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ABRASIVE ARTICLE INCLUDING A COATIRG

TECHNICAL FIELD

The following is directed to an abrasive article, and particularly, to an abrasive article
including a coating comprising a poly(p-xylylene) polymer.
BACKGROUND ART

Fixed abrasive articles can be used in various material removal operations. The
industry continues to demand improved fixed abrasive articles.
BRIEKF DESCRIPTION OF THE DRAWINGS

The present disclosure may be better understood, and its numerous featwres and
advantages made apparent to those skilled in the art by referencing the accompanying
drawings.

FIG. 1 inchudes a eross-sectional illustration of an abrasive article according to one
embodiment.

FIG. 2 inclades a cross-sectional dlostration of an abrasive article according to one
embodiment.

FIG. 3 includes a cross-sectional illustration of an abrasive article according to one
embodiment.

FIG. 4 includes an illustration of a portion of an abrasive article according to one
embodiment.

FIG. 5 includes a cross-sectional illustration of an abrasive article according to one
embodiment.

FIG. 6 inclades an illustration of an abrasive article according to one embodiment.

HFIG. 7 includes an illustration of an abrasive article according to one embodiment.

FIG. 8 inchides chemical structure formulas of polymer materials included in the
coating according to embodiments.

FIG. 9 includes an illustration of an abrasive article according to one embodiment.

FIG. 10 includes a graph illustrating the grinding performance of a single-layer
abrasive disc containing a parylene HT coating according to one embodiment, and coroparing
the grinding performance with two comparative single layer discs.

FIG. 11 includes an illustration of a fraction of a cross-cut of an abrasive article
according to one embodiment.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT(S)

The following description in combination with the figures is provided to assist in
understanding the teachings provided herein. The following disclosure will focus on specific
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implementations and emnbodiments of the teachings. This focus is provided to assist in
describing the teachings and should not be interpreted as a limitation on the scope or
applicability of the teachings. However, other teachings can certainly be used in this

application.

oA [LIRIH

comprising,” "includes,” "including,

oA n

g As used herein, the terms "comprises, has,
"having” or any other variation thereof, are intended to cover a non-exclusive inclusion. For
example, a method, article, or apparatus that comprises a list of features is not necessarily
himited only to those featares but may inchude other features not expressly listed or inherent
to such metheod, article, or apparatus. Further, unless expressly stated to the contrary, "or”

10 refers to an inclusive-or and not 1o an exclusive-or. For example, a condition A or B is
satisfied by any one of the following: A is true {or present) and B is false (or not present), A
is false (or not present) and B is true (or present), and both A and B are true (or present).

Also, the use of "a" or "an" is employed to describe elements and components
described herein. This is done merely for convenience and to give a general sense of the

15 scope of the invention. This description should be read to include one or at least one and the
singular also includes the plural, or vice versa, unless it is clear that it is meant otherwise.
For exarople, when a single item is described herein, more than ove item roay be used in
place of a single item. Similarly, where more than one item is described herein, a single item
may be substituted for that more than one item.

20 {Inless otherwise defined, all technical and scientific terms used herein have the same
meaning as commonly enderstood by one of ordinary skill in the art to which this invention
belongs. The materials, methods, and examples are llustrative only and not intended to be
limaiting. To the extent that certain details regarding specific materials and processing acts
are not described, such details may include conventional approaches, which may be found in

25  reference books and other sources within the manufacturing arts.

Embodiments disclosed herein are directed to an abrasive article including a substrate
and abrasive particles coupled to the substrate by a bond material. The bond material can
further include a coating. The coating can include a polymeric material and can cover at least
a portion of the bond material, at least a portion of the abrasive particles or at least a portion

30 of the bond material and the abrasive particles. The coating may provide the advantage of
increasing the strength of the bond material and protecting the bond material from corrosion
and deterioration when exposed to coolant fluids, specifically water-based coolants.

The bonded abrasive atticle described in embodiments hercin can be suitable for

various material rernoval operations, particularfy those suitable for single-layered abrasive

.
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articles, such as coated abrasives and single layer metal bonded abrasive tools. Such abrasive
articles may be distinct from bonded abrasive articles, wherein bonded abrasive articles
inchude a three-dimensional matrix of bond material including abrasive particles contained
therein. By contrast, single-layered abrasive articles typically include a single layer of

5  abrasive particles attached to a substrate by at least one bond material.

FI1G.1 iliustrates an abrasive article (100} according to one embodiment of the present
disclosure, including a substrate (101) and abrasive particles (103) coupled to the substrate
(101) by a bond material (102). The abrasive article (100) can further contain a coating (105)
which can overly at least a portion of the bond material. The applied coating (105} may be

10 suitable to improve the performance of the abrasive article, including, but not lunited to,
providing suitable protection of the bond material (102} from damaging influence of a
coolant.

The present disclosure further relates to a method of making the abrasive article. In
one embodiment, an uncoated abrasive article may be provided comprising a substrate having

15 abrasive particles coupled to the substrate by a bond material. Various suitable methods may
be used to form the abrasive article depending upon the composition of the substrate, bond
material, and abrasive particles. For example, the abrasive particles may be adbered to the
substrate via a bond material that can be formed using one or morve processes selected from
the group consisting of heating, cooling, curing, depositing, brazing, plating (e.g.,

20 electroplating or electroless plating), rradiating, spraying, drving, or any combination
thereof.

