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AGGLOMERATE ABRRASIVE GRAIN AND
A METHOD OF MAKING THE SAME

FIELD OF THE INVENTION

This inveniton relates to agglomerate abrasive grain comprising a pluralily of
abrasive particles bonded together via a sintered, alumina-based bonding meterial, and a
method of making the agglomerate abrasive grain. The agglomerate abrasive grain can be
Incompotated into a varicty of abrasive articles, including bonded abrasives, coated

abrasives, nonwoven abrasives, and abrasive brushes.

BACKGROUND OF THE INVENTION

There age a varicty of abrasive particles {e.g., diamend particles, cubic boros
nitride particles, fused abrasive particles (including fused alumina, heat trcated fused
alumina, fused alumina zirconia, and the like), and siniered, ceramic abrasive particles
(inchuling sol-gel-derived abrasive particles) kmown in the art.  In some abrading
applications, the abrasive particlee are nsed in loose form or a slurry, while in others the
particles are incorporated inte abrusive products (including: bonded abrusives, coated
abragives and nonwoven abrasives).

RBonded abrasives rypically comprise a plurality of abrasive panticles bonded
together o form a shaped mass. Coated abrasives typically comprisc a plurality of
abrasive particles bonded to a backing, Nenwoven abrasives typically comprise a plurality
of ubrasive parficles bonded ento and into & lofty, porous, nowwoven substrate.  Typical
bonding materials for honded abrasives are organic binders, vitreous binders, and metalfic
hinders, while for coated and nonwoven abrasives they are typically organic binders.
Criteria used in scleeting abrasive particles used for o partiodar sbradivg applicution
typically inclade: abrading [ife, rate of cut. substrate surface finish, grinding cfficicncy,
and product cost. ‘

The abrasive industry and their customers are contimaally Iooking for ways to
improve one or more of these abrading criterin.  For the past one hondred years or so,
fused alumine abrasive particles have been widely uilized. Fused alamina abrasive
particles aic typically made by changng & furnace with an alumina sowice (such as

aluminum ore or bawnite), as well as other desired additives, heating the material above its

JP 2004-510873 A 2004.4.8
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elting point, cooling the melf to provide a solidified mass, crushing the selidified mass
into particles, and then sereening and grading the particles to provide the desired abragive
particle size distribulion. Over the past thirty years or so, there have beer numerous
inventions and dovelopments concerning abrasive particles. One of these inventions was
the development of co-fused alumina-zirconia abrasive particles. Addstional inforroation
on alumina-zirconia abrasive particles can be found, for example, in U.S. Pat. Nos.
3,891,408 (Rowse et al}, 3,781,172 (Peit et al), 3,893.826 {Quinan etal), 4,126,429
(Watsen}, 4,457,767 (Pvon et al)), and 5,143,522 {Gibson =t al.).

Although fused alpha aluming abrasive particles and fased alumina-zicconia
abrasive particles are still widely used in abrading applications (including thesc utilizing
coated and bonded abrastve products), the premier abrasive parlicles for many abrading
applications since about the mid-1980%s are sol-gel-derived alpha alumina particles (also
referred to as sintered, ceramic alpha alumina particles).  The sol-gel-derived alpha
aluminz abrasive particles may have a microstructure nrade up of very fine alpha alumina
cryseallices, with or without the presence of secondary phases added {see, c.g;, 1.8, Pat
Nos, 4,314,827 (Leitheiser ¢t al). 4,518,397 (Leitheiser ot al), 4,623,364 (Cottringer of
all), 4,744,802 (Schwabel), 4,770,671 (Monroe et al), 4,881,951 (Wood et al.), 4,960,441
(Pellow el al), (Pellow), 3,139,978 (Wood), 5201216 (Berg et zl), 5,366,523
(Rowenhorst ct al.), 5,429,647 (Larmie), 5,547,479 (Conwell 21 al.), 5,498,269 (Larmic),
5,551,963 (Larmie}, ond 5,725,162 (Garg et al.)).

Coated abrasives tend 1o be “more flexible” than borded abrasives; thus couted
abrasives ave widely utilized where the abrasive aticle nesds to conlorm to the workpicse
surface. Coated abrasives tend to have one or several layers of abrasive particles. It is
generally preferred to orient these abrasive particles to enhance their cutting ability.
However in some instances during the: initial abrading, coated abeasives provide relatively
very high cut rates, With time, the cut rate diminishes until the coated abrasive no longer
provides acceptabls cut rates.

To addvess the inconsistent cut rates with time, agglomerate abrasive grains bave
been develaped (sse, e.g., US. Pat. Nos. 3928040 (Wagner), 4,132,533 (Lohmer),
4,311,489 (Kressner), 4,393,021 (Bisenberg), 4,562,275 (Bleecher et al), 4,799,939
(Bloecher et «l), 5,318,604 (Gorsuch). 5,550,723 (Holmes et al), and 5,975,088

(Christiansen}). In the case of coated abrasives, these agglomerate abrasive grains are

ra
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bonded to the backing to formr an abrasive article. The agglomerate abrasive grains
typically comprises a plurality of abrasive particles bonded together with a binder; usually
an ofganic binder or inorganie binder.

One disadvaniage with fhese abrasive agglomerate particles is that they are
composite pariicles (Le., abrasive particles and binder). The binder may adversely
influence the abrading characteristics of the agplomerate grain. What 15 desired in the
indusiry is a coated abrasive that provides a relatively long life and a cut rate that iz
relatively consistent over time.

Bonded abrasives are three dimensional in siructure. Ideal bonded abrasive abradc
the wodkpiese and when the abasive particles are worn and dulled, these abrasive particles
are expelled from the bonded abrasive to expose new, fresh cutting abrasive particles. Tn
adequate adhesion between the abwasive particles aud the bund malerial, can lead o
premature releass of the abrasive particles from the abrasive article. If the abrasive
particles are prematurely released, the resulting bunded abrasive Hle is typically [sss than
degired. What is desired in the indusiry is a bonded abrasive that exhibits good adhesion
hetween the abrasive particles and the bond material.

In unother aspect, fo minimize inventory, and other associated manutacturing
ussociated costs, it is typically prefenred o make an abrasive grain that provides good
prinding performance {¢.g., long hife, high cut ratex, consistent cut rates, consistent surface
finish and the like) in both coated abrasive and bonded abragive applications.  What is
desired often in a coated abrasive is an abrusive grain that exhibits loog Lfe. What is
desired often in a bonded abtasive is long lifc associated with gond adhesion between the
abrasive particles and the bonded abrasive binder.

SUMMARY OF THE INVENTION

The: present inveption provides agglomerate abrasive grain comprising a plurality
ol abrastve parsicles bended together via sintered bonding marerial. “The abrasive puticles
may comprise one or more abrasive particles including, but oot limited to, fused aluminum
oxade {including while fused aluming, heat-treated aluminum oxide, and brown alominun
oxide), silicon carbide, horon carbide, titanium carbide, diamond, cubic boron nitride,
garuet, fused alumina-zirconia, siriered alpha elomina-based abrasive particles, and the

like. Preferably, the bonding material comprises. on a (heoretical oxide basis, at least 30

- -
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percent by weight Alx(h, based on the total metal oxide contenr of the bonding matzrial.
The bonding material may comprise, on & theoretical oxide basis, at least 0, 65, 70, 75,
80, 85, 90, 95, 97, 98, 99, 99.5, or even 100 {i.e., consists esseniially of) percent by weighl
AlsODs, bused on the tofal metal oxide content of the bonding material. In another aspect,
the bonding materia! typically is at least 70, 75, 80 85, 90, 95, 97, 98, 99, 100 percent
crystalline.

Ip sowe embodiments of the present invention, the agglomerete abrasive grain may
comprisc a plurality of abrasive particles bonded together with a sintered, crystalline
ceramic bonding material, wherein the bonding material comprises, ou a theoretical oxide
bagis, at Jeast 50 poreent by weight crystalline AlyOj, based on 2 total metal oxide content
of the bonding wouterial, and wherein the abeusive pacticles preferably bave an average
particle size of at Jeast § micrometers. The average particle size of the panicles in Lhe
agglemerate abrasive grain may be. at least 6, 7, 8, 9. 10, 13, 20, 25, ar 30 micrometers, or
larger.

In other embodiments of the present imvention, the agglomerate abrasive grain
accotding to the present invention may comprisc a plurality of abrasive particles bonded
tgether with a sintered, bonding material, whersin the bonding maierial comprises, on &
theoretical oxide basis, &t least 50 percent by weight erystalline Al;O;, based on a total
mef2l oxide content of the boading material, the abrasive particles have a density of at
last 85% of theoretical density. and the sgglomerate abrasive grain has a porosity value of
af Jeast 15 percent. Desirably, the abrasive particles huve a density of at least 90% (at least
U5%, ul least 96%, at loast 47%, at least 98%, at lecast 98.5%, at sast 99%, or sven at least
09.5%) of theorctical density. In another aspect, desirably the agglomerate abrasive grain
has a porosity valuc of at least 15 (at least 20, at Ieast 25, ar least 30, at least 35, at least 40,
at Jeast A3, at least 50, at least 55, or at leust 60) percent.

The agglomerate abrasive grain of the present invention typically have a porosity
valne (determined as deseribed in the Examples. below) of, in increasing order of
preference, at least 10%, 13%, or 20%. Preferably. the porosity value is, in inereasing
order of prelerence, in the range from about 15% to about 60%, about 20% to about 50%,
or about 30% to aboul 45%.

lo one exemplary embodiment, the present inwvention provides agglomerate

dbrasive grain comprising a plurality of sintcred, crystalline abrasive particles bonded

-4
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together via crystalline ceramie, metal oxide bonding material, wherein the bonding
material comprises, on a theoretical oxide basis, at least 50 percent by weight AlzOa, based
on the total metal oxide content of the bonding material, and wherein the agglomerate
abrasive grain has a porosity value in the range from 10 to about 60 percent.

Another exemplacy embodiment of the present inveption provides agglomerate
abrasive grain comprising 2 plurality of pelyerystalline sbrasive particles bonded togethar
with a sintered, crystalline ceramic bonding material, wherein the bonding material
<ompriscs, on a theoretical oxide basis, at least 50 percent by weight crystalline Al,Os,
based on 2 total metal oxide coment of the bonding material, the abrasive panicles have a
density of at least 85% of theoretical density, and the agglomerate abrasive grain has a
porosity value of at least 10 percent.

Embodiments of abrasive grain accerding to the present invention may have an
ubrasive particle size distribution within the abrasive grain, which varies depunding on the
desired properties and specific use of the ahrasive grain. Typically, at Jeast three (typically
ut-least four, five, six, seven, eight, nine, ten, fifteen, twenty, thitty, or forty} of the largest
abrasive particles in the abragive grain of the present invention have subswuatially the same
vojume. In another aspect, at lewst three (typically at least four, five, six, seven, eight,
nine, ten, fifteen, twenty, thirty, er forty) of the largest abrasive particles.in the abrasive
grain of the present invention may be greater than 20, 25, 30. 40, or even 50 micrometers
in size. In another aspect, the plurality of abrasive particles may have at least 2 bi-medal
distribution, wid wherein the average paticle size of a first distribution of the particles is
at least 25 percent {more typically ar least 100 percent, or cven at least 200 percent} by
volume larger than the average particle size of a second distribution of the parti'clcs.

In another exemplary embodiment, the present invention provides agglomerate
abrasive grain comnprising a plurality of sinicred, erysialline abrasive particles bonded
together via crystalline cerarme, metal oxide bonding material, wherein the agglomeraie
abrasive grain comprises, on a theorelical oxide basis, 4l least 85% by weight AlLOs, based
on the totul metal pxide content of the agglomerate abrasive grain, and wherein at least
three of the laygest abrasive particles are greater than 20 micrometers in size.

In addition to abrasive particle size and size distshution, the crystal size of the
crystals within abrasive grain according to the present invention may vary as desired.

Preferably, the abrasive particles of agglomerate abrasive grain according to the present

-5 .
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invention are comprised of crystals {e.g., alpha ainmina crystals) having au average crystal
size less than 10 micremeters (preferably, less than 5 micrometers, more preferably, less
than 1 mdécrometer).

