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ABRASIVE ARTICLES INCLUDING ABRASIVE PARTICLES BONDED TO AN
ELONGATED BODY

TECHNICAL FIELD

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

incorporating abrasive grains secured to an elongated body.

BACKGROUND ART

A variety of abrasive tools have been developed over the past century for
various industries for the general function of removing material from a workpiece,
including for example sawing, drilling, polishing, cleaning, carving, and grinding. In
particular reference to the electronics industry, abrasive tools suitable for slicing
single crystal ingots of material to form wafers is particularly pertinent. As the
industry continues to mature, the ingots have increasingly larger diameters, and it has
become acceptable to use loose abrasives and wire saws for such works due to yield,

productivity, affected layers, dimensional constraints and other factors.

Generally, wire saws are abrasive tools that include abrasive particles attached
to a long length of wire that can be spooled at high speeds to produce a cutting action.
While circular saws are limited to a cutting depth of less than the radius of the blade,
wire saws can have greater flexibility allowing for cutting of straight or profiled

cutting paths.

Various approaches have been taken in conventional fixed abrasive wire saws,
such as producing these articles by sliding stecl beads over a metal wire or cable,
wherein the beads are separated by spacers. These beads may be covered by abrasive
particles which are commonly attached by either electroplating or sintering.

However, electroplating and sintering operations can be time consuming and thus
costly ventures, prohibiting rapid production of the wire saw abrasive tool. Most of
these wire saws have been used in applications, where kerf loss is not so dominating
as in electronics applications, often to cut stone or marble. Some attempts have been
made to attach abrasive particles via chemical bonding processes, such as brazing, but

such fabrication methods reduce the flexibility of the wire saw, and the braze coating
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becomes susceptible to fatigue and premature failure. Other wire saws may use a
resin to bind the abrasives to the wire. Unfortunately, the resin bonded wire saws tend
to wear quickly and the abrasives are lost well before the useful life of the particles is

realized, especially when cutting through hard materials.

Accordingly, the industry continues to need improved abrasive tools,

particularly in the realm of wire sawing.

DISCLOSURE OF INVENTION

According to one aspect, an abrasive article includes an elongated body, a
bonding layer overlying a surface of the elongated body, and abrasive grains
contained within the bonding layer at an average abrasive grain concentration within a

range between about 0.02 ct/m and about 0.30 ct/m.

In accordance with another aspect, an abrasive article includes an elongated
body, a bonding layer overlying a surface of the elongated body, and abrasive grains
contained within the bonding layer. The abrasive article includes abrasive grains
selected from a wide grit size distribution wherein at least 80% of the total number of
abrasive grains have an average grit size contained within a grit size range of at least
about 30 microns over a range of average grit sizes between about 1 micron to about

100 microns.

In still another aspect, an abrasive article includes an elongated body, a bonding
layer overlying a surface of the elongated body, and abrasive grains contained within
the bonding layer. The abrasive grains are selected from a wide grit size distribution
wherein at least 80% of the total number of abrasive grains have an average grit size
contained within a grit size range of at least about 30 microns over a range of average
grit sizes between about 1 micron to about 100 microns, and the abrasive grains are
contained within the bonding layer at an average abrasive grain concentration within a

range between about 0.02 ct/m and about 0.30 ct/m.

According to still another aspect, an abrasive article includes an elongated
body, a bonding layer overlying a surface of the elongated body, and abrasive grains
contained within the bonding layer. The abrasive grains are contained within the

bonding layer at an average abrasive grain concentration within a range between

0.
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about 0.02 ct/m and about 0.30 ct/m, and wherein the abrasive article is capable of
cutting through a total of at least about 200 cm® of sapphire at an average cutting rate

of at least 0.8 mm/min.

In yet another aspect, a method of cutting sapphire includes the steps of
providing an abrasive article having an elongated body and abrasive grains affixed to
the elongated body and providing a sapphire article. The method further includes
using the abrasive article to cut through a total of at least about 200 cm” of the

sapphire article at an average cutting rate of at least 0.8 mm/min.

BRIEF DESCRIPTION OF THE DRAWINGS

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

drawings.

FIG. 1 includes a cross-sectional illustration of a portion of an abrasive article

in accordance with an embodiment.

FIG. 2A-2B include magnified images of abrasive articles according to

embodiments herein.

FIG. 3 includes a plot of a grit size distribution for abrasive grains for use in an

abrasive article in accordance with an embodiment.

FIG. 4 includes an image of a representative sample of abrasive grains having a

particular distribution of grit sizes in accordance with an embodiment.

FIG. 5 includes a plot of a grit size distribution for abrasive grains for use in a

conventional wire saw article.

FIG. 6 includes an image of a representative sample of abrasive grains having a

particular distribution of grit sizes for a conventional wire saw article.

FIG. 7 includes a magnified image of abrasive articles according to

embodiments herein.
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FIG. 8 provides plots of the performance based on number of cuts versus
cutting time for the samples formed according to embodiments herein as compared to

a conventional sample.

The use of the same reference symbols in different drawings indicates similar or

identical items.

DESCRIPTION OF THE PREFERRED EMBODIMENT(S)

The following is generally directed to abrasive articles formed from an
elongated body to which abrasive grains are secured. In particular, the abrasive
articles of embodiments herein may suitable for processes using long lengths of
abrasive articles, which can include for example wire sawing processes, which can be
used in the electronics industry to segment boules or ingots of crystalline material.
However, it will be appreciated that such abrasive articles as disclosed herein can be

used for other applications.

