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ABRASIVE PRODUCTS HAVING FIBRILLATED FIBERS

BACKGROUND
Field of the Disclosure

The present disclosure is generally directed to coated abrasive products
containing fibrillated fibers dispersed within one or more polymeric coatings,
methods related to the retention and orientation control of abrasive grains, and
methods related to the finishing of surfaces including natural and synthetic

substrates, such as metal, ceramic, wood, polymeric, glass, and stone.

Description of the Related Art

Abrasive products, such as coated abrasive products, are used in various
industries to abrade work pieces, such as by sanding, lapping, grinding, polishing
or other mechanical surface material removal processes. Surface processing using
coated abrasives spans a wide industrial and consumer scope from optics
industries to metal fabrication industries. Effective and efficient abrasion of
surfaces, particularly metal, glass, ceramic, stone, and coated surfaces poses

numerous challenges.

Material removal can be affected by the durability of the abrasive product.
Abrasive products that wear easily or lose abrasive grains can exhibit both a low
material removal rate and can cause surface defects. Rapid wear on the abrasive
product can lead to a reduction in material removal rate and reduction in
cumulative material removal, resulting in time lost for frequent exchanging of the

abrasive product and increased waste associated with discarded abrasive product.

In addition, industries are sensitive to costs related to abrasive material
removal operations. Factors influencing operational costs include the speed at
which a surface can be prepared and the cost of the materials used to prepare that
surface. Typically, industry seeks cost effective materials having high material

removal rates and high cumulative material removal per product. Therefore,
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abrasives that need often replacement result in increased time, effort, and an

overall increase in total processing costs.

Abrasive products such as sanding belts undergo severe operational
stresses during surface processing. Due to deficiencies in traditional abrasive
product structures and processes of manufacture, these stresses can cause early
failure of the traditional abrasive products through, for example, separation of
their various layers and crack propagation that leads to ineffectual abrasive grain
orientation and eventual loss of the abrasive grains. Moreover, such abrasive
products have been traditionally produced without sufficient control over the
orientation of the abrasive grains, without sufficient ability to retain the abrasive
grains on the abrasive product, and without sufficient ability to maintain the
abrasive grains in a desirable orientation for grinding. Such deficiencies not only

increase overall costs, but decrease grinding efficiency.

There continues to be a demand for improved, cost effective, abrasive
products, processes, and systems that promote efficient and effective abrasion. It
is therefore desirable to enjoy an abrasive product with increased inter-layer
adhesion and abrasive grain retention. It is further desirable to enjoy an abrasive
product with an increased ability to maintain abrasive grains in a desirable

orientation.

General Description of the Embodiments

Embodiments of the present invention are generally related to an
engineered coated abrasive product having a backing and one or more polymeric
formulations disposed on the backing, wherein the polymeric formulation includes
fibrillated fibers. The polymeric formulations may be used to form various layers
of the coated abrasive such as, for example, a frontfill coat, a make coat, and/or a
size coat of the coated abrasives according to embodiments of the present
invention. In particular, embodiments of polymeric formulations of the present

invention include fibrillated fibers including Kevlar® pulp.

Embodiments of the present invention may also include abrasivegrains
diposed on one or more of the coats (e.g., frontfill coat, make coat, size coat) of

the coated abrasive product. The coated abrasive product is capable of improved

S
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inter-layer adhesion, retention of abrasive grains, and/or maintenance of abrasive
grains in a more desirable orientation for grinding at least partially due to the

included fibrillated fibers.

Brief Description of the Drawings

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

the accompanying drawings.

FIG. 1 is an illustration of a cross-section of an embodiment of a modified

backing;

FIG. 2 is an illustration of a cross-section of an embodiment of a coated

abrasive article;

FIG. 3 is an illustration of a cross-section of an embodiment of a coated

abrasive article, including a modified size coat;

FIG. 4 is a photograph comparing an embodiment of a modified backing to

an unmodified backing;

FIG. 5 is an image and graph related to an embodiment of a modified

backing;

FIG. 6 is an image and graph related to an unmodified backing;

FIG. 7A is a photograph of original Kevlar® pulp;

FIG. 7B is an SEM image of the original Kevlar® pulp of FIG. 7A;

FIG. 8A is a photograph of 50% wet Kevlar® pulp;

FIG. 8B is an SEM image of the 50% wet Kevlar® pulp of FIG. §A;

FIG. 9A is a photograph of pre-opened Kevlar® pulp;

FIG. 9B is an SEM image of the pre-opened Kevlar® pulp of FIG. 9A;
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FIG. 10 is a graph plotting shear rate vs. viscosity trends of a control
sample not having fibrillated fibers and samples of various wt% Kevlar®
formulations made in accordance with some embodiments of the present

invention;

FIG. 11 is a photograph of the result of a draw down test performed on a

control sample not having fibrillated fibers;

FIG. 12 is a photograph of the result of a draw down test performed on a
0.3 wt% Kevlar® formulation sample made in accordance with one embodiment

of the present invention;

FIG. 13 is a photograph of the result of a draw down test performed on a
0.5 wt% Kevlar® formulation sample made in accordance with one embodiment

of the present invention;

FIG. 14 is a photograph of the result of a draw down test performed on a
0.7 wt% Kevlar® formulation sample made in accordance with one embodiment

of the present invention;

FIG. 15 is a photograph of the result of a draw down test performed on a
1.5 wt% Kevlar® formulation sample made in accordance with one embodiment

of the present invention;

FIG. 16 is a graph plotting toughness measured in the machine direction of
various wt% fibrillated fiber polymeric formulations made in accordance with

some embodiments of the present invention coated on Monadnock paper;

FIG. 17 is a graph plotting toughness measured in the corss direction of
various wt% fibrillated fiber polymeric formulations made in accordance with

some embodiments of the present invention coated on Monadnock paper;

FIG. 18 is a graph showing the results of tear testing various wt%
fibrillated fiber polymeric formulations made in accordance with some

embodiments of the present invention; and
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FIG. 19 is a graph plotting specific grinding energy (SGE) vs. cumulative
material removed (Cum. MR) of various wt% fibrillated fiber sanding belts made
in accordance with some embodiments of the present invention compared to a
control belt having no fibrillated fibers and a Hipal belt including hi-performance

alumina but no fibrillated fibers;

FIG. 20 is an illustration of a shaped abrasive article suitable for use with

embodiments of the present invention;

FIG. 21 is an illustration of a shaped abrasive article suitable for use with

embodiments of the present invention;

FIG. 22 is an illustration of a shaped abrasive article suitable for use with

embodiments of the present invention;

FIG. 23 is an illustration of a shaped abrasive article suitable for use with

embodiments of the present invention;

FIG. 24 is an illustration of a shaped abrasive article suitable for use with

embodiments of the present invention;

FIG. 25 is an illustration of a shaped abrasive article suitable for use with

embodiments of the present invention;

FIG. 26A is an illustration of a shaped abrasive article suitable for use with

embodiments of the present invention; and

FIG. 26B is a side profile view of the shaped abrasive article of FIG. 26A.

The use of the same reference symbols in different drawings may indicate

similar or identical items.

Detailed Description of the 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
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focus is provided to assist in describing the teachings and should not be

interpreted as a limitation on the scope or applicability of the teachings.

The term “averaged,” when referring to a value, is intended to mean an

average, a geometric mean, or a median value. As used herein, the terms

2% << 29 Cel 29 Cel

“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 may include other features not
expressly listed or inherent to such process, method, article, or apparatus. Further,
unless expressly stated to the contrary, “or” refers to an inclusive-or and not to an
exclusive-or. For example, a condition A or B is satisfied by any one of the
following: A is true (or present) and B is false (or not present), A is false (or not
present) and B is true (or present), and both A and B are true (or present). 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. Unless otherwise defined, all technical and scientific terms used herein
have the same meaning as commonly understood by one of ordinary skill in the art
to which this invention belongs. The materials, methods, and examples are
illustrative only and not intended to be limiting. To the extent not described
herein, many details regarding specific materials and processing acts are
conventional and may be found in textbooks and other sources within the

engineered abrasive arts.

At least one embodiment of the present invention is a component of a
coated abrasive article. In such an embodiment, a component is a modified
backing material, and generally includes a backing material and a polymer
formulation, wherein the polymer formulation includes a plurality of fibrillated
fibers dispersed within and/or throughout the polymeric formulation. The term
“fibrillated fiber” as used herein generally describes fibers that have been
processed to develop a branched structure and, therefore, a higher surface area that

fibers without a branched structure. The terms “abrasive article” or “abrasive
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product” are interchangeable as used herein, and generally refer to an article that
contains abrasive grains and one or more layers for supporting the abrasive grains,

such as, for example, a sanding or grinding belt.

Referring now to the figures, in one embodiment of the abrasive article of
the present invention shown in FIG. 1, the abrasive article includes a backing (or
substrate) 12 and a frontfill 18 having a plurality of fibrillated fibers 15. As
discussed further herein, the backing 12 may be made of any of a number of
backing materials known in the art, including cloth and paper, as discussed further
herein. As also discussed further herein, the frontfill may be made of any number
of polymer formulations known in the art, but generally include phenolic resin,

phenolic-latex resin, epoxy resin, polyester resin or urea formaldehyde resin.

Backing materials include any flexible web such as, for example,
polymeric film, paper, cloth (including woven, non-woven, or fleeced fabric),
metallic film, vulcanized fiber, non-woven substrates, any combinations of the
foregoing, and treated versions of the foregoing materials. In an embodiment, the
backing comprises a polymeric film, such as a film of polyester, polyurethane,
polypropylene, polyimides such as KAPTON from DuPont. In another
embodiment, the backing comprises a polyester fabric or cloth. In yet another
embodiment, the backing comprises Monadnock paper. Films can be primed to
promote adhesion of the abrasive aggregates to the backing. The backing can be
laminated to another substrate for strength, support, or dimensional stability.
Lamination can be accomplished before or after the abrasive article is formed.
The abrasive article can be in the form of an endless belt, a disk, a sheet, or a
flexible tape that is sized so as to be capable of being brought into contact with a

workpiece.

The polymer formulation may be used to form any of a variety of layers of
the abrasive article such as, for example, the frontfill, the pre-size coat, the make
coat, the size coat, and/or the supersize coat. When used to form the frontfill, the
polymer formulation generally includes a polymer resin, fibrillated fibers
(preferably in the form of pulp), filler material, and other optional additives.

