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25 EXAMPLE 3 This exanple illustrates the effect of a Si02
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Characterization of the ceram c bodies synthesized in Exanples 1-5
are summari zed in Tables 1 and 2. 5TABLE 1 - Illustrates resistance
to crystal domain growh as a function of tenperature, reported in

m crons. WW%& size u Ex Ex 2 (Zr02) Ex 3 (Si02) PELUA20VIIES Ex
5 (2% Zr02 + 1% MgO + 0. 08 Co0) 0.51.02.00.51.02.00.51.02.0
1300 0. 15 ND WCN&SWesintemdaw different temperatures, 1300°C, 1350°C and 1400°C. Hardness

and crystal size properties were measared.

Bonded abrasive components of the sintered grits containing a vitreous bond matrix were made
5 by mixing 1.22 grams of the sintered grits with 0.72 grams of powder glass and adding 2 drops of 7.5%
by weight Poly viny! alcohel (PVA) solution. The composition of the glass powder is generally silica
based, having a majority component of silica, Typical silica content is not less than 30% by weight,
typically not less than 60% by weight, such as not less than 65% by weight. Additional components of
the glass powder include oxides such as alumina, sodium oxide, magnesia, potassium oxide, lithium
10 oxide, boron oxide, titania, iron oxide, calcia, other oxides and combinations thereof. The particular
compoesition of the glass powder forming the bond mairix is chosen to have a desirably high cure
tenfperature and Tg as discussed in detail above. . The mixture was then placed into a 1.25 cm
stainless steel mold and pressed at 10,000 psi. The resultant disc was then placed into a cool muifle
furnace (Lindberg type 51524) and heated up to 1250°C in 8 hours, held at this temperature for 4 hours
15 and: then cooled in 8 hours, The resultant disc was prepared as a polished section and hardness and

crystal size measured.
EXAMPLE 2

This example illustrates the effect of a ZrO2 pinning agent to prevent undesirable crystal

growth and to provide comrosion resistance.

20 An abrasive grit ceramic body was prepared as in Example { except that colleidat ZrO2 was
added at levels of 0.5% by weight relative to the final alumina value, 1.0% relative to the final alumina
valie and 2.0% relative o the final alumina value. The source of ZrOZ was NYACOL 20 nm colloidal
ZrO2 acetate stabilized form obtained from Nyacol. Specimens were prepared and measured as in

Example 1.
25 EXAMPLES3

This example illustrates the effect of a 5i02 pinning apent to prevent undesirable crystal growth

and to provide corrosion resistance.

An abrasive grit ceramic body was prepared as in Example 1 except that colloidal Si02 was
added at levels of 0.5% by weight relative to the final alumina value, 1.0% relative fo the final alumina
30  value and 2.0% relative to the final alumina vatue. The source of 5i02 was NYACOL colloidal Si02
ammonia siahilized form obtained from Nyacol Inc, Ashiand, MA. Specimens were prepared and

measured as in example 1.

EXAMPLE 4
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This example illustrates the effect of a Y203 pinning agent to prevent undesirable crystal

growth and to provide corrasion resistance.

An abrasive grit ceramic body was prepared as in Example 1 except a solution of yitirium
nitrate was added at equivalent yitrium oxide levels of 0.5% by weight relative to the finat alumina
value, 1.0% relative to the final alumina value and 2.0% relative to the final alumina value. The source
of yittrium nitrate was from Alrdich chemicals, Specimens were prepared and measured as in Example
L.

EXAMPLE 5

This example illustrates the effect of the pinning/anti-corrosion agent in a composite body,
which includes magnesium oxide. Materfal was made as in example 2 with 2% by weight ZrO?2 and
1% by weight of MpO added as a solution of magnesium nitrate. This example also incorporates a
cobalt oxide (0.08%) colored marker as a visual indicator of extent of corrosion. The cobalt oxide

precursor used was cobalt nitrate.