The abrasive articles herein can utilize an elongated body, which may be a wire
or other member having a length defined by a dimension extending along the
longitudinal axis of the elongated body to which a bonding layer, coating layer, and
abrasive grains can be attached to produce the final-formed abrasive article. The
elongated body can be made of various materials, including for example, inorganic
materials, organic materials (e.g., polymers and naturally occurring organic
materials), and a combination thereof. Suitable inorganic materials can include
ceramics, glasses, metals, metal alloys, cermets, and a combination thereof. In certain
instances, the elongated body is made of a metal or metal alloy material. For
example, the elongated body can be made of a transition metal or transition metal
alloy material and may incorporate elements of iron, nickel, cobalt, copper,
chromium, molybdenum, vanadium, tantalum, tungsten, and the like. In some
instances, the elongated body may be a braided structure incorporating a plurality of
clongated strands woven together and secured to each other to form an elongated

body. Certain designs may utilize piano wire as a suitable structure for the wire.

Suitable organic materials can include polymers, which can include

thermoplastics, thermosets, clastomers, and a combination thereof. Particularly useful
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polymers can include polyimides, polyamides, resins, polyurethanes, polyesters, and
the like. It will further be appreciated that the elongated body can include natural

organic materials, for example, rubber.

The elongated body can have a certain shape. For example, the elongated body
can have a generally cylindrical shape such that it has a circular cross-sectional
contour. In using elongated bodies having a circular cross-sectional shape, as viewed
in a plane extending transversely to the longitudinal axis of the elongated body. For
such embodiments, the average diameter can be at least about 80 microns. Some
designs may incorporate thicker elongated body members such that the average
diameter can be at least about 150 microns, at least about 200 microns, and

particularly within a range between about 80 microns and 400 microns.

In other designs, the elongated body can have a polygonal cross-sectional
contour as viewed in a plane extending transversely to the longitudinal axis of the
clongated body. The polygonal cross-sectional contour can include various multi-
sided shapes, including in particular, rectangular shapes, pentagonal, hexagonal, and
the like. In one particular instance, the elongated body can have a rectangular shape,
wherein the elongated body is a belt having a first major surface, a second major
surface opposite the first major surface and a side surface extending between the first

and second major surfaces.

The side surface of the belt can define a thickness of the elongated body, while
the first major surface can define a width of the elongated body as measured in a
direction transverse to the longitudinal axis. In particular instances, the elongated
body can have a thickness:width ratio of at least about 1:2. In other embodiments, the
clongated body can have a thickness:width ratio of at least about 1:3, such as at least
about 1:4, at least about 1:5, at least about 1:10, at least about 1:50. Still, particular
embodiments can have a thickness:width ratio within a range between about 1:2 and

1:150, such as between about 1:2 and about 1:100.

The elongated body can have a length sufficient for conducting wiresawing
applications. That is, the elongated body can have a length as measured along the

longitudinal axis of the elongated body of at least about 1 km. In other instances, this
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length can be greater, such as on the order of at least about 5 km, at least about 10 km,

and particularly within a range between about 1 km and about 15 km.

A bonding layer can be formed on the elongated body such that it overlies an
upper surface of the elongated body to facilitate bonding and securing of abrasive
grains thercin. In some instances, the bonding layer is directly contacting the upper
surface of the elongated body, and in fact, can be directly bonded to the upper surface
of the elongated body. Still, in certain abrasive articles, an intervening layer of
material may be disposed between the bonding layer and upper surface of the
clongated body. Such intervening layers can be present to aid bonding between the
elongated body and the bonding layer. Moreover, the bonding layer can be formed
such that it covers essentially the entire upper surface of the elongated body. Suitable
methods for forming the bonding layer can include deposition processes. For
instance, the bonding layer can be deposited on the external surface of the elongated
body by a plating process, such as an electroplating process, particularly in designs
where the bonding layer comprises a metal material. Alternatively, the bonding layer

can be formed through a brazing processes or a gas phase deposition processes.

In various embodiments, a method of forming abrasive articles described herein
can include translating a wire through a system that can utilize a plating machine for
depositing the bonding layer material on the wire. The wire can be translated through
the plating machine, wherein the bonding layer material can be deposited on the upper

surface of the elongated body.

The bonding layer can be made of a metal or metal alloy. In certain designs,
the bonding layer can include transition metal elements. Some suitable metals can
include copper, tin, nickel, tungsten, molybdenum, silver, and a combination thereof.
In particular embodiments, the bonding layer can include a metal alloy material that is
more ductile than the underlying layer(s) of the elongated body, thus facilitating

abrasive grain reception and/or retention in the bonding layer.

After forming a bonding layer on the elongated body, the process of forming
the abrasive article can further include embedding abrasive grains within the bonding
layer. The process of embedding abrasive grains within the bonding layer can be

completed such that the abrasive grains are secured to the wire to form a suitable
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abrasive article. Notably, the process of embedding the abrasive grains into the
bonding layer can be a separate step, particularly separated from other processes for

forming the constituent layers (e.g., bonding layer and coating layer).

In accordance with various embodiments, the process of embedding abrasive
grains within the bonding layer can include a pressing process wherein the abrasive
grains are embedded, at least partially, into the bonding layer material while passing
between two or more pressing surfaces. For example, abrasive grains can be passed
between a roller and another rigid form, such as a stationary block, another roller, or
the like and pressed into the bonding layer while the wire passes therethrough. In one
process, a manner for continuously covering the surface of the pressing surfaces in
abrasive grains can be undertaken. In other processes, the abrasive grains may be
injected into the region between the pressing surfaces proximate to the wire of the
abrasive article, such that abrasive grains can be captured between the pressing

surfaces and embedded within the bonding layer.