Suitable polymeric formulations for some frontfill embodiments (and
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embodiments of other layers) of the present invention are shown in TABLE 1

below.

Frontfill Control/General

Component Wt. %
TRM1190 Resin 52.79%
Defoamer TRM1161 0.11%
Witcona TRM0240 0.11%
Wollastonite o
TRMO0013 42.93%
Water 4.06%
Pre-opened Kevlar® 0.0%
Pulp
Total: 100%
TABLE 1

For example, a phenolic resin formulation such as such as that shown above
in TABLE 1 is a preferred general frontfill polymer formulation not yet including
the added fibrillated fibers in percentages discussed below. As shown above in
TABLE 1, the general formulation of a phenolic resin suitable for a frontfill of some
embodiments of the present invention typically includes phenolic resin (about 52
wt%), wollastonite filler, (about 42 wt%), defoamer (about 0.11 wt%), witcona
surfactant (about 0.11 wt%), and a balance of water (about 4 wt%). As described in
the Examples further herein, such a formulation as that of TABLE 1 without
fibrillated fibers is used as a control mix. In wet form, the thickness of the frontfill
is between 3mil and 15 mil, more preferably between 8mil to 10mil (where 1 mil =

0.0254 mm, or 25.4 um).

Suitable polymeric resin materials include curable resins selected from
thermally curable resins including phenolic resins, urea/formaldehyde resins,
phenolic/latex resins, as well as combinations of such resins. Other suitable
polymeric resin materials may also include radiation curable resins, such as those
resins curable using electron beam, UV radiation, or visible light, such as epoxy
resins, acrylated oligomers of acrylated epoxy resins, polyester resins, acrylated
urethanes and polyester acrylates and acrylated monomers including monoacrylated,

multiacrylated monomers.
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The polymeric formulation of the present invention may be generally made
of any number of polymer resins known in the art, but generally includes phenolic
resin, phenolic/latex resin, or urea/formaldehyde resin. In some preferred
embodiments, the polymer resin for the frontfill includes phenolic resin in the range
of between 37 wt% to 67 wt%, such as in the range of between 42 wt. % to 62 wt%,
such as in the range of between 47 wt% to 56 wt%, such as about 52.79 wt%.

The polymeric formulation can also comprise a nonreactive thermoplastic
resin binder which can enhance the self-sharpening characteristics of the deposited
abrasive composites by enhancing the erodability. Examples of such thermoplastic
resin include polypropylene glycol, polyethylene glycol, and polyoxypropylene-

polyoxyethene block copolymer, etc.

The present invention provides for fibrillated fibers to be dispersed within
and/or throughout at least one of the polymer formulations used to form the abrasive
article. In at least one embodiment of the present invention, fibrillated fibers
considered suitable include natural, synthetic, organic, inorganic, polymeric,
aramid, poly-aramid, polypropylene, acrylic, and cellulose fibrillated fibers.
Particularly, the fibrillated fibers for use in the present invention are preferably
between about 0.5-1.0mm in length and between about .015-1.0mm in diameter.
Fibrillated fibers of the present invention are not to be confused with smooth, long,

reinforcing filaments.

A preferred fibrillated fiber for use with the present invention has a specific
gravity of about 1.45 g/cc, a bulk density of 0.0481-0.112 g/cc (0.00174-0.0045
1b/in’), and a specific surface area of 7.00-11.0 m*/g). The thermal properties of a
preferred fibrillated fiber include a maximum service temperature of about 350°C
(662°F) and a minimum service temperature of about -200°C (-328°F). One such
fibrillated fiber is Kevlar® Aramid Pulp, which can be obtained from DuPont.
Kevlar® pulp is available in different forms, original, 50% wet, and pre-opened,
some more suitable in the present invention than others. Example 1 discussed below
investigates these three forms of Kevlar® pulp as to which form(s) provide best
results in an abrasive article of the present invention. In at least one embodiment of
the present invention, pre-opened Kevlar® pulp is considered preferred. In at least

another embodiment, original Kevlar® pulp is preferred. In any case, Kevlar® pulp

-9.
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is included in a polymeric formulation in the ranges of between .1 wt% to 3 wt%,
such as between .3 wt% to 2 wt%, such as between .5 wt% and 1.5 wt%. In at least

one embodiment, .7 wt% Kevlar® pulp is preferred.

Original form Kevlar® pulp is that form which is available originally from
DuPont Company, and is shown generally in FIG. 7A. FIG. 7B shows an SEM
image of the original Kevlar® pulp of FIG. 7A. As can be seen in the SEM images
of FIGS. 7B, 8B, and 9B, original Kevlar® pulp shows a degree of entanglement
between the 50% wet pulp of FIG. 8B and the pre-opened pulp of FIG. 9B.

50% wet Kevlar® pulp is the original pulp plus 50% by weight increased
water content. 50% wet Kevlar® pulp is typically packed and condensed into pellet-
like pieces. As shown in FIG. 8B, an SEM image shows the 50% wet pulp to have a
high degree of entanglement, higher than the other forms of pulp tested. It is
commonly used in the paper industry and is known to disperse easily into liquid

mixes.

Pre-opened Kevlar® pulp, as shown in FIG. 9A, is the original pulp that has
been mechanically opened. The mechanical opening may be performed, for
example, by a party other than the manufacturer of the original Kevlar® pulp, such
as a distributor. The mechanical opening disentangles some of the pulp fibers,
allowing for better dispersion in the mix. As shown in FIGS. 9A and 9B, pre-

opened pulp has the lowest degree of entanglement of the Kevlar® forms tested.

TABLE 2 below shows a suitable polymeric formulation with .5 wt%
fibrillated fibers (Kevlar® pulp).

- 10 -
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.5 wt% Kevlar®

Component Wt. %
TRM1190 Resin 52.79%
Defoamer TRM1161 0.11%
Witcona TRM0240 0.11%
Wollastonite o
TRMO013 42.43%
Water 4.06%
Pre-operFl)ed Kevlar® 0.50%
ulp
Total: 100.00%

[0001] TABLE 2
TABLE 3 below shows a suitable polymeric formulation with .7 wt%
fibrillated fibers (Kevlar® pulp).

.7%KP Make

Component Wt. %
TRM1190 Resin 52.79%
Defoamer TRM1161 0.11%
Witcona TRM0240 0.11%
Wollastonite o
TRMO013 42.28%
Water 4.06%
Pre-opened Kevlar® o
Pulp 0.70%

Total: 100.00%

[0002] TABLE 3

As shown in TABLES 1-3 above, the addition of the Kevlar® pulp in
whichever wt% amount is offset by a subtraction of filler (e.g. wollastonite) by the

same wt% amount.

Fillers can be incorporated into the polymeric formulation to modify the
rheology of formulation and the hardness and toughness of the cured binders.
Examples of useful fillers include: metal carbonates such as calcium carbonate,
sodium carbonate; silicas such as quartz, glass beads, glass bubbles; silicates such as
talc, clays, calcium metasilicate; metal sulfate such as barium sulfate, calcium
sulfate, aluminum sulfate; metal oxides such as calcium oxide, aluminum oxide;
aluminum trihydrate, and wollastonite. In an embodiment, the amount of filler in

the polymeric formulation can be at least about 10 wt%, at least about 15 wt%, at

-11 -
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least about 20 wt%, or at least about 25 wt%. In another embodiment, the amount
of filler in the polymeric formulation can be not greater than about 60 wt%, not
greater than about 55 wt%, not greater than about 50 wt%, or not greater than about
45 wt%. The amount of filler in the polymeric formulation can be within a range
comprising any pair of the previous upper and lower limits. In a particular
embodiment, the amount of filler included in the polymeric formulation can be in
the range of at least about 20 wt% to not greater than about 60 wt%. In some
embodiments, the filler includes wollastonite and is included in an amount around

42 wt% to around 43 wt%, such as 42.93 wt%, 42.43 wt%, or 42.23 wt%.

The polymeric formulations can, optionally, further comprise one or more
additives, including: coupling agents, such as silane coupling agents, for example
A-174 and A-1100 available from Osi Specialties, Inc., organotitanates and
zircoaluminates; anti-static agents, such as graphite, carbon black, and the like;
suspending agents, such as fumed silica, for example Cab-0-Sil MS, Aerosil 200;
anti-loading agents, such as zinc stearate; lubricants such as wax; wetting agents;
dyes; fillers; viscosity modifiers; dispersants; and defoamers, such as
TRM1161.The additives can be of the same or different types, alone or in
combination with other types of additives. In an embodiment, the amount of total
additives in the polymeric formulation can be at least about 0.1 wt%, at least about
1 wt%, or at least about 5 wt%. In another embodiment, the amount of total
additives in the polymeric formulation can be not greater than about 25 wt%, not
greater than about 20 wt%, not greater than about 15 wt%, or not greater than about
12 wt%. The amount of total additives in the polymeric formulation can be within a
range comprising any pair of the previous upper and lower limits. In a particular
embodiment, the amount of total additives included in the polymeric formulation
can be in the range of at least about 0.1 wt% to not greater than about 20 wt%, such

as at least about 0.1 wt% to not greater than about 15 wt%.

Polymeric formulation may also include solvents or may be solvent-free.
Suitable solvents may be organic or aqueous. Suitable organic solvents are those
which dissolve the resins of abrasive slurry, such as, for example, ketones, ethers,
polar aprotic solvents, esters, aromatic solvents and aliphatic hydrocarbons, both

linear and cyclic. Exemplary ketones include methyl ethyl ketone (2-butanone)

-12 -



WO 2013/149209 PCT/US2013/034717

(MEK), acetone and the like. Exemplary ethers include alkoxyalkyl ethers, such as
methoxy methyl ether or ethyl ether, tetrahydrofuran, 1,4 dioxane and the like.
Polar aprotic solvents include dimethyl formamide, dimethyl sulfoxide and the like.
Suitable esters include alkyl acetates, such as ethyl acetate, methyl 65 acetate and
the like. Aromatic solvents include alkylaryl solvents, such as toluene, xylene and
the like and halogenated aromatics such as chlorobenzene and the like.

Hydrocarbon type solvents include, for example, hexane, cyclohexane and the like.