In one exemplary embodiment, the present invention provides agglomerare
abrasive prain comprising a plurality of sintered polycrystaliing abrasive particles bonded
together via erystalling ceramie, metal oxide bonding material, wherein the bonding
material comprises. on a theoretical oxide basis, a1 least 30 percent by weight ALOs, based
on the total metal oxide confent of the bonding material, whereio the crystailine abrasive
particles are comprised of crystals having an average size less than 10 micromeiers, and
wherein at least three of the largest abrasive particles have substantially the same velume,

In another cxcmplary cmbodiment, the prescnt invention provides agglomerate
abrasive grain comprising a plurality of sintered, crystalline abrasive particles bonded
togetber via crystalline ceramic, metal oxide bondirg material, whewin the bonding
matecial comprises, on a theoretical oxide basis, ar least S0 poreent by weight Alzoj,' based
on the totul metal oxide content of the bonding material, wherein the crystatline abrasive
particles are comprised of erystals having an average size less than 10 micrometers, and
wherein ot Jeast three of the largest abrasive particles are greater than 20 micrometers in
size.

The present invention also provides methods lor making agglomerate abrasive
grain. Embodiments of such methods includes those comprising contacting 2 phirality of
particles (i.e., abrasive particles, precursor abrasive pariicles, or @ combination thereof)
with a precursor bonding material such that the particles agglomerate logether (provides a
precursor agglomerate abrasive grain)); and healing the agelomerated particles at at Jeast
one temperature for a time sufficient to convert the agglomerated particles into
agglomerate abrasive grain according of the present invention. An example of suitable
precursor abrasive particles for use in the methods of the present invention iz bochmite-
based parlicles, Exemplary precursor bonding materials include crystalline ceramic oxide
precursor materials such as boshmite (e.g., bochmite sols, and oplicnally metal oxides
(.2, elumina) and/or precursors thereaf (e.g., metal nitvates).

Further, for example, smbodimests of agglomerate abrasive grain ucconding  the

present invention may be made by a method comprising:
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contacting a plurality of at lcast one of abrasive particles or precursor
abrasive purticles with a precursor bonding material such that the particles agglomerate
together; and
heating the agglomerated perticles at at least one temperature for a time
sufficient to convert the agglomerated pariicles into agglomerate abrasive grain comprising
z plurality of abrasive particles bonded together with a sintered bonding material; wherein
ihe sintered bonding material comprises, on a theoretical oxide basis, at Ieast 50 percent by
weight crystalline Al;05, based on the total mctal nxide content of the bonding material;
and wherein the abrasive particles of the agglomerate abrasive graiﬁ bave an average
particle size of at least 5 micrometers.
Agglomerate abrasive grain of the present invention may also be made by a method
complising:
contacting a plurality of at least one of abrasive particles or precurser
abrasive particles with a precursor bonding material such that the particles agglomerale
together; and
heating the agslomerated particles at at least one temperature for a time
sufficient tu convert the agglomerated purticles into agglomerate abrasive grain comprising
& plurality of abrasive particles bonded together with a sintered bonding material: wherein
the sinteyed bonding material comprises, on o theoretical oxide basis, at feast 30 percent by
weizht crystalline Al:Q,, based on the total metal oxide content of the bonding material;
and wherein the heat-treated abrasive particles have a depsity of at least 85% of theoretical
density, and the agglomerate abyasive grain ras a parosity value of at least 10 percent.
Embodiments of agglomerale abrasive gruip according to the present invention
may be formed from abrasive particle, precursor abrasive particle, or combinition thersof
may be used in the methods of the present invention to form agglomerate abrasive grain.
An exemplary method acconding to the present invention coinprises:
contacting dried, boehmite-based precursor particles in the presence of
Hauid (e g., water) such that a plurality of the precursor particles agglomerate together; and
heating the agzlomerated particles at at least one temperature far a4 time
suflicient to provide the agglomerate abrasive grain,
In some embodiments, it may be desirable to (orm an agglomerate abrasive grain,
wherein the largest abrasive particles of the agglomerate abrasive grain tave substantially

the same volume. In these emmbodiments, the present invention provides a method for
-7
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making agglomcraie abrasive grain comprising 2 plurality of sintered, crystalline, alpha
alumina-bazed abrasive particles bonded together via crystalline ceramic, metal oxide
bonding material, wherein the bonding rmaterial comprises, on & theoretical oxide busis, at
least 50 percent by weight AlOs, based on the total metal oxide content of the bonding
material, and wherein at Jeast three of the largest abrasive particles have substantially the
sume volurne, the method comprising:

contacting dried, boshmite-based precursor particles in the presence of
liquid {e.p., waicr) such that a plurality of the precursor particles agglomerate together; and

heuting the agglomerated particles st &t Icast one temperature for a time
sufficient to provide the agglomerate sbrasive grain,

The present invention is directed to & methed for muking agglonerate abrasive
grain comprising a plurality of siniered, crystalline, alpha alumina-based abrasive particles
bonded together via crystalline ceramic, metal oXide bouding matedal, whercin the
honding material comprises, on a (heoretical oxide basis, at least 50 percent by weight
AlQ;, based on the total metal oxide content of the bonding matexial, and wherein at least
three of the Jargest abrasive pagticles have substantially the same volwve, the method
comprising:

contacting dricd, boehmite-based precursor particles jn the presence of
Tiquid (e.g., water) such that 2 plurality of the precursor particles agglomerate together;

drying the agglomerated precursor particles;

calcining the dried agglomerated precucsor parlicles to provide porous
agglomerated precursor particles,

impregealing the perus agglomerated precursor  parlicles  with a
cornposition comprising liquid (e.g., weater} and at least one of metal oxide or metal oxide
precursor; axl

heating the impregnated, agglomerated precussor particles at at least one
emperature for a time sulficient to provide the agulomerate abrasive grain.

Tn some emhodiments, it may be desirable to fornn an agglomerate abrasive grain,
whetein the largest abrasive particles of the agglomerate abrasive grain are at least a given
particle size. In these embodiments, the present invention providss & methed for maldng
agalomerate abrasive grain comprising a plurality of sintered, crystalline, alpha alumina-

based abrasive paclicles bonded together via crystalline ceramic, metal oxide bonding

8.
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materjal, wherein the bonding matcrial compriscs, on a theorctical oxide basis, at least 50
percent by weight AlzOs, based on the tolal metal oxide centent of the bonding material,
and wherein at least three of the largest abrasive particles are greater than 20 micrometers
in size, the method comprising:

contacting dricd, boehmite-based precursor parlicles in the presence of
liguid {e.g., water) such that s plurality of the precursor particles agglomerate together; and

heating the agglomeraled particlos at at Jeast one temperature for a time
sufficient 10 provide the agglomerate abrasive grain.

The present nvention alse provides a metbod for making agglomerate abrasive
grain comprising a plurality of sintered, crystalline, alpha alumina-based abrasive pariicles
bonded rtogether viz crystalline ceramic, melal oxide bonding material, wherein the
bonding material comprises, on a theorctical oxide basis, at least 50 percent hy weight
ALy, based on the total metal oxide content of the bonding material, and wherein at least
three of the largest abrasive particles are greater than 20 micrometers in size, the method
comprising:

contacting dricd, hochmite-based precursor particles in the presence of
liguid {e.g., water) such that a plorality of the precursor particles agglomerate together;

drying the agglomerated precursor particles;

caleining the dried agglomerated precursor puticles W provide porous
agglomerated precursor particles;

yupregnating  the porons apglomerated precursor particles with @
cemposition cemprising liquid (e.g.. water) and at least one of metal oxide or metal oxide
precursor; and

heating the bmpregnated, agglomerated precursor particles at at least onc
temperature for a time sufficient fo provide the agglomerate abragive grain.

In these embodiments, the present invention provides a method for making
agglomerate abrasive grain comprising a plurality of sintered, erystalline, alpha alumina-
based abrasive particles bonded together via erystalline ceramic, metal oxide bonding
material, whersin the agglomerate abrasive grain comprises, on a theoretical oxide basis, at
least 85% by weight alunting, based on the total meral oxide content of the agplomerate
abrasive grain, and wherein at Jeast threo of the largest abrasive particles are greater than

20 miieremeters in size, the method comprising:

8
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comtacting dried, boehmite-based precurser particles in the presence of
liquid {e.g., water) such that a plurelity of the precursor particles agglomerate together; and

heating the agglomerated particles at at least one temperature for a time
sufficient to provide the aggiomerate abrasive grain.

The present 1nvention also provides a method for making aggloroerate abrasive
grain comprising a pluralicy of sintered, crystalling; alpha alumina-based abrasive particles
bonded together via crystallioe ceramic, metal oxide bonding material, wherein the
agglomerate abrasive grain connprises, on a theoretical oxide basis, at least 85% by weight
alimina, based on the total roetal oxide content of the agglomerate abrasive grain, and
whercin at least three of the largest abrasive particles are greater than 20 micromerers in
size, the method comprising:

contacting dried, boehmnite-based precurser particles in the presence of
Jiquid (e.g.. water) such that a plurality of the precorsor pirticles agglomerale together;

drying the agglomerated precursor particles;

caleining the dried agglomersted procursor particles o provide porous
agglomerated precursor pariicles:

jmpregpating the porous agglomerated precnesor parlicles with a
composilion comprising Louid (2.g.. water) and at least one of metal oxide or metal oxide
preeursar; and

heating the impregnated, agglomerated precursor purticles at at least one
temperature for 4 time sufficient to provide the agglomerate abrasive grain,

In yet other embodiments. it may be desirable to form agglomerte abrasive grain,
whercin the agglomerale abrasive grain has a desired porosity valuc. In these
cmbodiments, the present invention provides o method for making sgglomerate abrasive
grain comprising a plurality of sintered, erystalling, alpha alumine-based abrasive particles
bonded together via crystalline ceramic, metal oxide bonding material, wherein the
honding materia) comprises, on a theoretical oxide basis, ot least 50 percent by weight
AlzO5, based on the total metal oxide content of the bonding material, and wherein the
agglomerate abrasive grain has a poresity vajue in the range from 10 to 60 percent, the
method comprising:

contacting dried, boehmile-based precursor particles in the presence of

liquid (e.g., water) such that & plurality of the precursor particles agglomerate together; and

-10.-

JP 2004-510873 A 2004.4.8



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

20

25

30

(69)

WO 01728580 PUTIUSONMISZS

heating the agglomeraved particles at ar least one temperamre for a time
sufficient to provide the agglomerate abrasive grain.

The present invention also provides a method for making agglomerate abrasive
grain comprising a phacality of sintered, crystalline, alpha alumioa-based abrasive particles
bonded together wia crystalline ecramie, motal oxide bonding materizl, wherein the
bonding material comprises, on a theoretical oxide basis, at least 50 percent by weight
Al;Q3, based on the total metal exide cantent of the bonding material, and wherein the
agglomerate abrasive grain has a porosity valve in the range from 10 to &0 percent, the
method comprising:

contacting dried, bochmite-based precursor particles in the presence of
liguid {e.g., water) such that a plurality of the precurser particles agglomerate togelher;

drying the agplomerated precursor particles:

calcining (he dried agglomensted precursor particles to provide porous
agglomerated precurser particles;

impregnating  the  porous  agglomerated  precursor  particles with s
composition comprsing liguid {e.g., water} and a! least one ol metal oxide or metal oxide
precursor; and

Leating the jmpregaated. sgglomerated precursor particles at at least one
temperature for 2 time sufficient to provide the agglomerate abrasive grain.

Optionally, methods for making embodiments of agglomerate abrasive grain
according to the present inveption optionally include utilizing curable binder precursor
material, ceramic binder precursor material in forming precursor agplomerate abrasive
grain, and at least purtially curing the ecramic binder precursor material when converting
the precurser agglomcrate abrasive grain inlo agglomerate abrasive grain according w0 the
present invention .

The present invention {urther provides abrasive articles of manufacture.
Agglomerate abrasive grain according te the present invention may be incomporated inte
various abrasive articles such as couted ubrasives, bonded abrasives (including vitrified
and resinoid grinding wheels), noawoven abrasives, and abrasive brushes. The ahrasive
articles typically comprise agglomerate abrasive grain according to the present inventiom

and binder.
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Typically, agglomerate abrasive grain according to the present invention ae
sutficiently porous to advantageously allow binder o penetrate therein. ‘This feature is
particularly advantageous for coated and bonded abrasive articles. Forther with regard to
coated abrasives, preferred agglomerate abrasive grain according lo the present invention
can have a long hife and relatively consistent cut rate. In another aspect, embodiments of
aggzloraerate abrasive grain according to the present invention may be made having a
desired level of porosity andfor bond strength betwesn abrasive pacticles in order to
provide preferential wearing of the aggiomerste abrasive grain, Such proferential wearing
of the agglomerate abrasive grain may be particularly desirable for bonded abrosive
arlicles.