The coating may be applied using various depositing processes, inchuding but not
limaited to, a vapor deposition process.

The coating of the present disclosure can include a substituted or unsubstituted

25  poly(p-xylylene) polymer, also called hereafter a parylene. In aspects, the poly(p-xylylene)
polymer can be halogenated and include fluorine, chlorine, bromine, or any combination
thereof. In further aspects, the poly(p-xvlviene) polymer can include alkyl groups or alkoxy
groups. In yet further aspects, the poly(p-xylylene) polymer can be a linear polymer, a cross-
polymer, or a copolymer. In a particular embodiment, the coating can include a fluorinated

30 poly(p-xvylylene).

In a specific embodiment, the fluorinated poly{p-xylylene) can have a structure 4s
iHlustrated in FIG. 8, called parylene HT. In other specific embodiments, as also illastrated in
FEG. 8, the poly{p-xylylene) polyrer can be chlorinated and have the structure shown for

parylene C or parylene D, In another certain embodinent, unsubstituted poly(p-xylylene)
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may be used for the coating, as shown for structure parylene N in FIG. 8. In a particular
embodiment, the coating can consist essentially of parylene HT. In another particular
embodiment, the coating can only contain parviene HT except for unavoidable impurities.
Unavoidable impurities should be understood as being tropurities in an amount not greater

5 than 0.1 vol% based on the total volume of the coating. As used herein, if referrving to “the
coating” is intended to mean the parylene coating overlying the bond material and the
abrasive particles. Any other coatings of the abrasive article, e.g., a multi-layer bond
structure and the coating layers therein (e.g., a make coat and/or a size coat), will be clearly
described otherwise by name and not just called “coating.”

10 In a further embodiment, the coating of the present disclosure can have a melting
temperature of at least 250°C, such as at least 270°C, or at least 290°C, or at least 316°C, or
at least 330°C, or at least 350°C, or at least 380°C, or at least 400°C, or at least 420°C, or at
feast 440°C, or at least 460°C, or at least 480°C, or at least 500°C. In another embodiment,
the coating can have a melting point not greater than 600°C, or not greater than 580°C, or not

15 greater than 550°C; or not greater than S30°C, or not greater than S10°C, or not greater than
500°C, or not greater than not 463°C, or not greater than 420°C, or not greater than 390°C.
The melting teroperature of the coating can be a value between any of the mininwm and
maximum values note above, such as from 250°C to 600°C, or from 290°C to 530°C, or from
350°C to 510°C, or from 380°C to 500°C.

20 In one embodiment, an average thickness of the coating can be at least 0.1 microns, or
at least (0.3 microns, or af least 0.5 microns, or at least | micron, or at least 2 microns, or at
least 3 microns. or at least 5 microns, or at least 7 microns, or a least 10 microns. In another
embodiment, an average thickuess of the coating may be not greater than 500 microns, or not
greater than 300 microns, or not greater than 200 microns, or not greater than 100 microns, or

25 not greater than 75 microns, or not greater than 50 microns, or not greater than 25 microns, or
not greater than 10 microns, or not greater than 7 microns, ot not greater than § microns. The
thickness of the coating can be a value between any of the minimurn and maximum values
noted above, such as within a range including at least 0.1 microns to not greater than SO0
microns, at least T micron to not greater than 100 microns, or at least from 2 microns 0 not

3¢ greater than 20 microns, or at least from 3 microns to not greater than 10 microns. fna
particularly preferred embodiment, the thickness of the coating is within a range of 1 micron
to 10 microns.

The bond material of the abrasive article of the present disclosure may have a
particular bond chemistry that may facilitate improved manufacturing and performance of the

-4



WO 2019/191673 PCT/US2019/024984

abrasive article of the present disclosure. The bond material can be an inorganic material, an

organic material, or a combination thereof. The bond material can have a certain porosity or

be free porosity. The bond material may have a limited content of porosity, such as small

pores at the surface of the bond material. In at least one embodiment, the bond material can
5  be free of porosity.

In one embodiment, the bond material can be an inorganic material, such as a metal, a
metal alloy, a ceramic, a glass, a ceramic, a cermet, or any combination thereof. The bond
material may have at least one of a monocrystalline phase, a polycrystalline phase,
amorphous phase, or any combination thereof. In yet a further aspect, the bond material can

10 include an oxide, a boride, a nitride, a carbide, or any combination thereof.

In a particular embodiment, the metal contained in the bond material can be nickel,
lead, silver, copper, zing, tin, titanium, molybdenum, chromiam, iron, manganese, cobalt,
niobium, tantalum, tungsten, palladivm, platinum, gold, ruthenium, or any combination
thereof. In a particular embodiment, the bond material can consist essentially of nickel. Ina

15 forther embodiment, the bond material can consist essentially of nickel, such that the bond
material include only nickel and some unavoidable impurities, wherein unavoidable
impurities may be not greater than (.1 vol% of the total nickel material in another certain
embodiment, the bond material can include a braze. In yet a further certain embodiment, the
bond material can be a solder. The solder can have a melting temperature of at least 100°C

20 and not greater than 450°C. In another aspect, the bond material can include a metal alloy
containing at least one transition metal element. The bond material may consist essentially of
any of the foregoing inorganic materials.