Suitable aqueous solvents may be, for example, water, such as tap water,
deionized water, or distilled water. In at least one embodiment of the present
invention, the preferred solvent is water. The amount of solvent in the polymeric
formulation can be at least about 1.0 wt%, at least about 2.0 wt%, at least about 3.0
wt%, or at least about 4.0 wt%. In another embodiment, the amount of solvent in
the polymeric formulation can be not greater than about 8 wt%, not greater than
about 7 wt%, not greater than about 6 wt%, not greater than about 5 wt%, or not
greater than about 4 wt%. The amount of solvent in the polymeric formulation can
be within a range comprising any pair of the previous upper and lower limits. In a
particular embodiment, the amount of solvent included in the polymeric formulation
can be in the range of at least about 3.0 wt% to not greater than about 5 wt%, and in
a preferred embodiment is about 4.06 wt%. Additional solvent (e.g. additional water
beyond the 4% water used in the initial formulation of at least the exemplary
embodiments) is typically added to the formulation to adjust the viscosity to a target

range, typically about 5000 cps, as discussed in the Examples further herein.

In a particular embodiment of the frontfill, the polymeric formulation has a

composition that can include:

from about 37 wt% to about 67 wt% total polymer resin (monomers,

oligomers, or combinations thereof),
from about 0.1 wt% to about 3 wt% total fibrillated fibers,
from about 10 wt% to about 60 wt% of total filler,

from about 0.0 wt% to about 10 wt% total solvent, and

- 13-
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from about 0.01 wt% to about 1.0 wt% of total additives (optional) where
the percentages are based on total weight of the polymer formulation. The amounts
of the abrasive slurry components are adjusted so that the total amounts add up to

100 wt%.

Curing can be accomplished by use of radiation or thermal sources. Where
the cure is thermal, appropriate means can include ovens, hot lamps, heaters, and
combinations thereof. Where the cure is activated by photo-initiators, a radiation

source can be provided.

Once the resin is fully cured, the engineered coated backing is complete and
can accept other layers and abrasive grains to be used for a variety of stock removal,
finishing, and polishing applications. In one embodiment, the cured (dry) frontfill is

between 2-10mil in height, such as between 5-7mil in height.

The fibrillated fibers in the polymeric formulation that formed the frontfill
generally increase the viscosity of the wet polymer formulation and the stiffness of
the cured polymer formulation. When processing the abrasive article to dispose
thereupon one or more polymer formulation layers having the fibrillated fibers,
extensions are formed on the surface of the layers, wherein at least a portion of the
fibrillated fibers may extend or protrude through the layer surface such that at least
a portion of the fibrillated fibers are exposed, and/or cause the layer itself to form
protrusions or extensions comprising at least a portion of the fibrillated fibers
wherein the fibrillated fibers are enclosed by the layer material. Processing that
would likely provide at least a portion of the fibrillated fibers to extend through the
layer surface and therefore be exposed may include, for example, not processing the

surface of the layer with a blade, smoothing bar, or roller.

As shown in the FIG. 1, a portion of the fibrillated fibers 15 may extend
through the frontfill 18 or may be entirely encapsulated by the frontfill material 18.
In either case, the fibrillated fibers 15 form extensions or protrusions in the surface
of the frontfill layer. The protrusions tend to form a high peaks 16 and deep holes
13 that extend above and below the average mean plane 19 of the frontfill layer.
FIGS. 5 and 6 show images contrasting the extensions in a control sample frontfill

having no fibrillated fibers (FIG. 5) and a frontfill sample having fibrillated fibers
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(FIG. 6).The samples that were the subject of the images of FIGS. 5 and 6 in
particular included backing that was a cloth material and fibrillated fibers that
included 0.7 wt% pre-opened Kevlar® pulp, which will be described further herein.
It should be understood, however, that fibrillated fibers useful in embodiments of
the present invention can include natural, synthetic, organic, inorganic, polymeric,

aramid, poly-aramid, polypropylene, acrylic, and cellulose fibrillated fibers.

FIG. 4 shows an optical photograph comparison of backing with a frontfill
layer 40 having fibrillated fibers, and backing with a frontfill layer 42 not having
fibrillated fibers. As shown in FIG. 4, the layer 40 with the fibrillated fibers clearly
shows portions of the fibrillated fibers extending through the surface of the frontfill
such that they can be clearly seen by the naked eye, and has a “hairy” appearance.
In FIGS. 5 and 6, the sample having fibrillated fibers (FIG. 5) generally shows
higher peaks and/or deeper holes than the sample not having fibrillated fibers (FIG.
6). The baseline measurement (0 um) is taken 500 um below the highest peak for
each sample. TABLE 4 below is a table showing the data of the images of FIGS. 5
and 6.
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Control
Average

Fiber
Average

PCT/US2013/034717

Pv 140 140

Pa 32 50
Pq 41 65
TABLE 4

The values displayed above in TABLE 4 are averages from three spots on
each sample. Within each spot, an average value is given for the spot size (10mm x
10mm). A step size of 25 um was used for both the X and Y axes for all samples.
The samples were examined using a Micro Measure 3D Surface profilometer (i.e.
white light chromatic aberration technique). The parameters were normalized to the

ISO 4287 standard, and some parameters are listed in the EUR 15178 EN report.

Particularly, the average distance between the highest peak and mean plane
(Pp) of the control sample without fibrillated fibers (FIG.5) showed a distance of
140 pm, while the sample with the fibrillated fibers (FIG. 6) showed a distance of
275 um, for a height difference of 135 um. Thus, the extensions of the fibrillated
sample extend above the average mean plane an average of 135 um more than the
average extensions of a frontfill without fibrillated fibers, and the distance between
the highest peak and the average mean plane of the fibrillated fiber sample is
typically between 140 um and 415 um.

TABLE 4 above also shows the height between the highest peak and deepest
hole (Pt) to be 280 um of the control sample (FIG. 5) and 420 um of the fibrillated
fiber sample (FIG. 6). Thus, the distance between the highest peak and the deepest
hole of the sample having the fibrillated fibers is typically between 280 um and 560

pm.

Although not wishing to be bound by theory, it is believed that the

extensions or protrusions of fibrillated fibers increase inter-layer adhesion such as,
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for example, between a frontfill layer and a make coat or a make coat and a size
coat. Also, as discussed further herein, it is believed that the portion of fibrillated
fibers within the layer increases layer stiffness and abrasive grain retention, while
providing crack deflection and a more desirable abrasive grain orientation. One or
more of the following advantages may be obtained by the addition of a particular
amount, as discussed further herein, of fibrillated fibers to one or more of the layers
of an abrasive article, including, for example, increased coating strength, increased

tear strength, increased grinding performance, and increased grinding effect.

Referring back to FIGS. 1-3, as discussed above, the fibrillated fibers may
be included in one or more polymer formulation layers of an abrasive article. The
term “make” or “make coat” refers to the layer of adhesive that goes between a
backing material and abrasive grains. To this end, abrasive grains 14 are dispersed
generally upon and/or within the make coat 20. Although the embodiment of FIG. 2
shows fibrillated fibers 15 dispersed within the make coat 20 and the frontfill 18, it
should be understood that the present invention allows for fibrillated fibers to be
dispersed generally within one or more layers of an abrasive article, and further
allows for portions of the fibrillated fibers to extend or protrude through one or

more layers in kind.

The polymer formulation to be used in the make coat 20 may be the same or
different from those described above with respect to the frontfill 12. For example,
when used to form the make coat, the polymer formulation generally includes a urea
formaldehyde resin, filler material, and optional other additives. In some preferred
embodiments, the polymer resin for the make coat includes urea formaldehyde resin
in the range of between 62 wt% to 92 wt%, such as in the range of between 67 wt.
% to 87 wt%, such as in the range of between 72 wt% to 82 wt%, such as about 77
wt. %. TABLE 5 below shows a urea formaldehyde resin formulation as a suitable

make coat formulation for use with the present invention.

-17 -



WO 2013/149209 PCT/US2013/034717

Control/General - Make

510041616 RES UREA FORMALD 2058 can be replaced with

C331-144 (TRM 0833) 77%

510041596 FILL SNOW WHITE 19.00%

150015870 MIX NH4CL CAT 25% SOLN 2.70%

510041601 ADD AMP 95 0.53%

510041612 ADD AMINO SILANE 26026 Can be replaced with

Siquest A1100 Silane 0.38%

510041614 ADD SPAN 20 0.38%

Dynol 604 0.31%
TABLE 5

As shown above in TABLE 5, the general formulation of a urea
formaldehyde resin suitable for a make coat of some embodiments of the present
invention typically includes urea formaldehyde (about 77 wt%), wollastonite (snow
white) filler (about 19 wt%), ammonium chloride catalyst 25% solution (about 2.7
wt%), and additives such as amino silane (0.38 wt%), span 20 (0.38 wt%), and
Dynol (0.31 wt%).

Optionally, the make coat may also include fibrillated fibers (preferably in
the form of pulp). TABLE 6 below shows a urea formaldehyde resin formulation
with additional Kevlar® pulp fibrillated fibers at 0.7 wt% as a suitable make coat

formulations for use with the present invention.

.7%KP - Make

510041616 RES UREA FORMALD 2058 can be replaced with
C331-144 (TRM 0833) 77%
510041596 FILL SNOW WHITE 18.30%
150015870 MIX NHACL CAT 25% SOLN 2.70%
510041601 ADD AMP 95 0.53%
510041612 ADD AMINO SILANE 76026 Can be replaced with
Siquest A1100 Silane 0.38%
510041614 ADD SPAN 20 0.38%
Dynol 604 0.31%
Preopened Kevlar® Pulp 0.70%
TABLE 6

The fillers incorporated into the polymeric formulation for the make coat
may be similar or different from that used and discussed above with respect to the

frontfill. In some embodiments, the filler includes wollastonite (i.e. snow white) and
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is included in an amount around 9 wt% to around 29 wt%, such as an amount
around 14 wt% to around 24 wt%, such as an amount around 17 wt% to around 21
wt%, such as an amount around 18 wt% to around 19 wt%, such as 18.30 wt% or 19

wt%.