Allematively, for example, agplomerate abrasive grain according to the present
invention may be used as in losse form, including in abrasive slurties and. as shot blast
media.

The present invention also provides a method of abrading a surface, said method
comprsing

contacting at least agplomerate abrastve grain according t¢ the present
invention, with a surface of & workpiece; und

moving at least of onc the agglomerate abrasive grain or the surface relative
10 the other to shade at least a portion of the sveface with the agglomerste abrasive grain.

In this application:

“Crystallinc ceramic, metal oxide bonding material” rcfers to coramic, metal oxide
bonding material that is at least 60% by velume crystalline.

“Substantially the same volume” means the volume of sach relevan particle has 2
volume that is within fifty percent of the average volume of the relevant particles (i.e., if
the three largest particles are 10 have substantially the same volume, zach of e three
targest particles have & volume that is within fifty pescent of the uverage volue of the
three larpest particles),

“Alpha glumina-based abrasive particle or bonding material” &5 used herein refers
w2 an abrasive particle comprising, on a theoretical oxide basis, at least 0% by weight
AlzQs, wherain at Jeast 40% by weight of the totul amount of zluminaz is present 45 alpha
aluming, bascd on the total metal oxide content of the particls or bonding material,

respectively,

-
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“Abrasive particle precursor” or “unsintered abrasive partick” refers to a dried
dispersion (i.e., “duied abrasive particle precwsor™) of 2 calcined dispersion (1.¢., “calcined
abrasive particle precursor”), typically in the form of particles, that has a density of less
than 80% {typically less than 60%} of thecrziical, and is capable of being sinfered or
impregnated with an impregnation composition and then sintered to provide a sintered
abrasive particle.

“Boehmite-based precursor particle™ refers to a precursor abrasive particle
comprising af lcast 50 by weight boehmite, based on the total solids content of the particle.

“Sintering” refers to a process of heating at 2 tempsrature below the melting
teppecatare of the marerial being heated to provide densification and crystallite growth to
provide a tough, hard, and chemically resistant ceramic material. Sintered abrasive
particles are not made by a fusion process wherein heating is carsied out at a temperature

above the melting teraperature of the material being henfed.

GRICF DESCRIPTION OF THE DRAWING

FIG. 1 is a fragroentary eross-sectional schematic view of a coated abrasive article
including agglomerale abrasive grain according to the present invention;

FIG. 2 is a perspective view of a bonded abrasive article including abrasive grain
aceording 1o the present invention;

FIG. 3 is an cnlarged schematic view ol a noawoven abrasive article including
agglomerale abrasive grain according to the present invention;

FIG. 4 is a gehematic of a portion of an assembly for making cmbodiments of
agelomerale sbrasive grajn scoording to the present inveniion;

CIG. 3 is a schematic of exemplary agglomerate abrasive grain according to the
pregent invention;

FIG. 6 is a photograph of exemplary agglomerate abrasive grain according to the
present invention;

FIGS. 7, 8,9, 10, 11a, and 11b are graphs of varicus grinding data of caemplary
agglomerate abrasive geain according to the present invention, ns well as varfous
comparative examples:

FIG. 12 is a schematic side view in elevation of another exemplary agglomerate

abrasive grain according to the present invention;

-13.
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FIG. 13 is 2 schematic side view illustrating a device for making « plurabty of
agglomerate abrasive grain according to the present invention;

FIG. 14 i3 a perspeciive view of a portion of & device for muking the plurality of
agglomerate abrasive prain according to the present invention, with a front portion of the
device cut away Lo expose a portion of the interior of the device; and

FIG. 15 is 2 perspeetive view of & portion of the screen vsed in the device shown in
FIG. 14.

DETAILED DESCRIPTION

Agglomerate abrasive grain according to the present invention comprise a plurality
of abrasive particles bonded together via a sintered, crystalline ceramic oxide bonding
inaterial. The sintered, bonding material desirably comprises, on a theoretical oxide basis,
at least 50 percent by weight crystalline AlQ, based on a total metal pxide content of the
bonding material.  Agglomerate abrasive grain may be prepared, for cxample, using
processes, whercin (1} abrasive particles and/ur abrasive particle precursors agglomernate
via 4 precursor bonding material, andfor {2) a bonding material and/or abrasive particle

precursor material form a sintered, crystalline bending matcrial when sufficiently heated.

Binbodirnents of agglomerate abrasive grain according to onc aspect of the present
invention, can be made, for example, by contacting dried, boehmite-based precursor
particles in the presence of ligud {e.g.. water) such that a plurality of the precursor
particles agplomerste together, and beating te agplomerated paricles 1o at at least one
temperature for a time sufficient to provide the agglomerate abrasive grain. When the
dried boehmite-based precursor particles are contacted with a liquid (e.g., water), at least
the outer portion of the particles soften and beeome sticky.  Such partisles temd to stick
together forming agglomerates. When these sgplomerates of boehmite-based precursor
particles arc heeted al a temperamre {including ane or more femnperaiuces) for a tme
sufficient to convert the precorsor materials into sintersd, alpha alumina-based matertal,
agglomerated abrasive grain according to the present invention js produced. An exemplary
agglomeratc abrasive grain according to the prescnt invention is shown in FIG. 6.
Agglomerate abrasive grain of PIG. & 1s comprised of sintered elpba zlumina-hased
abrasive particles 62 bonded together by alpha alumina-based bonding material 84 with

4o
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porosity 66 batween the agglomerated particles (i.e., there is open porosity betwesn the
particles).

Dried, boehmiie-based precursor particlas can be made by techniques known in the
art (see, e.g., US. Pat Nos. 4,314,827 (Leitheiser et al}, 4,513,397 (Leitheiser el al),
4,623,364 (Cottringer =t al}, 4,744,802 (Schwabel), 4,770,671 (Monroe), 4,744,802
{Schwabel), 4,848,041 (Kruschke), 4,881,951 (Wood et al.}, 4,964,883 (Morris et al),
5,139,978 (Wood), 5,164,348 (Wood}, 5,201,916 (Bergetal), 5,219,006 (Wood},
5,219,806 (Wood), 5429647 (Larmie), 5498269 (Larmie), 5,551.963 (Larmie),
5,583,647 (Monroe), 5,611,829 (Monroe ef al.), and 3,645,619 (Erickson et al)). Dried,
bochmite-bascd precurser particles are typically made from & dispersion compriscd of
liguid medium and bochmite (typically alpha alumins monohydrate and boehmife
commonly referred to in the art as “pseudo” bochmite (L.e., Al,OyxH.0, wherein x=1 to
.

Suitable boebmites include those formerly marketed under the trade designation
“HIQ™ (e.g., “HIG-10, “HIQ-20," “HIQ-30," and “HIQ-44") from Aleoa Industrial
Chemicals, apd those commercially available under the trade designations of
“DISPERAL” from Sasol of Johanncsburg, South Africa (formerly from Condea GmbH,
Haraburg, Germagy), and “DISPALY (c.g., “DISPAL 23N4807) and “CATAPAL” (2.4,
“CATAPAL 1¥7) from Condea Vista Company, Houston, TX. These bochmites or
alumina monohydrates are in the alpha form, and include relatively little, if any, hydrated
phases other than monchydrates (althaugh very small umounts of trihydrate impurilies can
be present in some commercial grade bachmite, which can be tolerated).

The preferted liquid medium is typically water, although organic solvents, such us
lowet aleohols (typically C,.s alcohols). hexane, ur heptane, may also be useful as the
liquid medivm. The water may be, for example, tap water, distitled waler or deionized
water.

The dispersion may further comprise peptizing agents. These peplizing agents ars
generally seluble jonic compounds that are believed te cause the swrface of a paticle or
colloid to be uniformly charged in a liguid medium {e.g., water). The preferred peptizing
agents are acids or actd compounds. Examples of typical acids include monoprotic acids
and acid compouads, such as acetic, hydrochioric, fonmic, and nitric aczd, with nitric acid

being preferred.  The amount of acid used depends, for example. on the dispersibility of
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the heehmite, the percent solids of the dispersion, the components of the dispersion, the
amounts, or relative amounts of the components of the dispersion, the particle sizes of the
componcnts of the dispersion, and/or the particle size distribution of the components of the
dispersion. For bochmite, the dispersion typically contzins at least, 0.1% to 20%,
preferably 1% to 10% by weight acid, and most preferably 3% to 8% by weight acid, based
on the weight of bechmite in the dispersion.

In some inslances, the ackd may be applied to the surface of the boshmite particles
priar to being corobined with the water. The acid surface treatment may provide improved
dispersibility of the bochmite in the water.

Suitable methods for mixing the dispersion. inchude ball milling, vidatery milling,
attrition milling, and/or high shear mixing (colloid mills). 1ligh shear mixing is the
preferred mixing method.

In some inslances, the dispersion gels prior to the drying step. The pH ol the
dispersion and the concentration of 1ons in the dispersion are critical in determining how
{ust the dispersion gels. Typically, the pH is in the tange of about 1.5 to 4. Furtber, the
addition of moditier oxide matetial or other additive may result in the dispersion gelling.

The dispersion typically comprisey greater thao L3% by weight (generally from
zroater than 20% to about §0% by weight; typically greater than 30% to about 30% hy
weight) solids {or alematively boshunite), based on the total weight of the dispersion.
Certain preferred dispersions, however, comprisc 35% by weight or more, 45% by weight
or more, 50% by weighl or more, 55% by weight or more, 60% by woight or more and
©65% Ty welght or more by weight or more soiids {or alternatively boclunite), based on the
total weight of the dispersion. Weight percents of solids and bochmite above about 80 wt-
% may also be useful, but tend to be more difficult te process to make the particles. For
additional details regarding relatively high solids dispersions, see, e.g, US. Pat, Nos.
3,776,214 (Wood), 3,779,743 (Woad), 5,893,935 (Wood}, and 5,988,478 (Weod).

A lhigh solids dispersion is typicelly, and prefecably, prepared by gradually adding a
lignid component(s} to & componeni{s) that is non-soluble in the liquid component(s},
while the Jatlsr is mixing or tumbling. For example, # lquid containing water, nitde acid,
and meral salt may be gradually added w boshmite, while the latter is being mixed such
that the liquid is more easily distributed throughaut the boghmite.
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Bochmite-based dispersions may be heated to increase the dispersibility of the
alpha alumina menehydrate andfor to crsate 2 homogeneous dispersion. The teinperatine
may vary to convenience, for example the temperatire may rapge from about 20°C to
80°C, nsually between 25°C to 75°C. Altornatively, the dispersion may be heated under a
pressure ranging from 1.5 te 130 atmespheres of pressire.

The dispersion is typically prepared by adding the various components and then
mixing (hcm together to provide a bormogenous mixture.  For example, boehmile is
typically added to water that has been mixed with nitric acid. The other components are
ackled before, during, or atter the bochmite is sdded.

The dispersion may further comprise “mucleating material.” A nucleating material
refers to material that enhances the iransformation of transitional ajumina(s) to alpha
alumina via extrinsic nucleation. The nucleating thaterizl can be a nucleating agent {i.e.,
material having the same or approximately the same erystalling structure as alpha alumina,
or otherwise behaving as alpha alumina) itself (c.g.. alpha alumina seeds, alpha FeaGy
seeds, or alpha U001 seeds) or a precursor thereof. Other nucleating agents may include
Tia0y, M0y, Lip0), and titanates (e.g., mapgnesinyn titanate and mekel titanate)

Sources of iron oxide include hematite (1.e., r-Fea03), as well as precursors thereof
(L.e., goothite fmFeOOH), lepidocrocile (y-FeOQOH), magnetite (Fe;05), «nd maghemite
{y-Fez002)). Suitable precursors of iren oxide include any iron-coniining material that,
when beated, will convert to g-Fe(s.

