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COATED ABRASIVES HAVING A PERFORMANCE ENHANCING
COMPOSITION

TECHNICAL FIELD

The present disclosure relates generally to coated abrasive articles that include a
tribological performance enhancing composition in a make coat, a size coat, a supersize coat ,
or combinations thereof, as well as methods of making coated abrasive articles. The present
disclosure also relates to coated abrasive articles including a supersize coating comprising a
sulfide scavenging composition and/or a crosslinked zinc acrylic binder, as well as methods
for making and using such abrasive articles. The present disclosure also relates generally to
abrasive articles that include aggregates having an anti-wear composition or grinding aid
disposed on or within the aggregates.
BACKGROUND ART

Abrasive articles, such as coated abrasives, are used in various industries to machine
work pieces, such as by lapping, grinding, and polishing. Surface processing using abrasive
articles spans a wide industrial scope from initial coarse material removal to high precision
finishing and polishing of surfaces at a submicron level. Effective and efficient abrasion of
metal surfaces, particularly iron-carbon alloys, such as carbon steel and stainless steel, and
nickel-chromium alloys, such as Inconel, which are required for high performance oxidation
resistant and corrosion resistant applications, pose numerous processing challenges.

Industries that produce or rely on such alloys are sensitive to factors that influence
operational costs, including the speed at which a surface can be prepared, the cost of the
materials used to prepare that surface, and the costs associated with the time expended to
prepare a surface. Typically, industry seeks to achieve cost effective abrasive materials and
processes that achieve high material removal rates. However, abrasives and abrasive
processes that exhibit high removal rates often also tend to exhibit poor performance, if not
impossibility, in achieving desired surface characteristics associated with high precision
finishing and polishing of surfaces. Conversely, abrasives that produce such desirable
surface characteristics often have low material removal rates, which can require more time
and effort to remove a sufficient amount of surface material.

Therefore, there continues to be a demand for improved abrasive products and
methods that can offer enhanced abrasive processing performance, efficiency, and improved

surface quality.
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BRIEF DESCRIPTION OF THE DRAWINGS

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

FIG. 1 is an illustration of a cross sectional view of an embodiment of a coated
abrasive article that includes a tribological performance enhancing composition disposed in a
supersize coat.

FIG. 2 is an illustration of a cross sectional view of an embodiment of a coated
abrasive article that includes a grinding aid aggregate disposed on a make coat.

FIG. 3 is an illustration of a flow chart of an embodiment of a method of making a
coated abrasive article that includes disposing a tribological performance enhancing
composition on or in an abrasive layer.

FIG. 4 is an illustration of a flow chart of an embodiment of a method of making a
coated abrasive article that includes disposing a tribological performance enhancing
composition disposed on or in a make coat.

FIG. 5 is an illustration of a flow chart of an embodiment of a method of making a
coated abrasive article that includes disposing a tribological performance enhancing
composition disposed on or in a supersize coat.

FIG. 6 is a process flow diagram of an embodiment of a method of making and using
a sulfide scavenging composition.

FIG. 7 is a process flow diagram of an embodiment of a method of making a coated
abrasive article including aggregates having an anti-wear composition and a sulfide
scavenging composition disposed over a size coat.

FIG. 8 is a cross-section illustration of an embodiment of an aggregate that includes
an anti-wear composition.

FIG. 9 is a cross-section illustration of another embodiment of an aggregate that
includes an anti-wear composition.

FIG. 10 is a process flow diagram of an embodiment of a method of making an
aggregate that includes an anti-wear composition.

FIG. 11 is a graph showing specific grinding energy (“SGE”) versus cumulative
material removal by inventive abrasive disc embodiments compared to conventional abrasive

discs.
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FIG. 12A is a bar graph showing cumulative material removal by inventive abrasive
disc embodiments compared to conventional abrasive discs.

FIG. 12B is a graph showing specific grinding energy (“SGE”) versus cumulative
material removal by inventive abrasive disc embodiments compared to conventional abrasive
discs.

FIG. 13A is a bar graph showing cumulative material removal by inventive abrasive
disc embodiments compared to conventional abrasive discs.

FIG. 13B is a graph showing specific grinding energy (“SGE”) versus cumulative
material removal by inventive abrasive disc embodiments compared to conventional abrasive
discs.

FIG. 14A is a graph showing cumulative material removal versus time by inventive
abrasive disc embodiments compared to conventional abrasive discs.

FIG. 14B is a graph showing specific grinding energy (“SGE”) versus cumulative
material removal by inventive abrasive disc embodiments compared to conventional abrasive
discs.

FIG. 15A is an image of an embodiment of a tribological performance enhancing
composition aggregate disposed on a make coat along with abrasive grains prior to deposition
of a size coat.

FIG. 15B is an image of the abrasive surface of the embodiment of 15A after a size
coat has been applied and cured.

FIG. 16A is a bar graph showing cumulative material removal by inventive abrasive
disc embodiments compared to conventional abrasive discs.

FIG. 16B is a graph showing specific grinding energy (“SGE”) versus cumulative
material removal by inventive abrasive disc embodiments compared to conventional abrasive
discs.

FIG. 17 is an image of an embodiment of a grinding aid aggregate disposed on a make
coat along with abrasive grains prior to deposition of a size coat.

FIG. 18A is a bar graph showing cumulative material removal by inventive abrasive
disc embodiments compared to conventional abrasive discs.

FIG. 18B is a graph showing specific grinding energy (“SGE”) versus cumulative
material removal by inventive abrasive disc embodiments compared to conventional abrasive

discs.
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FIG. 19 is a bar graph showing cumulative material removal by inventive abrasive
disc embodiments compared to conventional abrasive discs.

FIG. 20A is a graph of abrasive performance data (Cumulative Material Removal vs.
Time) comparing inventive sample discs to control discs.

FIG. 20B is a graph of abrasive performance data (Specific Grinding Energy vs.
Cumulative Material Removal) comparing inventive sample discs to control discs.

FIG. 21A is a graph of abrasive performance data (Cumulative Material Removal vs.
Time) comparing inventive sample discs to control discs.

FIG. 21B is a graph of abrasive performance data (Specific Grinding Energy vs.
Cumulative Material Removal) comparing inventive sample discs to control discs.

FIG. 22A is a graph of abrasive performance data (Cumulative Material Removal vs.
Time) comparing an inventive sample disc to a control disc.

FIG. 22B is a graph of abrasive performance data (Specific Grinding Energy vs.
Cumulative Material Removal) comparing an inventive sample disc to a control disc.

FIG. 23A is a bar graph showing relative material removal by inventive abrasive disc
embodiments compared to conventional abrasive discs.

FIG. 23B is a graph showing specific grinding energy (“SGE”) versus cumulative
material removal by inventive abrasive disc embodiments compared to conventional abrasive
discs.

FIG. 24A is a bar graph showing relative material removal by inventive abrasive disc
embodiments compared to conventional abrasive discs.

FIG. 24B is a graph showing specific grinding energy (“SGE”) versus cumulative
material removal by inventive abrasive disc embodiments compared to conventional abrasive
discs.

Skilled artisans appreciate that elements in the figures are illustrated for simplicity
and clarity and have not necessarily been drawn to scale.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT(S)

The following description, in combination with the figures, is provided to assist in
understanding the teachings disclosed herein. The following discussion will focus on specific
implementations and embodiments of the teachings. This discussion is provided to assist in
describing the teachings and should not be interpreted as a limitation on the scope or

applicability of the teachings.
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The term “averaged,” when referring to a value, is intended to mean an average, a

EEINT3

geometric mean, or a median value. As used herein, the terms “comprises,” “comprising,”

“includes,” “including,” “has,” “having,” or any other variation thereof, are intended to cover
a non-exclusive inclusion. For example, a process, method, article, or apparatus that
comprises a list of features is not necessarily limited only to those features but can include
other features not expressly listed or inherent to such process, method, article, or apparatus.
As used herein, the phrase “consists essentially of” or “consisting essentially of” means that
the subject that the phrase describes does not include any other components that substantially
affect the property of the subject.

Further, unless expressly stated to the contrary, “or” refers to an inclusive-or and not
to an exclusive-or. For example, a condition A or B is satisfied by any one of the following:
A is true (or present) and B is false (or not present), A is false (or not present) and B is true
(or present), and both A and B are true (or present).

The use of “a” or “an” is employed to describe elements and components described
herein. This is done merely for convenience and to give a general sense of the scope of the
invention. This description should be read to include one or at least one and the singular also
includes the plural, or vice versa, unless it is clear that it is meant otherwise.

Further, references to values stated in ranges include each and every value within that
range. When the terms “about” or “approximately” precede a numerical value, such as when
describing a numerical range, it is intended that the exact numerical value is also included.
For example, a numerical range beginning at “about 25” is intended to also include a range
that begins at exactly 25. Moreover, it will be appreciated that references to values stated as

EEINT3

“at least about,” “greater than,” “less than,” or “not greater than” can include a range of any
minimum or maximum value noted therein.

As used herein, the phrase “average particle diameter” can be reference to an average,
mean, or median particle diameter, also commonly referred to in the art as Dsy.

Unless otherwise defined, all technical and scientific terms used herein have the same
meaning as commonly understood by one of ordinary skill in the art to which this invention
belongs. The materials, methods, and examples are illustrative only and not intended to be
limiting. To the extent not described herein, many details regarding specific materials and

processing acts are conventional and can be found in textbooks and other sources within the

coated abrasive arts.
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COATED ABRASIVE ARTICLE

Referring to FIG. 1, a coated abrasive article 100 is illustrated in cross-section. As
depicted, the coated abrasive article 100 can include a substrate 104 (also called herein a
backing material) on which an abrasive layer 106 can be disposed. The abrasive layer 106
can include abrasive particles 110 (also called herein abrasive grains) and aggregates 102
disposed on a polymeric make coat binder composition 108 and a polymeric size coat binder
composition 112 disposed over the abrasive particles and the polymeric make coat binder
composition. In an embodiment, an aggregate 102 can also be disposed on the polymeric
make coat binder composition 108. The aggregate 102 can be an abrasive aggregate or
nonabrasive aggregate. The aggregate 102 can comprise a tribological performance
enhancing composition, a grinding aid composition, an anti-wear composition, or a
combination thereof. A polymeric supersize coat binder composition 114 can be disposed on
the abrasive layer 106. The polymeric supersize coat binder composition 114 can include a
tribological performance enhancing composition disposed on or in (e.g., dispersed in) the
polymeric supersize coat binder composition. According to yet another embodiment, the
polymeric supersize coat binder composition 114 can comprise a sulfide scavenging
composition. The sulfide scavenging composition can comprise a sulfide scavenging agent
or a combination of sulfide scavenging agents.

In FIG. 2, an embodiment of a coated abrasive article 200 is illustrated in cross-
section. As depicted, the coated abrasive article 200 can include a polymeric make coat
binder composition 204 (i.e., a make coat) disposed on a substrate 202 (backing material).
Abrasive particles 206 (also called herein abrasive grains) can be disposed on the polymeric
make coat binder composition. A tribological performance enhancing composition 208 in the
form of an aggregate can also be disposed on the polymeric make coat binder composition.
A polymeric size coat binder composition 210 can be disposed over the abrasive particles, the
aggregates, and the polymeric make coat binder composition. Optionally, a polymeric
supersize coat composition (not shown) can be disposed over the size coat.

ABRASIVE ARTICLE

In an embodiment the abrasive article can be a fixed abrasive article. Fixed abrasive
articles can include coated abrasive articles, bonded abrasive articles, nonwoven abrasive

articles, engineered abrasive articles, and combinations thereof. Abrasive articles can be in
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the form of sheets, discs, belts, tapes, wheels, thin wheels, flap wheels, flap discs, polishing
films, and the like.

In certain embodiments, the abrasive article can be a bonded abrasive article
comprising a plurality of abrasive particles and a bond matrix composition, wherein the
abrasive particles are dispersed in the bond matrix composition.

In an alternative embodiment, the abrasive article can be a coated abrasive article
comprising a backing material, a binder composition (also called herein a “make coat”
composition, or a make coat) disposed on the backing, and composite abrasive aggregates
disposed on or in the binder composition.