Crystal domain size of the examples described above was then measured by scanning electron
microscopy (SEM) of a polished section of the Examples. Magnification of 50,000X was typically
used, and specimens were thermally etched for 5 minutes at 100°C below the sintering temperature and
the crystal demain size is reported or obtained by the intercept method without statistical correction.
According to embodiments herein, crystal domains are fairly stable at high temperature, which may be
quantified in terms of Crystal Stability. Crystal Siability is defined herein as the temperature at which
the alumina abrasive grits undergo limited domain growth quantified by average domain size not
gréater than 500 nm, after 5 minutes of exposure at such temperature. Embodiments herein have a
Crystal Stability of at least 1400°C, such as at least about 1500°C,

In addition to quantification of crystal domain size, the extent of corrosion was quantified using
several techniques. During formation of the high femperature bonded abrasive, the vitreous bond
material matrix has a tendency to penefrate and react with the alumina grits. Such attack is highly
undesirable, and may be measured in terms of hardness. Herein, hardness was measured by taking
hardness data of a small sintered body (about 0.5 mm) at its center and near the outer edge
{(approximately |5 to 30 microns from the outer edge). The weil-known Vickers microindentation
method is used with a 500 g load. It is observed that as the ceramic body undergoes corrosion, the
bardness near the outer (exposed) edge decreases as softer phases are formed by reaction with the
molten silicate glass. Corrosion was also measured by incorporating a colored (marker) such as cobalt
oxide, at a level of several hundred ppm which forms a blue colored cobalt aluminate in the sintered
body. The depth of corrosion can be monitored visually by observing the fading of the cobalt
aluiminate blue color due to reaction with the silicate phases. Additionally, and particularly
noteworthy, the corrosion may be quantified in terms of corrosion index, represented by the average

depth of Si penetration after exposure of the alumina abrasive grits to molten silica glass at 1250°C for



0.15 1500 >1 ND ND ND 0.15 0.20 0.13 0.43 0.42 0.28 ND The results
in Table 1 clearly show that Exanple | undergoes dramatic domain

gromh as _a function of tenperature. The exanpl es containjng various
amount s of V@A RS %agent s reduce the sensitivity FST@?%"H&JF%vwh
as a function of tenperature and thus extend the useful tenperature
range of 18agpl EoEidirems hefehBhdy 2olRgBn Bitlanggretto HEO I Y wigomdsuchlad noSaept es

Sintered >th%71%n9§ronﬂ3?&51ﬁi‘-oi:éf?alert%lrﬁ%ii&éﬁs. Ex 11400C Ex 2 (Zr02) 1400C Ex
3 (5102) 1500C Ex 4 (Y203)" 1500C

Characterization of the ceramic bodies synthesized in Examples 1-5 are summarized in Tables ]

and 2.

5 TABLE 1 - [llustrates resistance to crystal domain growth as a function of temperature,

reported in microns.

TEMP | Ex Ex 2 {Zr02) Ex 3 (3i02) Ex 4 (Y203) Ex 5 (2%
C/Xtal Zr0Z2 + 1%
size u MgO +
8.08 CoO)
0.5 1.0 2.0 0.5 1.0 2.0 0.5 1.0 2.0
1300 013 | ND | ND | ND | NDD | ND | ND | ND | ND | ND ND
1350 ND | 012 | 8.3 | 013 | 0.10 | 0.09 § 0.07 | 0,17 | 0.15 | 0.15 0.14
1400 0.56 | 0.16 | 0.16 | 0.16 | 0.11 | 0.08 | 607 | 0.16 | 0.19 | .17 0.15
1500 =1 ND | ND ND | 015 {020 | 0.13 | 043 | 042 { 0.28 ND

The results in Table | clearly show that Example | undergoes dramatic domain growth as a
function of temperature. The examples containing various amounts of pinning agents reduce the
sensitivity to grain growth as a function of temperature and thus extend the useful temperature range of

10 application.

TABLE2
Resistance to Corrosion
All Samples Sintered > 97% of Theoretical Density
Ex Ex 2 (2r02) Ex 3 (SiD2) Ex 4 (Y203) Ex 5
11400°C 1400°C 1500°C 1500°C (2%
ZrO2 4
1%
Mg0O +
0.08
Co0)
14006°C
: 0.5 1.0 | 20 | 0.5 10 | 20 | 0.5 1.0 | 2.0
Edge 20.3 2307 1 206 | 2131201 {176 | 13.6 | 197 | 20.0 | 20.6 204
Hardness
Before Test
{(Gpaj
Edge 16.3 160 (182 ) 194 | 145 | 125 (118|190 [ 188 1 17.5 19.0
Hardness
After Test
{Gpa)
Si 20-30 5 3
Penetration
(EDS} (um)

* Example 1 doped with 0.08% by weight CoO as described in example 5

-8-



Ex 5 (2% 2r02 + 1% MO + 0.08 Co0O) 1400C 0.5 1.
0.5 1.0 2.0 Edge Hardness Before Test (Gpa) 20.3