Suitable iron exide sources can he prepared by a variety of tochniques well known
in the art. For exumple, o dispersion of hematite ((t-Fe201) can be prepared by the thermal
treatinent of jroa nitrate solutions, as is deseribed, for example, by E. Matfjevic et o,
I. Colloidal Interface Science, 63, 509-24 (1978}, and B. Voight et al., Crystal Rescarch
Technology, 21, 1177-83 (1936). Lepidocrocite (y-FeGOH) can be prepared, for example,
by the oxidation of Fe(OH), with a NaNO, solution. Maghemite (¥Fe;Os) can be
obtained, for example, by dehydrating pFeQOH in 2 vacuumn. vFeOOH can also be
converted te or-Fey0s, for example, by beating or grinding FeOOH in air.  Goethite
(e-FcOOH) can be syathesized, for exanple, by air oxidation of ferrous hydroxide or by
aging a dispersion of ferric hydraxide at an elevated temperature and bigh pH. Additional
informatien on the prepazation of exides of iron can be feond, for example, n the articles
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by R.N. Sylva, Rev. Pure Applied Chenwstry, 22, 15 (1972), and T. Misawa et al,
Lorrasion Seience, 14 131 {1574).

The type of iron oxide source employed to make abrasive grain described herein
can vary. Freferably, it is a crystalline particulate materia). Soch paiticulate material can
be spherical, acicular, or plate-like, depending upon the crystallinity of the particles and/or
the method of preparation.  Whalever the shape of the particulate muaterial, it preferably
has a surface area of 2t least about 60 m%/g (more preferably, at least about 80 m¥/g, and
most preferably, al least about 100 m¥g} and an average particle size of less than about |
micrometer {more preferably, less than about {.5 micrometer). In this context, “particle
size” is delined by the fongest dimension of a particles. In preferted embuodiments, the
crystalling particles are acieular with an aspeet ratio of at least about 2:1. One particularly
preferred material bas acicular particles with a length of about 0.04-0.1 micrometer and a
width of abeut 0.01-0.02 micrometer. Such particles can be obtained from a varicty of
suppliers of pragnelic media pigment such as Mugnox Pulask, Inc., Pulaski, VA,

The surface area of the particulate source of iron oxide can be measurcd, for
example, by nitrogen absorption using a Quantasorb System OS-10 from Quantachrome
Corp. of Boyntan Beach, FL. The particle size can be determined by measuring the
Tongest dimension of the particie using a variety of techniques. For example, the particle
size can be measured using @ Transmission Cloctron Microscope, whereby u micrograph is
taken of a collection of the particles at appropriate magnification and then the sizc of the
particles 1s measured. Another measurement lechnique is Quasi Elastic Light Scattering in
which & stream of light is scattered by the particles. The particle size js deterntined by
namerical ealysts of the fluctuations of the Inlensity of light scatlered by the particles.

The presence of very small amounts of Fex0s panticulate (e.g., with as little a3 0.01
wi-% FeyOs, on & theoretical oxide busis) is believed to aid in nucleating the
tansformation of transitional alumina(s) to alpha aluminz. It is also believed to aid in
densifying the alpha aluming at a temperature lower than densification would ocour
without the jron oxide (i.e., in abrasive grain made in the same mamer bul without the
source of FeaOs).

Additional deails regarding nucleating marerials are also diselosed, for example, in
ULS. Pat. Nos. 4,623,364 (Coftringer of 2.}, 4,744,802 (Schwabe)), 4,564,383 (Moris et
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al), 5,139,978 (Wood), 5,219,806 (Woed), 5,611,829 (Monroeetal), and 3,643,619
(Ericksen et a1).

The dispersion may further comprisc other metal oxide sources (i.2., muterials that
are capable of being converting into metal oxide with the appropriate heating conditions),
sometimes referred to as a metal oxide modifiers. Such metal oxide madifiers may alter
the physicai properties andfor chemical properties of the resulting abrasive particle. The
amount of these other melal oxides incorpurated into the ipitial mixture sndéor
impregnation composition may depend, for cxample, on the desired compesition andfor
properties of the sintered abrasive particle, as well as on the effect or role the additive may
have on or play in the process used to make the abrasive particles. The other metat oxides
may be added o Lhe initial mixture as o metal oxide (e.g., a colloidal suspension or a sol)
and/er as a precurser (e.g., 2 metal salt such as metal nitrate salts, metal acetate salts, metal
citrale salts, metal formate salts, and metal chioride salts).

) Examples of other metal oxide modifices include: prascedyminm  oxide,
dysprosivm exide, samarivm oxide, cobalt oxide, zinc oxide, neodyminm oxide, yttrium
oxide. yterhium oxide, magnesiom oxide, nickel oxide, lanthanum oxide, gadelinium
axide, sodium oxide, zireconium oxide, dysprosium oside, europinm oxide, hufnium oxide.
wnd erbium oxide, as well as manganese oxide, cluomiven oxide, titanium oxide, and ferric
oxide which may or may pot Tenction as ruclealing agents.

Metal oxide precursors include metal nitrate salts, metal acetate salts, metal citrate
salts, metal formate salts, and meial chloride salts. Metal aitrale, acetate, citrate, formate,
and chloride saits can be made by rechniques known in the at. or obtained from
conymereial sources such as Alfa Chemdeals of Ward Hill, MA and Mailisckrodt
Chemicals of Paris, KY. Examples of nitrate salts include magnesium nitrate
(Mz(NO,),-6H,0), cobalt nitrate (Co(NO,),-6H O), nickel nitrate (M(NO,).-6H70),
lithtam  nitrale (LiNUS), manganese  Mitrle (Mnﬁ\:('}}]z-leZO), chromivm  nitrale
(Ce(NO,)-910),  yttiem  pitrate  (Y(NO,)-6H0),  praseodymium  nitrate
(Pr(NO,)-6H,0),  samarium  nitrate  (Sm(NQ,),6EL0), npeodymium  nitrate
(NA(NG,)-6H,0),  lanthanum  nitrate  (La(NO,), 6110}, gadolinium  nitrate
(Gd(NQ,),5H, 0} dysprosium _nitrate (Dy(N0,),-5H0),  ewnpium pitrate
{Ea(NG,),-6H,0), ferric nitrate {Fe(NG,), 9H,0), zine nitrate (Zn(N(JK)]-tSHZO), erbium
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nivate (Er(MG,),-5H 00, zicconium nitrate, zirconium oxynivate (Zro(NO,),-xH,0), and
zireoninm hydroxynitrate. Examples of metal acctate salts clude magnesium acetate,
cobalt acetate, nickel acetate, lithium acetste, manganese acetate, chromium acelate,
yitrium acetate, praseodymium acetate, sararium acetate, ytterbinm acetate, neodyminm
zcctate, lanthanum acetate, gadolininm acetats, dysprosivm acetats, and zircomyl acetate
(ZrO(CH,COQ),).

A common preferred use of metal oxide modifiers is 1o decrease the porosity of the
sintercd abrasive particle and therchy increase the density. Additionally certain metal
oxide precursors {e.g., nucleating ateriats which are, or teansform into, nocleating agents,
or materials that otherwise behave as nucleating agents) may reduce the temperanie o
which the trinsitional aluminas transform into alpha aluming. Certain metal oxides may
react with the alumina to form a reaction product and/or form crystaliipc plases with the
alpha aluming, widch muy be beneficial during use of the sbrasive particles in abrading
applications. Thus the sefection and amount of metal exide will depend in part upon the
processing conditions and the desired abrading properties of the abrasive particles.

The exides of cobalt, nickel, zine, apd magnesium, for example, fypically react
with alumina to form 4 spinel, whereas zirconia and hafniz typically do pel react with the
alumina. Alternatively, for cxample, the reaction products of dysprosium oxide and
gudolinivm. oxide with aluminum oxide sre generally garoel, The reaction products of
praseodymium vxide, ytterbinm oxide, erbium oxide, and samarium oxide with aluminum
oxide generally have a perovskite andfor garnet structure. Ytiria can zlso react with the
sluming to form YAlsO,- having a sainet crystal stucture. Certain rare sarth oxides and
divalent metal cations rerel with alumina to form a rare sarth adurnivate represented by the
formula LabAl Oy, wherein Ln is a trivalent metal ion such as La‘."‘ Nd‘“, ce™. pr.
Sm™, Gd®', Be™, or Bu™, and M is a divalent metal cation such as Mg?*, Mo, Ni**, Zn®",
or Co™. Steb duminates have n hexagonal crystal structare. A preferred rare carth
alumiinace is MgLaAly1O)e.

The dispersion may be extruded by feclmiques known in the art {sce, e.g., U.S. Far
Mo. 4,848,041 (Kruschke), 3,776,214 (Wood), 5,779,743 (Wood), 5,893,935 (Wood), and
5,908,478 (Wood).

In gencral, technigques for drying the dispersion are known in the art, including

eating Lo promote evaporation of the liquid medium, or simply drying io «ir. The drying
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step gencrally removes a significant portion of the {iquid medium from the mixtore;
however, there still may be 2 minor portion {e.g., about 10% or less by welght) of the
liguid medwm present jn the doed mixture.  Typieal drying conditions include
temperatares ranging from about room temperature to over about 200°C. typically between
30°C 10 150°C. Ths times may range {rom sbowl 30 minutes ta over days. To mininuze
salt migration, it may be desirable to dry the dispersion ar low temjeratare.

After drying, the dried dispersion may be converted into precursor particles. One
typical technique to generate these precursor particles is by crushing. Various crushing or
comminuting techniques may be cmployed such as a roll crusher, jaw crusher, hammer
mill, ball mill and the like. Coarser particies may be recrushed to gencrate finer particles.
1t ix alse preforred that the dried mixture be crushed, as, for example, it is generully easier
to crush dried mixture versus the sintered alpha alumina based abrasive particles.

Alternatively, for example, the dispersion may be converted into precursor particles
prior 1o drying. This may oceur for instance if the mixtare i3 processed into a desired
particle shape and particle size distribution. Alternatively, for example, the dispersion
miay be molded into a triangular shape particle and thep dried.  Additional details
concerning triangular shaped particles may be found in 1.8, Pat. No. 5,201,916 {Berg et
al.}.

Alternatively, for cxample, the dried dispersion is shaped inlo lumps wilh 2 high
volatilizable content which then are explosively communited by feeding the lumps dirsctly
it a furnace held usually ut a temperature!s) between 600°C to 900°C.

Although  boehmite-bused  precurser  paslicles  are  desired  in numerous
embodiments of the present imvention, other precursor particles may be used to form
abrasive particles apd agglomerate abrusive grain of the present invention. Other precursor
abrasive parficies arce disclosed, for example, in U.S. Pat. Nos. 5,593,467 (Monroe).,
5,645,618 (Monroe et al.}, and 5,65L801 (Monroe ct al). ‘The otber prevursor abrasive
paiticles may be processed similarly as described above with regard to the processing of
hochmite-based precursor particles. )

Precnsor agglomerale abrasive grain can be made by agglomerating & plurality of
driedd bochmite-bascd particles, clber precursor abrasi\.'n particles, andfor abrasive
particles. An cxample of an assembly for apglomerating dried bochmite-based particles is
shown in FIG. 4. Dred boehmite-based particles 42 arc fed into rolating disc

.21 .
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agglomerator 43 via fesder 41, Exwmples of feeders include augers, gravity feedars,
vibwatory beds or feeders, or conveyor systems. Liquid {e.g,, water, acidified warar,
boebmite sol, or 2 boehmite sol (including a sol made from 2 acidified water) comprising
at least one of metal oxide or precursor thereof} 44 is sprayed onto dried boehmite-based
particles 42, A plurality of dried boehmite-based particles 42 agglomerate and overflow
out of agglomerator 43. The agglomerated boehmite-based particles 45 can then be fuxther
process {including sintering the particles and bond material} to provide agglomerate
abrasive grain accoiding te the present inveation. As shown, agglomerated boehmite-
bused paricles 45 fall onto belt 46 and are transported through drying oven 47, Dried
agzlomcrated boehmite-based particles 48 are collected in bin 49,  Examples of other
equipment which may be usefid in making agglomerate abrasive grain according W the
presant ovention include drmn agglomeraters, roll briquetters, roll compactors, serew
extruders, ring extruders, plow mills, Erich mixers, and landeaster mixars.