In another embodiment, the bond material may be an organic material, such as a
natural roaterial, a synthetic material, a polymer, a resin, an epoxy, a thermoset, a

25  thermoplastic, an elastomer, or any combination thereof. In a certain embodiment, the
organic material can include a phenolic resin, an epoxy resin, a polyester resin, a
polyurethane, a polyester, a polyimide, a polybenzimidazole, an aromatic polyamide, a
modified phenolic resin (such as: epoxy modified and rubber modified resin, or phenolic
resin blended with plasticizers) or any combination thereof. In a particular embodiment, the

30 organic material contained in the bond material can include a phenolic resin. Exemplary
phenolic resins can be resole resin or novolac resin. The bond material may consist
essentially of any of the foregoing organic materials.

The bond material can overly the substrate and abrasive particles in form of a layer.

The layer formed by the bond material can be a continuous layer or a discontinuous layer. In
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a particular ernbodiment, the bond saterial can be a continuous layer having a substantially
uniform thickness. I another embodiment, the bond material can be a discontinuous layer
having bond regions separated by gap regions, wherein the gap regions define portions of the
abrasive article free of the bond material. In one aspect, gap regions free of bond material
can be sarface regions of the substrate (see, for example, FIG. §).

In one embodiment, the bond material can be a plurality of layers, including a first
layer and a second layer overlying the first layer. For exarople, the bond material may
inchude a plurality of films, wherein each of the films can be formed by the same or different
processes as disclosed herein. Each of the films can include one or more of the organic
and/or tnorganic materials described herein as suitable for use as the bond material.

The bond material can couple the abrasive particles to the substrate. In one
embodiment, the abrasive particles can be arranged within the bond material such that not
more than one abrasive particle may be contained in a thickness direction of the bound
material, which is generally understood to be a single-layer fixed abrasive article. In a
particular enbodiment, as Hustrated, for example, in FIG. 1, a certain portion of the abrasive
particles (103) can extend above the exterior surface of the bond material (102) and may be
not covered with bond material. In yvet other embodiment, more than a single layer of
abrasive particles can be contained within the bond material and only the abrasive particles
close to the exterior surface of the bond material may partally stick out from the boand
material.

In a certain particular embodiment, the abrasive article of the present disclosure can
be a metal single layer abrasive article. As used herein, a metal single layer abrasive article is
intended to relate to an abrasive article wherein a single layer of abrasive particles are
coupled to the substrate by a bond material, and the bound material consists essentially of a
metal or metal alloy.

The material of the abrasive particles can include an oxide, a carbide, a nitride, a
boride, an oxynitride, an oxyboride, diamond, or any combination thereof. 1n a certain
aspect, the abrasive particles can include a superabrasive material, for example, diamond or
cubic boron nitride. In a particular embodiment, the abrasive particles can consist essentially
of diarnond. In another aspect, the abrasive particles may have a Vickers hardness of at least
about 10 GPa.

In a further aspect, the abrasive particles can include a fivst type of abrasive particle
and a second type of abrasive particle, wherein the first type of abrasive particle and second
type of abrasive particle can be different from each other based on at least one particle
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characteristics selected from the group consisting of hardness, friability, toughness, particle
shape, crystalline structure, average particle size, composition, particle coating, grit size
distribution, or any combination thereof.
in one embodiment, the average particles size of the abrasive particles (D30} can be at
5  least &.1 microns or at least .5 microns or at least 1 micron or at least 2 microns or at least S
microns or at least § microns. In another embodiment, the average particle size of the
abrasive particles may be not greater than 5000 microns or not greater than 3000 microns or
not greater than 2000 microns or not greater than 1500 microns or not greater than 1000
microns or not greater than 900 microns or not greater than 804 microns or not greater than

16 3500 microns or not greater than 300 microns. The average particles size of the abrasive
particles can be a value within any of the minimum and maximum values noted above, such
as within a range including at least 0.1 micron to not greater than S000 microns, or at least 10
microns to not greater than 3000 microns, or at least 30 microns to not greater than 1000
microns.

15 In one embodiment, the abrasive particles can have an average particle size (D50)
greater than an average thickness Tpy of the bond material in regions wherein no abrasive
particles are contained in a thickness direction of the bond material (see, e.g., FEG.1). Inone
aspect, the ratio of the average thickness of the bond material Ty to the average particle size
of the abrasive particles {Tpw/D50) can be not greater than 1, such as not greater than 0.9, or

20 not greater than 0.8, or not greater than 0.7, or not greater than 0.6, or not greater than 0.5, or
not greater than 0.4, or not greater than (4.3, or not greater than 0.2, or not greater than 0.1. In
another aspect, the ratio {Tegm/D50) can be at least 0.1, such as at least (1.2, or at least 0.3, or
at lcast 0.4, or at least 0.5, or at least 0.6, or at east (.7, or at least 0.8, or at least 0.9, The
ratio {Ten/D30) can be a value between any of the maximum and miniroum valaes note

25  above, such as within a range including not greater than 1 to at least 0.1, not greater than 0.7
to at least 0.2, or not greater than 0.5 to at least (.1

The substrate of the abrasive article of the present disclosure can comprise an
clongated member having an aspect ratio of lengthowidth of at least about 16:1. Inone
aspect, the substrate can have an average length of at least 50 m, such as at least 70 m, or at

30 least 100 m. In a particular aspect, the substrate can be a wire. In another particular aspect,
the substrate can be a plurality of filaments braided together. Such as substrate may be
suttable for forming single-layered abrasive wires.

