24-BD-0035 Publication

REUSED ABRASIVE ARTICLES AND METHODS OF REFURBISHING SAME
ABSTRACT

[0001] The following is directed to reused abrasive articles, and in particular, reused abrasive
articles used as precision processing tools and applications and methods of reclaiming the same.

BACKGROUND

[0002] Abrasive articles and applications are widely used in various industries for processing
workpieces, such as by lapping, grinding, sawing, cleaning, and polishing. For electronic
materials like wafers, abrasive articles with high precision performance, such as rough and fine
grinding wheels, are required. These articles often comprise abrasives as layers or segments
{ixed on a preformed base through various methods known in the industry.

[0003] Abrasive articles are often designed for one-time use. As the abrasive segments in the
preformed base are gradually worn out through their use life, the abrasive articles are disposed of
even though the preform remains intact. The disposal of the worn-out abrasive articles can be
contaminating, and replacement can also be costly. Therefore, the industry continues to demand
more sustainable, economical and recyclable solutions for reuse of abrasive tools.

[0004] The present publication discloses a range of abrasive articles with a reused preform and
methods to reclaim the used preforms and form new abrasive articles from the reclaimed
preforms. The methods apply to abrasive articles in general, and in particular, apply to abrasive
articles including grinding wheels for high performance cutting and grinding operations,
including but not limited to back-grinding silicon, alumina titanium carbide, and silicon carbide
wafers.

DESCRIPTION

[0005] The following description in combination with the figures is provided to assist in
understanding the teachings provided herein. The following disclosure will focus on specific
implementations and embodiments of the teachings. This focus is provided to assist in describing
the teachings and should not be interpreted as a limitation on the scope or applicability of the
teachings. However, other teachings can certainly be used in this publication.

[0006] As used herein, the terms “comprises,” “comprising,” “includes,” “including,” "has,”
“having” or any other variation thereof, are intended to cover a non-exclusive inclusion. For
example, a 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
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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).

[0007] Also, the use of “a” or “an” is employed to describe elements and components described
herein. This is done merely for convenience and to give a general sense of the scope of the
invention. This description should be read to include one or at least one and the singular also
includes the plural, or vice versa, unless it is clear that it is meant otherwise. For example, when
a single item is described herein, more than one item may be used in place of a single item.
Similarly, where more than one item is described herein, a single item may be substituted for that
more than one item.

[0008] 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 that certain details regarding specific materials and processing acts are not
described, such details may include conventional approaches, which may be found in reference
books and other sources within the manufacturing arts.

[0009] The following is related to abrasive articles or tools that have a refurbished preform,
methods to reclaim the used preforms, and methods for forming new abrasive articles from the
reclaimed preforms. The abrasive article can include bonded abrasive articles or tools, such as
grinding wheels, grinding discs and hones, having certain compositional structures. Notably, the
abrasive articles described herein may be particularly suited in finishing of sensitive materials
such as wafers used in the electronics industry, which can be made of materials such as silicon
carbide, silicon, and sapphire. In a particular instance, the embodiments herein have shown to be
particularly suitable in silicon carbide grinding as compared to conventional products.

[0010] FIG. 1 includes a process flow for refurbishing an abrasive article by reclaiming
preforms/substrates and forming new abrasive articles using the same. The process can be
initiated at step 101 by providing a used abrasive article that has a substrate, and abrasive
portions attached to the substrate. Since the abrasive article has been used, the abrasive portions
attached to the substrate can be worn at different levels. Any “abrasive article” mentioned below

and before the description of the step 103 is used interchangeably with “used abrasive article.”
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Any “abrasive portions” mentioned below and before the description of the step 103 refers to the

used abrasive portions to be removed from the abrasive article.

Providing a used abrasive article that has a ____» 101
substrate, and abrasive portions attached hereto

\ 4

Removing abrasive portions from the substrate P 102
by various means, e.g. blasting, APS, heating.

A4

Placing and bonding new abrasive portions to ___—» 103
the substrate

y

Planarizing the refurbished abrasive article ¥ 104
(Optional)

FIG. 1 Process for refurbishing an abrasive article

[0011] In an embodiment, the substrate can be a preform. The preform can be made of an
inorganic material including for example, a metal, metal alloy, or a combination thereof. The
metal and metal alloy can include aluminum, steel, bronze, iron, titanium, nickel, tin, or any
combination thereof. Moreover, as will be appreciated, the substrate can have various shapes
including cylindrical, cup-shaped, conical, or a combination thereof.