The manncr and rate of introducing the dricd bochmite-based particles, the manncr
aned rate of introducing the liguid, the seitings for agglemerator, and othsr aspects of
making the agglomerated dried boehinite-based particles may be dependent, for example,
on the composition of the dried hoehmite-based particles, the size of the died boetmite-
bused particles, the cemposition of the lguid. the specific agglomerator used, as well as on
cach other,

Typically, the preferred liquid is water, although organic solvents, such as lower
alechols (typically Crq aleohels), hexane, or heptace, may #lso be useflul as the ligwid.
The water may be tap water, distiled water or defonized water. Optionally, the liquid may
comptise acid {such as those described above for addition to the dispersions), NHy(OHJ,
metal oxide, andfor metal oxide precursors (including nucleating agents and materials)
such a5 those described above for addition to the dispersions, 85 well as, alpha aluming
particles and/or alphe alurmina precursors {e.g., bochmite).

For a4isc pellctizer (agelomerator} {obtained from Fecen, Corp, Green Bay, WL it
has been found thal the preferved rotational speed is typielly about 5-70 revalutions per
minute {rpm), more preferably about 20-40 rpem. In part, the prefeired rotational speed
depends on the angle of the rotating surfave. The angle is preferably about 30°-60°, more
preferably about 40°-50° or even about 45°.

-22.

JP 2004-510873 A 2004.4.8



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

25

30

(81)

WO 01728580 PUTIUSONMISZS

Precorsor agglomerate abrasive grain can also be roade, for example, by providing
droplets of liquid te such that the liguid contacts the surface of 2 static bed of dried
boehmite-based particles.

Typieally, the agslemerated dricd particles {i.e., bochmite-based or otherwise) are
dried and calcined prior to sintering.  In gencral, techniques for calcining, wherein
cssentjally all the volatiles are removed, and the various components that were present in &
material mixture are transtormed into oxides, ate known in the art.  Such technirmes
inchxle using a retary or static furpace to heat the material ot temperatures ranging from
about 400-1000°C (typically from zhout 4350-800°C) until the free waler, and typically

until at least about %0 wit% of any bound volatiles are removed.

Embodiments of agglomerate abrasive grain according to the prescat invention, can
be made, for example, by contacting at least one of precursor abrasive particles or abrasive
particles {e.g., fused and/or sintered abrasive pacticles] with a precarsar bonding matertal
comprising crystalline ceramic oxide precursor material 1o form agglomerated particles
and heating the agglomerated parficles at at ieast one temperature for a time sufficient to
convert the agglomersted parlicles inle wgglomerate abrasive grain according of the
present invention. Ertbodiments of the method may include forming dricd and/or calcined
precursor agglomerate abrasive grain prior to completing conversion of the (precursor)
agglomerated particles into agglomerute abrasive grain according of the present invention.

Suitable abrasive pacticles may comprise any known abrasive particle inchuding
fused alominum oxide (incivding white fused aluming, heat-treated eluminum oxide, and
brown aluminum oxide) abrasive particles, silicon carbide abrasive particles, boron
carbide abrasive particles, titonium carbide abrasive particles, diamond pbrasive particles,
cubic boron nitride abrasive purticles, garnct abrasive particles, fused alumina-zircoria
abrusive particles, sintered alpha alumina-based (including sol gel-derived alpha alumina-
bascd) abrasive particles, and the like. Suitable precursor abrasive particles may include
those abrasive particles described above with repeat to the dried bochmite-bused paticles,
as well az caleined versions thereof.

Precursor bonding material may be and/or comprise crystalline ceranic oxide
precursor malerial such as aluming, alumina precursor material {e.g. boehrnite, boehmite

sols (for example, as discussed sbove)), other sipterabls ceramic materials andfor
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precutsois thereof. The precursor bonding meaterial may include one or more of waler,
organic solvents, peplizing agents, ouclenting materials, metal oxides or metal exide
madifiers, metal oxide precursors, and pH medifiers (e, acid {(such 28 those deseribed
ahove for addition to the dispersions), and NHy{OH)).

Move specifically, for example, embodiments of agglomerate abrasive grain
according to the present invention can alse be made, for example, by a methed comprising:

contacting a composition comprising curahle binder precursor material, crystallins
ceramic binder precursor material. and & plurality of at least coe of abrasive particles or
precurser abrasive particles such that the particles agglomerate together, and

comverting the eggivmerated paticles iato agglomerate abrasive grain (See, e.g.,
copending  application having U.5. Serial No,. (Attorney  Docket No.
36088U8002}, filed on the same date as this application. One embodiment of the methad
includes forming precursor sgelomerate abrasive grain from a plurality of at least one of
shrasive panticles or precursor abrasive particks, curable binder precursor matecial, and
ceramic binder pracursor material. A composition comprising a plurality of at least one of
shrasive particles or precursor abrasive particles, curable binder precursor matevial, and
ceramic binder precursor material is passed through at least one orifice in a substrate. The
resulting agglomerated particles {precursor agglomerate abrasive grain} arc separated from
the substrate.  The precursor agglomerute abrasive prain is converted fnte agglomerate
ahrusive grain according to the present fnvention. Typically, converting tie precursar
agglomerate abrasive grain includes at least partially cuzring the curable binder precurser
material present in the precurser agglomerate abrasive grain.

As used herein, the expression “curable binder precumsor materal” relers o any
material that is deformable or can be made to be deformed by heat or pressure or both and
can be at least partially cured to provide material, such as, for example, precursor
agglomerate abrasive grain, that are handleable and collectable.  As used hesem with
respect to curable binder precursor material, the expression “at least partially cured™ means
“part or “all” of the corable bindes precursor material has been cured to such a degree that
it is handicable and collectable. The expression “at Jeast partially cured™ does not mean
that part or all of the curable binder precursor is always fully cured, bt thac it is
sufficient)y cured, afier being at Jepst partially cored, to be handicable and collectable.

-4
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As used herein, the cxpression “handlezble and collectable” refers ¢ material that
will net swbstantially flow or expedence a substantial change m shape.  Precursor
agglomerate sbrasive grain and agglomerate abrasive grain that are handleable and
collectzble tend to remain intuct if subjected to an applied torce that tends to sirain or
deform a body. Precursor agglomerate abrasive grain and agglomerate abrasive grain that
are not handleable and collectable tead not to remain intaet if subjected to an applied force
that tends to sirain or defenn a body.

As used hercin, the cxpression “crystalline ceramic oxide binder precursor
material” refers w particulate additives which, when heated to a temperature sufficlent o
bure out organic materials preseat in the precutsor agglomerate abrasive grain, may
subsequently bond together to form a rigid ceramic oxide phase bonding the abrasive
particles together and to provide a precursor agglomerate abrasive grain.  Crystalline
ceramic oxide binder precursor material may include crystalling or non-crystalling coramic
material.  Hereinafter, “precursor agglomerate abrasive grain™ includes where the
crystalline ceramic oxide binder precursor materizl bas not yet bended together sufficienily
to provide precursor agglomerate abrasive grain  thar is handleable and collectable.
Typically, at least a portion. of the precursor agglemerate abrasive gruin provided by this
method have an aspeet ratio greater than one.

Hereinatter, “essentially free of solvents” means the composition used o make
precursor agglomerate abrasive grain contain less than 10% solvent.

Curable binder procursor can be cured by radiation energy or thermal energy.
Typically, radiation eurable binder precursor material comprises at least enc of epoxy
resin, acrylated urethans resin, acrylated spoxy resin, sthylenically unsatucated resin,
aminoplast resin having at least one pendant unsaturated carbonyl group, isocyanurate
derivatives having af least one pendant acrylute group, isocyanate derivatives having at
least one pondant aceylate group, or combinations thereof. Other useful radistion carable
binder precursor material includes vinyl ethers.

Epoxies have an oxirane ring and are polymerized by the ring opening via 2
cationic mechanigm. Uselu]l Epoxy resins include monomeric epoxy resins and polymeric
epoxy mesins. These resins can vary greaily in the nature of their backbones and
substituent groups. For example, the backbone may be of any type nonmully associated

with epoxy resins and substituent groups thereon can be any group free of an active
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hydrogen atom that js reactive with an oxirane fng at room temperzture. Representative
cxamples of substituent groups for epoxy resins include balogens, ester groups, ether
groups, salfonate gronps, siloxane groups, nitro groups, and phosphate preups. Examples
of some epoxy resins  useful in  this  inventon include  2,2-bis[4-(2,3-
epoxypropexy)phenyllpropane {diglycidyl ether of bisphencl A) and matedals under the
tracle designations "EPON 828", "EPON J004" snd "EPON I0GIF", cemmercially
aveilable from Shell Chemical Co., Housten, TX,, "DER-331", "DER-332" and "DER-
334", commercially available from Dow Chemical Ceo., Freeport, TX. Other suitable
epoxy resins include glycidyl ethers of phenol formaldelyde novelae (e.2., available under
the twade designations "DEN-431" and "DEN-42%", commercially available from Dow
Chemical Co.). The epoxy resins nsed in the invention can polymerize via a catienic
mechunism with the addition ol appropriate photoinitiator(s). These resins are further
described an 1.5, Pat. Nos. 4,318,766 (Smith} and 4,751,138 (Tumey et al.).

Exemplary zcrylated urethane resin. includes # dizerylate ester of a hydroxy
-terminated isocyanate extended palyester or palyether.  Examples of commercially
wvailable serylated urethune resin include those available onder the trade designation
SUVITHAKE 782" and “UVITHANKE 783,” from1 Mortor Thiokol Chemical, Moss Point,
M5, und under the trade designation "CMD 66007, "CMD 5400, and "CMD 8305", from
Radeure Speciulties, Pampa, TX.

Excmplary acrylated epoxy resin includes a dicerylote ester of epoxy resin, such as
the diacrylate ester of an epoxy resin such as bisphenol. Examples of commercially
availabie actylated epoxy resin include those avaitable under the trade designation "CMD
3300", “CMD 3600, and "CMD 3700", from Radcure Specialties.

Exemplary ethylenically unsaturated resin includes both menomeric and polymeric
compounds that contain atoms of carben, hydrogen and onygen, and optionally, nitrogen
or the halogens. Oxygen atoms, nitrogeo atoms, or bath, are generafly present in ether,
ester, urethane, amide, and urea groups. Ethylenically unsaturated resin typically has a
molecular weight of less than about 4,000 and is o coe embodiment an ester resulting
from the reaction of compounds contatning aliphatic monohgdioay groups or aliphstic
polybydrony groups and Representative examples of ether useful acrylates include methy!
methacrylate, ethyl methacrylate, ethylene glycel diacrylale, ethylene glycol methacrylate,

hexanediol diacrylate, triethylene glycol diacrylate, trimethylolpropanc triacrylate, glycorol
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triacrylate. pentasrythritol triacrylate, peotaerythoitel methacrylate, and pencastythritol
tetraacrylate. Other vseful ethylenjcally unsaturated resins include mosoallyl, polyatlyl,
and polymethylallyl esters and amides of carboxylie acids, such as diallyl phthalate, diallyl
adipate, and N,N- diallyladipamide. Still, other useful etbylenically unsatarafed resios
inelude styrene, divinyl benzenc, and vinyl tokwene. Other useful nilrogen-containing,
ethylenically unsaturated resins include tris(2-acryloyl-oxyethyl)isocyanurate, 1,3,5-tri(2-
methyacryloxyethyl)-s-triazine, acrylamide, methylacrylamide, N-methylacrylamide, N,N-
dimethylacrylamide, N-vinylpyrrolidene, and N-vinylpiperidone.

Some useful aminoplast resing can be monemeric or oligomeric. Typically, the
aminoplast vesing have at least one pendant ¢ B-unsaturated carbonyl group per molecule.
These «p -unsaturated carbonyl groups can be scrylate, methacrylate, or accylamide
proups.  Dxamples of such resing include  N-hydvoxymethyl-acrylamide, NN
oxydimethylensbisucrylamide,  ortbo  and  para  acrylamidomethylated  phenot,
acrylamidemcthylated phenolic novolac, and combinations thercof. These materials ace
further <escribed in VLS. Pat. Nos. 4,903,440 (Kirk ¢t al.) and 5,236,472 (Kirk ot al.).

Useful isocyunurate derivatives having at. lcast one pendant acrylale group and
isocyanale derivatives having at least one pendant acrylate group are further described in
0.5 Pat. No. 4,652,274 (Boettcher). One such isocvanurate material is o tiaceylare of
tris(2-hydvoxyethyljisocyanurare.