The polymeric formulations can, optionally, further comprise one or more
additives, such as those described above with respect to the frontfill, and/or can
include ammonium chloride (Nh4CI) 25% solution, AMP 95 (co-dispersant and
neutralizing amine), amino silane (lubricant and emulsifier), and/or Dynol 604
(surfactant). In at least one embodiment, the amount of total additives in the
polymeric formulation can be at least about 0.1 wt%, at least about 5 wt%. In
another embodiment, the amount of total additives in the polymeric formulation can
be not greater than about 10 wt%, not greater than about 5 wt%, or not greater than
about 4 wt%. The amount of total additives in the polymeric formulation can be
within a range comprising any pair of the previous upper and lower limits. In a
particular embodiment, the amount of total additives included in the polymeric
formulation can be in the range of at least about 0.1 wt% to not greater than about 5
wt%, such as at least about 0.1 wt% to not greater than about 4.3 wt%. In one
preferred embodiment, the amount of total additives in not less than 3.5 wt%, such
as not less than 4.3 wt%, such as not less than 4.5 wt%, such as not less than 4.7

wt%.

Polymeric formulations for the make coat may optionally include solvents,
such as those described above with respect to the frontfill. However, in some
preferred embodiments, the polymeric formulation for the make coat is “neat,” that

is, does not contain solvents.

In a particular embodiment of the make coat, the polymeric formulation has

a composition that can include:

from about 67 wt% to about 92 wt% total polymer resin (monomers,

oligomers, or combinations thereof),

from about 0.1 wt% to about 3 wt% total fibrillated fibers,

from about 9 wt% to about 29 wt% of total filler, and
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from about 0.00 wt% to about 7.0 wt% of total additives, where the
percentages are based on total weight of the polymer formulation. The amounts of
the abrasive slurry components are adjusted so that the total amounts add up to 100

wt%.

In addition, abrasive grains are included in or on the polymer formulation of
the make coat. The abrasive grains that are considered suitable for use in the present
invention are generally any abrasive grains known in the art. Examples of suitable
abrasive compositions may include non-metallic, inorganic solids such as carbides,
oxides, nitrides and certain carbonaceous materials. Oxides include silicon oxide
(such as quartz, cristobalite and glassy forms), cerium oxide, zirconium oxide,
aluminum oxide. Carbides and nitrides include, but are not limited to, silicon
carbide, aluminum, boron nitride (including cubic boron nitride), titanium carbide,
titanium nitride, silicon nitride. Carbonaceous materials include diamond, which
broadly includes synthetic diamond, diamond-like carbon, and related carbonaceous
materials such as fullerite and aggregate diamond nanorods. Materials may also
include a wide range of naturally occurring mined minerals, such as garnet,
cristobalite, quartz, corundum, feldspar, by way of example. Certain embodiments
of the present disclosure may take advantage of diamond, silicon carbide, aluminum
oxide, and /or cerium oxide materials. In addition, those of skill will appreciate that
various other compositions possessing the desired hardness characteristics may be
used as abrasive grains suitable with the present invention. In addition, in certain
embodiments according to the present disclosure, mixtures of two or more different
abrasive grains can be used in the same abrasive product. Moreover, in certain
embodiments according to the present disclosure, the abrasive particles or grains

may have specific contours that define particularly shaped abrasive particles.

FIGs. 20-25 include exemplary abrasive particulate material having specific
contours and defining shaped abrasive particles, which can incorporate the
compositions described herein. As shown in FIG. 20, the shaped abrasive particle
400 may include a body 401 that is generally prismatic with a first end face 402 and
a second end face 404. Further, the shaped abrasive particle 400 may include a first
side face 410 extending between the first end face 402 and the second end face 404.

A second side face 412 may extend between the first end face 402 and the second
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end face 404 adjacent to the first side face 410. As shown, the shaped abrasive
particle 400 may also include a third side face 414 extending between the first end
face 402 and the second end face 404 adjacent to the second side face 412 and the
first side face 410.

As depicted in FIG. 20, the shaped abrasive particle 400 may also include a
first edge 420 between the first side face 410 and the second side face 412. The
shaped abrasive particle 400 may also include a second edge 422 between the
second side face 412 and the third side face 414. Further, the shaped abrasive
particle 400 may include a third edge 424 between the third side face 414 and the
first side face 412.

As shown, each end face 402, 404 of the shaped abrasive particle 400 may
be generally triangular in shape. Each side face 410, 412, 414 may be generally
rectangular in shape. Further, the cross section of the shaped abrasive particle 400
in a plane parallel to the end faces 402, 404 can be generally triangular. It will be
appreciated that while the cross-sectional shape of the shaped abrasive particle 400
through a plane parallel to the end faces 402, 404 1is illustrated as being generally
triangular, other shapes are possible, including any polygonal shapes, for example a
quadrilateral, a pentagon, a hexagon, a heptagon, an octagon, a nonagon, a decagon,
etc. Further, the cross-sectional shape of the shaped abrasive particle may be

convex, non-convex, concave, or non-concave.

FIG. 21 includes an illustration of a shaped abrasive particle according to
another embodiment. As depicted, the shaped abrasive particle 500 may include a
body 501 that may include a central portion 502 that extends along a longitudinal
axis 504. A first radial arm 506 may extend outwardly from the central portion 502
along the length of the central portion 502. A second radial arm 508 may extend
outwardly from the central portion 502 along the length of the central portion 502.
A third radial arm 510 may extend outwardly from the central portion 502 along the
length of the central portion 502. Moreover, a fourth radial arm 512 may extend
outwardly from the central portion 502 along the length of the central portion 502.
The radial arms 506, 508, 510, 512 may be equally spaced around the central
portion 502 of the shaped abrasive particle 500.
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As shown in FIG. 21, the first radial arm 506 may include a generally arrow
shaped distal end 520. The second radial arm 508 may include a generally arrow
shaped distal end 522. The third radial arm 510 may include a generally arrow
shaped distal end 524. Further, the fourth radial arm 512 may include a generally
arrow shaped distal end 526.

FIG. 21 also indicates that the shaped abrasive particle 500 may be formed
with a first void 530 between the first radial arm 506 and the fourth radial arm 512.
A second void 532 may be formed between the second radial arm 508 and the first
radial arm 506. A third void 534 may also be formed between the third radial arm
510 and the second radial arm 508. Additionally, a fourth void 536 may be formed

between the fourth radial arm 512 and the third radial arm 510.

As shown in FIG. 21, the shaped abrasive particle 500 may include a length
540, a height 542, and a width 544. In a particular aspect, the length 540 is greater
than the height 542 and the height 542 is greater than the width 544. In a particular
aspect, the shaped abrasive particle 500 may define a primary aspect ratio that is the
ratio of the length 540 to the height 542 (length:height). Further, the shaped
abrasive particle 500 may define a secondary aspect ratio that is the ratio of the
height 542 to the width 544 (width:width). Finally, the shaped abrasive particle 500
may define a tertiary aspect ratio that is the ratio of the length 540 to the width 544
(length:width).

According to one embodiment, the shaped abrasive particles can have a
primary aspect ratio of at least about 1:1, such as at least about 1.1:1, at least about
1.5:1, at least about 2:1, at least about 2.5:1, at least about 3:1, at least about 3.5:1,
at least 4:1, at least about 4.5:1, at least about 5:1, at least about 6:1, at least about

7:1, at least about 8:1, or even at least about 10:1.

In another instance, the shaped abrasive particle can be formed such that the
body has a secondary aspect ratio of at least about 0.5:1, such as at least about 0.8:1,
at least about 1:1, at least about 1.5:1, at least about 2:1, at least about 2.5:1, at least
about 3:1, at least about 3.5:1, at least 4:1, at least about 4.5:1, at least about 5:1, at

least about 6:1, at least about 7:1, at least about 8:1, or even at least about 10:1.
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Furthermore, certain shaped abrasive particles can have a tertiary aspect
ratio of at least about 1:1, such as at least about 1.5:1, at least about 2:1, at least
about 2.5:1, at least about 3:1, at least about 3.5:1, at least 4:1, at least about 4.5:1,
at least about 5:1, at least about 6:1, at least about 7:1, at least about 8:1, or even at

least about 10:1.

Certain embodiments of the shaped abrasive particle 500 can have a shape
with respect to the primary aspect ratio that is generally rectangular, e.g., flat or
curved. The shape of the shaped abrasive particle 500 with respect to the secondary
aspect ratio may be any polyhedral shape, e.g., a triangle, a square, a rectangle, a
pentagon, etc. The shape of the shaped abrasive particle 500 with respect to the
secondary aspect ratio may also be the shape of any alphanumeric character, e.g., 1,
2,3, etc., A, B, C. etc. Further, the contour of the shaped abrasive particle 500 with
respect to the secondary aspect ratio may be a character selected from the Greek
alphabet, the modern Latin alphabet, the ancient Latin alphabet, the Russian
alphabet, any other alphabet, or any combination thereof. Further, the shape of the
shaped abrasive particle 500 with respect to the secondary aspect ratio may be a

Kanji character.

FIGS. 22-23 depict another embodiment of a shaped abrasive particle that is
generally designated 600. As shown, the shaped abrasive particle 600 may include
a body 601 that has a generally cube-like shape. It will be appreciated that the
shaped abrasive particle may be formed to have other polyhedral shapes. The body
601 may have a first end face 602 and a second end face 604, a first lateral face 606
extending between the first end face 602 and the second end face 604, a second
lateral face 608 extending between the first end face 602 and the second end face
604. Further, the body 601 can have a third lateral face 610 extending between the
first end face 602 and the second end face 604, and a fourth lateral face 612

extending between the first end face 602 and the second end face 604.

As shown, the first end face 602 and the second end face 604 can be parallel
to each other and separated by the lateral faces 606, 608, 610, and 612, giving the
body a cube-like structure. However, in a particular aspect, the first end face 602
can be rotated with respect to the second end face 604 to establish a twist angle 614.

The twist of the body 601 can be along one or more axes and define particular types
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of twist angles. For example, as illustrated in a top-down view of the body in FIG.
23 looking down the longitudinal axis 680 defining a length of the body 601 on the
end face 602 parallel to a plane defined by the lateral axis 681 extending along a
dimension of width of the body 601 and the vertical axis 682 extending along a
dimension of height of the body 601. According to one embodiment, the body 601
can have a longitudinal twist angle 614 defining a twist in the body 601 about the
longitudinal axis such that the end faces 602 and 604 are rotated relative to each
other. The twist angle 614, as illustrated in FIG. 23 can be measured as the angle
between a tangent of a first edge 622 and a second edge 624, wherein the first edge
622 and second edge 624 are joined by and share a common edge 626 extending
longitudinally between two of the lateral faces (610 and 612). It will be appreciated
that other shaped abrasive particles can be formed to have twist angles relative to
the lateral axis, the vertical axis, and a combination thereof. Any of such twist

angles can have a value as described herein.