As illustrated, the abrasive grains can be provided on the surface of at least one
of the pressing surfaces from a bath, which contains a mixture of the abrasive grains
within a liquid carrier. In particular, the liquid carrier can have a chemistry to aid
formation of a proper suspension of the abrasive grains, such that a substantially
uniform coating and particular concentration of abrasive grains are on the pressing
surface, which can aid the formation of an abrasive article having a controlled
distribution and concentration of abrasive grains. It will be appreciated, that certain
orientations between the pressing surfaces and the bath can be utilized for proper
delivery of the liquid carrier and abrasive grains to the region between the pressing

surfaces and attachment to the wire.

The liquid carrier can contain a major component that can be an organic
material such as water or alcohol. In addition, other components may be added in
minor amounts, such as stabilizers, which can also be organic components, for
facilitating the formation of a proper suspension within the bath and on the pressing
surfaces. Certain processes may utilize a liquid carrier including sodium

dodecylsulfate, polyethylene glycol (PEG), and/or isopropanol.

PCT/US2010/045643
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The materials of the abrasive grains can be hard, and thus suitable for use in an
abrasive processing. For example, the abrasive grains can have a Mohs hardness of at
least about 7, such as at least 8, and more typically on the order of at least about 9.
Some suitable materials can include carbides, carbon-based materials (e.g. fullerenes),
nitrides, oxides, borides, and a combination thereof may be employed as the abrasive
grains. In certain instances, the abrasive grains can be superabrasive grains. For
example, diamond (natural or synthetic), cubic boron nitride, and a combination
thereof. In one particular embodiment, the abrasive grains consist essentially of

diamond.

Notably, the size distribution of the average grit size of the abrasive grains can
be modified such that the abrasive grains are selected from a non-Gaussian grit size
distribution. For example, the abrasive grains can be selected from a particularly wide
grit size distribution that extends over a broad, yet precise range of grit sizes. The
range of grit sizes may be selected from between about 1 micron to about 100
microns, such as between 10 microns and about 100 microns, between 15 microns and
100 microns or even between 20 microns and 100 microns. Moreover, the range of
grit sizes may be narrower, such as between about 20 microns and about 95 microns

or even between about 20 microns and about 90 microns.

The wide grit size distribution may be further characterized by the fact that the
distribution comprises a substantially uniform presence of all of the grit sizes across
the range of average grit sizes. For example, the percent variation between any two
grit sizes within the distribution (i.e., the percentage of abrasive grains having one
average grit size as compared to the percentage of abrasive grains having a different
average grit size) can be not greater than about 25%. In other instances, the variation
may be less, such as not greater than about 20%, not greater than about 15%, not
greater than about 12%, not greater than about 10% or even not greater than about
8%. Certain designs may employ a percent variation in the presence of the average
grit size between any two average grit sizes within the distribution of between about
2% and about 25%, such as between about 5% and about 20% or between about 5%

and about 15%.

For some abrasive articles, the selected wide grit size distribution can be

described by a particular percentage of the abrasive grains within the distribution that

-8-
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are present over a range of average grit sizes. The range of grit sizes can be defined
by a range of average grit sizes extending from a discrete lower average grit size value
to a discrete upper average grit size value. Articles herein can utilize a wide grit size
distribution wherein at least 80% of the total number of abrasive grains have an
average grit size contained within a grit size range spanning at least about 25 microns
of average grit sizes. For example, at least 80% of the total number of abrasive grains
can have an average grit size within a range defined by a lower average grit size of 50
microns to an upper average grit size of 75 microns. In other instances, the range of
grit sizes may be broader, such that at least 80% of the total number of abrasive grains
have an average grit size within a grit size range of at least about 30 microns, at least

about 40 microns, at least about 50 microns or even at least about 60 microns.

Some embodiments can employ a greater percentage of the abrasive grains
within the broad range of average grit sizes, for example, at least 85%, at least about
90%, or even at least about 95% of the total number of abrasive grains have an
average grit size spanning a grit size range of at least about 30 microns, at least about
40 microns, or even at least about 50 microns. Still, embodiments herein may have a
wide grit size distribution, wherein at least 95% of the total number of abrasive grains
have an average grit size contained within a range of average grit sizes between about
30 microns and about 80 microns, such as between about 30 microns and about 70

microns, and even between about 30 microns and about 60 microns.

Other types of non-Gaussian distributions for the selection of abrasive grains
may include distributions using at least two different average grit sizes. One such
distribution can be a bimodal grit size distribution. In particular instances, it may be
suitable to select at least one grit size that is significantly larger than another grit size
to improve performance characteristics. As will be appreciated, a greater number of
modes, such as three, four, or more may be employed when forming the selected non-
Gaussian grit size distribution. Still, the formation of a wide grit size distribution may
not necessarily include the selection and combining of two (or more) separate grit
sizes, but the creation of a particular broad, grit size distribution having a uniformity

of representative grit sizes across the full range of the distribution.

Notably, the abrasive articles according to embodiments herein, can utilize a

particularly wide grit size distribution of grains attached to the elongated body. As

-9._
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described herein, the wide grit size distribution of the abrasive grains may not
necessarily be formed by the selection of grains alone, and in particular, can be caused
by the forming process. That is, particulars of the pressing process can be sufficient
to cause fracture and/or breakage of a certain percentage of the abrasive grains and
therein resulting in a wider grit size distribution than afforded by simple sorting

Processes alone.