In another particular embodiment, the substrate can have a round shape, e.g., a disc as
the support structure of a single layer abrasive wheel.
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In another embodument, the abrasive article of the present disclosure can be a complex
shaped tool based on a substrate having a complex shape. As used herein, a complex shaped
substrate can have surfaces with a non-monostonic curvature, more specifically a combination
of different curvatares, such as a combination of convex and concave curvanures. The
substrate (sometimes also called backing herein) can be an organic material, an inorganic
material, or a combination thereof. Particularly suitable organic substrate materials can
include polymers, such as polyester, polyurethane, polypropylene, and/or polyimide, for
example KAPTON from DuPont, and paper. Some suitable inorganic materials can include
metals, metal alloys, and particularly, foils of copper, aluminum, steel, or any combination
thercof. In certain instances, the substrate can include a woven material or a non-woven
material. The substrate can include one or more additives selected from the group of
catalysts, coupling agents, curants, anti-static agents, suspending agents, anti-loading agents,
lubricants, wetting agents, dyes, fillers, viscosity moditicrs, dispersants, defoamers, and
grinding agents. Such substrate materials may be suitable for use in coated abrasive articles.

The coating of the abrasive article of the present disclosure can at least partially
overly the exterior surface of the bond material and thereby may strengthen and protecting
the bond roaterial and its ability to hold the abrasive particles.

In one embodiment, as illustrated in FIG. 1, the coating (105} can be in direct contact
with the bond material and may further overly a majority of the exterior surfaces of the
abrasive particles {102) extending above the bond material (103).

In another embodiment, the coating {205} can be in direct contact with the bond
material (202) overlying the substrate (201), and a majority of the exterior surfaces of the
abrasive particles {203 extending above the bond material (202) are frec of the coating (205),
as illustrated in FIG. 2.

In a further embodiment, the coating (305) can be in direct contact with the abrasive
particles {303) and a majority of an exterior surface of the bond material (302) overlying the
sabstrate (301) may be free of the coating (303), see FIG. 3.

In vet another erobodiment, the substrate (401) of an abrasive article (400) can be
non-woven fibers twisted on each other containing abrasive particles (403) coupled to the
fibers by a bond material (402), wherein the bond material (402) and the extending abrasive
particles (403) are at least partially coated by the coating (4035) of the present disclosure, as
ilinstrated in FIG. 4.

In a further particular embodiment, the coating can be a conformal coating extending
over the abrasive particles and the bond material. In a certain aspect, the coating can define
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the exterior surface of the abrasive article. FIG. 5 illustrates an embodiment of a conformal
coating (505), wherein the bond material (502) can be a discontinuous layer, and the coating
{505} may directly overly portions of the substrate (501), the extending portions of the
abrasive particles (503) and the exterior surface of the bond material (502).

5 In one embodiment, the coating can have an average thickness (T¢) and the bond
material may have an average thickness (Tynm) in areas where no abrasive particles are
included in a thickness direction of the bond material layer, wherein Te is lower than Tgy. In
one aspect, the ratio of (Te/Tpwm) may be not greater than .99, such as not greater than 0.9, or
not greater than (1.8, or not greater than (.7, or not greater than (.6, or not greater than 0.5, or

16 not greater than (.4, or not greater than 0.3, or not greater than 0.2, or not greater than 0.1, or
not greater than .08, or not greater than 0.05, or not greater than 0.03. In another aspect, the
ratio of (To/Trm) can be at least 0.001, such as at least 8.003, or at least 0.0035, or at least
0.008, or at least 0.01, or at least .03, or at least 0.03, or at least .08, or at least 0.1, or at
feast 6.2, or at least 0.3, or at least 8.4, or at feast 8.5, or at least 0.6, or at least 0.7, or at least

15 0.8, or at least 0.9. The ratic {To/Tam) can be a value between any of the maximom and
minimum values noted above, such as within a range including not greater than 0.99 to at
least 0.001, or not greater than 0.5 to at least 0.005, or not greater than 0.2 to at least 0.01.

It will be appreciated that the abrasive article of the present disclosure may have any
suttable size and shape as known in the art.

20 In one embodiment, as illustrated in FIG. 6A, an abrasive article of the present
disclosure can have a first surface (601), a second surface (602), and a side surface (603)
extending between the first suwrface and the second surface. The first surface (601} of the
substrate can be planar and the abrasive particles may be coupled to the first surface (601) by
the bond material. The abrasive article can be subjected to vapor deposition to form a

25  parylene coating on the exterior first surface of the abrasive article.

In another embodiment, as illustrated in FIG. 7, an abrasive article can have a first
surface (601), a second surface (602), and a side surface (603) extending between the first
surface and the second surface. The side surface (603) can be a curved surface and the
abrasive patticles may be coupled to the side surface (603) by the bond matertal. The

30 abrasive article can be subjected to vapor deposition to form a parviene coating on the
exterior side surface of the abrasive article.