In an alternative embodiment, the abrasive article can be a nonwoven abrasive article
comprising a substrate of nonwoven lofty fibers, a binder composition disposed on the
substrate, and abrasive particles disposed on or in the binder composition.

METHOD OF MAKING A COATED ABRASIVE ARTICLE

FIG. 3 is an illustration of a flowchart of an embodiment of a method 300 of making a
coated abrasive article having a tribological performance enhancing composition. At step
302, the method 300 includes providing a substrate (backing material). Step 304 can include
disposing an abrasive layer on the substrate. Step 306 can include disposing a tribological
performance enhancing composition on or in the abrasive layer.

FIG. 4 is an illustration of a flowchart of an embodiment of a method 400 of making a
coated abrasive article containing a tribological performance enhancing composition in the
form of an aggregate. Step 402 includes providing a substrate (backing material). Step 404
includes disposing a make coat on the backing material. Step 406 includes disposing a
tribological performance enhancing composition on or in the make coat. In an embodiment,
the tribological performance enhancing composition is in the form of an aggregate disposed
on the make coat. Step 408 includes disposing abrasive grains on the make coat. The
abrasive grains can be in contact with the tribological performance enhancing composition.
Step 410 includes disposing a size coat over the abrasive grains and the tribological
performance enhancing composition.

FIG. 5 is an illustration of a flowchart of an embodiment of a method 500 of making a
coated abrasive article containing a tribological performance enhancing composition disposed
in a supersize coat. Step 502 includes providing a substrate (backing material). Step 504

includes disposing a make coat on the backing material. Step 506 includes disposing
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abrasive grains on the make coat. Step 508 includes disposing a size coat over the abrasive
grains and the make coat. Step 510 includes disposing a tribological performance enhancing
composition in a supersize coat or as a supersize coat.

A coated abrasive article including a sulfide scavenging composition can be made. In
an embodiment, the method can comprise: providing a substrate (backing material); disposing
an abrasive layer on the substrate; and disposing a sulfide scavenging composition on or in
the abrasive layer.

A coated abrasive article including an anti-wear composition can be made. In an
embodiment, an anti-wear composition can be included in the form of an aggregate. In an
embodiment, the method can comprise: providing a substrate (backing material); disposing a
make coat on the backing material; disposing an aggregate, which can be an abrasive
aggregate, on or in the make coat, wherein an anti-wear composition is disposed in the
aggregate; and disposing a size coat over the aggregates and the make coat. Optionally, a
supersize coat can be applied over the size coat. The supersize coat can comprise a sulfide
scavenging composition.

In an embodiment, a coated abrasive article including an anti-wear composition can
be made. In an embodiment, the method can comprise: providing a substrate (backing
material); disposing a make coat on the backing material; disposing an abrasive layer; and
disposing a size coat over the abrasive layer and the make coat. Optionally, a supersize coat
can be applied over the size coat. The supersize coat can comprise an anti-wear composition.

A coated abrasive article including a sulfide scavenging composition disposed in a
supersize coat can be made. The method can comprise: providing a substrate (backing
material); disposing a make coat on the backing material; disposing abrasive grains (or
abrasive aggregates) on the make coat; disposing a size coat over the abrasive grains and the
make coat; and disposing a sulfide scavenging composition in a supersize coat or as a
supersize coat.

FIG. 6 is a flow diagram of an embodiment of a method 600 of making a coated
abrasive article including sulfide scavenging composition. In step 602, mixing together a
transition metal salt, a gluconate, glyoxal, a polyphosphate, or a combination thereof occurs
to form a sulfide scavenging composition. In step 604, disposing the sulfide scavenging
composition on a coated abrasive article, such as on the size coat of a coated abrasive article,

occurs to form a coated abrasive article including a sulfide scavenging composition.
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FIG. 7 is a flow diagram of an embodiment of a method 700 of making a coated
abrasive article including a plurality of treated aggregates (i.e., abrasive aggregates
comprising an anti-wear composition) and a sulfide scavenging composition in a supersize
coat. In step 702, providing a substrate occurs. In step 704, disposing a make coat onto the
substrate occurs. In step 706, disposing treated aggregates on or in the make coat occurs. In
step 708, disposing a size coat over the treated aggregates and make coat occurs. In step 710,

disposing a sulfide scavenging composition on the size coat occurs.

TRIBOLOGICAL PERFORMANCE ENHANCING COMPOSITION

It has been surprisingly discovered that the presence of a tribological performance
enhancing composition disposed on or in a supersize coat, on or in a size coat, on or in a
make coat, or any combination thereof of a coated abrasive article provides unexpected and
beneficial abrasive performance. In a particular embodiment, the tribological performance
enhancing composition is disposed in a supersize polymeric binder. In another particular
embodiment, the tribological performance enhancing composition is disposed in a size coat
polymeric binder. In another particular embodiment, the tribological performance enhancing
composition is disposed on or in a make coat polymeric binder. In an embodiment, the
tribological performance enhancing composition can be essentially free or completely free of
sulfur, or sulfur compounds.

PERFORMANCE ENHANCING MIXTURE

In an embodiment, a tribological performance enhancing composition can comprise a
performance enhancing mixture of boric acid (B(OH)3), a borate compound, or a combination
thereof; and a zinc compound. In an embodiment, the performance enhancing mixture can
further comprise a polyphosphate ester. In an embodiment, the performance enhancing
mixture can further comprise a hypophosphite salt. In an embodiment, the performance
enhancing mixture can further comprise cellulose or a cellulose composition. The
performance enhancing mixture can include a polymeric binder composition (e.g., make coat
binder, size coat binder, and/or supersize coat binder).

The amounts of the components of the performance enhancing mixture can vary. In
an embodiment, the performance enhancing mixture can comprise:

40 — 70 wt% of a polymeric binder composition;

20 — 40 wt% of boric acid, a borate compound, or a combination thereof; and

10 —30 wt% of a zinc compound, such as a zinc salt.
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In an embodiment, the performance enhancing mixture can further comprise 20 — 30
wt% of a polyphosphate ester. In an embodiment, the performance enhancing mixture can
further comprise 1 — 30 wt% hypophosphite salt. In an embodiment, the performance
enhancing mixture can further comprises 0.1 — 5 wt% cellulose.

As stated previously, the performance enhancing compound can comprise boric acid,
a borate compound, or a combination thereof. In an embodiment, a borate compound can
comprise potassium tetraborate, potassium pentaborate, ammonium pentaborate, calcium
borate, or any combination thereof.

As stated previously, the performance enhancing compound can comprise a zinc
compound. In an embodiment the zinc compound can be a zinc salt. A zinc salt can
comprise zinc borate, zinc phosphate, zinc stearate, zinc ammonium carbonate, or any
combination thereof.

As stated previously, the performance enhancing compound can comprise a
polyphosphate ester. In an embodiment, a polyphosphate ester can comprise Polyphosphate
Ester (“PPE”), a polyether phosphate ester, an amine salt of polyether phosphate, or any
combination thereof.

As stated previously, the performance enhancing compound can comprise a
hypophosphite salt. In an embodiment, a hypophosphite salt can comprise sodium
hypophosphite (NaPO>H>), potassium hypophosphite, or a combination thereof.
FISCHER-TROPSCH HYDROCARBON PRODUCT

In an embodiment, a tribological performance enhancing composition can comprise a
Fischer-Tropsch hydrocarbon product. In an embodiment, Fischer-Tropsch hydrocarbon
product can comprise a Fischer-Tropsch wax. In another embodiment, the Fischer-Tropsch
hydrocarbon product can comprise a wax emulsion.

In an embodiment, the Fischer-Tropsch hydrocarbon product can comprise a Fischer-
Tropsch synthetic crude oxygenate (i.e., an oxygenated hydrocarbon product resulting from a
synthetic crude that is processed by the Fischer-Tropsch process). In an embodiment, the
Fischer-Tropsch synthetic crude oxygenate can comprise an alcohol, an aldehyde, a
carboxylic acid, a ketone, or any combination thereof having an aliphatic carbon chain of 4 to

40 carbon atoms, such as from 5 to 30 carbon atoms, such as from 8 to 25 carbon atoms.

10
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DISPOSITION OF TRIBOLOGICAL PERFORMANCE ENHANCING COMPOSITION IN
A POLYMERIC LAYER OR COMBINATION OF LAYERS

The tribological performance enhancing composition can be present in one or more
particular layers of the coated abrasive article. The tribological performance enhancing
composition present in one layer can be same as or different than the tribological
performance enhancing composition present in another layer. In an embodiment, the
tribological performance enhancing composition is present in a supersize coat; a size coat, a
make coat, or a combination thereof, such as both the supersize coat and the make coat. In a
specific embodiment, a tribological performance enhancing composition is dispersed in the
supersize coat. In another specific embodiment, a tribological performance enhancing
composition is disposed on the make coat. In another specific embodiment, a tribological
performance enhancing composition is dispersed in the supersize coat and disposed in the
make coat. In another specific embodiment, a tribological performance enhancing
composition is dispersed only in the supersize coat.

The amount of tribological performance enhancing composition in the supersize coat
layer can vary. In an embodiment, the tribological performance enhancing composition can
comprise the entire (i.e., 100 wt%) of the supersize coat. In another embodiment, the
tribological performance enhancing composition can comprise only a portion of the supersize
coat. In an embodiment, tribological performance enhancing composition in the supersize
coat layer can be not less than 0.1 wt%, such as not less than 0.5 wt%, not less than 1 wt%,
not less than 5 wt%, not less than 10 wt%, not less than 15 wt%, not less than 20 wt%, not
less than 25 wt%, not less than 30 wt%, not less than 35 wt%, or not less than 40 wt% of the
supersize coat. In another embodiment, the amount of tribological performance enhancing
composition in the supersize coat can be not greater than 99 wt%, such as not greater than 95
wt%, not greater than 90 wt%, not greater than 85 wt%, not greater than 80 wt%, not greater
than 75 wt%, not greater than 70 wt%, not greater than 65 wt%, or not greater than 60 wt%.
The amount of tribological performance enhancing composition can be within a range
comprising any pair of the previous upper and lower limits.

ANTI-WEAR COMPOSITION

In an embodiment, the anti-wear composition can comprise an anti-wear agent, or a

combination of anti-wear agents, a fixative composition, a lubricant, or a combination thereof.
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In an embodiment, an anti-wear agent can comprise an organophosphate, such as a
phosphate ester, a thiophosphate ester, a dithiophosphate ester, or combinations thereof. In
an embodiment, the anti-wear agent can include zinc. Suitable anti-wear agents that include
zinc are zinc dithiophosphates (ZDP), zinc dialkyl dithio phosphates (ZDDP), tricresyl
phosphates (TCP), or combinations thereof. The ZDDP can be monomeric ZDDP, dimeric
ZDDP, tetrameric ZDDP (also called basic ZDDP), polymeric ZDDP, or combinations
thereof. In another embodiment, the anti-wear agent does not include zinc. Suitable anti-
wear agents that do not include zinc are “ashless” dithiophosphates, such as
dialkyldithiophphoric acid, amino dialkydithiophosphate salts, aminodialklydithiophates, and
combinations thereof.

In a particular embodiment, the amount of anti-wear agent in the anti-wear
composition can vary. In an embodiment, the amount of anti-wear agent can be essentially
completely (100 wt%, minus any naturally occurring contaminants) to completely (100 wt%)
all of the anti-wear composition. In another embodiment, the amount of anti-wear agent can
be a fractional amount of the anti-wear composition. In an embodiment, the amount of anti-
wear agent can be not less than 0.01 wt% of the anti-wear composition, such as not less than
1.0 wt%, not less than 3.0 wt%, not less than 5.0 wt%, not less than 7.5 wt%, not less than 10
wt%, not less than 15 wt%, not less than 20 wt%, not less than 25 wt%, or not less than 30 wt%
of the anti-wear composition. In an embodiment, the amount of anti-wear agent in the anti-
wear composition can be not greater than 90 wt% of the anti-wear composition, such as not
greater than 89 wt%, not greater than 87 wt%, not greater than 85 wt%, not greater than 80
wt%, not greater than 75 wt%, not greater than 70 wt%, not greater than 65 wt%, not greater
than 60 wt%, not greater than 55 wt%, not greater than 50 wt%, not greater than 45 wt%, or
not greater than 40 wt% of the anti-wear composition. The amount of anti-wear agent can be
within a range comprising a pair of any of the previous upper and lower limits. In a
particular embodiment, the amount of anti-wear agent in the anti-wear composition can be
within a range of 0.01 wt% to 90 wt% of the anti-wear composition, such as from 0.1 wt% to
89 wt%, such as from 1.0 wt% to 87 wt%, such as from 1.5 wt% to 85 wt% of the anti-wear
composition.

