodiment 192. The method of Embodiment 179, wherein depositing includes

forming a forming structure including abrasive particles.

Embodiment 193. The method of Embodiment 192, wherein the forming structure

comprises abrasive particles coupled to each other by bridges.

Embodiment 194. The method of Embodiment 192, wherein the forming structure is

formed by 3D printing.

Embodiment 195. The method of Embodiment 192, wherein the forming structure is

configured to control the predetermined position of the abrasive particles.

Embodiment 196. The method of Embodiment 192, wherein the forming structure is

configured control a predetermined rotational orientation of the abrasive particles relative to a

side surface of the body.

Embodiment 197. The method of Embodiment 179, further comprising treating the

green body to form a fixed abrasive article having a body and abrasive particles contained in

the body in a predetermined position and a predetermined rotational orientation relative to a

side surface of the body.

Embodiment 198. The method of Embodiment 179, further comprising rearranging at

least a first portion of the abrasive particles to have a predetermined rotational orientation.

Embodiment 199. The method of Embodiment 198, wherein rearranging includes

changing the predetermined rotational orientation of the abrasive particles.

Embodiment 200. The method of Embodiment 198, wherein rearranging includes

changing the predetermined rotational orientation of the abrasive particles within the

precursor bond material.



Embodiment 201. The method of Embodiment 198, wherein rearranging includes

changing the predetermined rotational orientation of the abrasive particles to have a standard

deviation of a predetermined rotational orientation angle of not greater than 20 degrees or not

greater than 10 degrees or not greater than 9 degrees or not greater than 8 degrees or not

greater than 7 degrees or not greater than 6 degrees.

Embodiment 202. The method of Embodiment 198, wherein rearranging includes

providing energy to the abrasive particles configured to cause a change in the rotational

orientation of the abrasive particles.

Embodiment 203. The method of Embodiment 202, wherein the energy is selected

from the group consisting of electrical, mechanical, vibratory, electromagnetic, magnetic,

sonic, and a combination thereof.

Embodiment 204. The method of Embodiment 198, wherein rearranging includes

providing a force to the abrasive particles configured to cause a change in the rotational

orientation of the abrasive particles.

Embodiment 205. The method of Embodiment 204, wherein the force is selected

from the group consisting of gravity, centrifical, centrifugal, uniaxial, biaxial, isometric, and

a combination thereof.

Embodiment 206. A method of forming a fixed abrasive article comprising:

forming a mixture including a precursor bond material;

providing a forming structure configured to position abrasive particles comprising shaped

abrasive particles or elongated abrasive particles each having an aspect ratio of length:width

of at least 1.1:1, in a predetermined position within the precursor bond material;

passing the precursor bond material and abrasive particles through the forming structure to

form a plurality of preformed bodies, each preformed body comprising an elongated particle;

treating the plurality of preformed bodies to form a fixed abrasive article having a body,

wherein each of the abrasive particles have a predetermined position within the body or a

predetermined three-axis orientation.

Embodiment 207. The method of Embodiment 206, wherein the precursor bond

material comprises a material selected from the group consisting of a ceramic, a glass, a frit,

an organic material, a polymer, a metal, and a combination thereof.

Embodiment 208. The method of Embodiment 206, wherein the precursor bond

material includes a powder.

Embodiment 209. The method of Embodiment 206, further comprising treating the

preformed bodies to form a fixed abrasive article having a body, wherein at least a majority



of the abrasive particles have a predetermined position within the body and a predetermined

three-axis orientation.

Embodiment 210. The method of Embodiment 206, wherein the forming structure

comprises at least one opening and the abrasive particles are configured to pass through the at

least one opening for deposition in the precursor bond material in a predetermined position or

a predetermined three-axis orientation.

Embodiment 211. The method of Embodiment 206, wherein passing the abrasive

particles through the openings in the forming structure comprises extruding the precursor

bond material and abrasive particles.

Embodiment 212. The method of Embodiment 211, wherein the forming structure is

adapted to control the position of each of the abrasive particles within the precursor bond

material.

Embodiment 213. The method of Embodiment 211, wherein the forming structure

has an opening with a shape configured to control the rotational orientation of the abrasive

particles as the abrasive particles pass through the forming structure.

Embodiment 214. The method of Embodiment 211, wherein the forming structure

has an opening with a two-dimensional shape selected from the group consisting of a

polygon, an ellipsoid, a numeral, a Greek alphabet character, a Latin alphabet character, a

Russian alphabet character, a complex shape having a combination of polygonal shapes, and

a combination thereof.