A particular concentration of abrasive grains on the final-formed abrasive
article may also be used for improved performance characteristics. For example, the
process of forming may be such that the abrasive body has an average abrasive grain
concentration within the bonding layer of at least about 0.02 ct/m. In other instances,
the average abrasive grain concentration can be greater, such as at least about 0.05
ct/m, at least about 0.08 ct/m, at least about 0.10 ct/m, or even at least about 0.20
ct/m. In particular embodiments, the average abrasive grain concentration within the
abrasive article can be within a range between about 0.02 ct/m and about 0.30 ct/m,
such as between about 0.02 ct/m and about 0.28 ct/m, between about 0.10 ct/m and
about 0.28ct/m, between about 0.10 ct/m and about 0.25 ct/m or even between about

0.15 ct/m and about 0.25 ct/m.

For certain articles, the final-formed abrasive article can exhibit a greater
concentration of abrasive grains, such as at least about 20 ct/m. That is, for certain
abrasive article designs, the concentration of abrasive grains can be at least about 22
ct/m at least about 24 ct/m, or even at least about 25 ct/m. In certain exemplary
articles, the concentration of abrasive grains can be within a range between about 20
ct/m and about 30 ct/m, such as between about 22 c¢t/m and about 30 ct/m, and more

particularly, between about 24 ct/m and about 28 ct/m.

After embedding the abrasive grains within the bonding layer, a coating layer
can be formed overlying the bonding layer and a portion of the abrasive grains. The
coating layer can be formed such that it is directly bonded to the upper surface of the
bonding layer and portions of the exposed surfaces of the abrasive grains extending
above the bonding layer. Typically, the abrasive article is formed such that the
coating layer forms a continuous coating over the external surface area of the bonding
layer and portions of abrasive grains. The coating layer can, in some instances,

completely coat some or all of the abrasive grains. In other abrasive articles, the
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coating layer may only partially cover the abrasive grains, such that a portion of the
abrasive grains are exposed and protrude above the external surface of the coating

layer.

The coating layer can be applied via a deposition process. One particularly
suitable deposition process includes an electroplating process, wherein the wire is
translated through an electroplating machine. As such, the coating layer can be made
of a metal material or metal alloy. Certain suitable metals can include transition metal
clements. For example, according to one embodiment, the coating layer comprises
nickel, such that the coating layer can be made essentially of nickel. The use of
nickel-based coating layers can also utilize nickel-based alloy materials. As such,
other metal elements, such as transition metal elements, may be employed within the

nickel-based alloy composition as alloying species.

FIG. 1 includes a cross-sectional illustration of an abrasive article in accordance
with an embodiment. As illustrated, the abrasive article 300 includes an elongated
body 301 as a core article having a circular cross-sectional shape. Surrounding the
clongated body 301 is a bonding layer 303 such that it substantially covers the upper
surface 306 of the elongated body 301.

In accordance with a particular embodiment, the bonding layer 303 can be
formed to have an average thickness of at least about 10 microns. In other cases, the
bonding layer 303 can be more robust, having an average thickness on the order of at
least about 15 microns, at least about 20 microns, or even at least about 25 microns.
For example, the bonding layer 303 can have an average thickness within a range
between about 10 microns and about 50 microns, such as within a range between
about 15 microns and about 50 microns, or even more particularly within a range

between about 20 microns and about 50 microns.

Optionally, the bonding layer 303 can incorporate a filler 309 within the
bonding layer 303. The filler 309 can include an abrasive particulate to improve the
abrasive capabilities and wear characteristics of the bonding layer 303. However, the
abrasive particulate of the filler 309 can be significantly different than the abrasive
grains 307, particularly with regard to size, such that in certain instances the filler 309

can have an average grain size that is substantially less than the average grain size of
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the abrasive grains 307. That is, the abrasive particulate of the filler 309 can have an
average grain size that is at least about 2 times less than the average grit size of the
smallest abrasive grains 307. In fact, the abrasive particulate may have an average
grain size that is even smaller, such as on the order of at least 3 times less, such as at
least about 5 times less, at least about 10 times less, and particularly within a range
between about 2 times and about 10 times less than the average grit size of the

smallest abrasive grains 307.

The abrasive particulate making up the filler 309 within the bonding layer 303
can be made from a material such as carbides, carbon-based materials (e.g.
fullerenes), borides, nitrides, oxides, and a combination thercof. In particular
instances, the abrasive particulate can be a superabrasive material such as diamond,
cubic boron nitride, or a combination thereof. It will be appreciated that the abrasive
particulate of the filler 309 can be the same material as that of the abrasive grains 307.
In other instances, the abrasive particulate of the filler 309 can include a different

material than the material of the abrasive grains 307.

Certain abrasive articles herein may utilize a coating layer 305 overlying the
bonding layer 303 and portions of the abrasive grains 307 and having an average
thickness of not greater than about 15 microns. In other instances, the coating layer
may be thinner, such that the average thickness is not greater than about 10 microns,
such as not greater than about 8 microns, not greater than about 5 microns, and
particularly within a range between about 2 microns and 15 microns, or between
about 1 micron and about 10 microns, or even between about 5 microns and about 10

microns.