Lixamples of vinyl ethers suitable for this invention include vinyl ether
functionalized urethane  oligomers, commmercially  availsble  [rom Allied  Sigoal,
Mormistown, NJ , under the trede designations “VE 4010, "VE 40157, "VE 2010", "VE
20207, and "VE 4020",

Optionally, the composition of a plurality of 4t Jeast one of abrasive particles or
precursor abrasive particles, curable binder preewrser material, and ceramic binder
precursor material may furher comprise initiator sciected from the group consisting of
pholr.lixdtialor, thermal initislor, and combinations thereof.  As used herein, a thermal
initiator may be used when thesmal energy is used in the at least partial[y curing step, and
photoinitiators may be used when sltraviolet andior visible light is used in the at Teast
partiaily curing step.  The requirement of an initiator may depend on the type of the
curable binder precursor wsed andfor the type of encrgy used in the at least partially curing

step (e.g., clectron beam or ulraviolet Jight). For example, phenolic-based curable binder
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precursors typically do not raquire the addition of am initiator when at lzast thermally
cured. However, acrylate-based curable binder precursors typically do require the addition
of an initiator when at least thermally cured. As apotber example, initiators typically are
not required when eleetron beam energy is used during the at least partially curing step.
Haowever, if ultraviolet or visible light is utilized, a photoinitiator is typically included in
the composition.

Upon being expesed to thermal energy, & thermal initiator generates a free radical
source  The free radicul source then initiates the polymerization of the curable binder
precursor. Exemplacy thermal initiators nclude organic peroxides (e.g. benzoil peroxide),
wzo compounds, guinones, nitroso compounds, acyl halides, hydrazones, mercapio
compeunds, pyryliven compounds, imidavoles, chierolriazines, benzom, benzoin alkyl
cthers, diketones, phenones, and mixtores thereof. Azo compounds suitable as thermal
Injtiators in the present invention may be obtained ander the trade designations “VAZO
52,7 “VAZQ 64,7 apd “VAZQ 67" from E.I duPout deNemows and Co., Wilmington,
DE.

Upon being exposed to ultraviolet or visible light, the pholoinilislor generates z
free yadical souee or 2 cationic source. This fiee radieal or cationic sovrce then initiates
the polymerizaiion of the curabie binder precurser.

Examplary photoinitiators that gencratc a frec radical source when exposed to
ultraviolel tight inchxle, but are not limited o, those selected from the group consisting of
organic peroxides (e.g., benzeil peroxide), 270 cempounds, quineoes, benzophenones,
nitroso compounds, acyl balides, hydrozones, mercapie compounds, pyrylium compounds,
wiacrylimidazoles, bisimidazoles, chloroalkywriazines. benmzoin cthers, benzil ketals,
thicxanthones, and acctophenene dedivatives, and nuxtures thereof.  Fxamples of
photoinitiators that generate 2 free radical seurce when exposed to visible radiation are
further described, for example, in U.S. Pat. No. 4,733,632 (Oxman et al.).

Cationie photoinitiators generate an acid source to initizle the polymerization of an
epoxy resin or a wethage, Exemplary cationic photoinitiators include a salt having an
onium cation and 2 halogen-containing complex anion of 2 metal or metalloid. Other
useful cationic photoinitiators inclede 2 salt having an organometallic complex cation and
a halogen-centaining complex anion of 2 metal or metulloid. These photoinitiators are
further described in U.8. Pat. Mo. 4,751,138 (Taumey i al). Another exampie is an
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organometallic salt and an onium salt described in 1.8, Pat. No. 4,985,340 (Palazotio ct
&l.). Still other calionic photoinitiators include an jonic salt of an erganometailic complex
in which the metal is selected from the elements of Peviodic Groups IVE, VB, VIB, VIIB,
and VIMIB. These photeinitiators are further deseribed in 1U.8. Pat. No. 5,089,536
(Palazotto}.

Ultraviolet-activated photoinitiators saitable for the present jpvention may be
obtained wnder the trade desipnations “IRGACURE 651", “IRGACURE 184",
“IRGACURE 369" and “IRGACURE §19” from Ciha Geigy Company, Winterville, MS,
“Lucirin TPO-L”, from BASF Corp., Livingston, NI, and “DAROCUR. 1173 irem Merck
& Co, Rehway, NI To one embodiment, the total amount of inttistor (wither
photcinitiator, thermal initiator, or combinations thereof) may be in the range from 0.1 to
10 percent by weight of the curable binder precursor; in another embodiment, from about T
te about 5 percent by weight of the curable binder precursor. If both photoinitiator and
thermal initiator are used, the ratio of photoinitiator 1o thenmal initiator 5 between aboat
3.5:1 to about 1:1.

Tn anather aspect, if ulivaviolet or visible light energy is used in the at least pactially
curing step, the composition may also include a photosensitizer. Photosensitizer expands
the wavelength at which the ipitiator or monomer forms free radicals. Excmplary
photosensilizers include compounds kaving carbonyl groups or terfiary amizo groups and
mixtures thereof.  Useful cxamples of compeunds laving carbonyl proups are
benzophencne, acelophenone, benil, benzaldehyde, o-chlorobenzaldehyde, xamthone,
thicxanthope, 9. 10-anthraguinone, and other aromatic ketones. Useful cxamples of tertiary
amipes are methyldiethenolamine, cthyldicthanolonine, idethapolamine, phenylimethyl-
ethanolamine, and dimethylaminoethylbenzoate, In one embodiment, the amount of
photosensilizer in the composition may be io the range (rom about 0.01 1o 10% by weight
of the curable binder precursor. In another erbodiment, the ametnt of photesensitizer in
the composition may be in the range tfrom about 023 10 4% by weight of the cutable
binder precursor.

Madifying additives are typically included in the curable composition to modify
the processing characteristics of the comyosition (6.2., chimge viscosity, ewc.).  Useful

examples of modifying additives include coupling agents, wetting agents, flowing agents,
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surfactants and combinations thereof. Many additives tend to decornpose during the
heating step.

Coupling agenls tend to eghance the adhesion between a sofid surface (c.p.,
abragive particles) and cucable binder precurser.  Useful examples of coupling ugents
suitable for this invention include organo-silanes, zircoaluminates, and Glanaies. An
abrasive particle may also contain a coupling agent on ity surface, such as 2 silane ecoupling
agent,

Wetling agents, or surfactants, tend to control rheelogy of the composition during
processing.  In general, any type of wetting agent {l.e., anionic, cationic, nonionic,
amphoteric, zwillerionic, ete.) can be employed in the composition. Useful examples of
wefting agents include those available under the trade designations “INTERWET 33" from
Chemie America Interstab Chemicals, New Brunswick, NJ; “FLUQRALY" from the 3M
Company St. Paul, MN, and “AEROSOL OT" from Rolim Haas, Philadelphia, PA.

Flowing agents tend 1@ prevent “cakiny” of powders during processing.  For

example, a flowing agent may bc used in the present invention to prevent ceramic binder

precursor from caking during the forming step. Useful examples of flowing agents include

condensates of ethylenc oxide and ansaturated fatty acids.

In one embodiment of the present invention, a composition is formed into ceramic
ageregate precursor particles by passing the composition throwgh an orifice. For example,
FiG;. (2 ilastrares cxemplary agglomerate abrasive grain according to the present
invention 180D. Agplomerate abrasive grain 180 inciudes plurality of abrasive particles 184
coated by and embedded in erystaliine ceramic oxide bonding material 182. Optionally,
there may be space 186 vofd of crystalline cerpmic oxide bonding material 182 1hat is
accessible to ihe outer susface of the agglomerate abrasive grain and suitshle to permit
fluid penetration. Such fluid penctration ailows the agolomerte abrasive grain to possess
“surface connected porosity”. In one embodiment, agglomerate abrasive prain have an
aspect ratio greater than onc, and typically in the range from aboul one (o about 20, As
used herein, the expression “aspect ratio” with regard to agglomeraie abrasive grain is the
longest dimension of the agglomerate abrasive grain, L, divided by the shorest dimension
of the agglomerate abrasive grain, W. [n snother exnbodiment, the agglomerate abrasive

grain have an aspect ratio in the range from about one lo about 10. And in another
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embodiment, the agglomerate wbrasive grain have an aspect ratio in the range from about
one to aboui 3.

In another aspect, agglomerate abrasive grain according to the present inveniion
may have different sizes (e.g., agglomerate abrasive grain with different diameters). For
example, in one embodiment, a composition that is passed through a substrate with
citeular onifice(s) tends to form agglomerte abrasive grain with epproximately circulac
cross-sections of about the same diameter as the orifice(s). In some cmbodiments, the
rosulting agglomerate abrasive grain may have a diameler in the runge from about 25
tiicremeters {onc mil) to about 12,700 micrometers (500 mils). In another cmbodiments,
for exarnple the agglomerate abrasive grain roay have a diameter in the range from about
381 micrometers (15 mils) to abaut 6350 micrometers {230 mils} in diameter.

In apother aspect, agglomerate abrasive grain according to the present invention
may be formed by a methed that inclndes as described above have “substantially urniform®
{(i.e., the dimension does not viry by more than abour 20 percent, typically no mare than
about 10 percent) cross-sectional shapes, as rmeasured along a designated axis.

in another aspect, ceramic agelomerate abrasive grain according to the present
invention may have different shapes. For example, the agglomerate abrasive grain may
have cross-sectional shapes (hal are approximately circular or polygonal (e.g., square,
triangulur, etc.). Agglomerate abrasive grain having an aspect ratio greater than onc are
typically rod-shaped.  In another embediment, the agglomerate abrasive grain may be
crushed to bave random shapes.

An exemplary substrate for the method of passing the composition through an
crifice(s) may be material with one or more oritices that has sufficient strength 10 aliow a
composition te be passed through the orifice(s) without rapturing the substrate. In general,
subslrates may include, for cxample, mesh screens (as described, for example, jn U.S. Pat.

Ne. 5,000,268 (Pellow)), film dies, spinnerst dies, sieve webs (as describad, for example,

o in LS. Pl No. 4,393,021 {Eisenberg et al.)} or scrcens {as deseribed, for example, in U.S.

Pat. No. 4,773,599 (Lynch et al)). In one embodiment of the present invention, substrates
include conieal sereens with circular orifice(s) in the range from aboul 25 micrometers
{one mil} to abont 12,700 micrometers (300 mils) in dizmeter. Tn another cbodinent,
substrates include conical screens with circulur orifice(s) in the runge from about 381

micrometers (15 mils) to about 5350 micrometers (250 mils) in diameter.
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Forming device 118 in FIG. 13 may be any material forming appuratus such as, for
cxample, an cxtruder, milling/size reducing machine, pellitizer or pan agglomerator. FIG.
14 illustates preferred forming device 140 which is a size-redusing maching, available
from Y-Tron Quadro {U.K) Limited, Chesham, United Kingdom, onder the trade
designation “QUADRO COMIL.” Forming device 140 has impeller 143 mounted on
wotatable shaft 144, Shalt 144 and impeiler 413 are localed in chacnel 146 having input
148 snd output $30. Tmpeller 143 ig shaped and mounted so that gap 152 exists between
ouler eidge 145 of impeller 143 and tapered aperatured watl 158 of screen 156 and gap 152
is substantially constant as impeller 143 rotates about shaft 144,

Generally, the cross sectional shape of impeller 143 may be, for example, round,
flat or angular flats. Typicelly, impeller 143 shapes used in the present inveation are
round. In one embodirnent, impeller 143 shapes are arrow-head shaped.

Gap 152 width may range, for example, from 25 micometers (1 mil) to 5080
micometers (200 mils). Typically, gap 152 width runges from 127 micrometers (5 mils) 1o
1278 micrometers (50 mils).

Adjusting impeller 43 rotution speed to cptimize forming cerimic aggregale
precursor particles will be readily apparent to ong skilled in the are. Typically, impeller 43
rotalion speed is itom 50 to 3500 pm.

Clannel 146 also contains support 154 shaped and positioned to hoid screen 156 so
that any material passing from input 148 to outpui 150 passes through sereen 156. Sereen
156 is formed to have the tapered apertured wall 158 fermed into a frusto-conical shape,
wilh wide end 160 of screen 156 being open and nacrow end 162 being at Jeast partialty
closed. In most uses, it is desirable w have narrow end 162 completely closed. Screen
156 has orifice{s) 164 that are shaped.