In a particular aspect, the twist angle 614 is at least about 1°. In other
instances, the twist angle can be greater, such as at least about 2°, at least about 5°,
at least about 8°, at least about 10°, at least about 12°, at least about 15°, at least
about 18°, at least about 20°, at least about 25°, at least about 30°, at least about 40°,
at least about 50°, at least about 60°, at least about 70°, at least about 80°, or even at
least about 90°. Still, according to certain embodiments, the twist angle 614 can be
not greater than about 360°, such as not greater than about 330°, such as not greater
than about 300°, not greater than about 270°, not greater than about 230°, not greater
than about 200°, or even not greater than about 180°. It will be appreciated that
certain shaped abrasive particles can have a twist angle within a range between any

of the minimum and maximum angles noted above.

Further, the body may include an opening that extends through the entire

interior of the body along one of the longitudinal axis, lateral axis, or vertical axis.

FIG. 24 includes an illustration of another embodiment of a shaped abrasive
particle. As shown, the shaped abrasive particle 800 may include a body 8§01
having a generally pyramid shaped with a generally triangle or square shaped
bottom face. The body can further include sides 816, 817, and 818 connected to
each other and the bottom face 802. It will be appreciated that while the body 801
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is illustrated as having a pyramidal polyhedral shape, other shapes are possible, as

described herein.

According to one embodiment, the shaped abrasive particle 800 may be
formed with a hole 804 (i.e., and opening) that can extend through at least a portion
of the body 801, and more particularly may extend through an entire volume of the
body 801. In a particular aspect, the hole 804 may define a central axis 806 that
passes through a center of the hole §04. Further, the shaped abrasive particle 800
may also define a central axis 808 that passes through a center 830 of the shaped
abrasive particle 800. It may be appreciated that the hole 804 may be formed in the
shaped abrasive particle 800 such that the central axis 806 of the hole 804 is spaced
apart from the central axis 808 by a distance 810. As such, a center of mass of the
shaped abrasive particle 800 may be moved below the geometric midpoint 830 of
the shaped abrasive particle 800, wherein the geometric midpoint 830 can be
defined by the intersection of a longitudinal axis 809, vertical axis 811, and the
central axis (i.e., lateral axis) 808. Moving the center of mass below the geometric
midpoint 8§30 of the shaped abrasive grain can increase the likelihood that the
shaped abrasive particle 800 lands on the same face, e.g., the bottom face 8§02, when
dropped, or otherwise deposited, onto a backing, such that the shaped abrasive

particle 800 has a predetermined, upright orientation.

In a particular embodiment, the center of mass is displaced from the
geometric midpoint 830 by a distance that can be at least about 0.05 the height (h)
along a vertical axis 810 of the body 802 defining a height. In another embodiment,
the center of mass may be displaced from the geometric midpoint 830 by a distance
of at least about 0.1(h), such as at least about 0.15(h), at least about 0.18(h), at least
about 0.2(h), at least about 0.22(h), at least about 0.25(h), at least about 0.27(h),at
least about 0.3(h), at least about 0.32(h), at least about 0.35(h), or even at least about
0.38(h). Still, the center of mass of the body 801 may be displaced a distance from
the geometric midpoint 830 of no greater than 0.5(h), such as no greater than 0.49
(h), no greater than 0.48(h), no greater than 0.45(h), no greater than 0.43(h), no
greater than 0.40(h), no greater than 0.39(h), or even no greater than 0.38(h). It will

be appreciated that the displacement between the center of mass and the geometric
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midpoint can be within a range between any of the minimum and maximum values

noted above.

In particular instances, the center of mass may be displaced from the
geometric midpoint 830 such that the center of mass is closer to a base, e.g., the
bottom face 8§02, of the body 801, than a top of the body 801 when the shaped

abrasive particle 800 is in an upright orientation as shown in FIG. 24.

In another embodiment, the center of mass may be displaced from the
geometric midpoint 8§30 by a distance that is at least about 0.05 the width (w) along
a lateral axis 808 of the of the body 801 defining the width. In another aspect, the
center of mass may be displaced from the geometric midpoint 830 by a distance of
at least about 0.1(w), such as at least about 0.15(w), at least about 0.18(w), at least
about 0.2(w), at least about 0.22(w), at least about 0.25(w), at least about 0.27(w), at
least about 0.3(w), or even at least about 0.35(w). Still, in one embodiment, the
center of mass may be displaced a distance from the geometric midpoint 830 no
greater than 0.5(w), such as no greater than 0.49 (w), no greater than 0.45(w), no

greater than 0.43(w), no greater than 0.40(w), or even no greater than 0.38(w).

In another embodiment, the center of mass may be displaced from the
geometric midpoint 8§30 along the longitudinal axis 809 by a distance (DI) of at least
about 0.05 the length (1) of the body 801. According to a particular embodiment,
the center of mass may be displaced from the geometric midpoint by a distance of at
least about 0.1(1), such as at least about 0.15(1), at least about 0.18(1), at least about
0.2(1), at least about 0.25(1), at least about 0.3(1), at least about 0.35(1), or even at
least about 0.38(1). Still, for certain abrasive particles, the center of mass can be
displaced a distance no greater than about 0.5(1), such as no greater than about

0.45(1), or even no greater than about 0.40(1).

FIG. 25 includes an illustration of a shaped abrasive particle according to an
embodiment. The shaped abrasive grain 900 may include a body 901 including a
base surface 902 and an upper surface 904 separated from each other by one or
more side surfaces 910, 912, and 914. According to one particular embodiment, the
body 901 can be formed such that the base surface 902 has a planar shape different

than a planar shape of the upper surface 904, wherein the planar shape is viewed in
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the plane defined by the respective surface. For example, as illustrated in the
embodiment of FIG. 25, the body 901 can have base surface 902 generally have a
circular shape and an upper surface 904 having a generally triangular shape. It will
be appreciated that other variations are feasible, including any combination of

shapes at the base surface 902 and upper surface 904.

Additionally, the body of the shaped abrasive particles can have particular
two-dimensional shapes. For example, the body can have a two-dimensional shape
as viewed in a plane define by the length and width having a polygonal shape,
ellipsoidal shape, a numeral, a Greek alphabet character, Latin alphabet character,
Russian alphabet character, complex shapes utilizing a combination of polygonal
shapes and a combination thereof. Particular polygonal shapes include triangular,
rectangular, quadrilateral, pentagon, hexagon, heptagon, octagon, nonagon,

decagon, any combination thereof.

FIG. 26A includes a perspective view illustration of an abrasive particle in
accordance with an embodiment. Additionally, FIG. 26B includes a cross-sectional
illustration of the abrasive particle of FIG. 26A. The body 1201 includes an upper
surface 1203 a bottom major surface 1204 opposite the upper surface 1203. The
upper surface 1203 and the bottom surface 1204 can be separated from each other
by side surfaces 1205, 1206, and 1207. As illustrated, the body 1201 of the shaped
abrasive particle 1200 can have a generally triangular shape as viewed in a plane of
the upper surface 1203 defined by the length (1) and width (w) of the body 1201. In
particular, the body 1201 can have a length (1), a width (w) extending through a
midpoint 1281 of the body 1201.

In accordance with an embodiment, the body 1201 of the shaped abrasive
particle can have a first height (h1) at a first end of the body defined by a corner
1213. Notably, the corner 1213 may represent the point of greatest height on the
body 1201. The corner can be defined as a point or region on the body 1201
defined by the joining of the upper surface1203, and two side surfaces 1205 and
1207. The body 1201 may further include other corners, spaced apart from each
other, including for example corner 1211 and corner 1212. As further illustrated,
the body 1201 can include edges 1214, 1215, and 1216 that can separated from each
other by the corners 1211, 1212, and 1213. The edge 1214 can be defined by an
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intersection of the upper surface 1203 with the side surface 1206. The edge 1215
can be defined by an intersection of the upper surface 1203 and side surface 1205
between corners 1211 and 1213. The edge 1216 can be defined by an intersection
of the upper surface 1203 and side surface 1207 between corners 1212 and 1213.

As further illustrated, the body 1201 can include a second height (h2) at a
second end of the body, which defined by the edge 1214, and further which is
opposite the first end defined by the corner 1213. The axis 1250 can extend
between the two ends of the body 1201. FIG. 26B is a cross-sectional illustration of
the body 1201 along the axis 1250, which can extend through a midpoint 1281 of
the body along the dimension of width (w) between the ends of the body 1201.

In accordance with an embodiment, the shaped abrasive particles of the
embodiments herein, including for example, the particle of FIGs. 26A and 26B can
have an average difference in height, which is a measure of the difference between
h1l and h2. More particularly, the average difference in height can be calculated
based upon a plurality of shaped abrasive particles from a sample. The sample can
include a representative number of shaped abrasive particles, which may be
randomly selected from a batch, such as at least § particles, or even at least 10
particles. A batch can be a group of shaped abrasive particles that are produced in a
single forming process, and more particularly, in the same, single forming process.
The average difference can be measured via using a STIL (Sciences et Techniques
Industrielles de la Lumiere - France) Micro Measure 3D Surface Profilometer

(white light (LED) chromatic aberration technique).

In particular instances, the average difference in height [h1-h2], wherein h1
is greater, can be at least about 50 microns. In still other instances, the average
difference in height can be at least about 60 microns, such as at least about 65
microns, at least about 70 microns, at least about 75 microns, at least about 80
microns, at least about 90 microns, or even at least about 100 microns. In one non-
limiting embodiment, the average difference in height can be not greater than about
300 microns, such as not greater than about 250 microns, not greater than about 220
microns, or even not greater than about 180 microns. It will be appreciated that the
average difference in height can be within a range between any of the minimum and

maximum values noted above.
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Moreover, the shaped abrasive particles herein, including for example the
particle of FIGs. 26A and 26B, can have a profile ratio of average difference in
height [h1-h2] to profile length (Ip) of the shaped abrasive particle, defined as [(h1-
h2)/(1p)] of at least about 0.04. It will be appreciated that the profile length of the
body can be a length of the scan across the body used to generate the data of h1 and
h2 between opposite ends of the body. Moreover, the profile length may be an
average profile length calculated from a sample of multiple particles that are
measured. In certain instances, the profile length (Ip) can be the same as the width
as described in embodiments herein. According to a particular embodiment, the
profile ratio can be at least about 0.05, at least about 0.06, at least about 0.07, at
least about 0.08, or even at least about 0.09. Still, in one non-limiting embodiment,
the profile ratio can be not greater than about 0.3, such as not greater than about 0.2,
not greater than about 0.18, not greater than about 0.16, or even not greater than
about 0.14. It will be appreciated that the profile ratio can be within a range

between any of the minimum and maximum values noted above.