In an embodiment, the anti-wear composition can further comprise a fixative material.
The fixative material can comprise a binder or glue material capable of fixing or adhering the

anti-wear composition to the abrasive aggregate, such as by drying, curing, adsorption, or
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other suitable adhesion method. In an embodiment, the fixative composition can comprise an
organic binder, an inorganic binder, or a combination thereof. In an embodiment, the fixative
composition can comprise a glue, such as a natural glue, synthetic glue, or a combination
thereof. In a particular embodiment, the fixative composition can comprise polyvinyl acetate
(e.g., Fevicol). In another embodiment, the fixative composition can comprise a polymeric
resin or combination of polymeric resins. In a particular embodiment, the fixative
composition can comprise a phenolic resin. In another embodiment, the fixative composition
can comprise a clay, such as a natural clay, modified natural clay, including functionalized
clays (e.g., Cloisite clay), synthetic clays, or combinations thereof. In another embodiment,
the fixative composition can comprise a hydrous mineral, such as a calcium aluminium
sulfate mineral (e.g., Ettringite - Ca6Al2(SO4)3(OH)12-26H20).

In a particular embodiment, the amount of fixative composition in the anti-wear
composition can vary. In an embodiment, the amount of fixative composition can be not less
than 1.0 weight percent of the composition, such as not less than 5 weight percent, not less
than 10 weight percent, not less than 15 weight percent, not less than 20 weight percent, not
less than 30 weight percent, not less than 40 weight percent, not less than 50 weight percent,
not less than 55 weight percent, not less than 60 weight percent, or not less than 65 weight
percent of the anti-wear composition. In an embodiment, the amount of fixative composition
in the anti-wear composition can be not greater than 90 weight percent of the composition,
such as not greater than 85 weight percent, not greater than 80 weight percent, not greater
than 75 weight percent, not greater than 70 weight percent, not greater than 65 weight percent,
not greater than 60 weight percent, not greater than 55 weight percent, not greater than 50
weight percent, not greater than 45 weight percent, not greater than 40 weight percent, not
greater than 35 weight percent, or not greater than 30% of the anti-wear composition. The
amount of fixative composition can be within a range comprising a pair of any of the
previous upper and lower limits. In a particular embodiment, the amount of fixative
composition in the anti-wear composition can be within a range of 1.0 weight percent to 95
weight percent of the anti-wear composition, such as from 10 weight percent to 90 weight
percent of the anti-wear composition.

In an embodiment, the anti-wear composition can further comprise a lubricant
composition. In an embodiment, the lubricant can comprise a hydrocarbon material or

mixtures of hydrocarbon materials, such as alkanes, cycloalkanes, or combinations thereof.
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In an embodiment, the hydrocarbon material can have at least 5 carbon atoms, such as at least
8 carbon atoms, such as at least 10 carbon atoms, such as at least 12 carbon atoms. In another
embodiment, the hydrocarbon material can have not greater than 100 carbon atoms, such as
not greater than 90 carbon atoms, not grant greater than 80 carbon atoms, not greater than 70
carbon atoms, not greater than 60 carbon atoms, or not greater than 50 carbon atoms. In a
particular embodiment, the hydrocarbon material can have at least 5 carbon atoms to 100
carbon atoms, such as from at least 8 carbon atoms to 70 carbon atoms, such as at least 10
carbon atoms to 60 carbon atoms, such as from 12 carbon atoms to 50 carbon atoms.

In an embodiment, the lubricant can comprise a paraffin material, such as a liquid
paraffin, a solid paraffin, or combinations thereof. In a particular embodiment, the paraffin
material can comprise what is commonly known as liquid paraffin (also called, “white o0il”,
“mineral 0il”), a paraffin wax, or combinations thereof.

In an embodiment, the lubricant can comprise an oil, a wax, a grease, or combinations
thereof. In a particular embodiment, the oil can be a mineral oil, a vegetable oil, an animal
oil, a synthetic oil, or combinations thereof. In a particular embodiment, the oil can comprise
a mineral oil, such as any of various light mixtures of higher alkanes from a mineral source,
particularly a distillate of petroleum. In a particular embodiment, the oil can be what is
commonly known as "motor oil" or “engine oil”. Suitable motor oils and engine oils can be
those oils rated for viscosity by the Society for Automotive Engineers (“SAE”) designated as
SAE 5W, 10W, 15W, 20W, 25W, 20, 30, 40, 50, or 60 weight oil, or combinations thereof.
In a particular embodiment, the lubricant is an SAE 20w-40 motor oil.

In an embodiment, a vegetable oil is an oil that is extracted from a plant, usually from
the fruits or seeds. Suitable vegetable oils can include canola oil, coconut oil, corn oil,
cottonseed oil, olive oil, palm oil, peanut oil, rapeseed oil, safflower oil, sesame oil, soybean
oil, sunflower oil, and combination thereof.

In a particular embodiment, the amount of lubricant in the anti-wear composition can
vary. In an embodiment, the amount of lubricant can be not less than 1 weight percent of the
anti-wear composition, such as not less than 3 weight percent, not less than 5 weight percent,
not less than 10 weight percent, not less than 20 weight percent, not less than 30 weight
percent, not less than 40 weight percent, not less than 50 weight percent, not less than 60
weight percent, not less than 70 weight percent, or not less than 80 weight percent of the anti-

wear composition. In an embodiment, the amount of lubricant in the anti-wear composition
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can be not greater than 90 weight percent of the composition, such as not greater than 85
weight percent, not greater than 80 weight percent, not greater than 70 weight percent, not
greater than 60 weight percent, not greater than 50 weight percent, not greater than 45 weight
percent, not greater than 40 weight percent, not greater than 30 weight percent, not greater
than 20 weight percent, or not greater than 10% of the anti-wear composition. The amount of
lubricant can be within a range comprising a pair of any of the previous upper and lower
limits. In a particular embodiment, the amount of lubricant in the anti-wear composition can
be within a range of 1 weight percent to 99 weight percent of the anti-wear composition, such
as from 5 weight percent to 95 weight percent, such as from 10 weight percent to 90 weight
percent, such as from 20 weight percent to 80 weight percent, such as from 40 weight percent
to 70 weight percent of the anti-wear composition.

In a particular embodiment, the amounts of component materials of the anti-wear
composition can be in particular ratios to each other that are beneficial. In an embodiment
the ratio of lubricant to fixative ranges from 3:1 to 1:20, such as 1:1 to 1:3.

In a particular embodiment, the anti-wear composition is present in the supersize layer.

SULFIDE SCAVENGING COMPOSITION

The presence of a sulfide scavenging composition disposed on or in a supersize coat,
on or in a size coat, on or in a make coat, or any combination thereof of a coated abrasive
article provides beneficial abrasive performance as well as solves the problem of unwanted
sulfide emissions that can occur during an abrasive process when an abrasive article includes
various sulfur compounds in its additives and/or component layers. In a particular
embodiment, the sulfide scavenging composition is disposed in a supersize polymeric binder.
In another embodiment, the sulfide scavenging composition is disposed as a supersize coating,
but not necessarily polymeric. In another particular embodiment, the sulfide scavenging
composition is disposed in a size coat polymeric binder. In another particular embodiment,
the sulfide scavenging composition is disposed on or in a make coat polymeric binder.

In an embodiment, a sulfide scavenging composition can comprise one or more
sulfide scavenging agents. In an embodiment, a sulfide scavenging composition can
comprise a transition metal salt, a gluconate, glyoxal, a polyphosphate, or a combination
thereof. In an e embodiment, the transition metal salt can be a titanium salt, a manganese salt,
an iron salt, a nickel salt, a copper salt, a zinc salt, or a combination thereof. In an

embodiment, the transition metal salt can comprise a transition metal oxide, a transition metal
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carbonate, a transition metal borate, a transition metal phosphate, or a combination thereof.
In an embodiment, the transition metal salt can comprise a zinc compound. In an
embodiment, the zinc compound can comprise a zinc oxide, zinc carbonate, zinc stearate,
zinc borate, zinc phosphate, zinc naphthenate, or a combination thereof. In an embodiment,
the transition metal salt can comprise iron oxide, iron carbonate, iron stearate, iron phosphate,
iron naphthenate, or a combination thereof. In an embodiment, the gluconate can comprise
ferrous gluconate. In an embodiment, the sulfide scavenging composition can further
comprise a polyphosphate, a polyphosphate ester, or a combination thereof.

The amounts of the components of the sulfide scavenging composition can vary.

AGGREGATES

In an embodiment, a plurality of aggregates is disposed on or in the make coat. In yet
another embodiment, a plurality of aggregates is disposed on or in the size coat. The
aggregates can be abrasive aggregates, nonabrasive aggregates, or a combination thereof.
The aggregates can comprise a tribological performance enhancing composition, a grinding
aid composition, an anti-wear composition, or a combination thereof. In an embodiment, the
plurality of aggregates can be in the form of a grinding aid aggregate as described herein. In
yet another embodiment, the plurality of aggregates can be in the form of an abrasive
aggregate as described herein.

GRINDING AID AGGREGATES

In an embodiment, the tribological performance enhancing composition can comprise
a grinding aid aggregate comprising a polymeric binder and a grinding aid, or mixture of
grinding aids.

The amounts of the components of the grinding aid aggregate can vary. In an
embodiment, the grinding aid ggregate can comprise:

60 —99 wt% of grinding aid; and

1 — 40 wt% of polymeric binder.

In an embodiment, the grinding aid can comprise potassium boroflourate, cryolite, or
a combination thereof. In an embodiment, the polymeric binder composition can comprise a
phenolic polymeric composition, such as a phenolic resole composition; a urea formaldehyde
composition; a urethane composition; an epoxy composition; a polyimide composition; a
polyamide composition; a polyester composition; an acrylate composition; a protein based

composition; a starch based composition, or any combination thereof.
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ABRASIVE AGGREGATES

FIG. 8 is an illustration of an abrasive aggregate 800 embodiment. A plurality of
particles 802, which can be abrasive particles, can be bound together by an aggregate binder
composition 806. An anti-wear composition 804 can be disposed in contact with the particles
802 and the aggregate binder composition 806. In an embodiment, the anti-wear coating is
disposed on the surface of the particles 802 and can be disposed between the particle and the
aggregate binder composition 806. In an embodiment, the particle 802 can be coated (e.g.,
enveloped) with the anti-wear composition 804. In an embodiment, the aggregate binder
composition 806 can comprise a continuous phase. In an embodiment, the aggregate binder
composition 806 can be an organic polymeric composition.

FIG. 9 is an illustration of an abrasive aggregate 900 embodiment. A plurality of
particles 902, which can be abrasive particles, can be bound together by an aggregate binder
composition 904. In an embodiment, the aggregate binder composition 904 can comprise a
bond interface between the particles 902 that joins the particles together. In an embodiment,
the aggregate binder composition can comprise a discontinuous phase. In an embodiment,
the bond interface can comprise bond posts located at points of contact between the particles
902. In an embodiment, the aggregate binder composition can comprise a vitreous binder
composition. An anti-wear composition 906 can be disposed between the particles 902
and/or disposed on the surface of the particles 902.

FIG. 10 is a flow diagram of an embodiment of a method 1000 of making an abrasive
aggregate including an anti-wear composition. In step 1002, mixing together a fixative and
an anti-wear agent occurs to form an anti-wear composition. Optionally, a lubricant can also
be mixed together with the fixative and anti-wear agent during step 1002. In step 1004,
soaking a porous abrasive aggregate occurs to form a treated abrasive aggregate that includes
the anti-wear composition.