[0012] In another embodiment, the substrate can have an annular shape with a central aperture.
The substrate can have any suitable diameter for its applicable use. In an embodiment, the
substrate can have a circular shape with a diameter of at least 3 inches, for example at least 4
inches, or at least 5 inches, or at least 6 inches, or at least 7 inches, or at least 8 inches, or at least
9 inches, or at least 10 inches. The diameter of the substrate may be a value between any of the
minimum values noted above and a maximum value suitable for its applicable use.

[0013] According to step 101, the abrasive article may include abrasive portions attached to the
substrate. The abrasive portions can be an abrasive segment attached to the substrate. For
example, the abrasive portions may be affixed to the substrate using an adhesive, using a

fastener, or even bonded (e.g. brazed) or welded to the substrate. The adhesive can be made of
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any material known to the industry as propriate for such applications, including but not limited to
epoxy adhesive.

[0014] As will be appreciated, the abrasive portions may be affixed to a substrate, such as in an
ordered array or pattern to facilitate formation of the abrasive article. The abrasive portions may
be bonded to the substrate in a manner to form a bonded abrasive tool. In particular, the substrate
can have particular regions, such as recesses designed to contain a part of the abrasive portions
and aid fixation or the abrasive portions therein.

[0015] As illustrated in FIG 2. the abrasive article 203 has a substrate 202 in the shape of a wheel
where each abrasive portion 201 is affixed to one recess on the surface of the substrate 202 and
circumferentially spaced apart from each other at equal intervals around the substrate 202. In an
alternative embodiment, the abrasive portions can be spaced apart from each other at inequal
intervals around the substrate, or in any regular or irregular array or pattern. In a further
embodiment, the abrasive portions can be spaced without intervals around the substrate, forming

a rim or a continuous line.

201

202

203

FIG. 2 An abrasive article with abrasive portions attached to its substrate and spaced at
equal intervals around the substrate

[0016] The abrasive portions of the abrasive article can comprise abrasive grains contained in a
bond material. According to one embodiment, the abrasive portions can comprise a bonding
material, abrasive grains, a plurality of pores, and optionally filler.
[0017] In one embodiment, abrasive grains can comprise material with Morh hardness of at least
7, or at least 7.5, or at least 8, or at least 8.5 or at least 9, or at least 9.5 or at least 10.
[0018] The abrasive grains can include inorganic materials, such as oxides, carbides, borides,

nitrides, and a combination thereof. For example, silicon carbide, ceramics, aluminum oxide,
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titanium diboride, titanium nitride, tungsten carbide, titanium carbide, aluminum nitride, garnet,
fused alumina-zirconia, sol-gel derived abrasive particles, cerium oxide, zirconium oxide,
titanium oxide, and combinations thereof. In particular aspects, the alumina material of the
abrasive grains can be white fused alumina, pink fused alumina, or brown fused alumina.

[0019] Still, in other instances, the abrasive grains can include a superabrasive material. Suitable
superabrasive materials can include diamond, cubic boron nitride, and a combination thereof.
Certain abrasive portions may be formed with abrasive grains selected primarily from diamond.
[0020] In still another embodiment, the abrasive portions may include a particular content of
abrasive grains that may facilitate improved manufacturing and/or performance of the abrasive
article. For example, the body may include a content of abrasive grains of at least 10 wt% based
on the total weight of the abrasive portion, such as at least 15 wt% or at least 20 wt% or at least
25 wt% or at least 30 wt% or at least 35 wt% or at least 40 wt% or at least 45 wt% or at least 50
wt% or at least 55 wt% or at least 60 wt% or at least 65 wt% or at least 70 wt% or at least 75
wt% or at least 80 wt% or at least 85 wt% or at least 90 wt%. In a particular embodiment, the
body may include a content of abrasive grains of not greater than 95 wt% based on the total
weight of the abrasive portion or not greater than 93 wt%, or not greater than 90 wt% or not
greater than 85 wt% or not greater than 80 wt% or not greater than 75 wt% or not greater than 70
wt% or not greater than 65 wt% or not greater than 60 wt% or not greater than 55 wt% or not
greater than 50 wt%. The content of abrasive grains in the abrasive portion may be a value
between any of the minimum and maximum values noted above, including for example, but not
limited to within a range of at least 10 wt% to not greater than 95 wt% such as within a range
from at least 30 wt% to not greater than 90 wt%.