As further illustrated in FIG. 1, the coating layer 305 can include an optional
coating filler material 311 contained within the coating layer 305. The coating filler
material 311 may be placed within the coating layer 305 such that substantially all of
the coating filler material 311 is surrounded by the material of the coating layer 305.
Notably, the coating layer filler 311 can include an abrasive particulate having the
same features of the abrasive particulate of the filler material 309 within the bonding
layer 303. In particular embodiments, the abrasive particulate making up the coating
filler material 311 can be the same as the abrasive particulate of the filler material 309

within the bonding layer 303. Still, in other embodiments, the abrasive particulate of
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the coating filler material 311 can be different than the abrasive particulate of the

filler material 309 of the bonding layer 303.

The abrasive articles herein demonstrate particular performance characteristics.
Notably, the abrasive articles herein may be suitable for use in slicing though hard,
crystalline materials, such as single crystal sapphire and the like, especially for single
crystal or polycrystalline materials that may be used in photovoltaic devices. For
example, the abrasive articles herein are capable of cutting through a total of at least
about 200 cm” of sapphire at an average cutting rate of at least 0.8 mm/min. In fact,
certain articles have demonstrated a capability of cutting through a greater amount of
sapphire at the minimum cutting grate of at least 0.8 mm/min, such as at least about
300 cm?, or even at least about 400 cm”. Particular abrasive articles according to
embodiments herein are capable of slicing through between about 200 cm? and about
500 cm?, such as on the order of between about 250 cm? and about 475, or more
particularly between about 300 cm” and about 450 cm” of sapphire at a minimum rate

of 0.8 mm/min over a useable lifetime of the article.

In particular instances, the abrasive articles according to embodiments herein
are capable of achieving faster cutting rates through significant amounts (measured in
cross-section) of single crystal sapphire. For example, in one embodiment, the
abrasive article can cut through a total of at least about 400 cm® of sapphire at an
average cutting rate of at least 0.9 mm/min, such as on the order of at least about 1
mm/min, at least about 1.2 mm/min, at least about 1.3 mm/min, or even at least about
1.4 mm/min. Particular embodiments can have a cutting rate through a total of at least
400 cm® of sapphire of between about 0.8 mm/min and about 1.5 mm/min, such as
between about 0.9 mm/min and about 1.5 mm/min, and even between about 1

mm/min and about 1.4 mm/min.

Moreover, the abrasive articles herein demonstrate improved cutting lifetimes,
especially through hard materials (e.g., sapphire). For example, certain abrasive
articles according to the embodiments demonstrate a cutting lifetime (i.c., use of wire
for actual cutting) of at least about 5 hours through sapphire. Some other abrasive
articles have shown a cutting life of at least about 8 hours, such as at least about 10
hours, at least about 15 hours, at least about 18 hours, or even at least about 20 hours.

Particular embodiments can have a cutting life within a range between about 5 hours
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and 25 hours, such as between about 10 hours and 25 hours, or even between about 15

hours and 25 hours.

FIGs. 4A-4B include magnified images of abrasive articles according to
embodiments herein. Each of FIGs. 4A-4B illustrate portions of abrasive articles
having abrasive grains 403 attached to the surface of a wire via a coating layer 401.
The image of FIG. 2A is an abrasive article produced according to the processes
herein having an average abrasive grain concentration of 0.06 ct/m. The abrasive
article of FIG. 2B was also formed according to the processes described herein, and
has an average abrasive grain concentration of 0.11 ct/m. As can be seen in a
comparison, the average abrasive grain concentration of the abrasive article of FIG.
2B is greater than the average abrasive grain concentration of the abrasive article of

FIG. 2A.
EXAMPLE

The following example provides a comparison between the abrasive article
formed according to embodiments herein and a conventional wire saw formed using a
similar process. A first sample (Sample 1) was formed according to embodiments
herein. The wire material used was standard spring steel piano wire. The wire was
coated over the entire external surface area with a copper bonding layer material
having an average thickness of approximately 40 microns. Abrasive grains were then

embedded into the wire.

The distribution of abrasive grains selected for embedding into the bonding
layer is illustrated in FIG. 3, and an image of a representative sample of the grit sizes
of the selected abrasive grains is provided in FIG. 4. Notably, the abrasive grains
were selected from a wide grit size distribution, wherein all of the abrasive grains
were within the range of average grit sizes between 20 microns to 93 microns,
approximately 90% of the abrasive grains spanned a 50 micron range of grit sizes
between 20 microns and about 70 microns, and the percent variation within the range
of grit sizes was not greater than 10% between the least populated average grit size
(e.g., approximately 90 microns) and the most populated average grit size (e.g.,

approximately 42 microns) within the distribution.

- 14 -
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The abrasive grain coated wire of Sample 1 was then coated with a coating
layer of material via an electroplating process. The coating layer was a nickel-based
alloy having a composition comprising approximately 98% nickel and approximately
2% of other metals species, and other materials. The final-formed abrasive wire had
an average abrasive grain concentration of 0.11 ct/m, a portion of which is illustrated

in FIG. 2B.

A second sample (Sample 2) was formed according to the process noted above
for Sample 1. The final-formed abrasive article of Sample 2 was formed to have an
average abrasive grain concentration of 0.06 ct/m, a portion of which is illustrated in

FIG. 2A.