In an embodiment, each abrasive aggregate comprises an aggregate binder
composition and a plurality of abrasive grit particles dispersed in the binder composition. In
an embodiment, the abrasive aggregate can further comprise an anti-wear composition. The
aggregate binder composition can comprise a ceramic binder, a vitreous binder, a polymeric
resin binder, or a combination thereof. In a specific embodiment, an aggregate binder
composition can comprise a vitreous binder. In another specific embodiment, an aggregate

binder composition can comprise a polymeric resin binder. The aggregate binder
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composition 806 as shown in Fig 8 can be a polymeric resin binder. The aggregate binder
composition 904 as shown in Fig 9 can be a vitreous binder.

The amount of the aggregate binder composition in an abrasive aggregate can vary.
In an embodiment, the aggregate binder comprises at least 0.5 wt% of the abrasive aggregate,
such as at least 1 wt%, such as at least 2 wt%, at least 3 wt%, at least 4 wt%, at least 5 wt%,
at least 7wt%, at least 10 wt%, or at least 15 wt% of the abrasive aggregate. In another
embodiment, the aggregate binder comprises not greater than 60 wt% of the abrasive
aggregate, such as not greater than 55 wt%, not greater than 50 wt%, or not greater than 45
wt% of the abrasive aggregate. The amount of the aggregate binder composition can be
within a range of any minimum or maximum value noted above. In a specific embodiment,
the amount of the aggregate binder composition comprises from at least 0.5 wt% to not
greater than 50 wt% of the abrasive aggregate.

The amount of the abrasive grit particles in an abrasive aggregate can vary. In an
embodiment, the abrasive grit particles can comprise at least 5 wt% of the abrasive aggregate,
such as at least 10 wt% of the abrasive aggregate, such as at least 15 wt%, at least 20 wt%, or
at least 25 wt% of the abrasive aggregate. In another embodiment, the abrasive grit particles
comprises not greater than 80 wt% of the abrasive aggregate, such as not greater than 75 wt%,
not greater than 70 wt%, not greater than 65 wt%, not greater than 60 wt%, or not greater
than 55 wt% of the abrasive aggregate. The amount of the abrasive grit particles can be
within a range of any minimum or maximum value noted above. In a specific embodiment,
the amount of the abrasive grit particles comprises from at least at least 5 wt% to not greater
than 70 wt% of the abrasive aggregate.

The abrasive grit particles can be in a particular size range, conform to a particular
size distribution, or a combination thereof. In an embodiment, the abrasive grit particles can
be in a size range of not less than 1 micron and not greater than 2000 microns. In a particular
embodiment, the abrasive grit particles are in a size range from 50 microns to 1500 microns.

The amount of the anti-wear composition in an abrasive aggregate can vary. In an
embodiment, the anti-wear composition can comprises at least 0.5 wt% of the abrasive
aggregate, such as at least 1 wt%, such as at least 2 wt%, at least 3 wt%, at least 4 wt%, at
least 5 wt%, at least 7wt%, at least 10 wt%, or at least 15 wt% of the abrasive aggregate. In
another embodiment, the anti-wear composition comprises not greater than 40 wt% of the

abrasive aggregate, such as not greater than 35 wt%, not greater than 30 wt%, or not greater
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than 25 wt% of the abrasive aggregate. The amount of the anti-wear composition can be
within a range of any minimum or maximum value noted above. In a specific embodiment,
the amount of the anti-wear composition comprises from at least 0.5 wt% to not greater than
50 wt% of the abrasive aggregate.

The abrasive aggregates can be in a particular size range, conform to a particular size
distribution, or a combination thereof. In an embodiment, the abrasive aggregates can be in a
range of not less than 20 micron to not greater than 4000 microns. In a particular
embodiment, the abrasive aggregates are in a size range from 50 microns to 2000 microns.

In an embodiment, the abrasive aggregate can include a vitreous aggregate binder
composition (also referred to herein as a glass binder composition, glass bond composition,
or glass bond). The vitreous binder composition is a glass composition that can comprise
acidic oxides, amphoteric oxides, alkali oxides, neutral oxides, or a combination thereof.
Acidic oxides are oxides having the general formula RO or RO,, where R is a metal or
transition metal moiety. Acidic oxides can include silicon dioxide (silica) (Si0O,), manganese
(IV) oxide (MnO2), molybdenum trioxide (molybdite) (MoO3), phosphorus pentoxide (P20s),
titanium dioxide (titania) (TiO,), vanadium (V) oxide (V,0s), and zirconium dioxide (ZrO,),
or combinations thereof. Alkali (also known as “basic oxides” or “flux”) are oxides having
the formula RxO, where R is a metal or transition metal moiety. In an embodiment, alkali
oxides can include cobalt (IT) oxide (CoQ), copper (II) oxide (cupric oxide)(CuQ), nickel (II)
oxide (NiO), strontium oxide (strontia) (SrO), magnesium oxide (magnesia) (MgQO), calcium
oxide (calcia) (CaQ), lithium oxide (lithia) (Li20), barium oxide (baria) (BaO), zinc oxide
(calamine)(ZnQO), sodium oxide (Na,O), potassium oxide (potash) (K,O), and combinations
thereof. Amphoteric oxides are oxides having the general formula R,Os, where R is a metal
or transition metal moiety. In an embodiment, amphoteric species can include boron trioxide
(boria) (B,03), chromium (III) oxide (chromia) (Cr,03), yttrium (III) oxide (yttria) (Y,03),
iron (III) oxide (Fe,0s3), and aluminum oxide (alumina) (Al,O3), and combinations thereof.
The amount of acidic oxides, basic oxides and amphoteric oxides in the vitreous binder
composition can vary. The vitreous aggregate binder composition can possess a particular
amount of transition metal, which can vary. The vitreous binder composition can have a
particular glass transition temperature, sintering temperature, or combination thereof. The

abrasive aggregates can possess one or more beneficial and characteristic properties, such as
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loose pack density (g/crn3), porosity (vol%) (as measured before and/or after impregnation
with a anti-wear composition), crush strength (crush % at specific pressure).

In an embodiment, the abrasive aggregate can include a polymeric resin aggregate
binder composition. In an embodiment, the polymeric resin aggregate binder composition
can comprise a phenolic polymeric composition, such as a phenolic resole composition; a
urea formaldehyde composition; a urethane composition; an epoxy composition; a polyimide
composition; a polyamide composition; a polyester composition; an acrylate composition, a
protein based composition, a starch based composition, or any combination thereof. In a
specific embodiment, the polymeric resin aggregate binder composition can comprise a
phenolic polymeric composition.

BACKING MATERITAL

The backing material (also referred to herein as “a backing™) can be flexible or rigid.
The backing can be made of any number of various materials including those conventionally
used as backings in the manufacture of coated abrasives. An exemplary flexible backing
includes a polymeric film (for example, a primed film), such as polyolefin film (e.g.,
polypropylene including biaxially oriented polypropylene), polyester film (e.g., polyethylene
terephthalate), polyamide film, or cellulose ester film; metal foil; mesh; foam (e.g., natural
sponge material or polyurethane foam); cloth (e.g., cloth made from fibers or yarns
comprising polyester, nylon, silk, cotton, poly-cotton, rayon, or combinations thereof); paper;
vulcanized paper; vulcanized rubber; vulcanized fiber; nonwoven materials; a combination
thereof; or a treated version thereof. Cloth backings can be woven or stitch bonded. In
particular examples, the backing is 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 and a combination thereof. In other examples, the backing includes
polypropylene film or polyethylene terephthalate (PET) film. In other embodiments, the
backing material is a paper backing. The paper can be a single ply paper or a multi-ply paper,
such as a laminate paper. The paper can be saturated or unsaturated.

The backing can optionally have at least one of a saturant, a presize layer (also called
a “front fill layer™), or a backsize layer (also called a “back fill layer”). The purpose of these
layers is typically to seal the backing or to protect yarn or fibers in the backing. If the
backing is a cloth material, at least one of these layers is typically used. The addition of the

presize layer or backsize layer can additionally result in a "smoother" surface on either the
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front or the back side of the backing. Other optional layers known in the art can also be used
such as a tie layer.

The backing can be a fibrous reinforced thermoplastic such as described, for example,
in U.S. Pat. No. 5,417,726 (Stout et al.), or an endless spliceless belt, as described, for
example, in U.S. Pat. No. 5,573,619 (Benedict et al.). Likewise, the backing can be a
polymeric substrate having hooking stems projecting therefrom such as that described, for
example, in U.S. Pat. No. 5,505,747 (Chesley et al.). Similarly, the backing can be a loop
fabric such as that described, for example, in U.S. Pat. No. 5,565,011 (Follett et al.).
ABRASIVE LAYER

The abrasive layer comprises a plurality of abrasive particles disposed on, or
dispersed in, a polymeric binder composition (commonly known as a make coat). In an
embodiment, an abrasive layer includes abrasive particles disposed on, or dispersed in, a
binder composition. In an embodiment, the abrasive layer can include a further polymeric
composition (commonly known as a size coat) disposed over the make coat.

ABRASIVE PARTICLES

Abrasive particles can include essentially single phase inorganic materials, such as
alumina, silicon carbide, silica, ceria, and harder, high performance superabrasive particles
such as cubic boron nitride and diamond. Additionally, the abrasive particles can include
composite particulate materials. Such materials can include aggregates, which can be formed
through slurry processing pathways that include removal of the liquid carrier through
volatilization or evaporation, leaving behind unfired (“green”) aggregates, that can optionally
undergo high temperature treatment (i.e., firing, sintering) to form usable, fired aggregates.
Further, the abrasive regions can include engineered abrasives including macrostructures and
particular three-dimensional structures.

In an embodiment, the abrasive particles are blended with the binder formulation to
form abrasive slurry. Alternatively, the abrasive particles are applied over the binder
formulation after the binder formulation is coated on the backing. Optionally, a functional
powder can be applied over the abrasive regions to prevent the abrasive regions from sticking
to a patterning tooling. Alternatively, patterns can be formed in the abrasive regions absent
the functional powder.

The abrasive particles can be formed of any one of or a combination of abrasive

particles, including silica, alumina (fused or sintered), zirconia, zirconia/alumina oxides,
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silicon carbide, garnet, diamond, cubic boron nitride, silicon nitride, ceria, titanium dioxide,
titanium diboride, boron carbide, tin oxide, tungsten carbide, titanium carbide, iron oxide,
chromia, flint, emery. For example, the abrasive particles can be selected from a group
consisting of silica, alumina, zirconia, silicon carbide, silicon nitride, boron nitride, garnet,
diamond, co-fused alumina zirconia, ceria, titanium diboride, boron carbide, flint, emery,
alumina nitride, and a blend thereof. Particular embodiments have been created by use of
dense abrasive particles comprised principally of alpha-alumina.

The abrasive grain can also have a particular shape. An example of such a shape
includes a rod, a triangle, a pyramid, a cone, a solid sphere, a hollow sphere, or the like.
Alternatively, the abrasive grain can be randomly shaped.

In an embodiment, the abrasive particles can have an average particle size not greater
than 2000 microns, such as not greater than about 1500 microns, not greater than about 1000
microns, not greater than about 750 microns, or not greater than 500 microns. In another
embodiment, the abrasive particle size is at least 0.1 microns, at least 1 microns, at least 5
microns, at least 10 microns, at least 25 microns, or at least 45 microns. In another
embodiment, the abrasive particles size is from about 0.1 microns to about 2000 microns.
The particle size of the abrasive particles is typically specified to be the longest dimension of
the abrasive particle. Generally, there is a range distribution of particle sizes. In some
instances, the particle size distribution is tightly controlled.

MAKE COAT - BINDER COMPOSITION

The binder composition (commonly known as the make coat) can be formed of a
single polymer or a blend of polymers. The binder composition can be formed from an
epoxy composition, acrylic composition, a phenolic composition, a polyurethane composition,
a phenolic composition, a polysiloxane composition, or combinations thereof. In addition,
the binder composition can include tribological performance enhancing composition, as
described above, additives, or a combination thereof. In addition, the binder composition can
include active filler particles, additives, or a combination thereof, as described herein.