Moreover, the shaped abrasive particles of the embodiments herein,
including for example, the body 1201 of the particle of FIGs. 26A and 26B can have
a bottom surface1204 defining a bottom area (Ab). In particular instances the
bottom surface 1204 can be the largest surface of the body 1201. The bottom
surface can have a surface area defined as the bottom area (Ab) that is greater than
the surface area of the upper surface 1203. Additionally, the body 1201 can have a
cross-sectional midpoint area (Am) defining an area of a plane perpendicular to the
bottom area and extending through a midpoint 1281 of the particle. In certain
instances, the body 1201 can have an area ratio of bottom area to midpoint area
(Ab/Am) of not greater than about 6. In more particular instances, the area ratio can
be not greater than about 5.5, such as not greater than about 5, not greater than about
4.5, not greater than about 4, not greater than about 3.5, or even not greater than
about 3. Still, in one non-limiting embodiment, the area ratio may be at least about
1.1, such as at least about 1.3, or even at least about 1.8. It will be appreciated that
the area ratio can be within a range between any of the minimum and maximum

values noted above.
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In accordance with one embodiment, the shaped abrasive particles of the
embodiments herein, including for example, the particle of FIGs. 26A and 26B can
have a normalized height difference of at least about 40. The normalized height
difference can be defined by the equation [(h1-h2)/(h1/h2)], wherein h1 is greater
than h2. In other embodiments, the normalized height difference can be at least
about 43, at least about 46, at least about 50, at least about 53, at least about 56, at
least about 60, at least about 63, or even at least about 66. Still, in one particular
embodiment, the normalized height difference can be not greater than about 200,
such as not greater than about 180, not greater than about 140, or even not greater

than about 110.

In another embodiment, the shaped abrasive particles herein, including for
example, the particle of FIGs. 26A and 26B can have a height variation. Without
wishing to be tied to a particular theory, it is thought that a certain height variation
between shaped abrasive particles, can improve variety of cutting surfaces, and may
improve grinding performance of an abrasive article incorporating the shaped
abrasive particles herein. The height variation can be calculated as the standard
deviation of height difference for a sample of shaped abrasive particles. In one
particular embodiment, the height variation of a sample can be at least about 20.
For other embodiments, the height variation can be greater, such as at least about
22, at least about 24, at least about 26, at least about 28, at least about 30, at least
about 32, or even at least about 34. Still, in one non-limiting embodiment, the
height variation may be not greater than about 180, such as not greater than about
150, or even not greater than about 120. It will be appreciated that the height
variation can be within a range between any of the minimum and maximum values

noted above.

According to another embodiment, the shaped abrasive particles herein,
including for example the particles of FIGs. 26A and 26B can have an ellipsoidal
region 1217 in the upper surface 1203 of the body 1201. The ellipsoidal region
1217 can be defined by a trench region 1218 that can extend around the upper
surface 1203 and define the ellipsoidal region 1217. The ellipsoidal region 1217
can encompass the midpoint 1281. Moreover, it is thought that the ellipsoidal

region 1217 defined in the upper surface can be an artifact of the forming process,
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and may be formed as a result of the stresses imposed on the mixture during
formation of the shaped abrasive particles according to the methods described

herein.

Moreover, the rake angle described in accordance with other embodiments
herein can be applicable to the body 1201. Likewise, all other features described
herein, such as the contours of side surfaces, upper surfaces, and bottom surfaces,
the upright orientation probability, primary aspect ratio, secondary aspect ratio,
tertiary aspect ratio, and composition, can be applicable to the exemplary shaped

abrasive particle illustrated in FIGs. 26A and 26B.

While the foregoing features of height difference, height variation, and
normalized height difference have been described in relation to the abrasive particle
of FIGs. 26A and 26B, it will be appreciated that such features can apply to any
other shaped abrasive particles described herein, including for example, abrasive

particles having a substantially trapezoidal two-dimensional shape.

The shaped abrasive particles of the embodiments herein may include a
dopant material, which can include an element or compound such as an alkali
element, alkaline earth element, rare earth element, hafnium, zirconium, niobium,
tantalum, molybdenum, vanadium, or a combination thereof. In one particular
embodiment, the dopant material includes an element or compound including an
element such as lithium, sodium, potassium, magnesium, calcium, strontium,
barium, scandium, yttrium, lanthanum, cesium, praseodymium, niobium, hafnium,
zirconium, tantalum, molybdenum, vanadium, chromium, cobalt, iron, germanium,

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

In certain instances, the shaped abrasive particles can be formed to have a
specific content of dopant material. For example, the body of a shaped abrasive
particle may include not greater than about 12 wt% for the total weight of the body.
In other instances, the amount of dopant material can be less, such as not greater
than about 11 wt%, not greater than about 10 wt%, not greater than about 9 wt%,
not greater than about 8 wt%, not greater than about 7 wt%, not greater than about 6
wt%, or even not greater than about 5 wt% for the total weight of the body. In at

least one non-limiting embodiment, the amount of dopant material can be at least
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about 0.5 wt%, such at least about 1 wt%, at least about 1.3 wt%, at least about 1.8
wt%, at least about 2 wt%, at least about 2.3 wt%, at least about 2.8 wt%, or even at
least about 3 wt% for the total weight of the body. It will be appreciated that the
amount of dopant material within the body of the shaped abrasive particle can be

within a range between any of the minimum or maximum percentages noted above.

Referring back to FIG. 2, some fibrillated fibers extend between the frontfill
layer 18 and the make coat layer 20, spanning the interfacial surfaces where they
contact one another. Not wishing to be bound by theory, as discussed above it is
believed that the extensions (of the fibrillated fibers in this case) increase the
interlayer adhesion, strengthening the overall strength of the abrasive article of the
present invention. Alternatively, and as briefly discussed above, the fibrillated fibers
may also cause the surfaces of one or more of the layers (the frontfill and the make
coat, in this case) to convolute, extend, and/or protrude, thereby increasing layer(s)

surface area(s) and interfacial contact.

As further shown in FIG. 2, fibrillated fibers 15 are disposed within the
make coat 20 of the abrasive article. While not wishing to be bound by theory, it is
believed that the fibrillated fibers of the make coat not only strengthens the make
coat layer to help maintain and/or retain the abrasive grains therein, but also retain
the abrasive grains in a more desirable orientation. For example, when processing
an abrasive article with a make coat, portions of the fibrillated fibers 15 can be
made to generally extend through, or penetrate, the surface of the make coat 20 by
applying the make coat 20 without the use of a knife, blade spreader, roller or other
device that would otherwise encapsulation of the fibrillated fibers with make coat

material.

FIG. 2 also shows abrasive grains 14 disposed on or within the make coat
20. Abrasive grains 14 may be made to adhere to a make coat by providing opposite
charges between the abrasive grains 14 and the make coat 20, thus creating an
attractive force that causes the abrasive grains to adhere to the make coat 20. The
abrasive grains may be arranged to adhere to the make coat 20 in a particular
orientation. During the curing of a make coat, abrasive grains tend to fall over, tilt,
or otherwise lose their desired orientation. To this end, and while not wishing to be

bound by theory, it is believed that the fibrillated fibers 15 help promote the
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maintaining of desired abrasive grain orientation by increasing the stiffness of the
make coat 20 and/or creating a matrix around the abrasive grains that assists in
maintaining their orientation when initially adhered to the make coat 20. Thus, it is
further believed that the fibrillated fibers 15 assist in maintaining abrasive grain
orientation during grinding operations more than a would an abrasive product that
does not have fibrillated fibers. In doing so, it is also believed that the fibrillated
fibers 15 assist in retaining the abrasive grains within or on the abrasive product
during grinding operations more that an abrasive product that does not have
fibrillated fibers. The orientation of the grains can be described as a rake angle.
Further, the orientation of the abrasive grains can also be described as a rotational

orientation in the Z-direction.

In another embodiment of the present invention, FIG. 3 shows a size coat 22

disposed on abrasive grains 14 and make coat 20.

The polymer formulation of the size coat of the present invention may be the
same as the polymer formulations discussed above with respect to the other layers,
such as the frontfill and the make coat, or may include combinations of the
components thereof. In particular, as also discussed above, it may be further

desirable to include fibrillated fibers in the size coat of the present invention.

As is also shown in FIG. 3, fibrillated fibers 15 are dispersed within the size
coat 22. In similar fashion as the embodiment of FIG. 2 described above, fibrillated
fibers 15 of the size coat 22, the make coat 20, and/or the frontfill 18 may generally
form a matrix around abrasive grains 14. Although FIG. 3 does not show fibrillated
fibers dispersed within the make coat 20, it is to be understood that the present
invention includes fibrillated fibers that may be included in one or more (including
all) layers of an abrasive product. Moreover, although the FIGS. do not show a
supersize coat, it is to be understood that a supersize coat may also be included in an
embodiment of the present invention, in which case the supersize coat may or may
not include fibrillated fibers. As discussed above with respect to the advantages of
fibrillated fibers in the make coat 20 of the embodiment of FIG. 2, it is believed that
fibrillated fibers in the size coat 22 of the embodiment of FIG. 3 provide similar
advantages to the embodiment of FIG. 2, such as, for example, increased coating

strength, increased tear strength, increased grinding performance, and increased
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grinding effect. In either case, an increase in grinding performance can be enjoyed
by including fibrillated fibers in an abrasive product having a size coat whether or
not the size coat includes fibrillated fibers. The Examples below illustrate the

aforementioned improvements.