As shown in Fig. 15, scroen orifice(s) 164 may be shaped to be curved, circular or
polygonal, including, for example. triangles, syuares and hexagons. Typically, tbe shupe
of screen orifice(s} 164 used in the present invention are circular or square.  Preferred
shapes for screen orificefs) 164 are square or circular, mnging in size from 381
micromelers {15 mil} to 6350 micrometers (250 mil} in diameier or across.

Ag can readily be seen from FIG. 14, end 166 of shaft 144 protmdes from channel
146. A power sonrce (not shown) can gasily be atrached to end 166 of shaft 144 10 cause
shaft 144 and attached impeller 143 to rotate relative to screen 156. Typically, the power
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source is a variable speed clectric motor. However, the power source is conventional and
many other power sources will be snitable to operate apparams 140,

Tn another aspect, embodiments of making agglomerate abrasive grain according to
the present invention include at Icast partially curing curable hinder precursor material
present in the precursor agglomerats abrasive goin. In one embodisent, for example as
illustrated in FEJ. 13, the precursor agglomerale abrasive grain are af least partially cured
as they Bl by gravily through curing zone 124, As shown in FIG. 13, at least partinfly
curing may provide handlkesble and collectable precursor agglomerate abrasive grain 128,
which may be collected in container 130.

The at least pariially cugng of the ceramic aggregate precursor purticles may be
caused by enerpy scurce 126, Exemplary energy scurce(s) 126 include thermal and
radiation cnecgy. Typically, 4 radiutton encrgy source(s) is used, Exemplary sources of
radintion energy are electron beam, ultraviolet light, visible light, microwave, [aser light
and combinations thereof.

In epe embodiment, vleraviolet Hght is used o5 radistion encrgy sewrce 126 and
mirtors 125 are used in curing zope 124 to reflect the ultraviolel waves in a way that
intensiftes the energy transmitted to the precursor agglomerate abrasive grain. Ultraviolet
radiation refers te non-particulale radiation aving  wavelength within the range of about
4 to about 400 nanometers, preferably in the range of about 250 to about 400 nanomelers.
In one embodiment, an apparatus used for at least partially radiation curing is one such as
that available from Fusion UV Systems, Inc., Gaithersburg, MD, under the (rade
desiguation “DRE 410 (3. In one smbuodiment, the “DRE 410 Q7 radiation apparatus is
equipped with, for example, two 600 watt “d” fusion lamps that we set on “high” power.

Visible radiation refers to non-particulate radiation having a wavelength within the
range of about 400 to sbour S0 nanomsters. In one embodiment, nen-particulate
radiation having a wavelength in the range of about 400 to about 550 nanemeters is vsed.

In other epibodiments, a thermal eneray source(s) may be used. Exeﬁ'lplary sources
of thermal energy that reay be utilized include electrical o combustion heat sources. In
another embediment, infrared radistion may be used as & source of thermal energy.

‘The amount of radiation energy needed to at least partially cure the curable binder
precursor material to provide handleable and collectable precursor agglomerate abrasive

grain may depend upon factors such as, for example, te type of curable binder precursor
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material, the type of crystalline ceramic oxide bonding precurser marerial. residence time
in the curing zone, the type of precursor abrasive particles and/or abrasive particles and tbe
type of, if any, optional modifying additives.

Optionally, precursor agglomerate abrusive grain may be further at least pariially
cured using thermal energy, radiation energy, or combinations thereof. Further at least
partially curing may provide precutsor agglomerate abrasive grain with different properties
such as, for example, increased rigidity for bandling and collecting. Typically, precursor
agglomerate gbrasive grain that are handleable and collectable tend to remain cohesive
precurser agelomerate abrasive grain through the method sieps.  ‘T'ypically, precursor
agglomerate abrasive grain that are not handlezble and collectable tend to break apart if the
they are physically rooved at a point during the method steps.

Tn one embodiment, heating jnejudes the following two-step firlug process. The
two sieps of the firing process are usually performed st separate times, but could be
completed sequentially at the same time in one firing fumace cycle. Tn one embodiment,
the first (te., calcining) step tnvelves heating ke precursor agglomerale abrasive grain
from room (emperature to a finu temperature in the tange from abowt 500°C to about
a30°C at & slow rate, typicaily 2°C per mimue and expusing the precursor agglomerate
abrasive grain 1o the tinal temperature for about 1 10 about 4 hours typically, in order to
remove cured andfor uncured material, such as, for exampie, acrylate resin, and to cause
the crystalline ceramic oxide binder precurser material to sufficiently bond together to
provide handleable and coliccrable procursor agglomerate abrosive grain. Typically, as
heating during the first step progresses, precursor agglomerate abrasive grain Crush
Strength decrcases fo a minimum.  This minimum typically cccurs wpon complete
pyralysis of cured andfor wneured materiad because the pyrolysis of any cured and/or
uncured material leaves spatial voids in the precursor agglomerate abrasive grain and e
crystalline ceramic binder precurser materal typically has not sufficiently bonded together
to provide handleable and collecluble precursor agglotnernts abrasive grain,. However, as
heating continves towards the final temperature, the crystallice ceramic binder procursor
material typically starts to sufficiently bond together to cause the agglomerate shrasive
grain Crush Strength to increase and to provide handleable and collectable agglomerate
abrasive grain. Because the material is typically not handleable and collectable upon

camplete pyrolysis, a stalic bed js typically used during the first slep to minimize zpplied
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forces to the material so that the material remain infact. Examuples of firng kilns snitable

for stetic bed firing in the first step include shutdle kilns, roller hearth kilus, pusher plate

kilns, and belt fumcace kilos, In one embodiment a Blow rate of heating, for example 2°C-

per minute, the precursor agglomerate abrasive grain during the first step is performed to
control the rate of pyrolysis of cured and/or uncured material. Typicully, relatively fast
heating rales tend to cause cured and/or uncured material Lo decompose into gasfes) ata
rate which most likely destroys the precurser agglomerate abrasive grain. Typically, first
heating step is a calcimng conducted in an oxidizing atmosphere (e.g., aif) to aid in
complete pyrolysis of any cured and/or uncured material, such as, for example, acrylate
resin.  The heating tigaes, temperatuges, rates, atmosphere, =e, are rypically selected o
remove organic material from the precursor agglomerate abrasive grain. The presence of
organic naterial during the second heating step is generatly undesiruble because organic

maferial weuld tend to thermally decompose dunng the heating, resulting in the evelution

" of gas{es), which in furn may lead 1o fracture of the bonding marerial.

Typically, in the sccond firing step, calcined precursor agglomerate abrasive grain
are heated 0 a final ternperature in the range [rom shoul 650°C 1o about 1300°C at any
desired heating rate. Typicully, the calcined precursor agglomeratc abrasive grain particles
are exposed o the final temperature for ope to four hours in order W cause partial or
complete densification of the <rystalline cerumic oxide bonding precursor materid. As
used in the present invention, “denstfication” means the partial or complete climination of
open space within the agglomerate abrasive grain to provide precursor agglomerite
abrasive grain with ncreased particle depsity (Le, decrsased particle volame per anit
particle mass). [n one embodiment, heating during the second firing step may accur in a
static bed ar non-static bed because calcined precursor agglomerate abrasive grain particles
arc handleable and collectuble and remain intact if subjected to an applied fores that tends
1o strain or deform a body. Examples of non-static beds include rotary kiln or fluidized
bed firing techmiques.

Typically, at least partially cured precursor agglornerate abrasive grain are af least
pitially coated with & metal oxide particulate to prevent them from stickieg to one another
during heating. if firing sieps are performed at soparate times, the precursor agglomerate
shrasive grain are typically coated with metal oxide particulate after pre-firing but before

the second firing step. In one embodiment, the quantity of metal eXide particulate useil w
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af Jeast partially coal the precursor agglomerate sbrasive grain is appreximately 3%-10%
by weight of the precursor agglomerate abrasive grain. In one embodiment, metal oxide
particulate includes hydrous alumina.

In encther embodiment, metbods according to the present invention may involve
reducing the average size of precursor agelomerate abrasive prain andfor agglomerale
abrasive grain  afler al least purtially curing andfor heating respectively. lypically,
reducing the average size of the agelomerate abrasive grain is pecformed using at least one
of milling, crashing, or wmbling. In one embodiment, apparates 140 shown in FIG. 14
may be uscd to reduce the average size of precursor agglamerate zbrasive grain andfor

agplomerale abrasive grain.

It is also within the scope of the present jnvention to Impregnate a meial oxide
modijier source (typically a metal oxide precurser] into dried or calcined material
(incinding the caleined precursor abrasive particles andfor the caleined bonding maleral}.
These metal oxide precutsors and metal sults are described above with respect to the
dispersion.

Methods of impregnating calcined materials are described in general, for example.
in U.5. Pat. No. 5,164,348 (Wood). In gencral, precursor agglomerate material {dried
matorial or culeined material) is perows.  For example, a calcined boelimite-derived
ugglomerate material typically has pores about 2-15 nanometers in diameter extonding
therein from an ouwter surface. The presence of such pores allows an impregnation
compesition comprising a mixture comprising liguid medium (typically water) and
appropriate metal precursor 1w enter into precursor makerial, The metal salt material is
dissolved in a liquid, and the resulting solution mixed with the porous material. The
impregnation process is thought to occur through capiliary action.

The liquid used for the Impregnating compesition is preferably water (ineluding
deionized water), an organic solvent, and mixtures thereof. 1 impregnation of a meta salt
is desixed, the concentration of the metal salt 1o the liguid medium is typically in the range
from about 5% to about 40% dissclved solids, on a theoretical metal oxide basis).

Preferably, there is at least 50 mi of solution added 1o achieve impregnation of 100 grams

36

JP 2004-510873 A 2004.4.8



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

w

an

25

an

(95)

WO 01728580 PUTIUSONMISZS

of porous material, more preferably, at least about 60 ml of solution to 100 grams of
porous material.

After the impregnation, the resulting impregnated material is typically calcined te
remove any volatiles prior to sintering. The conditiens for this calcining step are described
above.

Afier the precurser agglomerate abrasive grain is formed and optionally calcined, it
is sintered to provide the crystalline bonding matecial and the abrasive particles. In
general, technigues for sintering the precursor material, which include heating at a
temperature effective to wansform transitional alumina(s) into zlpha wumina, o causing
all of the metal oxide precorsors to either react with the alumina or form metal oxide, and
increasing the density of the ceramic materizl, are known in the art. The precursor
nraterial may be sintered by heating (c,.g,_, using electrical rosistance, microwave, plastma,
laser, or ges combustion) on & batch basis, or & continuons busis. Sinterfng temperatures
usually range fromn about 1200°C to aboul 1650°C; iypically, from about 1200°C to about
1500°C; mare typically, less than 1400°C. The Jength of time, which the precursor
material is exposed to the sinteiing temperature depends, for example, on patticie size,
compesilion of the sinterable material (i.e., abrasive particle precursor and/or bonding
material), and sintering temperature. Typically, sintering times range from a fow-scconds
to about 50 minutes (prefersbly, wilhim about 3-30 minetes).  Sintering is typically
accomplished in an oxidizing stmosphere, although inert or reducing almospheres may
also be useful. '

In some desired embodiment of the present invention, agelomerate abrasive grain
comprises sintersd alpha dlumina-based abrasive particles and bonding mateial, both of

-which have a density of at least 85% (preferably, at least 90% and meore preferably, at least
959} of thearstical, and comprise, on a theorefical oxide basis, at least 60% by weight
Alz0s, wherein at least 50% by weight of the total amount of alumina is present as alpha
alumina, based on the total metsl oxide content of the abrasive particle or bonding
matenal, respectively. [t is understoed however, that the agglomerate abrasive grain itself
has & parous structure such as shown and described in FIGS. § (above) and 6 {below).
Agglomerate abrasive grain according to the present invention typically have a parosiry

value of, in increasing order of preference, at least 10 %, 15%, or 20%. Preferably, the
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porosity value is, in increasing order of preference, in the rznge from about 15% o about
60%, ahout 20% to abovi 50%, or about 30% to ubout 45%.