In yet a further embodiment, the abrasive article of the present disclosure can be a
complex shaped tool based on a substrate having a complex shape. As used herein, 3

complex shaped substrate can have surfaces with a non-roonotonic curvature, more
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specifically a combination of different curvatures, such as a combination of convex and
concave curvatures. For example, as illustrated in FIG. 9, the abrasive article canbe a
mounted point quill SA tool with complex shape, wherein the substrate can have a first
surface (901}, a second surface (902), and a complex shaped side surface (803). A single

5 layer of abrasive particles can be coupled to the curved side surface (903) of the substrate by
the bond material. The abrasive article can be subjected to vapor deposition to form a
parylene coating on the exterior side surface (903).

An illustration of an abrasive article wherein the bond material is a phurahity of films

for attaching a single layer of abrasive particles to a substrate (also called backing herein),

10 can be seen in FIG, 11. The article illustrated in F1G. 11 comprises a backing 111, on which
a first binder layer 113, also called “make coat.” is applied. A single layer of abrasive
particles 119 can be partially embedded in the make coat and thereby fixed to the backing.
On top of the make coat 113 and the abrasive particles 119 can be further applied a second
binder layer 115, typically called a “size coat,” which can provide a more secure attachroent

15 of the abrasive particles to the make coat and the backing. In a particularly preferred aspect,
a parylene coating 117 is deposited directly on top of the size coat 115.

The backing 111 of the abrasive article shown in FEG. 11 can be flexible or rigid.
The backing 111 can be made of any namber of various materials including those
conventionally used as backings in the manutacture of coated abrasives. An exemplary

20 flexible backing can include a polymeric film (for example, a primed film), such as
polyolefin film (e.g., polypropyiene including biaxially oriented polypropylene), polyester
film {e.g., polyethylene terephthalate), polyamide film, or cellulose ester film; metal foil;
mesh; foarn {e.g., natural sponge material or polyurethane foam); cloth {¢.g., cloth made from
fibers or yarns comprising polyester, nylon, silk, cotton, poly-cotton, rayon, or combinations

25  thereof); paper; vuleanized paper; valeanized rubber; vulecanized fiber; nonwoven materials; a
combination thereot; or a treated version thereof. Cloth backings can be woven or stitch
bonded. In particular examples, the backing can be selected from the group consisting of
paper, polymer film, cloth {e.g., cotton, poly-cotton, rayon, polyester, poly-nylon), vulcanized
rubber, vulcanized fiber, metal foil, metal fiber, and any combination thereof. In other

30 examples, the backing includes polypropylene film or polyethylene terephthalate (PET) film.

The material of the make coat 113 and the size coat 115 can be the same or different.
In a certain embodiment, the make coat and the size coat can comprise organic polymeric

materials, for exarple, a phenolic resin, an epoxy resin, a polyester, a polyurethane, or a
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combination of polymer types. The make coat 113 and/or the size coat 115 can further
contain non-polymeric additives commonly known in the art and as described above.

In a further aspect, a third binder layer in form of a supersize coat (not shown in FIG.
12), can overly the size coat 1185, and be between size coat 115 and the parylene coating 117
of the present disclosure. The supersize coat can be the same as or different from the binder
composition used to form the size coat and/or the make coat.

In certain particular embodiments, the paryiene coatings shown in FIGs. 1-8, and 11
can be parylene HT coatings.

The coating of the body of the present disclosure can provide a good protection of the
bond material against cotrosion and mechanical destruction, and may thereby enbance the kife
time of an abrasive article.

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

EMBODIMENTS:

Embodiment 1. An abrasive article comprising: a substrate; abrasive particles
coupled to the substrate by a bond matertal; and a coating overlying at least a portion of the
least one bond material, wherein the coating comprises a poly(p-xylviene) polymer or a
poly(p-xylylene) copolymer.

Embodiment 2. The abrasive article of embodiment 1, wherein the substrate
coraprises an elongated member having an aspect ratio of length: width of at least about 10:1.

Embodiment 3. The abrasive article of erobodiment 1, wherein the substrate
comprises an average length of at least about 50 m.

Embodiment 4. The abrasive article of embodiment 1, wherein the substrate
COmprises a wire.

Embodiment 5. The abrasive article of embodument 1, wherein the substrate
comaprises a plurality of filaments braided together.

Embodiment 6. The abrasive article of embodiment |, wherein the substrate
comprises a fivst surface, second swrface, and a side surface extending between the first
surface and second surface.

Embodiment 7. The abrasive article of cmbodiment 6, whercin the first surface is a
planar surface and the abrasive particles are coupled to the first surface by the bond material.
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Hmbodiment 8. The abrasive article of embodunent 6, wherein the side surface is a
curved surface and the abrasive particles are coupled to the side surface by the bond material.

Embodiment 9. The abrasive article of embodiment I, wherein the substrate
corprises an organic or inorganic material.

Embodiment 10, The abrasive article of embodiment |, wherein the substrate
comprises a material selected from the group consisting of a metal, metal alloy, polymer,
woven material, non-woven material, a fibrous material, paper, or any combination thereof.

Embodiment 11. The abrasive article of embodiment 1, wherein the sabstrate
comprises a material selected from the group consisting of polyester, polyurethane,
polypropyiene, polyimide or any combination thereof.

Embodiment 12. The abrasive article of embodiment 1, wherein the substrate
comprises a material selected from the group consisting of copper, alamimim, steel, or any
combination thereof,

Hmbodiment 13. The abrasive article of embodiment 1, wherein the substrate
inchudes a backing comprising one or more additives selected from the group of catalysts,
coupling agents, curants, anti-static agents, suspending agents, anti-loading agents, lubricants,
wetting agents, dyes, fillers, viscosity modifiers, dispersants, defoamers, and grinding agents.