A conventional wire sawing article (Sample C1) thought to be formed by
rolling the abrasive grains into the wire material was obtained for comparative
purposes. The abrasive grains were analyzed and the distribution of grit sizes of the
abrasive grains is provided in FIG. 5, and an image of a representative sample of the
grit sizes of the selected abrasive grains is provided in FIG. 6. As can be seen from
the chart of FIG. 5 and the image of FIG. 6, the grain size distribution is narrow, the
vast majority of grit sizes spanning a range of grit sizes of about 30 microns with a
standard mean of about 32 microns. The coating layer was made of a nickel-based
alloy material and the abrasive grain concentration was calculated to be 0.01 ct/m. A
magnified image of a portion of the conventional wire saw material is provided in

FIG. 7.

Samples 1 and 2 and the conventional sample, Sample C1, were then tested to
compare certain performance characteristics. Each of the samples were used to slice
through 2 inch (5.08 cm) diameter single crystal sapphire blanks. Each successful
slice through a sapphire blank was recorded as a “Cut” and the duration to slice
through the blank was recorded for each of the samples. Each of the wires were run at
a rate of 8 m/s, under a load of 16 N. Each of the samples were run until the wire
failed, wherein failure occurred through breaking of the wire or a failure to cut

through the sapphire blank.

FIG. 8 provides plots of the performance for each of the samples, wherein plot

1001 corresponds to Sample 1, plot 1002 corresponds to Sample 2, and plot 1003
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corresponds to Sample C1. As illustrated, Samples 1 and 2 demonstrate an improved
ability to slice through a significantly greater total amount of sapphire material than
Sample C1. In fact, Samples 1 and 2 demonstrate a capability of cutting through over
twice as much total sapphire material than Sample C1. Moreover, Samples 1 and 2
demonstrated more rapid cutting of the sapphire material for Cuts 1-7 than the Sample
C1. Overall, Sample 1 was capable of slicing through 426 cm? of sapphire material at
an average rate of 1.13 mm/min. Sample 2 achieved an average rate of 0.85 mm/min

for the same total amount of sapphire material (426 cm®).

The foregoing includes a description of abrasive articles that represent a
departure from the state-of-the-art. The abrasive articles herein are directed to wire
saw abrasive tools incorporating elongated body members having abrasive grains that
are secured to the elongated body via a bonding layer of metal and a coating layer. In
particular, the abrasive articles herein may be suitable for use in wire sawing
applications, particularly for the electronics industry, including slicing or sectioning
of single crystal or polycrystalline materials that may be used in photovoltaic devices.
With regard to this industry, it should be noted that a particular focus is the reduction
of material loss of these expensive advanced materials, reduction of cutting times and
thus costs, as well as a reduction of subsurface damage of such expensive materials.
The embodiments herein incorporate a combination of features that includes select
distributions of abrasive grain grit sizes, certain bonding layer and coating layer
materials and thicknesses, average abrasive grain concentrations, and other features

described herein.

In the foregoing, reference to specific embodiments and the connections of
certain components is illustrative. As such, the above-disclosed subject matter is to be
considered not restrictive, and the appended claims are intended to cover all such
modifications, enhancements, and other embodiments, which fall within the true
scope of the present invention. Thus, to the maximum extent allowed by law, the
scope of the present invention is to be determined by the broadest permissible
interpretation of the following claims and their equivalents, and shall not be restricted

or limited by the foregoing detailed description.

The Abstract of the Disclosure is provided to comply with Patent Law and is

submitted with the understanding that it will not be used to interpret or limit the scope
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or meaning of the claims. In addition, in the foregoing Detailed Description of the
Drawings, various features may be grouped together or described in a single
embodiment for the purpose of streamlining the disclosure. This disclosure is not to
be interpreted as reflecting an intention that the claimed embodiments require more
features than are expressly recited in each claim. Rather, as the following claims
reflect, inventive subject matter may be directed to less than all features of any of the
disclosed embodiments. Thus, the following claims are incorporated into the Detailed
Description of the Drawings, with each claim standing on its own as defining

separately claimed subject matter.
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CLAIMS:

1. An abrasive article comprising:

an elongated body;

a bonding layer overlying a surface of the elongated body;

abrasive grains contained within the bonding layer at an average abrasive grain

concentration within a range between about 0.02 ct/m and about 0.30 ct/m.

2. The abrasive article of claim 1, wherein the abrasive body comprises an
average abrasive grain concentration of abrasive grains within the bonding

layer within a range between about 0.02 ct/m and about 0.28 ct/m.

3. The abrasive article of claim 2, wherein the abrasive body comprises an
average abrasive grain concentration of abrasive grains within the bonding

layer within a range between about 0.10 ct/m and about 0.28 ct/m.

4. The abrasive article of claim 3, wherein the abrasive body comprises an
average abrasive grain concentration within the bonding layer within a range

between about 0.10 ct/m and about 0.25 ct/m.

5. The abrasive article of any one of claims 1 and 2, wherein the abrasive

grains are selected from a non-Gaussian grit size distribution.

6. The abrasive article of any one of claims 1, 2, and 5, wherein the abrasive
grains are selected from a wide grit size distribution comprising abrasive
grains over a range of average grit sizes between about 1 micron to about 100

microns.

7. The abrasive article of claim 6, wherein the wide grit size distribution
comprises abrasive grains over a range of average grit sizes between about 10

microns and about 100 microns.
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8. The abrasive article of claim 7, wherein the wide grit size distribution
comprises abrasive grains over a range of average grit sizes between about 15

microns and about 100 microns.

9. The abrasive article of claim 8, wherein the wide grit size distribution
comprises abrasive grains over a range of average grit sizes between about 20

microns and about 100 microns.