The binder composition generally includes a polymer matrix, which binds abrasive
particles to the backing or to a compliant coat, if such a compliant coat is present. Typically,
the binder composition is formed of cured binder formulation. In an embodiment, the binder

formulation includes a polymer component and a dispersed phase.
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The binder formulation can include one or more reaction constituents or polymer
constituents for the preparation of a polymer. A polymer constituent can include a
monomeric molecule, a polymeric molecule, or a combination thereof. The binder
formulation can further comprise components selected from the group consisting of solvents,
plasticizers, chain transfer agents, catalysts, stabilizers, dispersants, curing agents, reaction
mediators and agents for influencing the fluidity of the dispersion.

The polymer constituents can form thermoplastics or thermosets. By way of example,
the polymer constituents can include monomers and resins for the formation of polyurethane,
polyurea, polymerized epoxy, polyester, polyimide, polysiloxanes (silicones), polymerized
alkyd, styrene-butadiene rubber, acrylonitrile-butadiene rubber, polybutadiene, or, in general,
reactive resins for the production of thermoset polymers. Another example includes an
acrylate or a methacrylate polymer constituent. The precursor polymer constituents are
typically curable organic material (i.e., a polymer monomer or material capable of
polymerizing or crosslinking upon exposure to heat or other sources of energy, such as
electron beam, ultraviolet light, visible light, etc., or with time upon the addition of a
chemical catalyst, moisture, or other agent which cause the polymer to cure or polymerize).
A precursor polymer constituent example includes a reactive constituent for the formation of
an amino polymer or an aminoplast polymer, such as alkylated urea-formaldehyde polymer,
melamine-formaldehyde polymer, and alkylated benzoguanamine-formaldehyde polymer;
acrylate polymer including acrylate and methacrylate polymer, alkyl acrylate, acrylated
epoxy, acrylated urethane, acrylated polyester, acrylated polyether, vinyl ether, acrylated oil,
or acrylated silicone; alkyd polymer such as urethane alkyd polymer; polyester polymer;
reactive urethane polymer; phenolic polymer such as resole and novolac polymer;
phenolic/latex polymer; epoxy polymer such as bisphenol epoxy polymer; isocyanate;
isocyanurate; polysiloxane polymer including alkylalkoxysilane polymer; or reactive vinyl
polymer. The binder formulation can include a monomer, an oligomer, a polymer, or a
combination thereof. In a particular embodiment, the binder formulation includes monomers
of at least two types of polymers that when cured can crosslink. For example, the binder
formulation can include epoxy constituents and acrylic constituents that when cured form an
epoxy/acrylic polymer.

SIZE COAT
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The coated abrasive article can comprise a size coat disposed on the abrasive layer.
The size coat can be the same as or different from the polymer binder composition used to
form the size coat of the abrasive layer. The size coat can comprise any conventional
compositions known in the art that can be used as a size coat. The size coat can include one
or more additives.

SUPERSIZE COAT

The coated abrasive article can comprise a supersize coat disposed on the size coat.
The supersize coat can be the same as or different from the polymer binder composition of
the binder composition of the make coat. In a specific embodiment, the supersize coat can
comprise comprises an acetate composition, such as polyvinyl acetate; a phenolic polymeric
composition, such as a phenolic resole composition; a urea formaldehyde composition; a
melamine composition; a urethane composition; an epoxy composition; a polyimide
composition; a polyamide composition; a polyester composition; an acrylate composition,
such as a UV curable acrylate composition, or a zinc cross-linked acrylic composition; a
rubber composition, such as a styrene butadiene rubber; a protein based composition; a starch
based composition, or a combination thereof. In a particular embodiment, the supersize coat
composition comprises a tribological performance enhancing composition, as described
above. In yet another embodiment, the supersize coat can include one or more additives in
addition to the tribological performance enhancing composition. In yet another embodiment,
the supersize coat composition can comprise a sulfide scavenging composition. In a
particular embodiment, the supersize coat can include one or more additives in addition to the
sulfide scavenging composition. In yet another embodiment, the supersize coat composition
can comprise an anti-wear composition. In a particular embodiment, the supersize coat can
include one or more additives in addition to the anti-wear composition.
ADDITIVES

The make coat, size coat, or supersize coat can include one or more additives.
Suitable additives can include grinding aids, fibers, lubricants, wetting agents, thixotropic
materials, surfactants, thickening agents, pigments, dyes, antistatic agents, coupling agents,
plasticizers, suspending agents, pH modifiers, adhesion promoters, lubricants, bactericides,
fungicides, flame retardants, degassing agents, anti-dusting agents, dual function materials,
initiators, chain transfer agents, stabilizers, dispersants, reaction mediators, colorants, and

defoamers. The amounts of these additive materials can be selected to provide the properties
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desired. These optional additives can be present in any part of the overall system of the
coated abrasive product according to embodiments of the present disclosure. Suitable
grinding aids can be inorganic based; such as halide salts, for example cryolite, wollastonite,
and potassium fluoroborate; or organic based, such as sodium lauryl sulphate, or chlorinated
waxes, such as polyvinyl chloride. In an embodiment, the grinding aid can be an
environmentally sustainable material.

EMBODIMENTS

Embodiment 1. A fixed abrasive article comprising:
a substrate;
an abrasive layer disposed on the substrate, wherein the abrasive layer comprises a plurality
of abrasive particles disposed on or in a polymeric make coat binder composition; and
a size coat disposed over the abrasive layer, wherein the size coat comprises a polymeric size
coat binder composition, and
a supersize coat disposed over the size coat, wherein the supersize coat comprises a
tribological performance enhancing composition disposed on or in the polymeric supersize
coat binder composition.

Embodiment 2. The fixed abrasive article of embodiment 1, wherein the tribological
performance enhancing composition comprises a mixture of
boric acid (B(OH)3) or a borate compound; and
a zinc compound.

Embodiment 3. The fixed abrasive article of embodiment 2, wherein the performance
enhancing mixture further comprises a polyphosphate ester.

Embodiment 4. The fixed abrasive article of embodiment 2, wherein the performance
enhancing mixture further comprises a hypophosphite salt.

Embodiment 5. The fixed abrasive article of embodiment 2, wherein the performance
enhancing mixture further comprises cellulose.

Embodiment 6. The fixed abrasive article of embodiment 2, wherein the supersize
coat comprises:
40 — 70 wt% of a polymeric supersize coat binder composition
20 — 40 wt% of boric acid (B(OH)3) or a borate compound, and
10 — 30 wt% of a zinc salt.
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Embodiment 7. The fixed abrasive article of embodiment 6, wherein the supersize
coat further comprises:

10 — 30 wt% of a polyphosphate ester.

Embodiment 8. The fixed abrasive article of embodiment 6, wherein the supersize
coat further comprises:

1 — 30 wt% of a hypophosphite salt.

Embodiment 9. The fixed abrasive article of embodiment 6, wherein the performance
enhancing mixture further comprises
0.1 — 5 wt% cellulose based thickener.

Embodiment 10. The fixed abrasive of embodiment 2, wherein the zinc compound
comprises zinc borate, zinc phosphate, zinc stearate, zinc ammonium carbonate, sodium zinc
polyphosphate, or a combination thereof.

Embodiment 11. The fixed abrasive of embodiment 2, wherein the borate comprises
potassium tetraborate, potassium pentaborate; ammonium pentaborate, calcium borate
(colmanite), sodium borate (borax), tourmaline (borosilicate with aluminum), kernite
(hydrated sodium borate), ulexite (hydrated sodium calcium hydroxide), howlite
(borosilicate), meherhoffite (calcium silicon borate) or a combination thereof

Embodiment 12. The fixed abrasive of embodiment 3, wherein the polyphosphate
ester comprises Polyphosphate Ester (“PPE”), a polyether phosphate ester, an amine salt of
polyether phosphate, or any combination thereof.

Embodiment 13. The fixed abrasive of embodiment 4, wherein the hypophosphite
salt comprises sodium hypophosphite (NaPO,H,) or potassium hypophosphite, or a
combination thereof.

Embodiment 14. The fixed abrasive article of embodiment 1, wherein the tribological
performance enhancing composition comprises a Fischer-Tropsch hydrocarbon product.

Embodiment 15. The fixed abrasive article of embodiment 14, wherein the Fischer-
Tropsch hydrocarbon product comprises a Fischer-Tropsch wax.

Embodiment 16. The fixed abrasive article of embodiment 14, wherein the Fischer-
Tropsch hydrocarbon product comprises a wax emulsion.

Embodiment 17. The fixed abrasive article of embodiment 14, wherein the Fischer-

Tropsch hydrocarbon product comprises a Fischer-Tropsch synthetic crude oxygenate (i.e.,
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an oxygenated hydrocarbon product resulting from a synthetic crude processed by the
Fischer-Tropsch process).

Embodiment 18. The fixed abrasive article of embodiment 17, wherein the Fischer-
Tropsch synthetic crude oxygenate comprises a an alcohol, an aldehyde, a carboxylic acid, a
ketone, or any combination thereof having an aliphatic carbon chain of 4 to 40 carbon atoms,
such as from 5 to 30 carbon atoms, such as from 8 to 25 carbon atoms.

Embodiment 19. The fixed abrasive article of embodiment 1, wherein the tribological
performance enhancing composition comprises a grinding aid aggregate comprising a
polymeric binder composition and potassium boroflourate, cryolite, or a combination thereof.

Embodiment 20. The fixed abrasive article of embodiment 19, wherein the grinding
aid aggregate comprises:

60 —99 wt% of potassium boroflourate, cryolite, or a combination thereof; and
1 — 40 wt% of polymeric binder composition.

Embodiment 21. The fixed abrasive article of embodiment 20, wherein the polymeric
binder composition comprises a phenolic polymeric composition, such as a phenolic resole
composition; a urea formaldehyde composition; a urethane composition; an epoxy
composition; a polyimide composition; a polyamide composition; a polyester composition; an
acrylate composition, a protein based composition, a starch based composition, or any
combination thereof.

Embodiment 22. The fixed abrasive article of embodiment 19, comprising a ratio of
average aggregate size to average abrasive grain size in a range of 1:10 to 10:1.

Embodiment 23: The fixed abrasive article of embodiment 19, comprising a ratio of
abrasive grain weight (Ibs/ream) to average aggregate weight (Ibs/ream) in a range of 10:1 to
1:1.

Embodiment 24. The fixed abrasive of embodiment 1, wherein the tribological
performance enhancing composition is essentially free of sulfur.

Embodiment 25. The fixed abrasive of embodiment 1, wherein the supersize coat
polymeric composition comprises an acetate composition, such as polyvinyl acetate; a
phenolic polymeric composition, such as a phenolic resole composition; a urea formaldehyde
composition; melamine resin composition; a urethane composition; an epoxy composition; a
polyimide composition; a polyamide composition; a polyester composition; an acrylate

composition, such as a UV curable acrylate, or a zinc cross-linked acrylic composition; a
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rubber composition, such as a styrene butadiene rubber; a protein based composition; a starch
based composition, or a combination thereof.

Embodiment 26. A fixed abrasive article comprising:

a substrate;

a abrasive layer disposed on the substrate, wherein the abrasive layer comprises a plurality of
aggregates disposed on or in a polymeric make coat binder composition;

a size coat disposed over the abrasive layer, wherein the size coat comprises a polymeric size
coat binder composition, and

a supersize coat disposed over the size coat, wherein the supersize coat comprises a sulfide
scavenging composition disposed on or in a polymeric supersize coat binder composition.

Embodiment 27. The fixed abrasive article of embodiment 26, wherein the aggregate
comprises:

a plurality of particles bound together by an aggregate binder composition, and

an anti-wear composition disposed in contact with the particles and the aggregate binder
composition,

wherein the anti-wear composition comprises a thiophosphate compound.

Embodiment 28. The fixed abrasive article of embodiment 27, wherein the anti-wear
composition comprises a coating disposed over the surface of each particle.

Embodiment 29. The fixed abrasive article of embodiment 27, wherein the anti-wear
composition comprises a coating that envelopes each particle.

Embodiment 30. The fixed abrasive article of embodiment 28, wherein the coating is
disposed between the particle and the aggregate binder composition.

Embodiment 31. The fixed abrasive article of embodiment 28, wherein the aggregate
binder composition comprises a continuous phase.

Embodiment 32. The fixed abrasive article of embodiment 27, wherein the aggregate
binder composition comprises an organic polymeric composition.