Example 1 — Investigating different Kevlar® pulp forms:

It is regarded that the best form of fibrillated fiber is one which disperses
evenly within a polymer formulation such as, for example, phenolic resin or urea
formaldehyde resin. Kevlar® pulp is generally available in three forms, shown in
FIGS. as original pulp (FIG. 7A), 50% wet pulp (Fig. 8A), and pre-opened pulp
(FIG. 9A). These forms of Kevlar® pulp were investigated to determine which form

provides better dispersion into a Phenolic mix.

Original pulp served as the baseline for dispersion measurement in a

phenolic resin mix.

50% wet pulp does not disperse well in a phenolic mix using Method 2
described below. Even after mixing, the pulp remained clumped in the pellet form in

which it originally came.

Using Method 2 described further herein pre-opened pulp dispersed well
into a phenolic mix. Further, draw down tests (as also described further herein)
showed more consistent distribution and less clumping with pre-opened Kevlar®
pulp than with the other forms of Kevlar® pulp. Pre-opened pulp dispersed best of
the three forms in a phenolic mix. However, it is noted that original pulp first mixed
dry with dry wollastinite and then added to a phenolic resin mix provided similar

dispersion results as the pre-opened pulp mixed directly into a phenolic resin mix.

Example 2 - Kevlar® pulp and Phenolic resin mix adhesion:

To assess the compatibility of Kevlar® and Phenolic resin, a phenolic resin
formulation (typically that used for a make coat) was made and a draw down was
performed on a piece of Kevlar® fabric. The Phenolic resin diffused into the Kevalr

fibers, showing good adhesion to the Kevlar® fabric.

Example 3 - Dispersing Kevlar® pulp fibers in Phenolic resin:
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Establishing that Kevlar® and Phenolic resin adhere well to one another,
experiments proceeded to determined which method is best, or most feasible, for
dispersing Kevlar® pulp fibers into the Phenolic resin mix. A target coating
viscosity of 5000 cps at 100C using spindle #2 at 12 rpm is typically desired.
However, due to the small lab scale mixes (300 grams) of the following examples,
target viscosity was measured with spindle #64 at 12 rpm. It should be understood
that a target viscosity range is preferably between 200-30,000 cps, more preferably
between 2,500-20,000 cps, more preferably between 4,000-10,000cps, and more
preferably between 4,600-5,200 cps. The three methods investigated included:

Method 1 investigated adding the Kevlar® pulp to the standard Phenolic
resin mix after Wollastonite has been added and the viscosity of the mix has been
adjusted (i.e. lowered) to a target coating viscosity of 5000 cps at 100C using
spindle #64 at 12 rpm.#2 at 12 rpm. The Kevlar® pulp poorly dispersed into the
Phenolic resin mix. Instead, it immediately clumped and entangled around the
blades of the mixer. It is believed the Kevlar® pulp does not disperse well in

relatively low viscosity mixes.

Method 2 investigated adding the Kevlar® pulp to the Pheonolic resin mix
before Wollalstonite has been added, where the viscosity of the mix is not adjusted
(i.e. lowered). The Kevlar® pulp dispersed better than shown in Method 1, but some

clumping still occurred.

Method 3 investigated blending the Kevlar® pulp and Wollastonite together
as dry ingredients before adding them to the Phenolic resin mix, where the viscosity
of the mix is not adjusted (i.e. lowered). The dry, entangled Kevlar® pulp wa
broken up and dispersed throughout the dry Wollastonite mix. This dry mix was
then blended into the Phenolic resin mix at a high viscosity. The Kevlar® pulp

dispersed very well into the Phenolic resin mix.

Although Method 3 involving blending dry Kevlar® pulp and Wollastonite
together before adding the resulting mixture into the Phenolic resin mix proved best
for dispersing the Kevlar® pulp, Method 2 was determined to be more feasible for

testing constraints at the time.

Example 4 — Effect of Kevlar® Pulp on mix viscosity:
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Using Method 2, Kevlar® pulp in original form was dispersed into the
Phenolic resin to identify the effect of various concentrations of Kevlar® pulp on
viscosity of TPS 3500 at different shear rates. A phenolic resin such as TPS 3500 is
typically used as a polymeric formulation. The general formulation of TPS 3500
phenolic resin is shown in FIGS. 13 and 14, which show that TPS 3500 typically
includes phenolic resin (about 52 wt%), wollastonite filler, (about 42 wt%),
defoamer (about 0.11 wt%), witcona (about 0.11 wt%), and water (about 4 wt%).
The control mix for this example had no added Kevlar® pulp, for which the general
formulation is shown in TABLE 1 above. Four additional mixes were made to
include one of either 0.3 wt%, 0.5 wt%, 0.7 wt% or 1.5 wt% Kevlar® pulp (only the
0.5 wt% and the 0.7 wt% formulation are shown in TABLES 2 and 3 above,
respectively). Additional water (beyond the about 4% used in the initial
formulation) was added to the mix to adjust the viscosity to a target of 5000 cps. A
viscosity measurement was taken at different shear rates (3, 6, 12, 30, and 60 rpm)
for each mix. As shown in FIG. 10, the results show that the mixes have similar
effects with respect to shear rate. However, the 1.5% pulp mix was too viscous, and

a stable reading was not able to be taken.

Example 5 — Effect of Kevlar® pulp in coating:

The four mixes described above in Example 5 (0.3 wt%, 0.5 wt%, 0.7 wt%
or 1.5 wt% Kevlar® pulp by weight) were each coated on Monadnock paper and
subjected to a draw down test in the machine direction. The drawdown procedure
was performed on a square die with a 5 mil gap, as is known in the art. 2-5 grams of
resin is placed in the side of the square die and pulled across the substrate. FIGS.
11-15 show the results of the draw down test on each mix. The FIGS. show the fiber
strands of the Kevlar® pulp mixes are clearly visible, the visible definition of the
strands being more distinct in the mixes with increasing weight percent of Kevlar®
pulp. However, as shown in FIG. 15, the 1.5% Kevlar® pulp mix clumps together
and does not draw down to the extent of the .3%, .5%, .7% mixes in FIGS. 12, 13,
and 14.

Example 6 — Effect of Kevlar® pulp on coating strength:
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The coated samples of Example 5 were tensile tested to determine if the
addition and increase in pulp percent increases the toughness of the coated
Monadnock paper in the machine direction and cross direction. As shown in FIGS.
17-18, toughness in both the machine and cross directions increase with by at least
the .7 wt% Kevlar® sample, and increases further with the 1.5 wt% Kevlar® pulp

sample.

Example 7 — Determining tear strength of pre-opened pulp:

Three samples of Monadnock paper coated with 0.3 wt%, 0.5 wt%, 0.7 wt%
Kevlar® pulp percent by weight were tested for tear strength in both the machine
and cross directions against a sample of non-Kevlar® coated Monadnock paper
(control). The results are shown in FIG. 18, which shows a steady increase of tear
strength (in both the machine and cross directions) with an increase in percent

Kevlar®.

Example 8 — Determining specific grinding energy of pre-opened pulp:

Two grinding belts were coated with a .5% and a .7% percent weight
Kevlar® coating, and tested against a control belt with no Kevlar® coating and a
belt with Hipal® (high performance alumina) grains. The belts tested are shown in

TABLE 7 below.

Belts made and tested:

Kake
{0 Grain Formulation  Size Formulation
HiPal/Blaze Belt HiPal Control Control Manufacturing
Control DB2473 Caontrol Control Lab experimental
.5 KP BB2473 .BKP in Control Control Lab experimental
T KPP BB2473 FKFPin Control Control Lab experimental

K) enjoy not only greater cumulative material
removal (Cum. MR), but longer product lives.

In particular, a sample including
TABLE 7

The formulations of the control and the belts having Kevlar® pulp fibrillated
fibers are shown in TABLES 8-10 below.
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Control
Component
TRM1190 Resin
Defoamer TRM1161
Witcona TRM0240
Wollastonite TRMO0013
Water

Total:

TABLE 8

5%KP
Component
TRM1190 Resin
Defoamer TRM1161
Witcona TRM0240
Wollastonite TRM0013
Water

Pre-opened Keviar® Pulp

Total:

TABLE 9

7%KP
Component
TRM1190 Resin
Defoamer TRM1161
Witcona TRM0240
Wollastonite TRM0013
Water

Pre-opened Keviar® Pulp

Total;

TABLE 10

Wt. %
52.79%
0.11%
0.11%
42.93%
4.06%
100.00%

Wt. %
52.79%
0.11%
0.11%
42.43%
4.06%

0.50%

100.00%

Wt. %
52.79%
0.11%
0.11%
42.23%
4.06%

0.70%

100.00%

PCT/US2013/034717

The results of Example 8 are shown in FIG. 19. As shown in FIG. 19,

Hipal® (high-performance alumina) showed impressing material removal at an

impressively low specific grinding energy (SGE). However, the Hipal® sample

(which did not have fibrillated fibers) quickly required increased SGE and only

removed about 3.5 in’ before expiring. The control sample (which also did not have
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fibrillated fibers) required a steady increase in SGE to maintain material removal,
and removed a little more than 5 in’ before expiring. Both the .5 wt% (0.5P-K) and
the .7 wt% (0.7P-K) Kevlar® belts showed a more horizontal trend, with the .5 wt%
Kevlar® belt removing about 6.5 in’ before expiring, and the .7 wt% Kevlar® belt
removing about 8.5 in’ before expiring. In both cases, neither belt having Kevlar®
fibrillated fibers required more than 2.4 SGE, in contrast to the Hipal and control
samples. It is noted that a grinding belt typically expires once it reaches or exceed

2.4 SGE.

Without wishing to be constrained by theory, it is believed that the higher
performance of grinding belts including Kevlar® pulp is owed to the Kevlar® fibers
reinforcing the resins in the frontfill, make coat, and size coat, and by the support
and retention of the abrasive grain by the Kevlar® fibers. Further, it is believed that
increased performance of the grinding belts is also owed to the Kevlar® fibers

helping maintain abrasive grain orientation.

The foregoing description of preferred embodiments for this invention has
been presented for purposes of illustration and description. It is not intended to be
exhaustive or to limit the invention to the precise form disclosed. Obvious
modifications or variations are possible in light of the above teachings. The
embodiments are chosen and described in an effort to provide illustrations of the
principles of the invention and its practical application, and to thereby enable one of
ordinary skill in the art to utilize the invention in various embodiments and with
various modifications as are suited to the particular use contemplated. All such
modifications and variations are within the scope of the invention as determined by
the appended claims when interpreted in accordance with the breadth to which they

are fairly, legally, and equitably entitled.
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WHAT IS CLAIMED IS:

1. An article for use as an abrasive, comprising:
a backing;
one or more polymeric formulations disposed on the backing,
at least one of the one or more polymeric formulations including extensions,

wherein the extensions include fibrillated fibers.