10. The abrasive article of claim 9, wherein the wide grit size distribution
comprises abrasive grains over a range of average grit sizes between about 20

microns and about 95 microns.

11. The abrasive article of claim 10, wherein the wide grit size distribution
comprises abrasive grains over a range of average grit sizes between about 20

microns and about 90 microns.

12. The abrasive article of any one of claims 1, 2, 5, and 6, wherein at least
80% of the total number of abrasive grains have an average grit size contained

within a grit size range of at least about 25 microns.

13. The abrasive article of claim 12, wherein at least 80% of the total number
of abrasive grains have an average grit size contained within a grit size range

of at least about 30 microns.

14. The abrasive article of claim 13, wherein at least 80% of the total number
of abrasive grains have an average grit size contained within a grit size range

of at least about 40 microns.

15. The abrasive article of claim 12, wherein at least 85% of the total number
of abrasive grains have an average grit size contained within a grit size range of at

least about 30 microns.
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16. The abrasive article of claim 15, wherein at least 90% of the total number
of abrasive grains have an average grit size contained within a grit size range

of at least about 30 microns.

17. The abrasive article of claim 16, wherein at least 90% of the total number
of abrasive grains have an average grit size contained within a grit size range

of at least about 40 microns.

18. The abrasive article of claim 12, wherein at least 95% of the total number
of abrasive grains have an average grit size contained within a grit size range

between at least about 30 microns.

19. The abrasive article of claim 18, wherein at least 95% of the total number
of abrasive grains have an average grit size contained within a grit size range

between about 30 microns and about 80 microns.

20. The abrasive article of claim 19, herein at least 95% of the total number of
abrasive grains have an average grit size contained within a grit size range

between about 30 microns and about 70 microns.

21. The abrasive article of claim 20, herein at least 95% of the total number of
abrasive grains have an average grit size contained within a grit size range

between about 30 microns and about 60 microns.

22. The abrasive article of any one of claims 1, 2, 5, 6, and 12, further
comprising a coating layer overlying the bonding layer and portions of the

abrasive grains.

23. The abrasive article of claim 22, wherein the coating layer comprises a

metal.

24. The abrasive article of claim 23, wherein the coating layer comprises a

transition metal element.
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25. The abrasive article of claim 24, wherein the coating layer comprises

nickel.

26. An abrasive article comprising:

an elongated body;

a bonding layer overlying a surface of the elongated body;

abrasive grains contained within the bonding layer, wherein the abrasive
grains are selected from a wide grit size distribution wherein at least 80% of
the total number of abrasive grains have an average grit size contained within
a grit size range of at least about 30 microns over a range of average grit sizes

between about 1 micron to about 100 microns.

27. The abrasive article of claim 26, wherein the wide grit size distribution
comprises abrasive grains over a range of average grit sizes between about 10

microns and about 100 microns.

28. The abrasive article of claim 27, wherein the wide grit size distribution
comprises abrasive grains over a range of average grit sizes between about 20

microns and about 90 microns.

29. The abrasive article of any one of claims 26 and 27, wherein at least 80%
of the total number of abrasive grains have an average grit size contained

within a grit size range of at least about 25 microns.

30. The abrasive article of claim 29, wherein at least 90% of the total number
of abrasive grains have an average grit size contained within a grit size range

of at least about 30 microns.

31. The abrasive article of claim 30, wherein at least 95% of the total number
of abrasive grains have an average grit size contained within a grit size range

between about 30 microns and about 80 microns.

32. The abrasive article of any one of claims 26, 27, and 29, wherein a portion

of the abrasive grains protrude from the upper surface of a coating layer
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overlying the bonding layer and a portion of the abrasive grains, and wherein
the abrasive article comprises an abrasive grain protrusion variance of at least

5% between abrasive grains.

33. The abrasive article of any one of claims 26, 27, 29, and 32, wherein the
abrasive body comprises an average abrasive grain concentration within the

bonding layer within a range between about 0.2 ct/m and about 0.30 ct/m.

34. An abrasive article comprising:

an elongated body;

a bonding layer overlying a surface of the elongated body;

abrasive grains contained within the bonding layer, wherein the abrasive
grains are selected from a wide grit size distribution wherein at least 80% of
the total number of abrasive grains have an average grit size contained within
a grit size range of at least about 30 microns over a range of average grit sizes
between about 1 micron to about 100 microns, and wherein the abrasive grains
are contained within the bonding layer at an average abrasive grain

concentration within a range between about 0.02 ct/m and about 0.30 ct/m.

35. The abrasive article of claim 34, wherein the elongated body comprises a

length extending along a longitudinal axis of at least about 1 km.

36. The abrasive article of claim44, wherein the elongated body comprises a

length of at least about 10 km.

37. The abrasive article of any one of claims 34 and 35, wherein the average

diameter is within a range between about 80 microns and about 400 microns.

38. The abrasive article of any one of claims 34, 35, and 37, wherein the

bonding layer comprises a transition metal.

39. The abrasive article of claim 38, wherein the bonding layer comprises

copper.
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40. The abrasive article of claim 39, wherein the bonding layer comprises a

copper-based metal alloy.

41. The abrasive article of any one of claims 34, 35, 37, and 38, wherein the

surface of the elongated body is essentially covered by the bonding layer.

42. The abrasive article of any one of claims 34, 35, 37, 38, and 41, wherein
the bonding layer comprises an average thickness within a range between

about 10 microns and about 50 microns.

43. The abrasive article of any one of claims 34, 35, 37, 38, 41, and 42,

wherein the bonding layer comprises a filler.