Embodiment 215. The method of Embodiment 211, wherein the forming structure

has an opening with substantially the same two-dimensional shape as the two-dimensional

shape of the shaped abrasive particles or elongated abrasive particles.

Embodiment 216. The method of Embodiment 211, wherein the forming structure

comprises a plurality of openings.

Embodiment 217. The method of Embodiment 206, wherein the abrasive particles are

homogeneously distributed throughout each of the preformed bodies.

Embodiment 218. The method of Embodiment 206, wherein the forming structure is

a temporary structure that is not included within the fixed abrasive article.

Embodiment 219. The method of Embodiment 206, wherein the forming structure is

an integrated structure contained within the fixed abrasive article.

Embodiment 220. The method of Embodiment 206, wherein the abrasive particles are

permanently attached to the forming structure.



Embodiment 221. The method of Embodiment 206, wherein the abrasive particles are

temporarily in contact with the forming structure.

Embodiment 222. The method of Embodiment 206, wherein the forming structure is

a template configured to control the predetermined position of the abrasive particles.

Embodiment 223. The method of Embodiment 206, wherein the forming structure is

a network structure including the abrasive particles coupled to each other by bridges.

Embodiment 224. The method of Embodiment 206, wherein the mixture comprises

the precursor bond material and abrasive particles including shaped abrasive particles or

elongated abrasive particles, wherein the mixture is translated through the forming structure

to form a plurality of elongated particles, and wherein the abrasive particles have a

predetermined rotational orientation relative to a major surface of the elongated particles.

Embodiment 225. The method of Embodiment 206, wherein the mixture is a wet

mixture and the mixture is poured through openings in the forming structure.

Embodiment 226. The method of Embodiment 206, wherein the forming structure is

selected from a group of materials consisting of a metal, organic, resin, polymer, glass,

ceramic, monocrystalline, polycrystalline, natural material, synthetic material, and a

combination thereof.

Embodiment 227. The method of Embodiment 206, wherein the forming structure is

configured to control a predetermined tilt angle of the abrasive particles.

Embodiment 228. The method of Embodiment 227, wherein the tilt angle is 0

degrees.

Embodiment 229. The method of Embodiment 227, wherein the tilt angle is greater

than 0 degrees at least 2 degrees or at least 4 degrees or at least 6 degrees or at least 8 degree

or at least 10 degrees or at least 15 degrees or at least 20 degrees or at least 25 degrees or at

least 30 degrees or at least 35 degree or at least 45 degrees or at least 50 degrees or at least 55

degrees or at least 60 degrees or at least 65 degrees or at least 70 degree or at least 75 degrees

or at least 80 degrees.

Embodiment 230. The method of Embodiment 227, wherein the tilt angle is not

greater than 90 degrees or not greater than 88 degrees or not greater than 85 degrees or not

greater than 80 degrees or not greater than 75 degrees or not greater than 70 degrees or not

greater than 65 degrees or not greater than 60 degrees or not greater than 55 degrees or not

greater than 50 degrees or not greater than 45 degrees or not greater than 40 degrees or not

greater than 35 degrees or not greater than 30 degrees or not greater than 25 degrees or not



greater than 20 degrees or not greater than 15 degrees or not greater than 10 degrees or not

greater than 8 degrees or not greater than 6 degrees.

Embodiment 23 1. The method of Embodiment 227, further comprising a tilt angle

variation of the abrasive particles of not greater than 10 degrees with respect to each other or

not greater than 8 degrees or not greater than 6 degrees or not greater than 5 degrees or not

greater than 4 degrees or not greater than 3 degrees or not greater than 2 degrees.

The above-disclosed subject matter is to be considered illustrative, and not restrictive,

and the appended items are intended to cover all such modifications, enhancements, and other

embodiments, which fall within the true scope of the present invention. Thus, to the

maximum extent allowed by law, the scope of the present invention is to be determined by

the broadest permissible interpretation of the following items and their equivalents, and shall

not be restricted or limited by the foregoing detailed description.

The Abstract of the Disclosure is provided to comply with Patent Law and is

submitted with the understanding that it will not be used to interpret or limit the scope or

meaning of the claims. In addition, in the foregoing Detailed Description, various features

may be grouped together or described in a single embodiment for the purpose of streamlining

the disclosure. This disclosure is not to be interpreted as reflecting an intention that the

claimed embodiments require more features than are expressly recited in each claim. Rather,

as the following claims reflect, inventive subject matter may be directed to less than all

features of any of the disclosed embodiments. Thus, the following claims are incorporated

into the Detailed Description, with each claim standing on its own as defining separately

claimed subject matter.