Embodiment 33. The fixed abrasive article of embodiment 27, wherein the aggregate
binder composition comprises a bond interface between the particles that joins the particles
together.

Embodiment 34. The fixed abrasive article of embodiment 27, wherein the aggregate

binder composition is disposed between the particles.
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Embodiment 35. The fixed abrasive article of embodiment 27, wherein the bond
interface comprises bond posts at points of contact between the particles.

Embodiment 36. The fixed abrasive article of embodiment 33, wherein the aggregate
binder comprises a discontinuous phase.

Embodiment 37. The fixed abrasive article of embodiment 27, wherein the aggregate
binder composition comprises a vitreous binder composition.

Embodiment 38. The fixed abrasive article of embodiment 27, wherein the anti-wear
composition comprises 0.5 to 40 wt% of the aggregate.

Embodiment 39. The fixed abrasive article of embodiment 27, wherein the aggregate
binder composition comprises 0.5 to 50 wt% of the aggregate.

Embodiment 40. The fixed abrasive article of embodiment 27, wherein the plurality of
particles comprises 5 to 70 wt% of the aggregate.

Embodiment 41. The fixed abrasive article of embodiment 27, wherein the anti-wear
composition comprises a thiophosphate ester, a dithiophosphate ester, or a combination
thereof.

Embodiment 42. The fixed abrasive article of embodiment 41, wherein the
thiophosphate includes zinc.

Embodiment 43. The fixed abrasive article of embodiment 42, wherein the
thiophosphate comprises a zinc dithiophosphate (ZDP), a zinc dialkyl dithiophosphate
(ZDDP), a tricresyl phosphate (TCP), or a combination thereof.

Embodiment 44. The fixed abrasive article of embodiment 43, wherein the ZDDP
comprises monomeric ZDDP, dimeric ZDDP, tetrameric ZDDP, polymeric ZDDP, or a
combination thereof.

Embodiment 45. The fixed abrasive article of embodiment 27, wherein the anti-wear
composition further comprises a lubricant composition.

Embodiment 46. The fixed abrasive article of embodiment 45, wherein the lubricant
composition comprises a paraffinic material, an oil, a wax, a grease, or a combination thereof.

Embodiment 47. The fixed abrasive article of embodiment 46, wherein the paraffinic
material comprises a liquid paraffin, a solid paraffin, or a combination thereof.

Embodiment 48. The fixed abrasive article of embodiment 46, wherein the oil
comprises a vegetable oil, a mineral oil, an animal oil, a synthetic oil, or a combination

thereof.
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Embodiment 49. The fixed abrasive article of embodiment 46, wherein the oil
comprises a distillate of petroleum.

Embodiment 50. The fixed abrasive article of embodiment 27, wherein the anti-wear
composition further comprises a fixative composition.

Embodiment 51. The fixed abrasive article of embodiment 50, wherein the fixative
composition comprises a polymeric resin.

Embodiment 52. The fixed abrasive article of embodiment 51, wherein the polymeric
resin comprises an acetate composition, such as polyvinyl acetate; a phenolic polymeric
composition, such as a phenolic resole composition; a urea formaldehyde composition;
melamine resin composition; a urethane composition; an epoxy composition; a polyimide
composition; a polyamide composition; a polyester composition; an acrylate composition,
such as a UV curable acrylate, or a zinc cross-linked acrylic composition; a rubber
composition, such as a styrene butadiene rubber; a protein based composition; a starch based
composition, or a combination thereof.

Embodiment 53. The fixed abrasive article of embodiment 27, wherein the plurality of
particles comprises abrasive particles.

Embodiment 54. The fixed abrasive article of embodiment 53, wherein the abrasive
particles comprise silica, alumina, zirconia, silicon carbide, silicon nitride, boron nitride,
garnet, diamond, co-fused alumina zirconia, ceria, titanium diboride, boron carbide, flint,
emery, alumina nitride, or a combination thereof.

Embodiment 55. The fixed abrasive article of embodiment 53, wherein the abrasive
particles include shaped abrasive particles or random (crushed) abrasive particles.

Embodiment 56. The fixed abrasive article of embodiment 54, wherein the shaped
abrasive particles comprise a particular shape selected from a rod, a triangle, a pyramid, a
cone, a solid sphere, a hollow sphere, or a combination thereof.

Embodiment 57. The aggregate of embodiment 27, wherein the aggregate comprises
an average particle size not less than 20 microns and not greater than 4000 microns.

Embodiment 58. The fixed abrasive article of embodiment 27, wherein the anti-wear
composition comprises:

0.01 to 90 wt% of anti-wear agent; and

1.0 to 90 wt% of fixative composition.
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Embodiment 59. The fixed abrasive article of embodiment 58, wherein the anti-wear
composition further comprises 1.0 to 90 wt% of a lubricant composition.

Embodiment 60. The fixed abrasive article of embodiment 26, wherein the sulfide
scavenging composition comprises: a transition metal salt, a gluconate, glyoxal, a
polyphosphate, or a combination thereof.

Embodiment 61. The fixed abrasive article of embodiment 26, wherein the transition
metal salt is a titanium salt, a manganese salt, an iron salt, a nickel salt, a copper salt, a zinc
salt, or a combination thereof.

Embodiment 62. The fixed abrasive article of embodiment 26, wherein the transition
metal salt comprises a transition metal oxide, a transition metal carbonate, a transition metal
borate, a transition metal phosphate, or a combination thereof.

Embodiment 63. The fixed abrasive article of embodiment 60, wherein the transition
metal salt comprises zinc oxide, zinc carbonate, zinc stearate, zinc borate, zinc naphthenate,
or a combination thereof.

Embodiment 64. The fixed abrasive article of embodiment 60, wherein the transition
metal salt comprises iron oxide.

Embodiment 65. The fixed abrasive article of embodiment 60, wherein the gluconate
comprises ferrous gluconate.

Embodiment 66. A fixed abrasive article comprising:

a substrate;

an abrasive layer disposed on the substrate, wherein the abrasive layer comprises a
plurality of abrasive particles disposed on or in a polymeric make coat binder composition;
and

a size coat disposed over the abrasive layer, wherein the size coat comprises a
polymeric size coat binder composition, and

a supersize coat disposed over the size coat, wherein the supersize coat comprises a
tribological performance enhancing composition disposed on or in a polymeric supersize coat
binder composition.

Embodiment 67. The fixed abrasive article of embodiment 66, wherein the
tribological performance enhancing composition comprises a performance enhancing mixture
of

boric acid (B(OH)3) or a borate compound; and
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a zinc compound.

Embodiment 68. The fixed abrasive article of embodiment 67, wherein the
performance enhancing mixture further comprises a polyphosphate ester.

Embodiment 69. The fixed abrasive article of embodiment 67, wherein the
performance enhancing mixture further comprises a hypophosphite salt

Embodiment 70. The fixed abrasive article of embodiment 67, wherein the
performance enhancing mixture further comprises cellulose.

Embodiment 71. The fixed abrasive of embodiment 67, wherein the zinc compound
comprises zinc borate, zinc phosphate, zinc stearate, zinc ammonium carbonate, sodium zinc
polyphosphate, or a combination thereof.

Embodiment 72. The fixed abrasive of embodiment 67, wherein the borate compound
comprises potassium tetraborate, potassium pentaborate; ammonium pentaborate, calcium
borate (colmanite), sodium borate (borax), tourmaline (borosilicate with aluminum), kernite
(hydrated sodium borate), ulexite (hydrated sodium calcium hydroxide), howlite
(borosilicate), meherhoffite (calcium silicon borate) or a combination thereof.

Embodiment 73. The fixed abrasive article of embodiment 66, wherein the
tribological performance enhancing composition comprises a Fischer-Tropsch hydrocarbon
product.

Embodiment 74. A fixed abrasive article comprising:

a substrate;

an abrasive layer disposed on the substrate, and

a size coat disposed over the abrasive layer, wherein the size coat comprises a
polymeric size coat binder composition, wherein a grinding aid aggregate is disposed in the
abrasive layer, and

wherein the grinding aid aggregate comprises a polymeric binder composition and
potassium boroflourate, cryolite, or a combination thereof.

Embodiment 75. The fixed abrasive article of embodiment 9, wherein the grinding aid
aggregate comprises:

60 —99 wt% of potassium boroflourate, cryolite, or a combination thereof; and

1 — 40 wt% of polymeric binder composition.

Embodiment 76. The fixed abrasive of embodiment 66, wherein the tribological

performance enhancing composition is essentially free of sulfur.
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Embodiment 77. A fixed abrasive article comprising:

a substrate;

an abrasive layer disposed on the substrate,

a size coat disposed over the abrasive layer, wherein the size coat comprises a
polymeric size coat binder composition, and

a supersize coat disposed over the size coat, wherein the supersize coat comprises a
sulfide scavenging composition disposed on or in a polymeric supersize coat binder
composition.

Embodiment 78. The fixed abrasive article of embodiment 77, wherein the sulfide
scavenging composition comprises a transition metal salt, a gluconate, glyoxal, a
polyphosphate, or a combination thereof.

Embodiment 79. The fixed abrasive article of embodiment 78, wherein the transition
metal salt comprises zinc oxide, zinc carbonate, zinc stearate, zinc borate, zinc naphthenate,
or a combination thereof.

Embodiment 80. The fixed abrasive article of embodiment 77, wherein the abrasive
layer comprises a plurality of abrasive aggregates.

Embodiment 81. The fixed abrasive article of embodiment 80, wherein the abrasive
aggregates comprise:

a plurality of particles bound together by an aggregate binder composition, and

an anti-wear composition disposed in contact with the particles and the aggregate
binder composition,

wherein the anti-wear composition comprises a thiophosphate compound.

Embodiment 82. The fixed abrasive article of embodiment 81, wherein the aggregate
binder composition comprises a vitreous binder composition.

Embodiment 83. The fixed abrasive article of embodiment 81, wherein the anti-wear
composition comprises a thiophosphate ester, a dithiophosphate ester, or a combination
thereof.

Embodiment 84. The fixed abrasive article of embodiment 83, wherein the
thiophosphate includes zinc.

Embodiment 85. The fixed abrasive article of embodiment 83, wherein the
thiophosphate comprises a zinc dithiophosphate (ZDP), a zinc dialkyl dithiophosphate
(ZDDP), a tricresyl phosphate (TCP), or a combination thereof.
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Tribological enhancing compositions comprising a performance enhancing mixture

were prepared according to the details shown in Table 1 and Table 2.

Table 1: Supersize Formulations S1-54 including a Tribological enhancing composition

S1 S2 S3 S4
wt% dry/cured | wt% dry/cured | wt% dry/cured | wt% dry/cured
Polyvinyl
Acetate! 49.2 49.2 49.2 49.2
Zinc Borate? 49.2 - - 24.6
Boric Acid® - 49.2 - -
Ammonium
Pentaborate ) ) 49.2 )
Polyphosphate
Ester” ) ) ) 24.6
Surfactant’ 0.8 0.8 0.8 0.8
Defoamer® 0.8 0.8 0.8 0.8
Total 100.0 100.0 100.0 100.0
1 — Vycar 1022

2 — Firebrake 415

3 — Optibor TP

4 — Disparalon DA-375
5-Dynol 604

6- Deefo 215
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2 — Optibor TP
3 — Colemanite

4 — K-Pure-CXC-1765; Huntsman PhosGuard JO852

5— US Borax
6— US Borax

7 - BASF Zinc Oxide soln#1

8 — Dynol 604
9 — Deefo 215

10 - Nastrol Plus - hydroxyethycellulose

Example 2: Abrasive Performance Testing S1-S4 — 1026 Carbon Steel

Inventive abrasive discs were successfully prepared that included supersize coats

including tribological performance enhancing compositions according to the formulations S1-

S4 of Example 1. Abrasive performance testing of the inventive discs and conventional

comparative discs was conducted on 1026 carbons steel workpieces. The comparative discs

did not have a supersize coating and were used as a control sample. The construction of the

abrasive discs and the abrasive performance results are shown in Table 3. The results

indicated slightly reduced performance for S1, and increased performance for S2, S3, and S4
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Table 2: Supersize Formulations S5-S13 including a Tribological enhancing composition
S5 S6 S7 S8 S9 S10 S11 S12 S13
wt% wt% wt% wt% wt% wt% wt% wt% wt%
dry/ dry/ dry/ dry/ dry/ dry/ dry/ dry/ dry/
cured | cured | cured | cured | cured cured cured cured cured
Polyvinyl | yo g | 488 | 488 | 488 | 488 | 484 | 612 | 481 | 481
Acetate
Boric Acid? 48.8 - - - - 24.2 30.6 24.1 -
Calcium
Borate’ - 48.8 - - - - - - 24.1
Zinc
Phospha e - - 48.8 - - - - 24.1 24.1
Potassium
Pentaborate’ ) ) ) 48.8 ) ) ) ) )
Potassium
Tetraborate® ) ) ) ) 48.8 ) ) ) )
Zinc Stearate - - - - - 242 - - -
Zinc
Ammonium - - - - - - 4.6 - -
Carbonate’
Surfactant® 0.8 0.8 0.8 0.8 0.8 0.7 0.8 0.8 0.8
Defoamer’ 0.8 0.8 0.8 0.8 0.8 0.7 0.8 0.8 0.8
Thickener'™ 0.7 0.7 0.7 0.7 0.7 1.8 2.1 2.1 2.1
Total 100.0 | 100.0 | 100.0 | 100.0 | 100.0 100.0 100.0 100.0 100.0
1 — Vycar 1022
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formulations. Specific grinding energy (“SGE”) was measured during testing and is graphed

compared to cumulative material removed as shown in FIG. 11.