Embodiment 14. The abrasive article of embodiment 1, wherein the bond material
comprises a material selected from the group consisting of an organic material, an inorganic
material, or any comnbination thereof.

Embodiment 15. The abrasive article of embodiment 1, wherein the bond material
comprises a material selected from the group consisting of a metal, a metal alloy, a ceramic, a
cermet, a glass, a composite, or any cornbination thereof.

Embodiment 16. The abrasive article of erabodiment 1, wherein the bond material
comprises a material selected form the group consisting of a polyester, an epoxy resin, a
polyurethane, a polyamide, a polyacrylate, a polymethacrylate, a polyvinyl chloride, a
polyethvlene, a polysiloxane, a silicone, a cellulose acetate, a nitrocellulose, a natural rubber,
starch, shellac, or any combination thereof.

Embodiment 17. The abrasive article of embodiment 1, wherein the bond material
coraprises a transition metal elernent.

Embodiment 18. The abrasive article of erobodiment 1, wherein the bond material
comprises an alloy including at least one transition metal element.

Embodiment 19. The abrasive article of cmbodiment 1, wherein the bond material
comprises a metal selected from the group of metals consisting of nickel, lead, silver, copper,
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zing, tin, titanturo, molybdenurn, chromium, iron, manganese, cobalt, niobiam, tantalom,
tungsten, paliadium, platinum, gold, ruthenium, or any combination thereof.

Embodiment 20. The abrasive article of embodiments 1 or 19, wherein the bond
material comprises nickel.

5 Embodiment 21. The abrasive article of embodiments 1, 18, or 19, wherein the bond
material consists essentially of nickel.

Hmbodiment 22. The abrasive article of embodument 1, wherein the bond material
comprises a braze.

Embodiment 23. The abrasive article of embodiment 1, wherein the bond material

1¢  comprises a solder baving a melting point of not greater than about 450°C and at least 100°C.

Embodiment 24, The abrasive article of embodiment 1, wherein the bond material is
in the form of a layer of material.

Embodiment 25. The abrasive article of cmbodiments 1 or 24, wherein the bond
material is in the form of a discontinuous layer having bond regions separated by gap regions,

15 wherein gap regions define portions of a surface of the substrate free of the bond material.

Embodiment 26. The abrasive article of embodiments 1 or 24, wherein the bond
material is in the form of a continuous layer of material extending over at least a portion of a
surface of the substrate.

Embodiment 27. The abrasive article of embodimenis 1 or 24, wherein the bond

20 material defines a continuous layer having a substantially uniform thickness.

Embodiment 28. The abrasive article of embodiment 1, wherein the bond material
comprises at least one of a braze, an electroplated material, an electroless plated material, a
solder, or any combination thereof.

Embodiment 29, The abrasive article of ernbodiment 1, wherein the bond material

25  comprises a curable material.

Embodiment 30. The abrasive article of embodiment 1, wherein the bond material
comprises a plurality of layers, inchiding a first layer and a second layer overlving the fivst
fayer.

Embodiment 31. The abrasive article of embodiment 1, wherein the substrate is

30 flexible and comprises a substrate coating.

Embodiment 32. The abrasive article of emnbodiments 1 or 30, wherein the substrate
comprises a non-woven material.

Embodiment 33. The abrasive article of embodiments 1 or 30, wherein the substrate

comprises a woven material.



WO 2019/191673 PCT/US2019/024984

Embodiment 34. A fixed diarnond wire including the abrasive article of embodiment

Embodiment 35. A metal single layer abrasive article including the abrasive article of
embodiment 1.

5 Embodiment 36. The abrasive article of embodiment 1, wherein the abrasive particles
are arranged in a single layer overlying the substrate.

Hmbodiment 37. The abrasive article of embodument 1, wherein the bond matertal is
free of porosity.

Embodiment 38. The abrasive article of embodiment 1, wherein the abrasive particies

1¢  bhave an average particle size (D50) greater than an average thickness of the bond material.

Embodiment 39. The abrasive article of ernbodiment 1, wherein the abrasive particles
have an average particle size (D50) and the bond material comprises an average thickness
(Tas1), and further comprising a bond material thickness to particle size ratio (Tpn/D50) of
not greater than 1, or not greater than 0.9, or not greater than 0.8, or not greater than 0.7, or

15 not greater than 0.6, or not greater than (.5, or not greater than 0.4, or not greater than 0.3, or
not greater than (.2, or not greater than 0.1

Embodiment 40. The abrasive article of ernbodiment 1, wherein the abrasive particles
have an average particle size (D50) and the bond matertal comprises an average thickness
{Trw), and further comprising a bond material thickness to particle size ratio (Tan/D50) of at

20 least 0.1 or at least 0.2 or at least 0.3 or at least 0.4 or at least 0.5 or at least 0.6 or at least 0.7
or at least 0.8 or at least 3.9,

Embodiment 41. The abrasive article of embodiment 1, wherein the poly{p-xylylene)
polymer or the poly(p-xylylene} copolyrer include fluorine, chlorine, bromine, or any
cornbination thereof.