[0021] In still another embodiment, the abrasive grains can have an average particle size (D50)
that may facilitate improved manufacturing and/or performance of the abrasive article. For
example, the abrasive grains can have an average particle size (D50) of at least 0.01 microns,
such as at least 0.05 microns or at least 0.1 microns or at least 0.2 microns or at least 0.3 microns
or at least 0.4 microns. In a particular embodiment, the abrasive grains can have an average
particle size (D50) of not greater than 500 microns such as not greater than 400 microns or not
greater than 300 microns or not greater than 200 microns or not greater than 100 microns or not
greater than 75 microns or not greater than 50 microns or not greater than 25 microns or not

greater than 15 microns or not greater than 10 microns or not greater than 5 microns or not
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greater than 3 microns or not greater than 1 micron. The average particle size (D50) of the
abrasive grains may be a value between any of the minimum and maximum values noted above,
including for example, but not limited to within a range of at least 0.01 microns to not greater
than 500 microns such as within a range from at least 1 micron to not greater than 100 microns.
[0022] The bond material in the abrasive portions can include an inorganic material. In a
particular embodiment, the inorganic material can include at least one of a polycrystalline
material or an amorphous material. In still other embodiments, the bond material can include an
amorphous phase. In still another embodiment, the bond material can consist essentially of an
amorphous phase. In a particular embodiment, the inorganic material can include at least one of a
metal oxide or a non-metal oxide. In a particular embodiment, the bond material may include a
metal or metal alloy. In still another embodiment, the bond material can include at least one
transition metal element. In still another embodiment, the bond material can include at least one
metal selected from the group consisting of copper, tin, silver, tungsten, iron, titanium, nickel,
chrome, bronze or any combination thereof. In a particular embodiment, the bond material can
include a combination of nickel, tin and copper. In an embodiment, the bond material can consist
essentially of nickel, tin and copper.

[0023] In another embodiment, the bond material may comprise an organic material. In some
instances, the organic material may include a resin bond material, for example, polyimide,
epoxy, urethane, phenolic resin or polyamide resin.

[0024] In a further embodiment, the bond material may comprise a vitreous material. In one
embodiment, the vitrified bonds may comprise natural and synthetic minerals, metal oxides, and
non-metal oxides. Non-limiting examples of vitreous material can be glass materials including
Si02 as a majority oxide compound and two or more further oxides, for example, A1203, Li20,
Na20, B203, K20, BaO, CoO, Fe203, MnO:2 or any combination thereof. In some instances, the
vitreous material can include borosilicate and alumina silicate.

[0025] In another embodiment, the bonding material may comprise one or more bonding material
including vitreous material, resin material, metal material, or any combination thereof.

[0026] After obtaining a used abrasive article that has a substrate and abrasive portions attached
hereto, the process can continue at step 102 by removing the abrasive portions from the
substrate. In one embodiment, the removing process in step 102 further comprises applying a

mask to the substrate before blasting so that only abrasive portions are exposed. Step 102 is
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followed by Step 103, placing and bonding new abrasive portions to the substrate. The
substrate’s appearance may remain unchanged after refurbishment due to the protection of the
mask. FIG. 3 illustrates steps 101, 102 and 103 of refurbishing an abrasive article including the

use of a mask as described above.

Bond new
segments

Metal preform

(with segments) \, Preform

V£ secured

Fig 3. Refurbishing Process with Mask on the Substrate.
[0027] In one embodiment, the mask comprises metal or meal oxide, including but not limited to
aluminum oxide, aluminum, steel, bronze, iron, titanium, nickel, tin, or any combination thereof
or an alloy of any combination thereof.
[0028] The mask can have any suitable thickness for its applicable use, preferably, the mask can
have a thickness that would vertically expose the worn segments. In an embodiment, the mask
has a thickness of at least 0.1mm, or at least 0.2mm, or at least 0.3mm, or at least 0.4mm, or at
least 0.5mm. In an embodiment, the mask has a thickness of not greater than 2mm, or not greater
than 1.75mm, or not greater than 1.50mm, or not greater than 1.25mm, or not greater than
1.00mm, or not greater than 0.75mm, or not greater than 0.50mm. The thickness of the mask
may be a value between any of the minimum and maximum value noted above.
[0029] It will be appreciated that at least a portion of at least one abrasive portion is removed by
impinging blasting media on the abrasive portions. The removing process can also include
removing at least a portion of at least one abrasive portion by plasma cleaning technology,
including but is not limited to atmospheric plasma spray (APS). In further embodiments, the
removing process may include physical or chemical separation means known in the industry,
including but not limited to using solvent, heating, stripping, or anodizing.
[0030] In an embodiment, the removing process in step 102 may include standard abrasive
blasting, such as sandblasting. According to one embodiment, this removing process may include
using a blasting material, such as glass bead, garnet, steel shot walnut shell, baking soda, coal
slag, crushed glass, brown aluminum oxide, steel shot, stainless steel grit, copper slag, pumice,

or any combination thereof.
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[0031] In an embodiment, the blasting media may include sponge media. According to one
embodiment, the sponge media blasting comprises a mild blasting sponge media, an aggressive
blasting sponge media, or a combination thereof. The blasting sponge media may include
abrasives and a sponge material. The abrasives include but are not limited to white plastics,
white glass bead, calcium carbonate aluminum oxide, or any combination thereof.

[0032] According to one embodiment, the sponge media is put in a blaster and blasted to the
substrate to remove the abrasive portion. The sponge media is then vacuumed to the recycler for
recycling. Steps in this embodiment are included in FIG. 4. In another embodiment, the sponge
media has a recycling rate of at least 90%, or at least 91%, or at least 92%, or at least 93%, or at
least 94%, or at least 95%, or at least 96%, or at least 97%, or at least 98%, or at least 99%, The
recycling rate of the sponge media may be a value between any of the minimum and maximum

values noted above.

Sponge Media |—| Blaster —| Substrate
AN v
Waste <«—| Recycler Vacuum

FIG 4: The process of Sponge Media Blasting and Recycling
[0033] According to one embodiment, the sponge media comprises abrasives including plastics.
The plastics can comprise thermoplastic materials. The plastics can also comprise thermoset
materials, including but not limited to crushed urea, polyester or acrylic. In another embodiment,
the sponge media comprises abrasives including white plastics, such as urea formaldehyde. The
abrasives in the sponge media may comprise urea plastic (Type II).
[0034] According to one embodiment, the sponge media may comprise a sponge material made
of polyurethane. In a further embodiment, the sponge material is a close-cell polyurethane. In
another embodiment, the sponge is an open-cell polyurethane.
[0035] In an embodiment, the blasting media can comprise composite particulates including a
first phase having a Mohs hardness of at least 5 and a second phase having a Mohs hardness less
than the first phase. For example, composite particulates include a first phase having a Mohs
hardness of at least 5, at least 5.5, at least 6.0, at least 6.5, at least 7, at least 7.5, at least 8.0, at
least 8.5, at least 9.0, at least 9.5. The particulates of the first phase may include inorganic

materials. The particulates of the second phase may include polymeric material.



24-BD-0035 Publication

[0036] According to one embodiment, the blasting media can comprise abrasives with a grit size
of at least 70, or at least 80, or at least 90, or at least 100, or at least 120, or at least 150, or at
least 180, or at least 220, or at least 240, at least 280, or at least 320, or at least 360, or at least
400, or at least 500, or at least 600, or at least 700, or at least 800, or at least 900, or at least
1000, or at least 1200. The abrasives has a grit size of not greater than 1200, or not greater than
1000, or not greater than 900, or not greater than 800, not greater than 700, or not greater than
600, or not greater than 500, or not greater than 400, or not greater than 360, or not greater than
3200, or not greater than 280, or not greater than 240, or not greater than 220, or not greater than
180, or not greater than 150, or not greater than 120, or not greater than 100, or not greater than
90, or not greater than 80, or not greater than 70. The grit size of the abrasive may be a value
between any of the minimum and maximum values noted above.

[0037] When removing the abrasive portions by blasting, the blaster can be adjusted for the best
performance according to the types and materials of blasting media and substrate for blasting.
The blasting media can have any suitable media feed pressure adjusted for its applicable use.
According to one embodiment, the blasting media can have a media feed pressure of at least 15
PSI. In particular embodiments, the media feed pressure may be at least 20 PSI, or at least 25
PSI, or at least 30 PSI, or at least 35 PSI, or at least 40 PSI, or at least 45 PSI, or at least 50 PSI, ,
or at least 60 PSI, or at least 70 PSI, or at least or at least 80 PSI, or at least 90 PSI, or at least
100 PSI. According to another embodiment, the media feed pressure of not greater than 500 PSI,
or not greater than 400 PSI, or not greater than 300 PSI, or not greater than 200 PSI, or not
greater than 150 PSI, or not greater than 140 PSI, or not greater than 130 PSI, or not greater than
120 PSI, or not greater than 110 PSI, or not greater than 100PSI, or not greater than 90 PSI, or
not greater than 80 PSI, or not greater than 70 PSI, or not greater than 60 PSI, or not greater than
50 PSI, or not greater than 40 PSI, or not greater than 30 PSI, or not greater than 20 PSI. The
media feed pressure may be a value between any of the minimum and maximum values noted
above.

[0038] According to one embodiment, the diameter size of a blasting nozzle used in the blasting
process may be adjusted for improved blasting performance. The blasting nozzle can have any
diameter size for its applicable use. For example, the blasting nozzle comprises a diameter of at
least 3mm, or at least 4mm, or at least Smm, or at least 6mm, or at least 7mm, or at least 8mm, or

at least 9mm, or at least 10mm, or at least 1 1mm, or at least 12mm, or at least 13mm, or at least
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14mm, or at least 15mm, or at least 16mm, or at least 17mm, or at least 18mm, or at least 19mm,
or at least 20mm. According to another embodiment, the blasting nozzle has a diameter of not
greater than 20mm, or not greater than 19mm, or not greater than 18mm, or not greater than
17mm, or not greater than 16mm, or not greater than 15mm, or not greater than 14mm, or not
greater than 13mm,or not greater than 12mm, not greater than 11mm, or not greater than 10mm,
or not greater than 9mm, or not greater than 8mm, or not greater than 7mm, or not greater than
6mm, or not greater than Smm, or not greater than 4 mm, or not greater than 3 mm. The diameter
of the nozzle may be a value between any of the minimum and maximum values noted above.
[0039] The blasting pressure may also be adjusted for improved blasting performance. The
blasting pressure can be of any value suitable for its applicable use. According to one
embodiment, the blasting may be conducted with a blasting pressure of at least 30 PSI, or at least
40 PSI, or at least 50 PSI, or at least 60 PSI, or at least 70 PSI, or at least 80 PSI, or at least 90
PSI, or at least 100 PSI. According to a further embodiment, the method to remove abrasive
segment may comprise blasting with a blasting pressure of not greater than 500 PSI, or not
greater than 400 PSI, or not greater than 300 PSI, or not greater than 200 PSI, or not greater than
150 PSI, or not greater than 140 PSI, or not greater than 130 PSI, or not greater than 120 PSI, or
not greater than 110 PSI, or not greater than 100 PSI, or not greater than 90 PSI, or not greater
than 80 PSI, or not greater than 70 PSI, or not greater than 60 PSI, or not greater than 50 PSI, or
not greater than 40 PSI, or not greater than 30 PSI. The blasting pressure may be a value between
any of the minimum and maximum values noted above.

[0040] The blasting may be conducted with specific blasting angle for better performance. The
blasting angle is defined as the acute angle between the blasting stream and the surface of the
substrate. The blasting angle may be of any value suitable for its applicable use. According to
one embodiment, the blasting may be conducted with a blasting angle of at least 1 degree, or at
least 10 degrees, or at least 20 degrees, or at least 30 degrees, or at least 40 degrees, or at least 50
degrees, or at least 60 degrees, or at least 70 degrees, or at least 80 degrees, or at least 90
degrees. According another embodiment, the method to remove abrasive segment may comprise
blasting with a blasting angle of not greater than 90 degrees, or not greater than 80 degrees, or
not greater than 70 degrees, or not greater than 60 degrees, or not greater than 50 degrees , or not

greater than 40 degrees, or not greater than 30 degrees, or not greater than 20 degrees, or not
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greater than 10 degrees, or not greater than 1 degree. The blasting angle may be a value between
any of the minimum and maximum values noted above.

[0041] The flow rate of blasting media may be adjusted for improved blasting performance. The
flow rate of blasting media can be of any value that is suitable for its applicable use. According
to one embodiment, the flow rate of blasting media can be at least 30 cfim (cubic feet per
minute), or at least 50 cfm, or at least 100 cfm , or at least 150 cfm, or at least 200 cfm, or at
least 250 cfm, or at least 300 cfm, or at least 350 cfm, or at least 400 cfm, or at least 450 cfm, or
at least 500 cfm, or at least 550 cfm, or at least 600 cfm, or at least 650 cfm, or at least 700 cfm,
or at least 750 cfm, or at least 800 cfm, or at least 850 cfm, or at least 900 cfm, or at least 950
cfm, or at least 1000 cfm, or at least 1050 cfm, or at least 1100 cfm, or at least 1150 cfm, or at
least 1200 cfm. In one embodiment, the blasting media can have a flow rate of no greater than
1200 cfm, or no greater than 1150 cfm or no greater than 1100 cfm or no greater than 1050 cfm
or no greater than 1000 cfm or no greater than 950 cfm or no greater than 900 cfm or no greater
than 850 cfim or no greater than 800 cfm or no greater than 750 cfm or no greater than 700 cfm
or no greater than 650 cfm or no greater than 600 cfm or no greater than 550 cfm or no greater
than 500 cfm, or no greater than 450 cfm, or no greater than 400 cfm, or no greater than 350 cfm,
or no greater than 300 cfm, or no greater than 250 cfm, or no greater than 200 cfm, or no greater
than 150 cfim, or no greater than 100 cfm, or no greater than 50 cfm, or no greater than 30 cfm.
The flow rate may be a value between any of the minimum and maximum values noted above.
[0042] Abrasive portions in the substrate can be removed at any rate according to the conditions
of the abrasive portions and the substrate for the best performance. In one embodiment, abrasive
portions in the substrate are removed at a rate of at least one abrasive portion per 10 seconds, or
at least one abrasive portion per 9 seconds, or at least one abrasive portion per 8 seconds, or at
least one abrasive portion per 7 seconds, or at least one abrasive portion per 6 seconds, or at least
one abrasive portion per 5 seconds, or at least one abrasive portion per 4 seconds, or at least one
abrasive portion per 3 seconds, or at least one abrasive portion per 2 seconds, or at least one
abrasive portion per 1 second.

[0043] The substrate can be rotating at any speed that is suitable for the removing process. In one
embodiment, the substrate can be rotating at a speed of at least 1 rpm during blasting, or at a

speed of at least 2 rpm, or at a speed of at least 3 rpm, or at a speed of at least 4 rpm, or at a
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speed of at least 5 rpm, or at a speed of at least 6 rpm, or at a speed of at least 7 rpm, or at a
speed of at least 8 rpm.

[0044] The blasting process may change the bottom surface profile at the recesses where the
abrasive portions were bonded to the substrate. Bottom surface profile is defined as the
measurement of the maximum peak-to-valley depth of the bottom surface of the recesses. After
blasting, the recesses can have bottom surface essentially flat, curved, or of a dome shape.
According to one embodiment, the recesses in the substrate before the removing process have a
bottom surface profile of at least 0.1um, or at least 0.5 um, or at least 1 um, or at least 2 um, or at
least 3 um, or at least 4 um, or at least 5 um, or at least 6 um, or at least 7 um, or at least 8 um, or
at least 9 um, or at least 10 um. According to another embodiment, the recesses in the substrate
before the removing process have a bottom surface profile of not greater than 10um, or not
greater than 9 um, or not greater than 8§ um, or not greater than 7 um, or not greater than 6 um, or
not greater than 5 um, or not greater than 4 um, or not greater than 3 um, or not greater than 2
um, or not greater than 1 um, or not greater than 0.5 um, or not greater than 0.1 um. The bottom
surface profile of the recesses before the removing process may be a value between any of the
minimum and maximum values noted above.

[0045] According to another embodiment, the recesses in the substrate after the removing
process, can have a bottom surface profile of not greater than 200um, or not greater than 190um,
or not greater than 180um, or not greater than 170 um, or not greater than 160um, or not greater
than 150um, or not greater than 140um, or not greater than 130um, or not greater than 120um, or
not greater than 110um, more preferably, not greater than 100um, or not greater than 90um, or
not greater than 80um, or not greater than 70um, or not greater than 60um, or not greater than
50um, most preferably, not greater than 40um, or not greater than 30um, or not greater than
20um. According to an embodiment, the recesses in the substrate after the removing process,
have a bottom surface profile of at least 1 um, or at least 2 um, or at least 3 um, or at least 4 um,
or at least 5 um, or at least 6 um, or at least 7 um, or at least 8 um, or at least 9 um, or at least 10
um, or at least 15 um, or at least 20 um, or at least 25 um, or at least 30 um, or at least 35 um, or
at least 40 um, or at least 45 um, or at least 50 um, or at least 55 um, or at least 55 um, or at least
60 um, or at least 65 um, or at least 70 um, or at least 75 um, or at least 80 um, or at least 90 um,
or at least 100 um The bottom surface profile of the recesses after the removing process may be

a value between any of the minimum and maximum values noted above.
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[0046] According to one embodiment, the recesses in the substrate before the removing process
can have a surface average roughness (or Ra, defined as the average of profile height deviations
from the mean line) of not greater than 3 um, or not greater than 2.5 um, or not greater than 2
um, or not greater than 1 um, or not greater than 0.9 um, or not greater than 0.8 um, or not
greater than 0.7 um, or not greater than 0.6 um, or not greater than 0.5 um, or not greater than 0.4
um, or not greater than 0.3 um, or not greater than 0.2 um, or not greater than 0.1 um. The
recesses in the substrate after the removing process can have a surface average roughness of at
least 0.1 um, or at least 0.2 um, or at least 0.3 um, or at least 0.4 um, or at least 0.5 um, or at least
0.6 um, or at least 0.7 um, or at least 0.8 um, or at least 0.9 um. The recesses in the substrate
before the abrasive portions are removed can have a surface average roughness of a value
between any of the minimum and maximum values noted above.

[0047] According to another embodiment, the recesses in the substrate after the removing
process can have a surface average roughness of not greater than 5 um, or not greater than 4.5
um, or not greater than 4 um, or not greater than 3.5 um, or not greater than 3 um, or not greater
than 2.5 um, or not greater than 2.0 um. The recesses in the substrate after the removing process
can have a surface average roughness of at least 2 um, or at least 2.5 um, or at least 3 um, or at
least 3.5 um, or at least 4 um, or at least 4.5 um. The recesses in the substrate after the abrasive
portions are removed can have a surface average roughness of a value between any of the
minimum and maximum values noted above.

[0048] According to one embodiment, the recesses in the substrate before the removing process
can have a mean roughness depth (or Rz, the average maximum peak-to-valley depths within the
evaluation length). The mean roughness depth can be of not greater than 15 um, or not greater
than 14 um, or not greater than 13 um, or not greater than 12 um, or not greater than 11 um, or
not greater than 10 um. In one embodiment, the recesses in the substrate before the removing
process can have a roughness depth of at least 1 um, or at least 2 um, or at least 3 um, or at least
4 um, or at least 5 um, or at least 6 um, or at least 7 um or at least 8 um, or at least 9um, a
roughness depth of at least 10 um. The recesses in the substrate before the removing process may
comprise a roughness depth of a value between any of the minimum or maximum values noted
above.

[0049] According to one embodiment, the recesses in the substrate after the removing process can

have a roughness depth of not greater than 40 um, or not greater than 35 um, or not greater than
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30um, or not greater than 25um, or not greater than 20um, or not greater than 18um, or not
greater than 16um. In one embodiment, the recesses in the substrate after the removing process
can have a roughness depth of at least 13um, or at least 15 um, or at least 17 um, or at least um,
or at least 19 um, or at least 21um, or at least 23 um, or at least 25 um. The recesses after the
removing process can have a roughness depth of a value between any of the minimum or
maximum values noted above.

[0050] According to an embodiment, the recesses can have a depth of at least 0.50 mm, or at least
0.75mm, or at 1.00 least mm, or at least 1.25mm, or at least 1.50mm, or at least 1.75mm, or at
least 2.00mm, or at least 2.25mm, or at least 2.50mm, or at least 2.75mm, or at least 3.00mm
According to another embodiment, the recesses can haves a depth of not greater than 4.00 mm,
or not greater than 3.75mm, or not greater than 3.50mm, or not greater than 3.25mm, or not
greater than 3.00mm, or not greater than 2.75 mm, or not greater than 2.50 mm, or not greater
than 2.25 mm, or not greater than 2.00 mm. The depth of the recesses may comprise a value
between any of the minimum or maximum values noted above.

[0051] The process can continue at step 103 by bonding new abrasive portions to the recesses of
the substrate. The new abrasive portions can comprise the same material as or different material
from the removed abrasive portions. For example, the new abrasive portions may comprise the
same bonding materials or different bonding materials from the removed abrasive portions. All
prior disclosure related to the chemical and structural composition of the removed abrasive
portions also apply to the new abrasive portions.

[0052] In one embodiment, the new abrasive portions can be bonded the same or differently than
the removed abrasive portions. The new abrasive portions can be bonded to the substrate by an
adhesive, using a fastener, or even bonded (e.g. brazed) or welded to the substrate. The adhesive
can be made of any material known to the industry as propriate for such applications, including
but not limited to epoxy adhesive.

[0053] The process can further comprise an optional step 104 of planarizing the substrate after the
new abrasive portions are bonded to the substrate so that the abrasive portions are all at the same
height. The method of planarization may comprise any mechanical or chemical means known in
the art. One or more methods of planarization may be used according to the wheel type, bonding
material, and precision requirements. According to one embodiment, diamond tools may be used

for planarizing, including but not limited to diamond roll or single point dressing tools.
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According to another embodiment, planarization tools may include a companion wheel, or a fine
grit wheel.

[0054] According to another embodiment, chemical solutions may be applied to etch or dissolve
portions of bonding material for planarizing the substrate with new abrasive portions. Chemical
solutions may include hydrofluoric acid, sulfuric acid, phosphoric acid, alkali metal hydroxide,
acetone, methanol, isopropyl alcohol, hydrogen peroxide, EDTA, polyvinyl alcohol, or any
combination thereof.

[0055] The refurbished abrasive article may have a planarity tolerance (maximum allowable
deviation from the flatness across the surface) suitable for its applicable use. According to one
embodiment, the refurbished abrasive article may have a planarity tolerance of not greater than
10 um, or not greater than 9 um, or not greater than 8 um, or not greater than 7 um, or not greater
than 6 um, or not greater than 5 um, or not greater than 4 um, or not greater than 3 um, or not
greater than 2 um, or not greater than 1 um. According to another embodiment, the refurbished
abrasive article may have a planarity tolerance of at least 0.1 um, or at least 0.2 um, or at least
um, or at least 0.4 um, or at least 0.6 um, or at least 0.8 um, or at least lum, or at least 1.5 um, or
at least 2 um, or at least 2.5 um, or at least 3 um, or at least 3.5 um, or at least 4 um, or at least
4.5 um, or at least 5 um. The refurbished abrasive article can have a planarity tolerance of a
value between any of the minimum or maximum values noted above.

[0056] The method may reduce the planarity tolerance of the refurbished abrasive article by at
least 5%, or at least 10%, or at least 20%, or at least 30%, or at least 40%, or at least 50%, or at
least 60%, or at least 70%, or at 80% least, or at least 90%, or at least 95%, or at least 99%, or at
least 99.5%, at least 99.9%.

EXAMPLES

Example 1

[0057] Obtain a fixed-abrasive vertical spindle (FAVs) grinding wheel with abrasive segments
partially or fully worn out on a metal preform. Place and secure a mask on the metal preform
such that only the abrasive segments are exposed. Use standard abrasive blasting with silicon
carbide (grit size:120) available as Microgrit SIC 120 available from Micro Abrasives
Corporation as the blasting media until the abrasive segments have been fully removed from the

recesses of the metal preform of the vertical spindle grinding wheel. After blasting, remove the
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mask and expose the refurbished abrasive preform. Place and bond new abrasive segments to the
recesses of the refurbished metal preform.

Example 2

[0058] Obtain a fixed-abrasive vertical spindle grinding wheel with abrasive segments partially or
fully worn out on a metal preform. Place and secure a mask on the grinding wheel such that only
the abrasive portions are exposed. Use atmospheric plasma spray such as SinplexPro™ 03C
Cascading Arc available from Oerlikon Metco (US) Inc. until the abrasive segments have been
fully removed from the recesses of the metal preform of the vertical spindle grinding wheel.
After spraying, remove the mask and expose the refurbished abrasive preform. Place and bond
new abrasive portions to the recesses of the refurbished metal preform.

Example 3

[0059] Obtain a fixed-abrasive vertical spindle grinding wheel with abrasive segments partially or
fully worn out on a metal preform. Place and secure a mask on the grinding wheel such that only
the abrasive portions are exposed. Use Sponge media blasting with white plastics such as White
Plastic Sponge Media™ available from Sponge-jet Inc. until the abrasive segments have been
fully removed from the recesses of the metal preform of the vertical spindle grinding wheel.
After blasting, remove the mask and expose the refurbished abrasive preform. Place and bond
new abrasive portions to the recesses of the refurbished metal preform.

Example 4

[0060] Obtain a fixed-abrasive vertical spindle grinding wheel with abrasive segments partially or
fully worn out on a metal preform. Place and secure a mask on the grinding wheel such that only
the abrasive portions are exposed. Use sponge media blasting with S320 grit such as Silver 320
Sponge Media™ available from Sponge-jet Inc. until the abrasive segments have been fully
removed from the recesses of the metal preform of the vertical spindle grinding wheel. After
blasting, remove the mask and expose the refurbished abrasive preform. Place and bond new
abrasive portions to the recesses of the refurbished metal preform.

Example 5

[0061] Obtain a fixed-abrasive vertical spindle grinding wheel with abrasive segments partially or
fully worn out on a metal preform. Optionally place and secure a mask on the grinding wheel
such that only the abrasive portions are exposed. Heat the abrasive portions evenly until the

abrasives start to detach from the metal reform. Heating temperature and duration may be
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adjusted according to adhesives used to bond abrasive segments to the preform. Fully remove the
abrasive segments from the recesses of the metal preform of the vertical spindle grinding wheel.
Remove the mask and expose the refurbished abrasive preform. Place and bond new abrasive
portions to the recesses of the refurbished metal preform.

Example 6

[0062] Obtain a fixed-abrasive vertical spindle grinding wheel with abrasive segments partially or
fully worn out on a metal preform. Optionally place and secure a mask on the grinding wheel
such that only the abrasive portions are exposed. Apply solvents such as EMPLURA® Acetone
available from Merck KGaA, Darmstadt, Germany to the abrasive portions evenly until the
abrasives start to detach from the metal reform. The amount, type and concentration of the
solvents may be adjusted according to adhesives used to bond abrasive segments to the preform.
Fully remove the abrasive segments from the recesses of the metal preform of the vertical
spindle grinding wheel. Remove the mask and expose the refurbished abrasive preform. Place

and bond new abrasive portions to the recesses of the refurbished metal preform.

Keywords: abrasives, grinding wheel, high performance abrasives, wafer back-grinding, blasting,

sponge media blasting, recycling and reclaiming, metal preform, substrate.
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