Table 3: Abrasive Performance S1-S4 on 1026 Carbon Steel

Make Supersize Avg. Cum. Cut
Sample Coat Size Coat (Ij)oa ¢ Carbon Steel

(As a % of C1)
Cl Control Control None 100%
S1 Control Control S1 96%
S2 Control Control S2 138%
S3 Control Control S3 115%
S4 Control Control S4 103%

Example 3: Abrasive Performance Testing S5-S7 — IS 2026 Steel

Inventive abrasive discs were successfully prepared that included supersize coats

including tribological performance enhancing compositions according to the formulations S5-

S7 of Example 1. Abrasive performance testing of the inventive discs and conventional

comparative discs was conducted on IS 2062 steel workpieces. The comparative discs did

not have a supersize coating and were used as a control sample. The construction of the

abrasive discs and the abrasive performance results are shown in Table 4 and also shown in

FIG. 12A. The results indicated slightly reduced performance for S5 and S6, and the same

performance for S7. Specific grinding energy (“SGE”) was measured during testing and is

graphed compared to cumulative material removed as shown in FIG. 12B.
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Specific Grinding

Make Supersize Avg. Cum. Cut Ener
Sample Coat Size Coat upersiz Carbon Steel gy
Coat (Asa % of C1) (Compared to
3 Control)
C1 Control Control None 100% N/A
S5 Control Control S5 98% Greater than
control
S6 Control Control S6 88% Greater than
control
S7 Control Control S7 100% Less than control

Example 4: Abrasive Performance Testing S7-S13 — IS 2062 Steel

Inventive abrasive discs were successfully prepared that included supersize coats

including tribological performance enhancing compositions according to the formulations S7-

S13 of Example 1. Abrasive performance testing of the inventive discs and conventional

comparative discs was conducted on IS 2062 steel workpieces. The comparative discs did

not have a supersize coating and were used as a control sample. The construction of the

abrasive discs and the abrasive performance results are shown in Table 5. A bar graph of the

cumulative cut results is shown in FIG. 13A and a graph of the SGE versus cumulative cut is

shown in FIG. 13B. Unexpectedly and surprisingly, the results indicated beneficial improved

abrasive for all inventive samples S7-S13. Again, unexpectedly and surprisingly, the specific

grinding energy (“SGE”) was reduced or equivalent for all inventive samples S7-S13.

37



10

CA 03045480 2019-05-29

WO 2018/119275 PCT/US2017/067966

Table 5: Abrasive Performance S5-S7 on 1026 Carbon Steel

Make Supersize Avg. Cum. Cut Sp emlf:lrcle?nndmg
Sample Coat Size Coat uperstz Carbon Steel &y
Coat (Asa % of C1) (Compared to
v Control)
C1 Control Control None 100% N/A
S7 Control Control S7 130% Less than control
S8 Control Control S8 126% Less than control
S9 Control Control S9 117% Less than control
S10 Control Control S10 118% Less than control
S11 | Control | Control S11 104% Equivalent to
control
S12 Control Control S12 135% Less than control
S13 Control Control S13 138% Less than control

Example 5: Abrasive Performance Testing S7, S9, S10, S12 — IS 2062 Steel

Inventive abrasive discs were successfully prepared that included supersize coats
including tribological performance enhancing compositions according to the formulations S7,
59, S10 and S12 of Example 1. Abrasive performance testing of the inventive discs and
conventional comparative discs was conducted on IS 2062 steel workpieces. The
comparative discs did not have a supersize coating and were used as a control sample. The
construction of the abrasive discs and the abrasive performance results are shown in Table 6.
A bar graph of the relative cut results is shown in FIG. 23A and a graph of the SGE versus
cumulative cut is shown in FIG. 23B. Unexpectedly and surprisingly, the results indicated
beneficial improved abrasive for all inventive samples S7, S9, S10 and S12. Again,
unexpectedly and surprisingly, the specific grinding energy (“SGE”) was reduced or
equivalent for all inventive samples S7, S9, S10 and S12.
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Table 6: Abrasive Performance S7, §9, S10, S12 on IS 2062 Carbon Steel

Specific Grinding
Make Avg. Cum. Cut
Supersize Energy
Sample Coat Size Coat Carbon Steel
Coat (Compared to
(Asa% of C1)
Control)
C1 Control Control None 100% N/A
S7 Control Control S7 127% Less than control
S9 Control Control S9 115% Less than control
S10 Control Control S10 122% Less than control
S12 Control Control S12 115% Less than control

Example 6: Abrasive Performance Testing S7, S9, S10, S12 — Stainless Steel 304LSS
Inventive abrasive discs were successfully prepared that included supersize coats
including tribological performance enhancing compositions according to the formulations S7,
59, S10 and S12 of Example 1. Abrasive performance testing of the inventive discs and
conventional comparative discs was conducted on 304LSS stainless steel workpieces. The
comparative discs did not have a supersize coating and were used as a control sample. The
construction of the abrasive discs and the abrasive performance results are shown in Table 7.
A bar graph of the relative cut results is shown in FIG. 24A and a graph of the SGE versus
cumulative cut is shown in FIG. 24B. Unexpectedly and surprisingly, the results indicated
beneficial improved abrasive for all inventive samples S7, S9, S10 and S12. Again,
unexpectedly and surprisingly, the specific grinding energy (“SGE”) was reduced or

equivalent for all inventive samples S7, S9, S10 and S12.
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Table 7: Abrasive Performance S7, §9, S10, S12 on Stainless Steel 304LSS

Make Supersize Avg. Cum. Cut Sp em}f:lrcle?rlndlng

Sample Coat Size Coat | V"R Carbon Steel &y

Coat (Asa % of C1) (Compared to
3 Control)
C1 Control Control None 100% N/A

S7 Control Control S7 127% Less than control
S9 Control Control S9 116% Less than control
S10 Control Control S10 144 % Less than control
S12 Control Control S12 115% Less than control

Example 7: Fischer-Tropsch Hydrocarbon Product - Supersize
Tribological enhancing compositions comprising a Fischer-Tropsch hydrocarbon
product were prepared according to the details shown in Table 8.

5  Table 8: Supersize Formulation S-14 including a Tribological enhancing composition

S14
wt%
Polyvinyl 44
Acetate’
Fischer-Tropsch 55
Wax Emulsion?
Surfactant’ 0.5
Defoamer” 0.5
Total 100.0
1 — Vycar 1022
2 — Michem Emulsion 98040M 1
3— Dynol 604
4- Deefo 215

10 Example 8: Abrasive Performance Testing S14 — 1026 Carbon Steel
Inventive abrasive discs were successfully prepared that included supersize coats
including tribological performance enhancing compositions according to the formulation S14
of Example 7. Abrasive performance testing of the inventive discs and conventional
comparative discs was conducted on 1026 carbon steel workpieces. The comparative discs
15  did not have a supersize coating and were used as a control sample. The construction of the

abrasive discs and the abrasive performance results are shown in Table 9. Cumulative
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material removed over time was graphed and is shown in FIG. 14A. Specific grinding energy
(“SGE”) versus cumulative material removed was graphed and is shown in FIG. 14B.

Results indicate some improved abrasive performance for S14 and a reduced SGE during the
initial duration of the life of the disc.

Table 9: Abrasive Performance S14 on 1026 Carbon Steel

Sample Make Size Coat | Supersize
Coat Coat

C2 Control Control None

S14 Control Control S14

Example 9: Aggregate — Make Coat

Tribological enhancing compositions comprising aggregates comprising a polymeric
binder composition and potassium boroflourate, cryolite, or a combination thereof were
prepared according to the details shown in Table 10.

Table 10: Tribological enhancing compositions comprising aggregates S15 and S16

S15 S16

wt% wt%
Phenolic Resin 3 9
KBF, 97 -
Cryolite - 91
Total 100.0 100.0

Example 10: Abrasive Performance Testing S15— 1026 Carbon Steel

Inventive abrasive discs were successfully prepared that included grinding aid
aggregates having compositions according to formulation S15 of Example 9 that were
disposed on the make coat along with the abrasive grains. FIG. 15A depicts the surface of
the inventive abrasive disc of Example 10 prior to deposition of a size coat. FIG 15B depicts
the surface of the inventive abrasive disc of Example 10 after a size coat has been applied and
cured. Abrasive performance testing of the inventive discs and conventional comparative
discs was conducted on 1026 carbon steel workpieces. The comparative discs did not have
any grinding aid aggregates in the make coat or any supersize coating and were used as a

control sample. The construction of the abrasive discs and the abrasive performance results
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is shown in FIG. 16A. Specific grinding energy (“SGE”) versus cumulative material

removed was graphed and is shown in FIG. 16B. Results indicate improved abrasive

performance for S15 and a reduced SGE compared to the control.

Table 11: Abrasive Performance S15 on 1026 Carbon Steel

Avg. Cum.

Specific Grinding
Make Coat Supersiz Cut Energy
Sample Size Coat Carbon Steel
e Coat (Compared to
(As a % of Control)
C3)
C3
Control Control None 100% N/A
Control;
S15
S15 aggregates Control None 125% Less than Control
disposed on
make coat

Example 11: Abrasive Performance Testing S15 and S16 — 1026 Carbon Steel

Inventive abrasive discs were successfully prepared that included grinding aid

aggregates having compositions according to formulation S15 and S16 of Example 9 that

were disposed on the make coat along with the abrasive grains. FIG. 17 depicts the surface

of the inventive abrasive disc S16 of Example 11 prior to deposition of a size coat Abrasive

performance testing of the inventive discs and conventional comparative discs was conducted

on 1026 carbon steel workpieces. The comparative discs did not have any grinding aid

aggregates in the make coat or any supersize coating and were used as a control sample. The
construction of the abrasive discs and the abrasive performance results are shown in Table 12.

Cumulative material removed and wear on the discs was graphed and is shown in FIG. 18A.

Specific grinding energy (“SGE”) versus cumulative material removed was graphed and is

shown in FIG. 18B. Results indicate improved abrasive performance for both S15 and S16 as

well as reduced SGE compared to the control.