2. The article of claim 1, wherein the extensions extend between 140pum and
415um above the mean plane of at least one of the one or more polymeric

formulations.

3. The article of claim 1, wherein the extensions extend between 280um and
560pm above the deepest hole of at least one of the one or more polymeric

formulations.

4. The article of claim 1, wherein the extensions extend above the mean plane of
at least one of the one or more polymeric formulations an average of 135 um more

than the average extensions of a polymeric formulation without fibrillated fibers.

5. The article of claim 3, wherein the extensions extend above the deepest hole
an average of 140 um more than the average extensions of a polymeric

formulation without fibrillated fibers.

6. The article of any of the above claims, wherein the fibrillated fibers include
fibrillated fibers chosen from the group consisting of natural fibers, synthetic
fibers, organic fibers, inorganic fibers, polymeric fibers, aramid fibers, poly-
aramid fibers, polypropylene fibers, acrylic fibers, cellulose fibers, and

combinations thereof.

7. The article of claim 6, wherein the fibrillated fibers include Kevlar® pulp.
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8. The article of any of the above claims, wherein the one or more polymeric
formulations include one or more polymeric formulations chosen from the group
consisting of phenolic resin, urea formaldehyde resin, epoxy resin, polyester resin,

phenolic-latex resin, and combinations thereof.

9. The article of claim 8, wherein at least one of the one or more polymeric
formulations of the one or more polymeric formulations comprises a phenolic

resin.

10. The article of any of the above claims, wherein the fibrillated fibers have a

specific surface area between 7.00-11.0 m*/g.

11. The article of any of the above claims, wherein the fibrillated fibers have a

bulk density between 0.0481-0.112 g/cc (0.00174-0.0045 1b/in’).

12. The article of any of the above claims, wherein the fibrillated fibers have a

length between 50 um and 1000 pm.

13. The article of any of the above claims, wherein the fibrillated fibers have a

diameter between 15 pm and 1000 um.

14. The article of any of the above claims, wherein the fibrillated fibers have a

specific gravity of about 1.45 g/cc.
15. The article of any of the above claims, further comprising wollastonite filler.

16. The article of any of the above claims, further comprising additives chosen
from the group consisting of catalysts, coupling agents, curants, anti-static agents,
suspending agents, anti-loading agents, lubricants, wetting agents, dyes, fillers,

viscosity modifiers, dispersants, defoamers, and grinding agents.

17. The article of any of the above claims, wherein one or more polymeric

formulations of the one or more polymeric formulations comprises a make coat.

18. The article of claim 17, wherein the make coat includes fibrillated fibers.
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19. The article of claim 18, wherein the fibrillated fibers include Kevlar® pulp.

20. The article of claim 17, further comprising abrasive grains.

21. The article of claim 17, further comprising a size coat.

22. The article of claim 21, where the size coat includes fibrillated fibers.

23. The article of claim 22, wherein the fibrillated fibers include Kevlar® pulp.

24. The article of any of the above claims, wherein at least one of the one or more

polymeric formulations includes a frontfill.

25. An article for use as an abrasive, comprising:
a backing;
a frontfill disposed on the backing, and
a make coat disposed on the frontfill, the make coat including extensions,

wherein the extensions include fibrillated fibers.

26. The article of claim 25, wherein the extensions extend toward the frontfill.

27. The article of claim 25, wherein the extensions extend away from the frontfill.

28. The article of claim 25, wherein the extensions extend both toward and away

from the frontfill.

29. An article for use as an abrasive, comprising:
a backing;
a frontfill disposed on the backing;
a make coat disposed over the frontfill;
abrasive grains disposed on the make coat;
a size coat disposed on the abrasive grains and make coat,
wherein fibrillated fibers are dispersed in at least one of the frontfill, make

coat, size coat, or combinations thereof.
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30. The article of claim 29, wherein the abrasive grains are dispersed on or within

the make coat.

31. The article of claim 30, wherein the fibrillated fibers disposed within the make
and/or the size coat(s) provide greater grain retention than make and size coats

without fibrillated fibers.

32. The article of claim 30, wherein the abrasive grains disposed upon the make

coat have a rake angle of greater than 45 degrees from the average median plane.

33. The article of claim 30, wherein the abrasive grains disposed upon the make

coat have a rotational orientation of between 0-360 degrees.

34. The article of any of the above claims, wherein the fibrillated fiber includes

pre-opened Kevlar® pulp.

35. The article of any of the above claims, wherein the fibrillated fiber includes

original Kevlar® pulp.

36. A method of making an abrasive article, comprising the steps of:
formulating a polymeric formulation for a frontfill layer, a make coat layer,
and/or a size coat layer for use in an abrasive article; wherein the step of

formulating includes adding Kevlar® pulp to a polymeric formulation.

37. The method of claim 36, wherein the step of adding Kevlar® pulp includes
adding pre-opened Kevlar® pulp.

38. The method of claim 36, wherein the step of adding Kevlar® pulp includes
adding original Kevlar® pulp.

39. The method of any of claims 36-38, wherein the step of adding Kevlar® pulp

to a resin includes adding Kevlar® pulp to a phenolic resin.

40. The method of any of claims 36-38, wherein the step of adding Kevlar® pulp

to a resin includes adding Kevlar® pulp to a urea formaldehyde resin.

-43 -



WO 2013/149209 PCT/US2013/034717

41. The method of any of claims 36-40, wherein the step of formulating includes
formulating a polymeric formulation that has a viscosity of between 4500 cps to

5500 cps at 100°C at 12 rpm.

42. The method of any of claims 36-40, wherein the step of formulating includes
adding Kevlar® pulp to the resin before adding wollastonite and before adjusting
viscosity of the resin/wollastonite mix to between 4500 cps to 5500 cps at 100°C
at 12 rpm.

43. The method of any of claims 36-40, wherein the step of formulating includes
blending dry Kevlar® pulp with dry wollastonite before adding the resulting
combination to the resin and before adjusting viscosity of the resin to between

4500 cps to 5500 cps at 100°C at 12 rpm.

44. A component of a coated abrasive article comprising:

a backing material; and

a polymeric formulation,

wherein the polymeric formulation is disposed on the backing and comprises
polymeric resin and a plurality of fibrillated fibers dispersed within the polymeric

resin.

45. The component of claim 44, wherein the surface of the polymer formulation

includes protrusions.

46. The component of claim 45, wherein the protrusions comprise at least a

portion of a fibrillated fiber.

47. The component of claim 46, wherein at least a portion of the fibrillated fiber is

exposed.

48. The component of claim 46, wherein at least a portion of the fibrillated fiber

extends out of the polymer formulation.

49. The component of claim 44, wherein the polymer formulation comprises:

about 52 wt% to about 77 wt% polymeric resin, and
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about .3 wt% to about 1.5 wt% fibrillated fiber.

50. The component of claim 49, wherein the polymer formulation further

comprises about 18 wt% to about 43 wt% filler.

51. The component of claim 50, wherein the polymer formulation further

comprises less than about Swt% total additives.

52. The component of claim 44, wherein at least one of the polymeric
formulations is a frontfill, and wherein the frontfill comprises extensions that

extend between 280um and 560um above the deepest hole of the frontfill.

53. A method of making a coated abrasive article component comprising:
mixing together polymeric resin and fibrillated fiber to form a polymeric
mixture;
disposing the polymeric mixture on a backing, and

curing the polymeric mixture.

54. A method of making a coated abrasive article component comprising:
mixing together polymeric resin, filler, and fibrillated fiber to form a
polymeric mixture;
disposing the polymeric mixture on a backing, and

curing the polymeric mixture.
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AMENDED CLAIMS
received by the International Bureau on 04 September 2013 (04.09.2013)

1. An article for use as an abrasive, comprising:
a backing;
one or more polymeric formulations disposed on the backing,
at least one of the one or more polymeric formulations including extensions,

wherein the extensions include fibrillated fibers.

3. The article of claim 0, wherein the extensions extend between 280um and
560um above the deepest hole of at least one of the one or more polymeric

formulations.

6. The article of any of the above claims, wherein the fibrillated fibers include
fibrillated fibers chosen from the group consisting of natural fibers, synthetic
fibers, organic fibers, inorganic fibers, polymeric fibers, aramid fibers, poly-
aramid fibers, polypropylene fibers, acrylic fibers, cellulose fibers, and

combinations thereof.

10. The article of any of the above claims, wherein the fibrillated fibers have a

specific surface area between 7.00-11.0 mZ/g.

11. The article of any of the above claims, wherein the fibrillated fibers have a

bulk density between 0.0481-0.112 g/cc (0.00174-0.0045 Ib/in®).

12. The article of any of the above claims, wherein the fibrillated fibers have a

length between 50 pm and 1000 pm.

13. The article of any of the above claims, wherein the fibrillated fibers have a

diameter between 15 pm and 1000 pm.

14. The article of any of the above claims, wherein the fibrillated fibers have a

specific gravity of about 1.45 g/cc.

46
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15. The article of any of the above claims, further comprising wollastonite filler.

20. The article of claim 1, further comprising abrasive grains.

29. An article for use as an abrasive, comprising:

a backing;

a frontfill disposed on the backing;

a make coat disposed over the frontfill;

abrasive grains disposed on the make coat;

a size coat disposed on the abrasive grains and make coat,

wherein fibrillated fibers are dispersed in at least one of the frontfill, make

coat, size coat, or combinations thereof.

32. The article of claim 29, wherein the abrasive grains disposed upon the make

coat have a rake angle of greater than 45 degrees from the average median plane.

33.

The article of claim 29, wherein the abrasive grains disposed upon the make

coat have a rotational orientation of between 0-360 degrees.

49.

53.

The component of claim 1, wherein the polymer formulation comprises:
about 52 wt% to about 77 wt% polymeric resin, and

about .3 wt% to about 1.5 wt% fibrillated fiber.

A method of making a coated abrasive article component comprising:
mixing together polymeric resin and fibrillated fiber to form a polymeric
mixture;

disposing the polymeric mixture on a backing, and

curing the polymeric mixture.
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