25 Embodiment 42. The abrasive article of embodiment 1, wherein the poly{p-xylylene)
or the poly(p-xylylene) copolymer include an alkyl group or an alkoxy group.

Embodiment 43. The abrasive article of embodiment 1, wherein the poly(p-xylylene)
polymer or the poly(p-xylylene) copolymer is a linear polymer or a cross-linked polymer.

Embodiment 44. The abrasive article of embodiment 1, wherein the coating

3¢ comprises parylene N, parylene C, parylene D, parylene HT, or any combination thereof.

Embodiment 45. The abrasive article of embodiment 1, wherein the coating consists
essentially of parylene N, parylene C, parylene D, parylene HT, or any combination thereof.

Embodiment 46. The abrasive article of embodiment 1, wherein the coating

comprises parylene including fluorine.
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Embodiment 47. The abrasive article of embodiment 1, wherein the coating s
preferentially disposed on the bond material.

Embodiment 48. The abrasive article of embodiment 47, wherein the coating is in
direct contact with the bond material.

Embodiment 49. The abrasive article of embodiment 1, wherein the coating is in
direct contact with the bond material and a majority of the exterior surfaces of the abrasive
particles extending above the bond material are free of the coating.

Embodiment 50. The abrasive article of embodiment 1, wherein the coating is in
direct contact with a surface of the bond material and a surface of the abrasive particles.

Embodiment 51. The abrasive article of embodiment 1, wherein the coating
preferentially overlies the abrasive particles.

Embodiment 32. The abrasive article of embodiment 1, wherein the coating is in
direct contact with the abrasive particles and a majority of an exterior surface of the bond
material is free of the coating.

Embodiment 53. The abrasive article of embodiment 1, wherein the coating is a
conformal coating extending over the abrasive particles and bond material.

Embodiment 54. The abrasive article of embodiment 1, wherein the coating defines
an exterior surface of the abrasive article.

Embodiment 55. The abrasive article of embodiment 1, wherein the abrasive
particles have an average particle size (D50) and the coating comprises an average thickness
{T¢). and further comprising a coating thickness to particle size ratio (T¢/D58) of not greater
than I, or not greater than 0.9, or not greater than 0.8, or not greater than 0.7, or not greater
than 0.6, or not greater than 0.5, or not greater than 0.4, or not greater than 0.3, or not greater
than 0.2, or not greater than 0.1, or not greater than 0.08, or not greater than 0.05, or not
greater than 0.03.

Embodiment 56. The abrasive article of embodiment 1, wherein the abrasive
particles have an average particle size (D50) and the coating comprises an average thickness
(Tc), and further comprising a coating thickness to particle size ratio (Tc/D50) of at least
0.001, or at least (.003, or at least 0.005, or at least 0.008, or at least (.01, or at least 0.03, or
at feast (.05, or at least 0.08, or at least 0.1, or at least 0.2, or at least (.3, or at least 0.4, or at
least 0.5, or at least 0.6, or at least .7, or at least 0.8, or at Jeast 0.9.

Embodiment 57. The abrasive article of embodiment 1, wherein the bond material
compriscs an average thickness (Tgp), the coating comprises an average thickness (T¢), and
further comprising a coating thickness to bond material thickness ratio {Te/Tru) of not
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greater than 1 or not greater than 0.9 or not greater than 0.8 or not greater than 0.7 or not
greater than 0.6 or not greater than 0.5 or not greater than 0.4 or not greater than 0.3 or not
greater than 0.2 or not greater than 0.1 or not greater than 0.08 or not greater than 8.05 or not
greater than 0.03.

Embodiment 38. The abrasive article of embodiment 1, wherein the bond material
comprises an average thickness (Tpm). the coating comprises an average thickness (T¢), and
further comprising a coating thickness to bond material thickness ratio (To/Tru) of at least
0.001, or at least .003, or at least 8.005, or at least 0.008, or at least .01, or at least 0.03, or
at least 0.05, or at least 0.08, or at least (0.1, or at least 0.2, or at least (1.3, or at least 0.4, or at
least 0.5, or at least 0.6, or at least 0.7, or at least 0.8, or at least 0.9,

Embodiment 58. The abrasive article of embodiment 1, wherein the coating
comprises an average thickness of at least .1 microns, or at least 0.3 microns, or at least 0.5
microns, or at fecast 1 micron, or at feast 2 nicrons, or at least 3 microns, or at least 5 microns,
or at least 10 microns.

Embodiment 60. The abrasive article of embodiment 1, wherein the coating
comprises an average thickness of not greater than 500 microns or not greater than 300
microns, or not greater than 200 microns, or not greater than 100 microns, or not greater than
75 microns, or not greater than 30 microns, or not greater than 25 microns, or not greater than
10 microns, or not greater than 5 microns.

Embodiment 61. The abrasive atticle of embodiroent 1, wherein the abrasive particles
comprise a material selected from the group of materials consisting of oxides, carbides,
nitrides, borides, oxynitrides, oxyborides, diamond, or any combination thereof.

Embodiment 62. The abrasive article of embodiment 1, wherein the abrasive
particles coraprise a superabrasive material, wherein the abrasive particles coraprise diarond
or cubic boron nitride, wherein the abrasive particles consist essentially of diamond, wherein
the abrasive particles comprise a material having a Vickers hardness of at least about 10 GPa.