42




WO 2018/119275

CA 03045480 2019-05-29

Table 12: Abrasive Performance S15 on 1026 Carbon Steel

PCT/US2017/067966

Avgéft“m' Specific Grinding
Sample Make Coat Size Supersize Carbon Steel Energy
Coat Coat (Compared to
(As a % of Control)
C3)
C3
Control Control None 100% N/A
Control;
S15
S15 aggregates Control None 178% Less than Control
disposed
on make
coat
Control;
S16
S16 aggregates Control None 192% Less than Control
disposed
on make
coat

Example 12: Abrasive Performance Testing S15— IS 2062 Steel

Inventive abrasive discs were successfully prepared that included grinding aid
aggregates having compositions according to formulation S15 of Example 9 that were
disposed on the make coat along with the abrasive grains. The loading weight (areal density)
of the grinding aid aggregates was varied for samples D1-D3. Abrasive performance testing
of the inventive discs and conventional comparative discs was conducted on IS 2062 Steel
workpieces. The comparative discs did not have any grinding aid aggregates in the make
coat or any supersize coating and were used as a control sample. The construction of the
abrasive discs and the abrasive performance results are shown in Table 13. Cumulative
material removed was graphed and is shown in FIG. 19. Results indicate improved abrasive
performance for discs including the S15 grinding aid aggregates, but unexpectedly and
surprisingly, the performance improvement, although significant, was not linear compared to

the amount of S15 grinding aid aggregates loaded onto the make coat.
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Avg. Cum.
‘ Aggregate Cut
Sample Make Coat Size Coat Supersize Ad(.l On Carbon Steel
Coat weight
(Ibs/ream) (As a % of
C3)
C3
Control Control None - 100%
Control;
S15
D1 aggregates Control None 7 119%
disposed on
make coat
Control;
S15
D2 aggregates Control None 10 140%
disposed on
make coat
Control;
S15
D3 aggregates Control None 13 141%
disposed on
make coat

Example 13: Abrasive Performance Testing S15-Belts

Inventive abrasive belts were successfully prepared that included grinding aid

aggregates having compositions according to formulation S15 of Example 9 that were

disposed on the make coat along with the abrasive grains. The wt% of the grinding aid

aggregates was varied for samples D4-D5. Abrasive performance testing of the inventive

belts and conventional comparative belts was conducted on INCONEL® alloy 718

workpieces. The comparative belts did not have any grinding aid aggregates in the make

coat or any supersize coating and were used as a control sample. The construction of the

abrasive belts and the abrasive performance results are shown in Table 14. Cumulative

material removed was recorded. Results indicate improved abrasive performance for both D4

and D5 compared to the control. Results indicate improved abrasive performance for belts

including the S15 grinding aid aggregates, but unexpectedly and surprisingly, the

performance improvement, although significant, was not linear compared to the weight % of

S15 grinding aid aggregates loaded onto the make coat.
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Table 14: Abrasive Performance S15 on 1026 Carbon Steel
Make Coat Size Supersize Aggregates Avg. Cum. Cut
Sample Coat Coat (wt% of total Carbon Steel
grain weight) (As a % of C4)
4 Control Control None - 100%
Control;
S15
D4 aggregates | Control None 10 wt% 183%
disposed on
make coat
Control;
S15
D5 aggregates | Control None 20 wt% 180%
disposed on
make coat

Example 14: Preparation of Anti-Wear Composition
An anti-wear composition was prepared according to the formulation listed in Table 15.

Table 15: Anti-Wear Composition

Wt% Wet | Wt%
Dry/Cured

Vycar 1022 60.7 52.8
Lubrizol 1395 304 45.6
Dynol 604 0.5 0.8
Deefo 215 0.5 0.8
Water 79 0
Total 100.0 100.0

5 COMPONENTS LISTING

® Vycar 1022 - cellulose stabilized vinyl acetate homopolymer (available from Lubrizol
Advanced Materials, Inc., Brecksville, OH).

® Lubrizol ® 1395 — 85% alkyl zinc dithiophosphate in mineral oil (available from Lubrizol

Advanced Materials, Inc., Brecksville, OH)

Dynol 604 - surfactant (available from Evonik Corporation, Allentown, PA)

® Deefo 215- defoamer (available from Munzing Chemie, Abstatt, Germany)

® Rhenocure® ZDT/S zinc dialkyl dithiophosphate 70% bound to silica particle 30%
(available from RheinChemie Additives, Cologne, Germany)

e MEGATRAN 240 - Acrylic co-polymer (Styrene/Acrylates/Ammonium Methacrylate

15 Copolymer Zinc Complex) commercially available from Interpolymer, Canton, MA
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¢ Firebrake 415 — Zinc Borate (available from Rio Tinto Borates, Greenwood Village, CO.
® Zinc Stearate — generally commercially available

The components were thoroughly mixed together to form an anti-wear composition.
Example 15: Abrasive Aggregates

Vitrified abrasive aggregates of aluminum oxide grit particles dispersed in a glass
bond were soaked in the anti-wear composition so that the anti-wear composition was
disposed within the aggregates between the grit particles of the aggregate and in the pores of
the aggregate. Portions of the surface of the aggregates, and in some cases, the entire
aggregate surface, were covered with the anti-wear composition. The aluminum oxide grit
particles had an average size of P36 (~525-545 microns) while the aggregates had an average
size from screen 10 to screen 18 (Imm to 2mm). The treated aggregates were collected and
dried in an oven until the anti-wear composition was solidified (“cured”).
Example 16: Coated Abrasive Preparation with Abrasive Aggregates

A sample coated abrasive will be prepared that includes the treated abrasive
aggregates of Example 15. The sample coated abrasive will be tested to determine its
abrasive performance compared to a control sample. Beneficial abrasive results for the
sample coated abrasive will be observed.
Example 17: Supersize Coat: Anti-Wear and Sulfide Scavenging Composition: Zinc Borate

A supersize coat was prepared that included an anti-wear composition and a sulfide

scavenging composition according to the formulation listed in Table 16.
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Table 16: Anti-Wear and Sulfide Scavenging Composition

Wt Wt
% Wet %
Dry/Cured
Vycar 1022 52.1 48.3
Rhenocure 15.7 25.1
ZDT/S
Firebrake 415 15.6 25.1
Dynol 604 0.5 0.8
Deefo 215 0.5 0.8
Water 15.6 0
Total 100. 100.
0 0

The supersize coating was applied to abrasive discs to form inventive samples.

Abrasive testing was conducted comparing the sample discs to a comparative abrasive disc

where the only difference was that the comparative disc did not have any supersize coat. The

results of the abrasive testing are summarized in Table 17 and shown in FIG. 20A and FIG.

20B.

Table 17: Abrasive Performance Summary

Performance Testing:

1026 carbon steel workpiece

Cumulative Material Removal
[grams]:

Inventive sample produced avg. of 106% cumulative cut
compared to the uncoated control. Increased cut achieved.

Specific Grinding Energy
(SGE) [J/mm3]:

The inventive sample consumed avg. of 86 - 90% of the
specific grinding energy compared to the uncoated control.
Reduced SGE achieved.

Example 18: Supersize Coat : Anti-Wear and Sulfide Scavenging Composition: Zinc Stearate

A supersize coat was prepared that included an anti-wear composition and a sulfide

scavenging composition according to the formulation listed in Table 18.
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Wt% Wet | Wt%
Dry/Cured

Vycar 1022 514 38.0
Rhenocure ZDT/S 154 19.8
Zinc Stearate 32.2 41.0
Dynol 604 0.5 0.6

Deefo 215 0.5 0.6

Water 0 0
Total 100.0 100.0

The supersize coating was applied to abrasive discs to form inventive samples.

Abrasive testing was conducted comparing the sample discs to a comparative abrasive disc

where the only difference was that the comparative disc did not have any supersize coat. The

results of the abrasive testing are summarized in Table 19 and shown in FIG. 21A and FIG.

21B.

Table 19: Abrasive Performance Summary

Performance Testing:

1026 carbon steel workpiece

Cumulative Material Removal

[grams]:

Inventive samples produced avg. of 111 - 113% cumulative
cut compared to the uncoated control. Increased cut
achieved.

Specific Grinding Energy

(SGE) [J/mm3]:

The inventive samples consumed avg. of 86 - 91% of the
specific grinding energy compared to the uncoated control.
Reduced SGE achieved.

Example 19: Supersize Coat — Anti-Wear and Zinc Cross-Linked Acrylic Composition

A supersize coat was prepared that included an anti-wear composition and a zinc

cross-linked acrylic composition according to the formulation listed in Table 20.

Table 20: Anti-Wear and Zinc Cross-Linked Acrylic Composition

Wt% Wet | Wt%
Dry/Cured

Megatran 240 70.9 48.1
Rhenocure ZDT/S 28.1 50.1
Dynol 604 0.5 0.9
Deefo 215 0.5 0.9
Water 0 0
Total 100.0 100.0
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The supersize coating was applied to an abrasive disc to form an inventive sample.
Abrasive testing was conducted comparing the sample disc to a comparative abrasive disc
where the only difference was that the comparative disc did not have any supersize coat. The
results of the abrasive testing are summarized in Table 21 and shown in FIG. 22A and FIG.
22B.

Table 21: Abrasive Performance Summary

Performance Testing: 1026 carbon steel workpiece
Cumulative Material Inventive sample produced 113% of the cumulative cut
Removal [grams]: compared to the uncoated control. Increased cut achieved.

Specific Grinding Encrgy The inventive samples consumed 81% of the specific

(SGE) [J/mm3]: SGE achieved.

grinding energy compared to the uncoated control. Reduced

In the foregoing, reference to specific embodiments and the connections of certain
components is illustrative. It will be appreciated that reference to components as being
coupled or connected is intended to disclose either direct connection between said
components or indirect connection through one or more intervening components as will be
appreciated to carry out the methods as discussed herein. As such, the above-disclosed
subject matter is to be considered illustrative, and not restrictive, and the appended claims are
intended to cover all such modifications, enhancements, and other embodiments, which fall
within the true scope of the present invention. Moreover, not all of the activities described
above in the general description or the examples are required, that a portion of a specific
activity can not be required, and that one or more further activities can be performed in
addition to those described. Still further, the order in which activities are listed is not
necessarily the order in which they are performed.

The disclosure is submitted with the understanding that it will not be used to limit the
scope or meaning of the claims. In addition, in the foregoing disclosure, certain features that
are, for clarity, described herein in the context of separate embodiments, can also be provided
in combination in a single embodiment. Conversely, various features that are, for brevity,
described in the context of a single embodiment, can also be provided separately or in any
subcombination. Still, inventive subject matter can be directed to less than all features of any

of the disclosed embodiments.
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Benefits, other advantages, and solutions to problems have been described above with
regard to specific embodiments. However, the benefits, advantages, solutions to problems,
and any feature(s) that can cause any benefit, advantage, or solution to occur or become more
pronounced are not to be construed as a critical, required, or essential feature of any or all the
claims.

Thus, to the maximum extent allowed by law, the scope of the present invention is to
be determined by the broadest permissible interpretation of the following claims and their

equivalents, and shall not be restricted or limited by the foregoing detailed description.
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CLAIMS:
1. A fixed abrasive article, comprising:
a substrate;
an abrasive layer disposed on the substrate, wherein the abrasive layer comprises a plurality
of abrasive particles disposed on or in a polymeric make coat binder composition; and
a size coat disposed over the abrasive layer, wherein the size coat comprises a polymeric
size coat binder composition, and
a supersize coat disposed over the size coat, wherein the supersize coat comprises a
tribological performance enhancing composition disposed on or in a polymeric supersize coat
binder composition; wherein the tribological performance enhancing composition comprises:
40-70 wt.% of the polymeric supersize coat binder composition;
20-40 wt.% of boric acid (B(OH)3); and
10-30 wt.% of zinc stearate.

2. The fixed abrasive article of claim 1, wherein the tribological performance enhancing
composition comprises:

20-30 wt.% of a polyphosphate ester; and

1-30 wt.% of a hydrophosphite salt.

3. The fixed abrasive article of claim 1, wherein the tribological performance enhancing

composition comprises a Fischer-Tropsch hydrocarbon product.

4. The fixed abrasive article of claim 2, wherein the polyphosphate ester comprises
Polyphosphate Ester (“PPE”), a polyether phosphate ester, an amine salt of polyether phosphate,

or a combination thereof.

5. The fixed abrasive article of claim 2, wherein the hydrophosphite salt comprises sodium

hydrophosphite (NaPO-H3), potassium hydrophosphite, or a combination thereof.

6. The fixed abrasive article of claim 1, wherein the tribological performance enhancing

composition comprises cellulose or a cellulose composition.
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7. The fixed abrasive article of claim 6, wherein the tribological performance enhancing
composition comprises:

0.1-5 wt.% of the cellulose or the cellulose composition.
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Relative MR at MRR cut-off of 15g/min
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