020051020
20.7 20.6 21.3 20.1

17.6 13. 6\»}8 '207(}8/%’1%'68% PCT/US2007/087155
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Table 2 illustrates that additives of zirconia or ytiria clearly reduce the reactivity of the grain
with glass as demonstrated by better retention of hardness. Additionally, use of additives such as ZrO2
clearly minimize the penetration of invasion of §i02 into the grain and provide a more stable grain in
view of molten glass. Additionally, it is clearly observed that when a cobalt exide additive is used as a
color indicator, the extent of reaction when additives such as ZrO2 is employed is much lower as

evidenced by the retention of the blue color.

According to embodiments herein, particularly desirable fine-microstructured high temperature
bonded abrasive components have been provided. Such fine-microsiructured compenents are notable
over the state of the art, which is generally limited to medium-microstructured high temperature
bonded abrasives as exemplified in US 5,282 875, which teaches, at best, 2 microstructure having 600
nm crystal domains and e-slumina single crystals having a size of 350 nm and larger (see US
4,744,802, incorporated by reference into US 5,282,875). While fine-microstructured alumina abrasive
grits have been utilized in the past for free abrasive applications, such fine microstructured alumina
abrasive grits typically have not been utilized in the context of high temperature bonded abrasive
applications. Such fine-microstructured materials have been found to dissolve in the vitreous bond
matrix material during processing and/or undergo exaggerated crystal domain growth during heat
treatment associated with such high temperature bonded abrasives. This is clearly shown in Example 1
described above, in which an initially fine-microstructured material was shawn to experience

exaggerated damain growth and excessive corrosion,

While not wishing te be baund by any particular theory, it is believed that the combination of
the use of a pinning agent and over-sintering the abrasive grits results a highly stable grit that is
resistant to microstructural change during high temperature processing such as high temperature use
applications, It is believed that the pinning agent is effective to grain growth that is normally observed
at elevated temperatures, while the over-sintering processes condition is believed to impart notably
improved anti-corrosion characteristics and further enhance the pinning effect of the pinning agent.
The higher sintering temperatures as described herein may result in grain boundary phases that are
more resistant to corrosion by way of medified crystallization of the grain boundary, or uniform
distribution of the grain boundary volume andfor selective dissolution of certain grain boundary
efements into the matrix. The over-sintering condition may also synergisticaily affect the pinning agent
in a manner to impart additional corrosion resistance into the abrasive prit. Whatever the mechanism,
the observed effects are clear in that the high temperature bonded abrasive components according to

embodiments herein exhibit stable corrosion characteristics.

It is further noted that prior art seeding technology has mentioned utilization of grain growth
stabilizers, including various oxide stabilizers, as well as sintering temperatures above 1300°C
normally associated with sintering of seeded sol-gel alumina abrasive grits. However, such grain
growth inhibitors and sintering temperatures have been taught in connection with the general
manufacture of g-alumina materials, and it has been believed that such fine-microstructured materials

wotld also suffer from exaggerated grain growth and/or excessive corrosion in the context of a high-

-0



20.6 20.4 Edge Hardness After Test (Gpa) 16.3 16.0 18.2 19,4 14,5
12.5 11.8 19.0 18.8 17.5 19.0 Si Penetration (LIDS) (urn) 20-30
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temperature bonded abrasive component. However, it was surprisingly discovered that the
combination of pinning agent materials and over-sintering conditions addressed the marked
deficiencies of not only crystal domain growth during processing and use canditions of the high

temperature bonded abrasive, but also cotrosion resistance,

While embodiments of the invention have been illustrated and described with particularity, the
invention is not intended to be limited to the dctails shown, since various modifications and
substitutions can be made without departing in any way from the scope of the present invention. For
example, additional or equivalent substituents can be provided and additional or equivalent production
steps can be employed. As such, further modifications and equivalents of the invention herein disclosed
may oceur to persons skilled in the art using no moare than routine experimentation, and all such
modifications and equivalents are believed to be within the scope of the inventicn as defined by the

following claims.

-10-
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5 * Exanple | doped with 0.08% by wei ght Co0 as described in exanple
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10may occur to persons skilled in the art using no nore than routine
experinentation, and all such nodifications and equivalents are
believed to be within the scope of the invention as defined by the
following claims. CLAIMS 1. A high tenperature bonded abrasive
conponent, conprising: alumna abrasive grits; and a vitreous bond
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