WHAT IS CLAIMED IS:

1. A fixed abrasive article comprising:

a body having abrasive particles contained within a bond material, the abrasive

particles including a plurality of shaped abrasive particles or elongated

abrasive particles having an aspect ratio of length:width of at least 1.1:1, each

of the shaped abrasive particles or elongated abrasive particles having a

predetermined rotational orientation angle relative to a side surface of the

body.

2 . The fixed abrasive article of claim 1, wherein each of the shaped abrasive particles

or elongated abrasive particles have a predetermined position and a predetermined three-axis

orientation.

3 . The fixed abrasive article of claim 1, wherein the body comprises a first group of

abrasive particles positioned within a first radial plane within the body, each of the abrasive

particles of the first group having a predetermined rotational orientation within the first radial

plane relative to the side surface of the body, and wherein the body comprises a second group

of abrasive particles within a second radial plane within the body, each of the abrasive

particles of the second group having a predetermined rotational orientation within the second

radial plane relative to the side surface of the body.

4 . The fixed abrasive article of claim 3, wherein the abrasive particles of the first

group of abrasive particles are arranged in a controlled distribution relative to each other and

wherein a second group of abrasive particles are arranged in a controlled distribution relative

to each other.

5 . The fixed abrasive article of claim 4, wherein the controlled distribution of at least

one of the first group of abrasive particles and the second group of abrasive particles

comprises a phyllotactic pattern.

6 . The fixed abrasive article of claim 4, wherein an abrasive particle of the first group

of abrasive particles is radially and axially staggered relative to an abrasive particle of the

second group of abrasive particles.

7 . The fixed abrasive article of claim 3, wherein the abrasive particles within the first

group have a predetermined position having substantially the same axial position within the

first radial plane with respect to each other and wherein the abrasive particles within the

second group have a predetermined position having substantially the same axial position

within the second radial plane with respect to each other.



8. The fixed abrasive article of claim 7, wherein the abrasive particles of the first

group comprise a different radial position with respect to each other and wherein the abrasive

particles of the second group comprise a different radial position with respect to each other.

9 . The fixed abrasive article of claim 3, wherein the first radial plane and second

radial plane are axially spaced apart from each other within the body.

10. The fixed abrasive article of claim 3, wherein the first group of abrasive particles

have a first predetermined rotational orientation and the second group of abrasive particles

have a second predetermined rotational orientation different than the first predetermined

rotational orientation.

11. The fixed abrasive article of claim 1, wherein the body comprises a plurality of

groups of abrasive particles associated with a plurality of different radial planes within the

body, and wherein each group of the plurality of groups of abrasive particles includes a

plurality of radial sets of abrasive particles, wherein each of the radial sets are spaced at a

different radial distance from a center of the body relative to each other.

12. The fixed abrasive article of claim 1, wherein the body comprises a first axial

collection of abrasive particles within a first axial plane within the body, each of the abrasive

particles of the first axial collection having a predetermined rotational orientation relative to

the side surface of the body, and wherein the body further comprises a second axial collection

of abrasive particles within a second axial plane within the body that is different than the first

axial plane, each of the abrasive particles of the second axial collection having a

predetermined rotational orientation within the second axial plane relative to the side surface

of the body.

13. The fixed abrasive article of claim 12, wherein the abrasive particles of the first

axial collection of abrasive particles are arranged in a controlled distribution relative to each

other and wherein the abrasive particles of the second axial collection of abrasive particles

are arranged in a controlled distribution relative to each other.

14. The fixed abrasive article of claim 1, wherein the predetermined rotational

orientation angle defines an angle between a radial axis and a particle axis, wherein the

predetermined rotational orientation angle is between about 0.1 degrees and about 90 degrees.

15. A method of forming a fixed abrasive article comprising:

forming a mixture including a precursor bond material;

depositing abrasive particles comprising shaped abrasive particles or elongated abrasive

particles each having an aspect ratio of length:width of at least 1.1:1, into the

precursor bond material to form a green body; and



treating the green body to form a fixed abrasive article having a body and abrasive

particles contained in the body in a predetermined position within the body and a

predetermined rotational orientation relative to a side surface of the body.
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