Embodiment 63. The abrasive article of embodiment 1, wherein the abrasive particles
inchude a first type of abrasive particle and a second type of abrasive particle, and wherein the
first type of abrasive particle and second type of abrasive particle are different from each
other based on at least one particle characteristics selected from the group consisting of
hardness, friability, toughness, particle shape, crystalline siructure, average particle size,
composition, particle coating, grit size distiibution, or any combination thereof.

Embodiment 64. The abrasive article of embodiment 1, wherein the gbrasive
particles comprise an average particle size of not greater than about 5000 microns, ot not
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greater than about 3000 microns, or not greater than about 2000 microns, or not greater than
about 1500 microns, or not greater than about 300 microns.

Embodiment 65. The abrasive article of embodiment 1, wherein the abrasive
particles coraprise an average particle size of at least about 0.1 microns, or at least about .5

5 microns, or at feast about 1 micron, or at feast about 2 microns, or at least about S microns, or
at least about § microns.

Embodiment 66. The abrasive article of embodiment 1, wherein the coating has a
melting point of at least 350°C, or at least 380°C, or at least 400°C , or at least 420°C , or at
least 440°C | or at least, 460°C | or at least 480°C , or at least 300°C.

10 Embodiment 67. The abrasive article of embodiment 1, wherein the coating has a
melting point of not greater than 600°C, such as not greater than 580°C, not greater than
550°C; not greater than 530°C, not greater than 510°C, not greater than 500°C, or not greater
than not 460°C, or not greater than 420°C.

Embodiment 68. The abrasive article of embodiment 1, wherein the substrate

15 comprises woven or non-woven fibers; the bond material comprises a first layer and a second
layer, wherein the first layer of the bond material directly overlies the substrate and attaches a
single layer of abrasive particles to the substrate; and the second layer of the bond material
overlies the first layer of the bond material and the abrasive particles; and wherein the coating
overlies an outer surface of the second bond layer.

20 Embodiment 69. A rocthod of forming an abrasive article, comprising: providing a
substrate having abrasive particles coupled to a surface of the substrate by a bod material,
applying a coating by vapor deposition, wherein the coating overlies the bond material and
abrasive particles, wherein the coating comprises a poly(p-xylylene) polymer.

Embodiment 70. The method of embodiment 69, wherein the poly(p-xylylene)

25  polymer includes parylene HT.

Embodiment 71. The method of embodiment 69, wherein the coating has an average
thickness of at least 0.5 microns and not greater than 25 microns.

EXAMPLES

Example 1

30 Investigating the grinding performance of parylene HT coated fiber disc

A single layer abrasive fiber disc of the type FOT0 SH fror Saint-Gobain was coated
with a thin parylene HT coating by vapor deposttion. The FO70 SH disc underneath the
parylene HT coating contained a fiber backing as substrate material having attached via a
make coat a layer of ceramic particles with a 36 grit size. The F970 SH disc further
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contained a size coat on top of the make coat and abrasive particles for fixing the abrasive
particles.

The parylene HT vapor deposition process included vaporization of the dimer
comnpound 1, 1, 2, 2, 9,9, 10, 10-octafluoro [2.2] paracyclophane, pyrolysis of the dimer to
the monomer, and forming the parylene HT polymer during deposition. The vacuum during
deposition in the deposition chamber was 0.1 Torr, at a temperature of 25°C.

The applied parylene HT coating had an average thickness of about § to 7 microns.
The parylene HT coated disc is called herein sample S1.

As comparative sample U2 was used the same type of disc FO70SH as described for
sample S1 above; the only difference to S1 was that it did not contain a parylene HT coating.

A further comparative fiber disc C3 was used for the grinding testing, which is also
called a 36 grit control, wherein a layer of 36 grit size ceramic particles was attached by a
standard make coat and a standard size coat, and which also did not contain a parylene
coating.

The grinding tests were conducted by measuring the specific grinding energy SGE
{energy/unit volume) vs. the cumulative material removal of a test material. The test material
was an A36 hot rolled steel piece. As illustrated in FIG. 18, the parylene HT coated disc
(81) significantly outperformed the disc C2 which did not contain a parylene HT coating.
Comparative standard control disc €3 had the lowest material removal in refation to the SGE.
It can be further seen that the addition of the parvlene coating required a much lower specific
grinding energy (SGE) and allowed a much longer grinding operation and thereby higher
cumulative material removal.

The foregoing embodiments are directed to bonded abrasive products, and particularty
grinding wheels, which represent a departure from the state-of-the-art.

Benefits, other advantages, and solations to problems have been described above with
regard to specific embodiments. However, the benefits, advantages, solutions to problems,
and any feature(s) that moay cause any benefit, advantage, or solution to occur or become
more pronounced are not to be construed as a critical, required, or essential feature of any or
al the claims. Reference herein to a material inclhuding one or more components may be
interpreted to include at least one embodiment wherein the material consists essentially of the
one or more components identified. The term “consisting essentially” will be interpreted to
include a composition including those materials identified and excluding all other materials
except in minority contents {e.g., impurity contents), which do not significantly alter the

properties of the material. Additionally, or in the alternative, in certain non-limiting
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embodiments, any of the compositions identified herein may be essentially free of materials
that are not cxpressly disclosed. The embodiments herein include range of contents for
certain components within a matertal, and it will be appreciated that the contents of the
coroponents within a given material total 100%.

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

rather than vestrictive.
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