44. The abrasive article of claim 43, wherein the filler comprises an abrasive

particulate.

45. The abrasive article of claim 44, wherein the abrasive particulate
comprises an average grain size substantially less than an average grit size of

the abrasive grains.

46. The abrasive article of any one of claims 34, 35, 37, 38, 41, 42, and 43,
wherein a portion of the abrasive grains are embedded within the bonding

layer.

47. The abrasive article of any one of claims 34, 35, 37, 38, 41, 42, 43, and
46, further comprising a coating layer comprises a metal overlying the

bonding layer and a portion of the abrasive grains.

48. The abrasive article of claim 47, wherein the coating layer comprises an

average thickness of not greater than about 10 microns.

49. The abrasive article of claim 48, wherein the coating layer comprises an
average thickness within a range between about 1 micron and about 10

microns.
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50. The abrasive article of claim 47, wherein the coating layer comprises a

coating filler material.

51. The abrasive article of claim 50, wherein the coating filler material

comprises an abrasive particulate.

52. An abrasive article comprising;:

an elongated body;

a bonding layer overlying a surface of the elongated body; and

abrasive grains contained within the bonding layer, wherein the abrasive
grains are contained within the bonding layer at an average abrasive grain
concentration within a range between about 0.02 ct/m and about 0.30 ct/m, and
wherein the abrasive article is capable of cutting through a total of at least

about 200 cm” of sapphire at an average cutting rate of at least 0.8 mm/min.

53. The abrasive article of claim 52, wherein the abrasive article has at least 5

hours of cutting life.

54. The abrasive article of claim 53, wherein the abrasive article has at least

about 10 hours of cutting life.

55. The abrasive article of any one of claims 52 and 53, wherein the abrasive

article has between about 5 hours and about 25 hours of cutting life.

56. The abrasive article of any one of claims 52, 53, and 55, wherein the
abrasive article is capable of cutting through a total of at least about 300 cm®

of sapphire at an average cutting rate of at least 0.8 mm/min.

57. The abrasive article of claim 56, wherein the abrasive article is capable of
cutting through a total of at least about 400 cm? of sapphire at an average

cutting rate of at least 0.8 mm/min.
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58. The abrasive article of claim 57, wherein the abrasive article is capable of
cutting through a total of at least about 400 cm’ of sapphire at an average

cutting rate of at least 0.9 mm/min.

59. The abrasive article of any one of claims 52, 53, 55, and 56, wherein the
abrasive article is capable of cutting through a total of at least about 400 cm®

of sapphire at an average cutting rate of at least | mm/min.

60. The abrasive article of any one of claims 52, 53, 55, 56, and 59, wherein
the abrasive article is capable of cutting through a total of at least about 400
cm’ of sapphire at an average cutting rate within a range between about 0.8

mm/min and 1.5 mm/min.

61. The abrasive article of any one of claims 52, 53, 55, 56, 59, and 60,

wherein the sapphire is a single crystal of sapphire.

62. The abrasive article of any one of claims 52, 53, 55, 56, 59, 60, and 61,

wherein the elongated body is a wire.

63. A method of cutting sapphire, the method comprising the steps of:
(a) Providing an abrasive article having an elongated body and
abrasive grains affixed to the elongated body;
(b) Providing a sapphire article; and
(c) Using the abrasive article to cut through a total of at least about
200 cm” of the sapphire article at an average cutting rate of at least 0.8

mm/min.

64. The method of claim 63 , wherein the sapphire article is a single crystal of

sapphire.
65. The method of any one of claims 63 and 64, wherein the affixed abrasive

grains are present in an average abrasive grain concentration within a range

between about 0.02 ct/m and about 0.30 ct/m.
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66. The method of any one of claims 63 and 64, wherein the abrasive grains
are selected from a wide grit size distribution wherein at least 80% of the total
number of abrasive grains have an average grit size contained within a grit size
range of at least about 30 microns over a range of average grit sizes between

about 1 micron to about 100 microns.

67. The method of any one of claims 63 and 64, wherein the elongated body

18 a wire.

-26 -



WO 2011/020105 PCT/US2010/045643

145

300

KXY

401




WO 2011/020105 PCT/US2010/045643

R
S N

—

Number of i
Abrasive
Grains )
Measured

g

XY OFF 33 OFE 48 5T 8F B3 B8 F4 G187 33 99 113

Grit Size {(Microns)

FIG. 3



WO 2011/020105 PCT/US2010/045643

e

.

o,
5

Number of
Abrasive
Grains
Measured

e

o

S

; " f : o4 ‘ %R R S NIR 3 . z “\“Mf
a4 200 28 3 385 44 156

Grit Size {(Microns)

I~

SENVENNTU NS |

A LT G S v L e e v TR et s

FIG. 5




WO 2011/020105 PCT/US2010/045643

»

R ST
e
“%\ R \\"\i\ %

RS EREN A
SR ;‘ e

N

e

‘.{s P

N
AN 3
o

3
|5

3 AR

L
R SR

e

3 .
L
SR




PCT/US2010/045643

WO 2011/020105

&8

- 120

fuse} 2wy Buing

- 4

- 38

1002

7y foer o)
f<a] e, “©h
i
;

& i
-

1003 .

1001

e B3

FIG. 8



	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - claims
	Page 21 - claims
	Page 22 - claims
	Page 23 - claims
	Page 24 - claims
	Page 25 - claims
	Page 26 - claims
	Page 27 - claims
	Page 28 - claims
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings

