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ABSTRACT

A method of polishing a workpiece can include placing a
workpiece on a Support structure. In an embodiment, the
method can also include contacting the workpiece with an
abrasive segment. The abrasive segment can include a plural
ity of abrasive aggregates that include silicon carbide par
ticles bound together in a binder material. Additionally, the
method can include moving the abrasive segment and the
workpiece relative to each other.
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METHOD OF POLISHING AWORKPIECE
WITH AN ABRASIVE SEGMENT
COMPRISINGABRASIVE AGGREGATES
HAVING SILICON CARBIDE PARTICLES
PRIORITY CLAIMAND CROSS-REFERENCE
TO RELATED APPLICATION

0001. This application claims priority to U.S. Provisional
Patent Application No. 61/503,463 filed on Jun. 30, 2011, and
entitled “A Method of Polishing a Workpiece with an Abra
sive Segment Comprising Silicon Carbide Abrasive Aggre
gates, and naming Guan Wang et al. as inventors, which is
incorporated by reference herein in its entirety. This applica
tion also claims priority to U.S. Provisional Application No.
61/529,059 filed on Aug. 30, 2011, and entitled “A Method of
Polishing a Workpiece with an Abrasive Segment Comprising
Silicon Carbide Abrasive Aggregates, and naming Guan
Wang et al. as inventors, which is also incorporated by refer
ence herein in its entirety.
BACKGROUND

0002 1. Field of the Disclosure
0003. This disclosure, in general, relates to polishing a
workpiece. More particularly, the disclosure relates to polish
ing a workpiece with an abrasive segment that includes abra
sive aggregates having silicon carbide particles.
0004 2. Description of the Related Art
0005. Abrasive articles, such as coated abrasives and
bonded abrasives, are used in various industries to machine

workpieces, such as by, grinding, or polishing. Machining
utilizing abrasive articles spans a wide industrial scope from
optics industries, automotive paint repair industries, to metal
fabrication industries. In each of these examples, manufac
turing facilities use abrasives to remove bulk material or
affect Surface characteristics of products.
0006 For example, abrasive articles, such as abrasive seg
ments may be used when polishing or finishing certain vari
ous types of workpieces, including, for example, metal,
wood, or stone. In particular instances, abrasive segments
containing abrasive grit contained within a binder material
may be used to effectively finish stone. However, the industry
continues to demand improvements in abrasive technologies.
SUMMARY

0007. In one aspect, the disclosure is directed to a method
of polishing a workpiece. The method can include placing a
workpiece on a Support structure. In an embodiment, the
method can also include contacting the workpiece with an
abrasive segment. The abrasive segment can include a plural
ity of abrasive aggregates that include silicon carbide par
ticles bound together in a binder material. Additionally, the
method can include moving the abrasive segment and the
workpiece relative to each other.
0008. The above and other features described herein
including various details of construction and combinations of
parts, and other advantages, will now be more particularly
described with reference to the accompanying drawings and
pointed out in the claims. It will be understood that the par
ticular method and article embody certain features that are
shown by way of illustration and not as limitations and that
the principles and features described herein may be employed
in various and numerous embodiments.
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BRIEF DESCRIPTION OF THE DRAWINGS

0009. 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.
0010 FIG. 1 includes a diagram of a system to make
abrasive aggregates including silicon carbide in accordance
with an embodiment.

0011 FIG. 2 includes a first scanning electron microscope
(SEM) image of a portion of an abrasive aggregate including
silicon carbide in accordance with an embodiment.

0012 FIG.3 includes a second SEM image of a portion of
an abrasive aggregate including silicon carbide in accordance
with an embodiment.

0013 FIG. 4 includes a third SEM image of a portion of an
abrasive aggregate including silicon carbide in accordance
with an embodiment.

(0014 FIG. 5 includes a fourth SEM image of a portion of
an abrasive aggregate including silicon carbide in accordance
with an embodiment.

(0015 FIG. 6 includes a fifth SEM image of a portion of an
abrasive aggregate including silicon carbide in accordance
with an embodiment.

0016 FIG. 7 includes a flow chart illustrating a method of
making an abrasive segment in accordance with an embodi
ment.

0017 FIG. 8 includes a front plan view of an abrasive
segment in accordance with a first embodiment.
(0018 FIG. 9 includes a side plan view of the abrasive
segment of FIG. 8 in accordance with the first embodiment.
(0019 FIG. 10 includes a front plan view of an abrasive
segment in accordance with a second embodiment.
0020 FIG. 11 includes a side plan view of the second
embodiment of the abrasive segment in accordance with an
embodiment of FIG. 10.

0021 FIG. 12 includes a first SEM image of a portion of an
abrasive segment in accordance with an embodiment.
0022 FIG. 13 includes a second SEM image of a portion
of an abrasive a segment in accordance with an embodiment.
0023 FIG. 14 includes a flow chart illustrating a method
of polishing a workpiece in accordance with an embodiment.
0024 FIG. 15 includes a bar chart illustrating weight loss
and Surface roughness of a workpiece after conducting a
polishing process in accordance with an embodiment.
0025 FIG. 16 includes a bar chart illustrating weight loss
and Surface roughness of a workpiece after conducting a
polishing process in accordance with an embodiment.
0026 FIG. 17 includes a bar chart illustrating weight loss
and Surface roughness of a workpiece after conducting a
polishing process in accordance with an embodiment.
(0027 FIG. 18 includes a first SEM image for a used abra
sive segment containing abrasive grits.
(0028 FIG. 19 includes a second SEM image for a used
abrasive segment containing abrasive aggregates in accor
dance with an embodiment.
DETAILED DESCRIPTION

0029 Referring initially to FIG. 1, a method of making
abrasive aggregates is shown and is generally designated 100.
The method 100 commences at 102 by forming a mixture of
silicon carbide particles and a binder material in a mixer. In a
particular aspect, the mixer may be a paddle mixer. The
paddle mixer may include a high shear Eirich mixer or a
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Rippon mixer. At 102, the silicon carbide particles and the
binder material can be dry mixed in order to form a dry
mixture and can be mixed to uniformly disperse the compo
nents relative to each other.

0030. In a particular aspect, the silicon carbide particles
and the binder material may be mixed for at least about 2
minutes. In another aspect, the silicon carbide particles and
the binder material may be mixed for at least about 3 minutes,
Such as at least about 4 minutes, or even at least about 5

minutes. In another aspect, the silicon carbide particles and
the binder material may be mixed for no greater than about 30
minutes, such as no greater than about 25 minutes, no greater
than about 20 minutes, or even no greater than about 15
minutes. It will be appreciated that the mixing time can be
within a range between any of the minimum and maximum
times noted above.

0031. In a particular aspect, the silicon carbide particles
can include silicon carbide particles having an average pri
mary particle size of at least about 0.5 microns. In another
aspect, the silicon carbide particles can include silicon car
bide particles having an average primary particle size of at
least about 1 micron, at least about 10 microns, at least about
20 microns, at least about 30 microns, at least about 40

microns, or even at least about 50 microns. In another aspect,
the silicon carbide particles can include silicon carbide par
ticles having an average primary particle size of no greater
than about 1500 microns, such as no greater than about 1200
microns, no greater than about 1000 microns, no greater than
about 500 microns, no greater than about 300 microns, or
even no greater than about 100 microns. It will be appreciated
that the average particle size of the silicon carbide particles
can be within a range between any of the minimum and
maximum dimensions noted above.

0032. In another particular aspect, the binder material can
include a frit material which is suitable for forming an amor
phous material (i.e., a glass material) after further processing.
Further, the frit material may include an oxide. The oxide may
include a silicate. Moreover, the oxide may include an alkali
material, an alkaline earth material, or a combination thereof.

In another aspect at least a portion of the oxide may include
Sodium. Further, the oxide may consist essentially of a
Sodium silicate.

0033. In some instances, the dry mixture can include at
least about 0.5 wt % of a frit material for a total weight of the
dry mixture, at least about 3 wt % of a frit material for a total
weight of the dry mixture, or at least about 5 wt % of a frit
material for a total weight of the dry mixture. In other situa
tions, the dry mixture can include no greater than about 15 wt
% of a frit material for a total weight of the dry mixture, no
greater than about 10 wt % of a frit material for a total weight
of the dry mixture, or no greater than about 7 wt % of a frit
material for a total weight of the dry mixture. It will be
appreciated that the amount of frit material can be within a
range between any of the minimum and maximum percent
ages noted above.
0034. In one embodiment, the binder material can also
include an organic material. For example, the binder material
can include a polymeric component. In a particular illustra
tive embodiment, the organic material can include dextrin.
0035. In an embodiment, the dry mixture can include at
least about 0.5 wt % of an organic material for a total weight
of the dry mixture, at least about 3 wt % of an organic material
for a total weight of the dry mixture, or at least about 5 wt %
of an organic material for a total weight of the dry mixture. In
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other situations, the dry mixture can include no greater than
about 15 wt % of an organic material for a total weight of the
dry mixture, no greater than about 10 wt % of an organic
material for a total weight of the dry mixture, or no greater
than about 7 wt % of an organic material for a total weight of
the dry mixture. It will be appreciated that the amount of
organic material can be within a range between any of the
minimum and maximum percentages noted above.
0036. In another aspect, the binder material may also
include an inorganic mineral component, such as clay, which
may be a crystalline material. The inorganic mineral compo
nent may include an oxide or a hydroxide. Further, the inor
ganic mineral component may include an alkali material, an
alkaline earth material, alumina, silica, or a combination

thereof. In a particular aspect, the inorganic mineral compo
nent may include a silicate. Further, the inorganic mineral
component may include an alumina silicate. In another
aspect, the inorganic mineral component can include an alu
minum silicate hydroxide, which may be referred to as a
kaolin clay. Further, the inorganic mineral component may
consist essentially of a kaolin clay.
0037. In a particular aspect, the binder material can
include at least about 50 wt % sodium silicate for the total

weight of the binder material. For example, the binder mate
rial can include, at least about 60 wt % sodium silicate, or

even at least about 70 wt % sodium silicate. In another aspect,
the binder material may include no greater than about 100 wt
% sodium silicate, such as no greater than about 90 wt %
sodium silicate, or even no greater than about 75 wt % sodium
silicate. It will be appreciated that the amount of sodium
silicate can be within a range between any of the minimum
and maximum percentages noted above.
0038. In another particular aspect, the binder material can
include at least about 50 wt % aluminum silicate hydroxide
for the total weight of the binder material, such as at least
about 60 wt % aluminum silicate hydroxide, or even at least
about 70 wt % aluminum silicate hydroxide. In yet another
aspect, the binder material may include no greater than about
100 wt % aluminum silicate hydroxide, such as no greater
than about 90 wt % aluminum silicate hydroxide, or even no
greater than about 75 wt % aluminum silicate hydroxide. It
will be appreciated that the amount of aluminum silicate
hydroxide can be within a range between any of the minimum
and maximum percentages noted above.
0039 Moving to 104, a liquid carrier may be added to the
dry mixture within the mixer. Thereafter, the liquid carrier
and the dry mixture may be mixed to form a wet mixture that
includes silicon carbide particles, the binder material, and the
liquid carrier.
0040. In a particular aspect, the liquid carrier may be acque
ous. Further, in a particular aspect, the ratio of dry mixture to
liquid carrier may be at least about 15:1. Such as at least about
17:1, at least about 18:1, or even at least about 19:1. More

over, in another aspect, the ratio of dry mixture to liquid
carrier may be no greater than about 30:1. Such as no greater
than about 25:1, or even no greater than about 20:1. It will be
appreciated that the ratio of dry mixture to liquid carrier can
within a range between any of the minimum and maximum
ratios noted above.

0041. In an embodiment, the wet mixture can include at
least about 0.5 wt % of a liquid carrier for a total weight of the
wet mixture, at least about 3 wt % of a liquid carrier for a total
weight of the wet mixture, or at least about 5 wt % of a liquid
carrier for a total weight of the wet mixture. In other cases, the
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wet mixture can include no greater than about 18 wt % of a
liquid carrier for a total weight of the wet mixture, no greater
than about 12 wt % of a liquid carrier for a total weight of the
wet mixture, or no greater than about 9 wt % of a liquid carrier
for a total weight of the wet mixture. It will be appreciated that
the amount of the liquid carrier can within a range between
any of the minimum and maximum ratios noted above.
0042. In another particular aspect, the dry mixture and the
liquid carrier may be mixed for at least about 2 minutes. Such
as at least about 3 minutes, at least about 4 minutes, or even at

least about 5 minutes. In another aspect, the dry mixture and
the liquid carrier may be mixed for no greater than about 30
minutes, such as no greater than about 25 minutes, no greater
than about 20 minutes, or even no greater than about 15
minutes. It will be appreciated that the mixing time of the dry
mixture and the liquid carrier can be within a range between
any of the minimum and maximum times noted above. In a
particular illustrative embodiment, the dry mixture and the
liquid carrier may be mixed for a duration within a range of
about 4 minutes to about 12 minutes.

0043. At 106, the method 100 may include shaping the wet
mixture to form green granules. In a particular aspect, the wet
mixture may be shaped into green granules by Screening,
pressing, sieving, extruding, segmenting, casting, stamping,
cutting, or a combination thereof. In particular, the wet mix
ture may be shaped into the green granules by pushing, or
otherwise moving, the wet mixture through a screen. In an
illustrative embodiment, a vibratory screening machine can
be utilized to carry out the shaping operation.
0044. In a particular aspect, the screen can include a US
mesh size of at least about 8. Such as at least about 10, Such as

at least about 12, or even at least about 14. In another aspect,
the screen can include a US mesh size no greater than about
25. Such as no greater than about 20, no greater than about 18,
or even no greater than about 16. It will be appreciated that the
screen size can include a range between any of the minimum
and maximum values noted above.

0045. After forming the green granules, at 108, the green
granules may be placed on a platen. For example, the green
granules may fall through a hopper onto the platen. In a
particular aspect, the platen may include a vibratory hot table
that is vibrated and heated. The heated and vibrated platen
may serve to stabilize the green granules.
0046. In a particular embodiment, the green granules may
remain on the platen for at least about 5 minutes. In another
aspect, the green granules may remain on the platen for at
least about 10 minutes or even at least about 15 minutes. In

another aspect, the green granules may remain on the platen
for no greater than about 60 minutes, such as no greater than
about 30 minutes, no greater than about 25 minutes, or even
no greater than about 20 minutes. It will be appreciated that
the green granules may remain on the platen for a time in a
range between any of the minimum and maximum times
noted above.

0047. The platen can be heated to a temperature of at least
about 80° C. to heat the green granules thereon. In another
aspect, the platen can be heated to a temperature of at least
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embodiment, the platen can be heated at a temperature within
a range of about 150° C. to about 250° C.
0048. The platen may oscillate at a frequency of at least
about 10 cycles per second. In another aspect, the platen may
oscillate at a frequency of at least about 20 cycles per second,
or even at least about 30 cycles per second. Further, in another
aspect, the platen may oscillate at a frequency no greater than
about 180 cycles per second, no greater than about 150 cycles
per second, no greater than about 90 cycles per second, or
even no greater than about 45 cycles per second. It will be
appreciated that the platen can oscillate at a frequency in a
range between any of the minimum and maximum values
noted above.

0049. After completing the processes at 106 and 108, the
method 100 can continue to 110, where the method 100 may
include treating the green granules to form abrasive aggre
gates that include silicon carbide. Treating the green granules
may include the application oftemperature, the application of
pressure, or the application of a chemical to facilitate a physi
cal change in the green granules. The application oftempera
ture may include a cooling process or a heating process.
Further, treating the green granules may include sintering or
densifying the green granules. For example, treating the green
granules may include transferring the greengranules to a kiln.
In a particular aspect, the kiln may be a kiln that moves in a
linear direction. For example, the kiln may be a tunnel kiln in
which a belt or a cart may move through a heated tunnel in a
linear direction. It is to be understood that the kiln may not
necessarily rotate, or otherwise continuously tumble, the
green granules onto each other. In particular, the kiln may be
a Harper kiln. In certain situations, the kiln can include plates
as a transport medium. In other situations, the kiln can include
Saggers as a transport medium.
0050. The stabilized green granules may move through the
kiln linearly at a rate of at least about 1.0 feet per hour. In
another aspect, the stabilized green granules may move
through the kiln at a rate of at least about 1.5 feet per hour,
such as at least about 2.0 feet per hour, or even at least about
3.0 feet per hour. In still another aspect, the stabilized green
granules may move through the kilnata rate of no greater than
about 6 feet per hour, such as no greater than about 5 feet per
hour, no greater than about 4.0 feet per hour, or even no
greater than about 3.5 feet per hour. It will be appreciated that
the rate at which the green granules move through the kiln can
be within a range between any of the minimum and maximum
rates noted above.

0051. It may be appreciated that the stabilized green gran
ules may be sintered within the kiln to form abrasive aggre
gates including silicon carbide. In a particular aspect, the
stabilized green granules are sintered for at least about 0.25
hours, at least about 0.5 hours, such as at least about 1.0 hours,

or even at least about 1.5 hours. In yet another aspect, the
stabilized green granules are sintered for no greater than
about 3.0 hours. Such as no greater than 2.5 hours, or even no
greater than 2.0 hours. It will be appreciated that the sintering
time can be within a range between any of the minimum and
maximum times noted above. In an illustrative embodiment,

about 85°C., at least about 110°C., or even at least about 150°

the sintering operation can have a duration within a range of

C. In another aspect, the platen may be heated to a tempera
ture no greater than about 300° C., such as no greater than
about 250° C., or even no greater than about 200°C. It will be
appreciated that the platen can be heated to a temperature that
can be within a range between any of the minimum and
maximum temperatures noted above. In an illustrative

0.052 Further, in a particular aspect, the stabilized green
granules can be sintered at a temperature of at least about 500°
C. In another aspect, the Stabilized green granules can be
sintered at a temperature of at least about 600° C., such as at

about 30 minutes to about 50 minutes.

least about 700° C., at least about 800° C., or even at least
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about 900°C. In another aspect, the stabilized green granules
can be sintered at a temperature no greater than about 1200°
C. Such as no greater than 1100° C., or even no greater than
1000°C. It will be appreciated that the sintering temperature
can be within a range between any of the minimum and
maximum temperatures noted above. In an illustrative
embodiment, the sintering temperature can be within a range
of about 925° C. to about 975° C.

0053. In another particular aspect, the kiln may include a
particular sintering atmosphere. The sintering atmosphere
may comprise an inert gas including, for example, neon,
argon, nitrogen, or a combination thereof.
0054. After completing the treating process at 110, the
method 100 can continue at 112 by altering the silicon carbide
aggregates. Altering the silicon carbide aggregates may
include sizing the silicon carbide aggregates. For example,
sizing can include crushing the silicon carbide aggregates in
a crusher to yield crushed silicon carbide aggregates. For
example, the crusher may be ajaw crusher. However, another
suitable type of crusher may be used to crush the silicon
carbide aggregates.
0055. Further, in a particular aspect, the silicon carbide
aggregates may be crushed at a temperature of at least about
15° C. In another aspect, the silicon carbide aggregates may
be crushed at a temperature of at least about 20°C., or even at
least about 25°C. In another aspect, the silicon carbide aggre
gates may be crushed at a temperature no greater than about
40°C., such as no greater than about 35°C., or even no greater
than about 30°C. It will be appreciated that the crush tem
perature can be within a range between any of the minimum
and maximum temperatures noted above.
0056. After the altering operation performed at 112, the
method 100 may continue at 114 with sorting the altered
silicon carbide aggregates. The Sorting process undertaken at
114 may include sorting the altered silicon carbide aggregates
by size, shape, or a combination thereof. Further, the sorting
process may include sieving the altered silicon carbide aggre
gates.

0057. In a particular embodiment, as shown in FIG. 1, the
altered silicon carbide aggregates may be screened in order to
sort the silicon carbide aggregates into one or more different
abrasive grit sizes using one or more mesh screens.
0058. Thereafter, a sorted product may be provided to a
user. Alternatively, the sorted product may be further pro
cessed and transformed into an abrasive article. Such as an

abrasive segment, described herein. As used herein, the term
abrasive aggregate can refer to a sorted product, a silicon
carbide aggregate, an altered silicon carbide aggregate, a
crushed sintered silicon carbide aggregate, a crushed abrasive
aggregate, or a combination thereof.
0059. It can be appreciated that the sorted product can
include crushed sintered silicon carbide aggregates. In a par
ticular aspect, the crushed sintered silicon carbide aggregates
may have an average aggregate size of at least about 50
microns, such as at least about 100 microns, at least about 250
microns, or even at least about 500 microns. Further, the

crushed sintered silicon carbide aggregates may have an aver
age aggregate size no greater than about 5000 microns, such
as no greater than about 2500 microns, or even no greater than
about 1000 microns. It will be appreciated that the average
aggregate size can be within a range between any of the
minimum and maximum sizes noted above. In a particular
illustrative embodiment, the crushed sintered silicon carbide
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aggregates can have an average aggregate size within a range
of about 200 microns to about 850 microns.

0060 Each abrasive aggregate may include at least about
50 wt % silicon carbide particles for the total weight of the
abrasive aggregate. In another aspect, each silicon carbide
aggregate may incorporate at least about 55 wt % silicon
carbide particles, such as at least about 60 wt % silicon
carbide particles, at least about 65 wt % silicon carbide par
ticles, at least about 70 wt % silicon carbide particles, or even
at least about 75 wt % silicon carbide particles. In still another
aspect, each abrasive aggregate may have no greater than
about 99 wt % silicon carbide particles, such as no greater
than about 95 wt % silicon carbide particles, or even no
greater than about 90 wt % silicon carbide particles. It will be
appreciated that the amount of silicon carbide particles for the
total weight of the abrasive aggregate may be within a range
between any of the minimum and maximum percentages
noted above.

0061 Each abrasive aggregate can include a minor
amount (as measured by wt %) of a binder material. For
example, the abrasive aggregate can include no greater than
about 50 wt % binder material for the total weight of the
abrasive aggregate. In another aspect, each abrasive aggre
gate may include no greater than about 40 wt % binder mate
rial, such as no greater than about 35 wt % binder material, no
greater than about 30 wt % binder material, no greater than
about 25 wt % binder material, no greater than about 20 wt %
binder material, no greater than about 15 wt % binder mate
rial, or even no greater than about 10 wt % binder material. In
another aspect, each abrasive aggregate may include at least
about 1.0 wt % binder material, such as at least about 1.5 wt
% binder material, at least about 2.0 wt % binder material, at
least about 2.5 wt.% binder material, or even at least about 5.0

wt % binder material. It will be appreciated that the amount of
binder material for the total weight of the abrasive aggregate
may be within a range between any of the minimum and
maximum percentages noted above. In a particular illustrative
embodiment, the abrasive aggregates can include binder
material within a range of about 1.5 wt % to about 7 wt.% for
the total weight of the abrasive aggregate.
0062. The abrasive aggregate can include a particular ratio
of silicon carbide particles to binder material. For example,
the ratio of silicon carbide particles to binder material can be
at least about 1:1. In another aspect, the ratio of silicon car
bide particles to binder material can be at least about 1.2:1.
such as at least about 1.5:1, at least about 1.9:1, at least about

2.3:1, or even at least about 3.0:1. In another aspect, the ratio
of silicon carbide particles to binder material within the abra
sive aggregate is no greater than about 10:1, no greater than
about 15:1, no greater than about 25:1, or even no greater than
about 40:1. It will be appreciated that the ratio of silicon
carbide particles to binder material may be within a range
between any of the minimum and maximum ratios noted
above.

0063. In another aspect of the present disclosure, the
binder material of the abrasive aggregates may include a
vitreous phase material. Further, the binder material of each
of the abrasive aggregates can include at least about 50 wt %
vitreous phase material for the total weight of the binder
material, such as at least about 60 wt % vitreous phase mate
rial for the total weight of the binder material, or even at least
about 75 wt % vitreous phase material for the total weight of
the binder material. In yet another aspect, the binder material
of each of the abrasive aggregates can include no greater than
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about 100 wt % vitreous phase material for the total weight of
the binder material, no greater than about 95 wt % vitreous
phase material for the total weight of the binder material, or
even no greater than about 90 wt % vitreous phase material for
the total weight of the binder material. It will be appreciated
that the amount of vitreous phase material may be within a
range between any of the minimum and maximum percent
ages noted above.
0064. In an embodiment, the vitreous phase material can
include silica. In some instances, the vitreous phase material
can include materials other than silica, Such as an alkali

material, an alkaline earth material, an aluminum containing
material, or a combination thereof. In a particular embodi
ment, the vitreous phase material can include NaO, CaO.
Al2O, or a combination thereof.
0065. In one embodiment, the vitreous phase material can
include at least about 68 wt % silica for a total weight of the
vitreous phase material, at least about 71 wt % silica for a total
weight of the vitreous phase material, or at least about 75 wt
% silica for a total weight of the vitreous phase material. In
other aspects, the vitreous phase material can include no
greater than about 84 wt % silica for a total weight of the
vitreous phase material, no greater than about 81 wt % silica
for a total weight of the vitreous phase material, or no greater
than about 78 wt % silica for a total weight of the vitreous
phase material. It will be appreciated that the amount of silica
in the vitreous phase material can be within a range between
any of the minimum and maximum percentages noted above.
0066. In another particular aspect of the present disclo
Sure, the binder material of each of the abrasive aggregates
can include at least about 50 wt % crystalline phase material
for the total weight of the binder material. In another aspect,
the binder material of each of the abrasive aggregates can
include at least about 60 wt % crystalline phase material for
the total weight of the binder material, or even at least about
75 wt % crystalline phase material for the total weight of the
binder material. Further, in another aspect, the binder mate
rial of each of the abrasive aggregates may include no greater
than about 100 wt % crystalline phase material for the total
weight of the binder material, no greater than about 95 wt %
crystalline phase material for the total weight of the binder
material, or even no greater than about 90 wt % crystalline
phase material for the total weight of the binder material. It
will be appreciated that the amount of crystalline phase mate
rial may be within a range between any of the minimum and
maximum values noted above.

0067. In a particular aspect, the crystalline phase material
may include an oxide. Suitable oxides can include silica. In
another aspect, the oxide may include alumina. In yet another
aspect, the oxide may include an aluminosilicate. Moreover,
in another aspect, the oxide may include alkali or alkaline
earth elements. The oxide may include Sodium, and particu
larly, the oxide may include Sodium aluminosilicate. In one
particular embodiment, the oxide may consist essentially of
Sodium aluminosilicate.

0068. In another particular aspect, the crystalline phase
material can include crystallites having an average crystallite
size of at least about 2 microns, such as at least about 5

microns, or even at least about 10 microns. In another aspect,
the crystalline phase material can include crystallites having
an average crystallite size no greater than about 100 microns,
Such as no greater than about 75 microns, no greater than
about 50 microns, or even no greater than about 25 microns.
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It will be appreciated that the average crystallite size may be
within a range between any of the minimum and maximum
sizes noted above.

0069. The abrasive aggregates may include a porosity of at
least about 1 vol% of a total volume of the abrasive aggre
gates. In another aspect, the abrasive aggregates may include
a porosity of at least about 3 vol%, such as at least about 5 vol
%, at least about 6 vol%, at least about 7 vol%, at least about
8 vol%, at least about 9 vol%, or even at least about 10 vol%.

Further, in another aspect, the abrasive aggregates may
include a porosity no greater than about 60 vol%, no greater
than about 50 vol%, or even no greater than about 30 vol%.
It will be appreciated that the porosity of the abrasive aggre
gates may be within a range between any of the minimum and
maximum percentages noted above.
0070. In a particular embodiment, the pores may be posi
tioned within the binder material between adjacent silicon
carbide particles. In a particular embodiment, at least about
10% of the pores may be positioned within the binder material
between adjacent silicon carbide particles, such as at least
about 15%, at least about 20%, or even at least about 25%.

Further, no greater than about 50% of the pores may be
positioned within the binder material between adjacent sili
con carbide particles, no greater than about 45%, or even no
greater than about 40%. It will be appreciated that the amount
of pores positioned between adjacent silicon carbide particles
may be within a range between any of the minimum and
maximum percentages noted above.
0071. The pores can have an average pore size of at least
about 1 micron. Further, the pores can have an average pore
size of at least about 2 microns, such as at least about 3
microns, at least about 4 microns, or at least about 5 microns.

The pores can have an average pore size no greater than about
10 microns, no greater than about 15 microns, or even no
greater than about 20 microns. It will be appreciated that the
average pore size may be within a range between any of the
minimum and maximum sizes noted above.

0072. In particular, the porosity may be preferentially dis
posed within the binder material of the abrasive aggregates.
For example the binder material of the abrasive aggregates
may include a porosity of at least about 1 vol% of a total
binder material volume. In another aspect, the binder material
of each abrasive aggregate may include a porosity of at least
about 2 vol%, such as at least about 3 vol%, at least about 4
vol%, or at least about 5 vol%. Further, the binder material of

the abrasive aggregates may include a porosity no greater than
about 60 vol%, no greater than about 50 vol%, and even no
greater than about 25 vol%. It will be appreciated that the
porosity of the binder material may be within a range between
any of the minimum and maximum percentages noted above.
0073 Referring to FIG.2 through FIG. 6, several scanning
electron microscope (SEM) images of abrasive aggregates
are shown according to embodiments described herein. FIG.
2 depicts an SEM image, generally designated 200, of an
abrasive aggregate comprising silicon carbide particles hav
ing a grit size of approximately 190 microns according to an
embodiment. The SEM image 200 of FIG. 2 was taken at a
magnification of 300x and shows a portion of an abrasive
aggregate. As shown, the abrasive aggregate includes silicon
carbide particles 202 contained within a binder material 204.
0074. Further, the abrasive aggregate includes a plurality
of pores 206. As shown, the pores 206 may be positioned
within the binder material 204 between adjacent silicon car
bide particles 202. In a particular embodiment, at least about
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10% of the pores 206 may be positioned within the binder
material 204 between adjacent silicon carbide particles 202,
such as at least 15%, at least about 20%, or even at least about

25%. Further, no greater than about 50% of the pores 206 may
be positioned within the binder material 204 between adja
cent silicon carbide particles 202, no greater than about 45%,
or even no greater than about 40%. It will be appreciated that
the percentage of pores positioned between adjacent silicon
carbide particles may be in a range between any of the mini
mum and maximum values noted above.

0075 FIG. 3 depicts another SEM image, generally des
ignated 300, of an abrasive aggregate comprising silicon car
bide particles having agrit size of approximately 190 microns
according to an embodiment. The SEM image 300 of FIG. 3
was also taken at a magnification of 300x and shows a portion
of an abrasive aggregate. As shown, the abrasive aggregate
includes silicon carbide particles 302 contained within binder
material 304. Further, the abrasive aggregate includes a plu
rality of pores 306. As shown, multiple pores 306 may be
Substantially aligned along a boundary between adjacent sili
con carbide particles 302.
0076 Referring to FIG. 4, another SEM image that is
generally designated 400 is shown. As shown, the SEM image
400 is an image of an abrasive aggregate comprising silicon
carbide particles having a grit size of approximately 190
microns according to an embodiment. The SEM image 400 of
FIG. 4 was taken at a magnification of 300x and shows a
portion of an abrasive aggregate. As shown, the abrasive
aggregate includes silicon carbide particles 402 contained
within a binder material 404. Further, the abrasive aggregate
includes a plurality of pores 406.
0077 FIG. 5 depicts yet another SEM image, generally
designated 500, of an abrasive aggregate comprising silicon
carbide particles having a grit size of approximately 63
microns according to an embodiment. The SEM image 500 of
FIG. 5 was taken at a magnification of 500x and shows a
portion of an abrasive aggregate. As shown, the abrasive
aggregate includes silicon carbide particles 502 contained
within a binder material 504. Further, the abrasive aggregate
includes a plurality of pores 506.
0078 Referring to FIG. 6, another SEM image is pre
sented and is designated 600. The SEM image 600 shown in
FIG. 6 is an SEM image of an abrasive aggregate comprising
silicon carbide particles having a grit size of approximately
63 microns according to an embodiment. The SEM image
600 of FIG. 6 was taken at a magnification of 800x and shows
a portion of an abrasive aggregate. As shown, the abrasive
aggregate includes silicon carbide particles 602 contained
within a binder material 604. Further, the abrasive aggregate
includes a plurality of pores 606.
0079. As shown, the pores 606 can have an average pore
size of at least about 1 micron. Further, the pores 606 can have
an average pore size of at least about 2 microns. Such as at
least about 3 microns, at least about 4 microns, or at least

about 5 microns. The pores 606 can have an average pore size
no greater than about 10 microns, no greater than about 15
microns, or even no greater than about 20 microns. It will be
appreciated that the average pore size may be in a range
between any of the minimum and maximum values noted
above.

0080 Referring now to FIG. 7, a method of making an
abrasive segment is shown and is generally designated 700.
The method 700 can be commenced at block 702 by forming
a plurality of abrasive aggregates that include silicon carbide.
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In a particular aspect, the abrasive aggregates may be formed
as described herein in conjunction with FIG. 1. Further, the
abrasive aggregates may include one or more of the material
properties described herein.
I0081. The method 700 can continue at block 704 by form
ing a mixture of abrasive aggregates and a bond material. The
bond material can include a cement, and particularly, the bond
material can include a magnesia-based cement. In one
embodiment, the bond material may consist essentially of a
magnesia-based cement.
0082 The magnesia-based cement can include a magne
sium oxide. Further, the magnesia-based cement can include
a magnesium chloride. Moreover, the magnesia-based
cement may include a magnesium oxide and a magnesium
chloride. For example, the magnesia-based cement can
include a ratio of magnesium oxide to magnesium chloride. In
particular, the ratio of magnesium oxide to magnesium chlo
ride can be at least about 2.5:1, at least about 2.6:1, at least
about 2.7:1, at least about 2.8:1, at least about 2.9:1, or at least

about 3.0:1. Further, the ratio of magnesium oxide to magne
sium chloride can be no greater than about 3.5:1, about 3.4:1,
about 3.3:1, or about 3.2:1. It will be appreciated that the ratio
of magnesium oxide to magnesium chloride may be within a
range between any of the minimum and maximum ratios
noted above.

I0083. After forming the mixture at 704, the method 700
may continue at block 706 by forming an abrasive segment
from the mixture. In a particular embodiment of the present
disclosure, the abrasive segment may be formed by tech
niques including, but not limited to, pressing, casting, pour
ing, molding, cutting, extruding, or a combination thereof.
Further, the abrasive segment may be formed by curing the
mixture, for example, after the mixture is pressed, poured,
molded, cut, extruded, or a combination thereof.

I0084. In a particular aspect, the mixture may cure at a
temperature of at least about 20°C., at least about 25°C., at
least about 30°C., at least about 35°C., at least about 40°C.,
at least about 45° C., at least about 50° C., at least about 55°
C., at least about 60° C., at least about 65° C., at least about
70° C., at least about 75°C., or at least about 80°C. In another

aspect, the mixture may cure at a temperature of no greater
than about 100° C., no greater than about 95°C., no greater
than about 90° C., or no greater than about 85°C. It will be
appreciated that the curing temperature may be within a range
between any of the minimum and maximum temperatures
noted above.

I0085. In another particular aspect, the mixture may cure
for at least about 1 week, at least about 2 weeks, or at least

about 3 weeks. In still another aspect, the mixture may cure
for no greater than about 8 weeks, no greater than about 6
weeks, or no greater than about 4 weeks. It will be appreciated
that the curing time may be within a range between any of the
minimum and maximum times noted above.

0086 FIG. 8 and FIG.9 include illustrations of an abrasive
segment, generally designated 800. As shown, the abrasive
segment 800 can include a substrate 802 and an abrasive body
804 affixed, or otherwise attached, to the substrate 802. FIG.

8 and FIG. 9 indicate that the body 804 of the abrasive seg
ment 800 may be generally prismatic and may have a gener
ally rectangular cross-section. However, it will be appreciated
that other geometries can be used. The abrasive body 804 can
include features of the abrasive segments described in con
junction with embodiments included herein. It will be appre
ciated that the abrasive body 804 can include abrasive aggre
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gates including silicon carbide that are Suitable for
conducting material removal procedures, such as a polishing
operation.
0087 FIG. 10 and FIG. 11 illustrate a second embodiment
of an abrasive segment, designated 1000. The abrasive seg
ment 1000 shown in FIG. 10 and FIG. 11 can include a

substrate 1002 and an abrasive body 1004 affixed to the
substrate 1002. The abrasive body 1004 can include features
of the abrasive segments described in conjunction with
embodiments included herein. It will be appreciated that the
abrasive body 1004 can include abrasive aggregates including
silicon carbide that are suitable for conducting material
removal procedures, such as a polishing operation.
I0088. The abrasive segment 1000 shown in FIG. 10 and
FIG. 11 may have the corners of one end of the abrasive
segment 1000 removed in order to facilitate radially attaching
several abrasive segments 1000 to a polishing head (not
shown). In the embodiment, shown in FIG. 10 and FIG. 11 the
corners of adjacent ends of the substrate 1002 and the body
1004 may be removed.
0089. The substrate 802.1002 can be made from a metal or
a metal alloy. For example, the Substrate can include alumi
num. In another aspect, the Substrate can include steel.
0090. In other instances, the substrate 802, 1002 can be
made from an organic material. The organic material may
include a resilient organic material. Further, the organic mate
rial can include a polymer including for example, a high
density polyethylene (HDPE).
0091. Further, the body 804, 1004 of each abrasive seg
ment 800, 1000 may include a plurality of abrasive aggregates
according to embodiments herein. The abrasive aggregates
can be contained within a bond material that includes a

cement and particularly, a magnesia-based cement, according
to embodiments herein.

0092. In another particular aspect, the body 804, 1004 of
each abrasive segment 800, 1000 can include no greater than
about 30 wt % abrasive aggregates for the total segment
weight, no greater than about 25 wt % abrasive aggregates, no
greater than about 20 wt % abrasive aggregates, or no greater
than about 15 wt % abrasive aggregates. In another aspect, the
body 804, 1004 of each abrasive segment 800, 1000 can
include at least about 1 wt % abrasive aggregates, at least
about 5 wt % abrasive aggregates, or at least about 10 wt %
abrasive aggregates. It can be appreciated that each abrasive
segment 800, 1000 may include a body 804, 1004 only and
the weight of the substrate may not contribute to the total
segment weight described above. In Such an embodiment, the
total segment weight is the same as the total body weight. It
will be appreciated that the amount of abrasive aggregates
including silicon carbide may be within a range between any
of the minimum and maximum percentages noted above.
0093. In a particular aspect, the body 804, 1004 of each
abrasive segment 800, 1000 can include at least about 70 wt %
bond material for the total segment weight, at least about 75
wt % bond material, at least about 80 wt % bond material, or

at least about 85 wt % bond material. In another aspect, the
body 804, 1004 of each abrasive segment 800, 1000 can
include no greater than about 99 wt % bond material, no
greater than about 95 wt % bond material, or no greater than
about 90 wt % bond material. It will be appreciated that the
amount of bond material may be within a range between any
of the minimum and maximum percentages noted above.
0094. In another aspect, a ratio of bond material to the
abrasive aggregates in the body 804, 1004 of the abrasive
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segment 800, 1000 is at least about 2.3:1. In another aspect,
the ratio is at least about 3:1, at least about 4:1, at least about
5.7:1, or at least about 9:1. The ratio of bond material to the

abrasive aggregates may no be greater than about 99:1, no
greater than about 19:1, or no greater than about 15:1. It will
be appreciated that the ratio of bond material to abrasive
aggregates may be within a range between any of the mini
mum and maximum ratios noted above.

0095. In a particular aspect, the abrasive segments 800,
1000, for example, the bodies 804, 1004 thereof, can include
a porosity that is no greater than about 5 vol% of a total
segment volume, such no greater than about 4 Vol %, no
greater than about 3 vol%, or no greater than about 2 vol%.
In another aspect, the porosity is at least about 0.5 vol%, at
least about 1.0 vol% of a total segment volume, or at least
about 1.5 vol% of a total segment volume. It will be appre
ciated that the porosity may be within a range between any of
the minimum and maximum percentages noted above.
0096. In another aspect, the abrasive aggregates including
silicon carbide can be uniformly distributed throughout a
Volume of the binder material.

0097 FIG. 12 and FIG. 13 include illustrations of SEM
images of bodies of abrasive segments, such as the bodies
804, 1004 of the abrasive segments 800, 1000. The SEM
image 1200 of FIG. 12 shows a plurality of abrasive aggre
gates 1202 according to embodiments herein dispersed in a
binder material 1204 according to embodiments herein. Simi
larly, the SEM image 1300 of FIG. 13 shows a plurality of
abrasive aggregates 1302 according to embodiments herein
dispersed in a binder material 1304 according to embodi
ments herein.

(0098. In a particular aspect, the SEM images 1200, 1300
indicate that the bodies of the abrasive segments can define an
average aggregate-to-aggregate distance between two adja
cent abrasive aggregates 1202, 1302. Further, the bodies of
the abrasive segments can define an average particle-to-par
ticle distance between two adjacent silicon carbide particles
within any particular abrasive aggregate. In particular, the
particle-to-particle distance is significantly less than the
aggregate-to-aggregate distance.
0099. In one particular aspect, the particle-to-particle dis
tance is no greater than about 90% of the aggregate-to-aggre
gate distance. In another embodiment, the particle-to-particle
distance is no greater than about 80% of the aggregate-to
aggregate distance, no greater than about 70%, no greater
than about 60%, no greater than about 50%, no greater than
about 40%, no greater than about 35%, no greater than about
30%, no greater than about 25%, no greater than about 20%,
no greater than about 15%, no greater than about 10%, or no
greater than about 5%. In another aspect, the particle-to
particle distance is at least about 0.1% of the aggregate-to
aggregate distance, at least about 1% of the aggregate-to
aggregate distance, or at least about 2% of the aggregate-to
aggregate distance. It will be appreciated that the percentage
of the particle-to-particle distance relative to the aggregate
to-aggregate distance may be within a range between any of
the minimum and maximum percentages noted above.
0100 Referring now to FIG. 14, a method of polishing a
workpiece is shown and is generally designated 1400. As
shown, the method 1400 can commence at block 1402 by
placing a workpiece on a Support structure. At block 1404, the
method 1400 can include contacting the workpiece with an
abrasive segment.
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0101 Moreover, at block 1406, the method 1400 can
include moving the abrasive segment and the workpiece rela
tive to each other to facilitate a material removal process. In
particular, the workpiece and the abrasive segment can move
relative to each other in a linear direction. Alternatively, the
abrasive segment and the workpiece can move relative to each
other in a rotary direction. Further, in another aspect, the
abrasive segment and the workpiece can move relative to each
other in a direction that combines linear motion and rotary
motion.

0102. In a particular embodiment, the workpiece may
include a stone material. Further, the stone material may be
selected from the group consisting of marble, granite, and
limestone. In other cases, the workpiece can include a
ceramic material. In another aspect, the workpiece may have
a hardness of at least about 3.0 on the Mohs hardness scale or
at least about 4.0 on the Mohs hardness scale. In still another

aspect, the workpiece may have a hardness no greater than
about 6.0 on the Mohs hardness scale or no greater than about
5.0 on the Mohs hardness scale. It will be appreciated that the
hardness may be in a range between any of the minimum and
maximum values noted above.

0103 During the material removal process, the workpiece
and the abrasive segment may contact each other under a
particular contact force. The contact force can be applied to
the abrasive segment, the workpiece, or a combination
thereof. In one embodiment, the contact force can be at least

about 1 kg per square centimeter, at least about 1.5 kg per
square centimeter, or at least about 2.0 kg per square centi
meter. In another aspect, the contact force may be no greater
than about 5.0 kg per square centimeter, no greater than about
4.5 kg per square centimeter, or no greater than about 3.0 kg
per square centimeter. It will be appreciated that the contact
force may be within a range between any of the minimum and
maximum forces noted above.

0104. In an additional embodiment, a particular pressure
can be applied to the workpiece with the abrasive segment.
For example, the pressure exerted on the workpiece can be no
greater than about 35 psi, no greater than about 29 psi, or no
greater than about 25 psi. In other aspects, the pressure
exerted on the workpiece by the abrasive segment can be at
least approximately 5 psi, at least approximately 11 psi, or at
least approximately 15 psi. It will be appreciated that the
pressure exerted on the workpiece can be within a range
between any of the minimum and maximum values noted
above.

0105. Further, in another aspect, the abrasive segment and
the workpiece can move relative to each other at a grinding
speed of at least about 50 revolutions per minute, at least
about 100 RPM, at least about 250 RPM, at least about 300

RPM, or at least about 400 RPM. In another aspect, the
abrasive segment and the workpiece can move relative to each
other at a grinding speed no greater than about 750 RPM, no
greater than about 600 RPM, or no greater than about 550
RPM. It will be appreciated that the grinding speed may be
within a range between any of the minimum and maximum
speeds noted above.
0106. In a particular aspect, the workpiece can have a
Surface roughness (Ra) after polishing of no greater than
about 10 Jum, no greater than about 8 um, no greater than
about 6 um, or no greater than about 4 Lum. In another aspect,
the workpiece can have a Surface roughness after polishing of
at least about 0.01 um, at least about 0.05um, or at least about
0.1 um. It will be appreciated that the Surface roughness may
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be within a range between any of the minimum and maximum
Surface roughness values noted above.
0107. It will be appreciated that the surface roughness
(Ra) is a measure of the texture of a surface. The surface
roughness is quantified by the Vertical deviations of a real
Surface from its ideal form. The average Surface roughness,
Ra, is expressed in units of height.
0108. In an embodiment, a duration of the polishing opera
tion can be at least approximately 5 minutes, at least approxi
mately 11 minutes, or at least approximately 15 minutes. In
another embodiment, the duration of the polishing operation
can be no greater than approximately 45 minutes, no greater
than approximately 30 minutes, or no greater than approxi
mately 18 minutes. It will be appreciated that the duration of
the grinding operation can be within a range between any of
the minimum and maximum values noted above.

0109 FIG. 15 and FIG. 16 illustrate test results for two
different stone polishing tests. Each test was conducted on a
stone lapping machine in which an abrasive segment rotated
and orbited relative to a workpiece. The stone polishing tests
were conducted according to embodiments of the method
1400 of FIG. 14.

0110 FIG. 15 illustrates the test results for a first stone
polishing testin which three different abrasive segments were
tested under substantially the same conditions. Each abrasive
segment includes the same formulation of a magnesia-based
binder material, wherein a ratio of MgO:HO:(MgCl2.6H2O)
=13:13.5:1. However, each sample includes a different abra
sive. The first sample includes silicon carbide grits having a
grit size of approximately 110 microns according to one or
more embodiments described herein. The second sample
includes abrasive aggregates of approximately 355-500
microns in size made from silicon carbide grits having a grit
size of approximately 110 microns. The third sample includes
abrasive aggregates of approximately 500-710 microns in
size made from silicon carbide grits having a grit size of
approximately 110 microns. Each sample was used to polish
a granite workpiece for a predetermined duration.
0111. As shown in FIG. 15, after the test was completed
for the first sample, the granite experienced a weight loss of
about 1.3 grams and included a post-polishing Surface rough
ness of approximately 0.6 um. Using the second sample
resulted in a granite weight loss of about 1.55 grams and a
Surface roughness of approximately 1.0Lum. Further, the third
sample resulted in a granite weight loss of about 1.5 grams
and a surface roughness of approximately 0.9 Lum.
0112 FIG. 16 illustrates the test results for a second stone
polishing testin which three different abrasive segments were
tested under substantially the same conditions. Each abrasive
segment includes the same formulation of a magnesia-based
binder material, wherein a ratio of MgO:HO:(MgCl2.6H2O)
=10:13:1. However, each sample includes a different abra
sive. The first sample includes silicon carbide grits having a
grit size of approximately 110 microns. The second sample
includes abrasive aggregates having a size of approximately
110 microns and formed from silicon carbide grits. The third
sample includes silicon carbide grits having a grit size of
approximately 190 microns.
0113. As shown in FIG. 16, after the test was completed
for the first sample, the granite experienced a weight loss of
about 1.5 grams and included a post-polishing Surface rough
ness of approximately 0.75 um. Using the second sample
resulted in a granite weight loss of about 2.5 grams and a
Surface roughness of approximately 1.25 um. Further, the
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third sample resulted in a granite weight loss of about 2.0
grams and a surface roughness of approximately 1.1 Lum.
0114 FIG. 17 shows the results for a ceramic polishing
comparison test for eight different samples. FIG. 17 plots the
ceramic weight loss vertically from 0 to 100 grams and the
abrasive weight loss vertically from 0 to 3 grams for four pairs
of samples. Each sample includes the same formulation of a
magnesia-based binder material, wherein a ratio of MgO:
HO:(MgCl2.6HO)=13:13.5:1. The polishing operation was
conducted according to embodiments of the method 1400 of
FIG 14.

0115 The first sample comprises abrasive aggregates con
tained within the binder material. The abrasive aggregates
include silicon carbide particles having a grit size of approxi
mately 370 microns. The second sample comprises free sili
con carbide particles having a grit size of approximately 370
microns. The third sample comprises abrasive aggregates
having silicon carbide particles having a grit size of approxi
mately 190 microns. The fourth sample comprises free silicon
carbide particles having a grit size of approximately 190
microns. The fifth sample comprises abrasive aggregates hav
ing silicon carbide particles having a grit size of approxi
mately 129 microns. The sixth sample comprises free silicon
carbide particles having a grit size of approximately 129
microns. The seventh sample comprises abrasive aggregates
having silicon carbide particles having a grit size of approxi
mately 69 microns. The eighth sample comprises free silicon
carbide particles having a grit size of 69 microns.
0116. As shown, after testing was completed, the ceramic
weight loss for the first sample was approximately 75 grams
and the abrasive weight loss for the first sample was approxi
mately 0.1 grams. The ceramic weight loss for the second
sample was approximately 35 grams and the abrasive weight
loss for the second sample was approximately 0.15 grams.
0117. Further, as illustrated in FIG. 17, after testing, the
ceramic weight loss for the third sample was approximately
70 grams and the abrasive weight loss for the third sample was
approximately 0.2 grams. The ceramic weight loss for the
fourth Sample was approximately 48 grams and the abrasive
weight loss for the fourth sample was approximately 1.7
grams.

0118. After testing, the ceramic weight loss for the fifth
sample was approximately 40 grams and the abrasive weight
loss for the fifth sample was approximately 1.6 grams. The
ceramic weight loss for the sixth sample was approximately
38 grams and the abrasive weight loss for the sixth sample
was approximately 2.5 grams.
0119) Additionally, after testing, the ceramic weight loss
for the seventh sample was approximately 25 grams and the
abrasive weight loss for the seventh sample was approxi
mately 1.2 grams. The ceramic weight loss for the eighth
sample was approximately 21 grams and the abrasive weight
loss for the second sample was approximately 2.5 grams.
0120 FIG. 18 is an SEM image 1800 of a portion of a used
abrasive segment containing silicon carbide grits in a magne
sia-based binder material. The abrasive segment is considered
used in that the abrasive segment was used to polish, or
otherwise finish, a workpiece for a predetermined duration.
As shown in the SEM image 1800, the abrasive segment
includes a plurality of voids 1802 in which silicon carbide
grits were previously disposed. These silicon carbide grits
pulled out of the binder material during the polishing opera
tion and contributed to a relatively high abrasive weight loss
as shown in the test results discussed above.
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I0121 FIG. 19 is an SEM image 1900 of a portion of a used
abrasive segment containing abrasive aggregates having sili
con carbide in a magnesia-based cement binder material. The
abrasive segment is considered used in that the abrasive seg
ment was used to polish, or otherwise finish, a workpiece for
a predetermined duration. As shown in the SEM image 1900,
the abrasive segment includes relatively fewer voids when
compared to the SEM image 1800 of FIG. 18 indicating that
the abrasive aggregates were less likely to pull out during a
polishing operation than free silicon carbide grits.
0.122 The methods described herein for forming abrasive
aggregates and abrasive segments are a departure from the
state-of-the-art and produce abrasive aggregates and abrasive
segments that have improved performance over conventional
silicon carbide abrasives, such as free silicon carbide grains.
In particular, the methods of forming abrasive aggregates
described herein can provide high yields of useful abrasive
aggregates that have desirable physical properties, such as
crush strength. Previous attempts to form silicon carbide
aggregates often resulted in oxidation of the silicon carbide
and produced clusters of material that were not useable as an
abrasive. In addition, the combination of certain features,

Such as the porosity of the abrasive aggregates and the amount
of binder material, can provide an unexpectedly improved
performance over the use of individual silicon carbide par
ticles as an abrasive for grinding operations. Without being
bound to a particular theory, the improved grinding perfor
mance of tools using abrasive agglomerates formed as
described herein can be attributed to the porosity of the abra
sive agglomerates and strength of the binding material allow
ing for the exposure of new abrasive material to the workpiece
as abrasive material is consumed.

I0123. Further, abrasive tools formed with abrasive aggre
gates as described herein can have an improved performance
over tools using free silicon carbide particles as an abrasive.
For example, the use of a magnesia-based cement as a mate
rial to bond the silicon carbide abrasive aggregates can help
provide improved grinding of workpieces. Unexpectedly, the
magnesia-based cement can have a synergistic effect with the
abrasive aggregates Such that the abrasive agglomerates do
not pull out of the magnesia-based cement during grinding as
easily as free silicon carbide grains. Accordingly, the perfor
mance of tools utilizing the abrasive aggregates bound by the
magnesia-based cement is improved over free silicon carbide
grains bonded by the magnesia-based cement.
EXAMPLES

0.124. Abrasive aggregates are formed using the materials
and amounts shown in Table 1. The abrasive aggregates of
samples 1-3 are made using silicon carbide abrasive grains
having an average particle size within a range of about 145
microns to about 155 microns. The abrasive aggregates of
samples 4-6 are made using silicon carbide abrasive grains
having an average particle size within a range of about 172
microns to about 183 microns. The abrasive content can

include certain impurities or minor amounts of other abra
sives, such as a walnut shell abrasive in the case of Samples
2-6.

0.125 Sample 1 is made by combining the materials in a
Rippon mixer and mixed for a duration within a range of
about 5 minutes to about 10 minutes. After the mixing opera
tion, a pre-screening operation is performed by a Suitable
vibratory screener. The materials are then Subject to a drying
procedure on a vibratory hot plate at temperatures within a
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range of about 150° C. to about 250°C. The dried particles are
sintered in a tunnel kiln using plates as a transport medium to
formabrasive aggregates. The sintering operation takes place
at a sintering temperature within a range of about 930° C. to
about 970° C. for a duration within a range of about 38
minutes to about 42 minutes. The sintered abrasive aggre
gates are then screened. The screening process provides abra
sive aggregates having an average particle size within a range

TABLE 2
Sample

Useful Yield

Crush Strength

1
2
3
4
5
6

75%
779,
7396
70%
7396
64%

60%
89%
80%
89%
94%
91%

of about 200 microns to about 850 microns.

0126 Samples 2-6 are made by combining the materials in
an Eirich mixer and mixed for a duration within a range of
about 5 minutes to about 10 minutes. After the mixing opera
tion, the materials are Subject to a drying procedure on a
vibratory hot plate at temperatures within a range of about
150° C. to about 250° C. A wet pre-screening operation is not
performed for samples 2-6. The dried particles are sintered in
a tunnel kiln using Saggers as a transport medium to form
abrasive aggregates. The sintering operation takes place at a
sintering temperature within a range of about 930°C. to about
970° C. for a duration within a range of about 1 hour to about
2 hours. The sintered abrasive aggregates are then screened.
For samples 2 and 3, the screening process provides abrasive
aggregates having an average particle size within a range of
about 200 microns to about 850 microns. For samples, 4-6,
the screening process provides abrasive aggregates having an
average particle size within a range of about 250 microns to
about 1000 microns.
TABLE 1.

1
2
3
4
5
6

93%
87.5%
86%
86.5%
87.5%
88%

(wt %)
4%
4%
4.5%
4.5%
4.5%
4%

Dextrin (wt %) Water (wt %)
296
4.5%
59
4.5%
4.0%
4%

190
4%
4.5%
4.5%
4.0%
4%

0127. Useful yield and crush strength are measured for
samples 1-6. The results are shown in Table 2. The useful
yield indicates abrasive aggregates having about 5 to 500
single abrasive grains. The crush strength is determined by
placing the abrasive aggregates into about a 1 inch diameter
cylindrical matched die mold to a depth of about 1 inch. The
mold is placed into a Carver press and compressed at a rate of
about 0.2 in./min. At a specified peak force, the test is stopped
and the abrasive aggregates are removed. The abrasive aggre
gates are then sifted to determine a degree of crushing. The
crush fraction is determined based on an amount of debris

passing through a screen of a specified size. For samples 1-3,
the crush fraction is determined by measuring the amount of
debris that passes through a screen having a size within a
range of about 350 microns to about 500 microns. For
samples 4-6, the crush fraction is determined by measuring
the amount of debris that passes through a screen having a
size within a range of about 500 microns to about 710
microns.

are intended to cover all Such modifications, enhancements,

and other embodiments, which fall within the true scope of
the present invention. Further, it may be appreciated that one
or more features of a particular aspect or embodiment may be
combined with one or more features of another aspect or
embodiment to yield a combination of structure not specifi
cally shown or described herein.
What is claimed is:

1. A method of polishing a workpiece, the method com
prising:
placing a workpiece on a Support structure;
contacting the workpiece with an abrasive segment,
wherein the abrasive segment comprises a plurality of
abrasive aggregates having a plurality of silicon carbide
particles bound together in a binder material; and
moving the abrasive segment and the workpiece relative to
each other.

Bond

Sample Abrasive (wt %)

I0128. The above-disclosed subject matter is to be consid
ered illustrative, and not restrictive, and the appended claims

2. The method of claim 1, wherein the abrasive segment
and the workpiece move relative to each other in a linear
direction.

3. The method of claim 1, wherein the abrasive segment
and the workpiece move relative to each other in a rotary
direction.

4. The method of claim 1, wherein the workpiece com
prises a stone material.
5. The method of claim 4, wherein the stone material is

selected from the group comprising marble, granite, and
limestone.

6. The method of claim 1, wherein the workpiece has a
hardness of at least about 3.0 on the Mohs hardness scale.

7. The method of claim 1, wherein the abrasive segment
and the workpiece move relative to each other at a grinding
speed of at least about 250 revolutions per minute.
8. The method of claim 1, wherein the workpiece has a
Surface finish roughness after polishing of at least about 0.1
lm.

9. The method of claim 1, wherein as the abrasive segment
and the workpiece move relative to each other a contact force
of at least about 1.0 kg per square centimeter is applied.
10. The method of claim 1, wherein the plurality of abra
sive aggregates are bound together in a bond material includ
ing a magnesia-based cement.