Typically, sintered, crystalline, alpha alumina-based abrasive parlicles, as well as,
the crystalline bonding muterials or agglomerate abrasive grain according to the pregent
invention, comprise, on a theoretical metal oxide basis, about 55 to about 99 percent by
weight (preferably, about 65 to 95 percent by weight; more preferably, about 70 1o about
95 percent by weight; and even more preferably about 80 to 94 percent by weight) A0,
based on the total metal oxide content of the sintered, crystalline, alpha alumina-based
abrasive particies, erystalline ceramic bonding raterial, and/or agglomerate abrasive grain,
respectively. Further certain sinterad, crystalling, alpba alumina-based abrasive particles,
crystalline ceramic bonding materials, or agglomeratc abrasive grains, respectively,
preferably comprise, on & theoretical metal oxide basis, about 0.1 to ubout 10 {preferably,
about 0.5 1o about 14 pereent by weight; more preferably, about (0L75 to about 5; and even
more preferably, about | to about 3 percent by weight) nuclenting sgent, based on the otal
metal oxide content of the sintered, crystalline, alpha alumina-bascd abrasive particles,
crystalline ceramie honding maenial, or agglomerate abrasive grain, respectively.

Some preferred sintered, erystalline, alpha alumiina-based abrasive pacticles, as
well as the crystalline ceramic bonding materials or agglomesrate abrasive grain according
to the present invention cotmprise about 0.75 to about 5 {more preferably, abeut 1 to about
3) percent by weight Y04, shout £.75 to about 5 (more preferably, about 1 to abour 3)
percent by weight Laz0s, 0.1 to about 15 {more preferably. about 0.5 to about 10) percent
by weight Mg, and about 7¢ to about 8.4 (more preferably, about 81 to about 98, aboul
83 to aboul §7, or aboul 90 o abowt 95} percent by weight AloOs, based on the total metal
oxide content of the sintered, crystalline, alpha alumina-based abrasive particles, (sintered)
arystalline ceramic bonding material, or agglomerats abrasive grain, respeciively.

Some preferred sintered, crystalling, alpba alumina-based abrasive particles, as
well as the crystalline ceramic bonding materials or agglomerate abrasive grain according
tir the present invention compsise O to aboul 15 Goove preferably, about 1 to about 10}
percent by weight Zidhy, D to about 15 {more preferably, aboul |t about [, even more
preferably, about 2 ta about 5} percent by weight MgD, about 0.1 to about 10 (more
preferably, ahout €. 1 1o about 3. and even more preferably, abew 0.5 to abaut 3) percent by
weight nucleating agent (c.g., alpha FeyOs or alpha AlOs), 0 ta about 5 {more preferably,
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about 0.1 to about 3, sud cven more preferably, about (.5 to about 2) porcent by weight
8iQg, and about 70 to about 89 (mere preferably, about 80 te about 98, about 85 to about
97, or about 90 Lo about 95} percent by weight Al.Qs, hased o the total metal oxide
<ontent of the sintered, cryslalline, alpha alumina-based abrasive particles, crystalline
ceramic honding material, ar agglomerate abrasive grain, respectively.

Seme preferred sintered, crystalline, alpha alumina-based abrasive particles, as
well as the erystalline ccramic bonding materials or agglomerate abrasive grain acvording
1o the present invention comprise about C.8 to about 2 {(more preferably, zhout 1.2 to about
1.6) percent by weighl Y203, abeut 9.8 (0 about 2 (more preferably, about 1.2 to zbout 1.6)
percent by weight Lax(s, about 0.8 to about 2 (nore preferably, about 1.2 to about 1.6}
percent by weight NdzQ3, about 0.8 1o about 2 {more preferably. about 1.2 to about 1.6)
percent by werght Mg0, and about 96.8 to about 92 percent by weight Alz(Q)3, hased on the
total metal oxide comwent of the sintered, crystalline, alpha aluming-based abrasive
particles, crystalline ceramic bonding material, or agglomerare abrasive grain, respeclively.

Generally, the preferred abrasive particles have a length in the range from about
100 1o about S0} micrometers (typically in ihe range from about 108 to about 3000
micromcters), although other sizes are also useful, and may even be preferred for certain
apphicutions. In anotber aspect, the preferred abrasive particles typically have an aspect
ratio of at least 1.2:1 or even 1.5:1, sometites at Jeast 21, and alternatively, at least 2.5:1.

Typically, for sintered, crystaline alpha alumina-based abrasive particles, for
exatmple, the composition and microstructure of the crystalline ceramic, metal oxide
bonding material can ba the same or substantially the sune a3 sintered, crystalline alpha
alurnina-based abrasive particles. The composition andfor microstructure of the erystailine
ceramic, metal oxide bonding material and the sintersd, crysualline alpha alumina-based
abrasive particles, however, may be different. For example, the liquid used jo forming
apglomerated particles (o g, agglomerated dried hoehmite-bascd particlos) may inclwde
metal oxide particulate and/or precursots thereof that provide the resulting crystalline
ceramic bonding material with a compasition andfor microstructure that is different than
that of sintered, crystalline alpha alumina-based abrasive particles when used. Further, for
casmple, migratien of & metal oxide precwrsor present in precursor abrasive pacticies (e.g.,
drisd boehmite-based particles) may also lead to differences in the composition andfor

microstructure helween the sintered, crystalling alpha alumina-based abrasive particles and
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the crystalline ceramic oxide bonding material. Tt is also within the scope of the present
invention for the abrasive particles o include crystalline alphe alumina-based abrasive
particles of more than one composition and/or microstracture, and/or types of abrasive
particles such as fused alvminum oxide {including white fused alumina, heaf-treated
aluminum oxide, and brown auminum, oxide), silicon cachide, boron carbide, Htanium
carbide, diamond, eubic boron pitride, gamnet, and fused alumina-zirconia abragive
particles. For example, the agglomerates can be formed using two or more different
formulations of precursor abrasive particles (e.g., deied boehmite-bused particles) and/or
.other abrasive particles {c.p., fuscd alumina, cte. or sintered alpha-zlumina pacticles) in
combination with a formulation(s) of drhed boelinite-based paticles,

The degree ot crystallinity of the crystalline ceramic oxide bonding material can ho
determinod using powder x-ray diffraction using known methods or procedures.  For
example, x-ray powder diffraction data can be collected employing a Philips vertical
reflection geowetry diffractometer (Philips Analysicall {Division of Philips Electronics
North America), Natick MA) using copper K, rediation, and proportional detector registry
of lhe scattered radiation. In this procedure, the diffractometer is equipped with variable
entrance slits, fixed exit siits, and graphite diffracted beam mogochremarer. Step-seans are
conducled within the 5 to 80 degree (26) scattering angle range using a 0.04 degree step
size and 4 second dwell time. Generator seltings are 45 kV and 35 mA.  Analysis of the
resulting duta is performed using software obtained from Phllips Analytical uader the trade
designation “PIIILIPS PC-APD™,

Crystalline phases are identified based on obscrved diffraction peaks and aided by
use of difftaction paticms conlained within the ICDD Powder Diffraction Duatabuse
(International Centre for Diffraction Data (ICDBD), Newilown Square, PA).  Amounts of
crystalling phases are estimated by comparison of observed relative peak intensities after
remaval of background intensity.

Some embodiments of spatomerate abrasive grain according to the present
invention have a generally spherical in shape, altbough it may also, for example, be
randomly shape or have a predetcrmined shape associated with them. The shape may be,
[or example, a block, eylinder, pyramid, rod, coin, square, o the like. Techniques for
making various shaped agglomerars abragive grain include shaping sgelomerate abrasive

grain precursor in molds, or forcing sbrasive agglomeratc precursor siurries through a
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subsitate with one or more orifices, &.g., a sieve, mesh screen.  Apglomerate abrasive
grain can also be made, for example, by crushing relatively large pieces of agglomegated
abrasive particles into smaller pieces.

Agglomerate abrasive grain according to the present invention lypically have
particle sizes ranging from about 20 to about 10,000 micrometers, more typicaily about 20
19 aboui 5000 micrometers, preferably, about 100 micrometers te about 250¢ micrometers,
and move preferably, about 250 micrometers to about 1500 micrometers.

Abrasive precursor particles (e.g. diled precursor abrasive particles) dricd
precursor agglomerate abrasive grain, aod calcined precursor agglomerate abrasive grain,
as well ns, agglomerate abrasive grain according to the present invention, may be screened
and graded using techniques known in the art.  For exampie, the dried particles are
typically screened to a desired size prior to ferming precuesor agglomerate abrasive grain.

Typieally, screening and prading is done using the well known techniques andl
stundards for ANSI {(American National Standard Institutc), FEPA {Federation Europecnne
des Fabricants de Products Abrasify), or IS (Tapancse Industral Standard) grade abrusive
grain. Examples of ANSI grades are ANSI 24, ANSI 36. ANSI 40, ANSI 50, ANSI 60,
anct ANSI 80. Examples of FEPA grades are P8, 12, P16, P24, P36, P40, P54, P60, PEC,
P10, and P120. Exasmples of 11S grades are JIS JIS8, JIS12, JIS18§, JIS24, JIS36, J1540,
11554, JISGD, JISE0, JIS100, and JIS120. Agglomerate abrasive grain according o the
present invention can be made using such “in-grade™ abrasive particles. Alternatively. for
example, agplomerate shrasive prain accordiog te (he present invention can be madke using
even narrower distributions of particle sizes.

It may be desirable for apglomerate abrasive grain according to the present
Iavention o comprise atl least tweo distinet grades of abrasive particles (e, & [irst larger
grade, and a sccond smualier grade). Ome measuremcnt of the size of & sample of graded
abrasive particles is the median particle size or Dsg. As used herein "median particle size”
or "Dy for a sample of abrasive particles is vqual ta the abrasive particle size (typically
specified as a dizmeter) for which 30% of the volume of the samiple comprises abrasive
particles which are smaller than the median volume particle size. As vsed herein “median
particle size ratio” or “Tlsp ratio” refers to the median particle size of the larger grade of
abrasive particles In the agglomerate sbrasive grain divided by the median pasticle size of

any smaller grade of abrasive particles in the agglomerate ubrasive grain. For example, for
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agglomerate abrasive grain according to the present invention comprising first and second
abrasive particle grades having median pariicle sizes of 100 pperoimeter and 30
micrometers, respectively, the median particle size ratio or Dsp rvatio is equal to 2. In
agglomerate abrasive graion according to the present inveniion, the median particle size
rabig 15 preferably about 2 or greater, more preterably about 3 or greater, most preferably
about 5 or greater, and particularly most preferably sbout 7 or greater. It is also within the
scope of the present jnventjon to bave miore fhian two abrasive particle grades in the
abrasive article. For example. the abrasive particle size distriibution may coutain three
distinct grades of ghrasive particle.

In some cmbodiments of agglomerate abrasive grains according to the present
invention the mixture of at least two distinct grades of abrasive particles results in a
distribution of abrasive particles sizes having at least two Gaussien-like, or bell-shaped
curves. This distribution is evident whep the particle size distribution is measured and

displayed as a graph having particle size plotted along the x-axis, and the total number of

porticles having a given paticle sice pletted along the y-uxis. For additicnal detals -

regarding two distinct grades of abwasive panicles, see, for example, US. Pat. No.
5,942,015 (Culler et al.}.

It shiould be noted that although the median particle size ratio for any Ve grades of
abyasive particles is prefevably about 2 or greater, this does not preclude having abrasive
particles of the sane size in each grade. Since sach abrasive particle grade comprises a
distribution of abeasive particle sizes, overlap of the distributions is not precluded. For
example, an abrasive grade having a Dy of 30 micrometers and an abrasive grade having 2
Ty of 60 micrometers may both contuin abrasive particles having a size of 45
micrometers. As the Dsp ratio increases the range of particle sizes common to both grades
decreases.

Typically, agglomerate abrasive grair according to the present invention containing
two grades of abrasive purtickes comprise from about 10% o about 90% by weight of Lhe
lacger grade of abrasive particles and from about 90% to 2bout 10% of the smaller grade of
ubrasive particles. More preferably, the agglomerate abrasive grain acconding to the
present invention comprise from about 25% o abeut 75% by weight of the larger grade of
abrasive pacticles and from about 25% ro ebout 7$% by weight of the smaller grade of
abrusive particles. Most preferably, the larger grade of sbrasive partivle is sbout 60% by
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weight and the smaller grade of abrasive particles is about 40% by weight. Agglomerate
abrasive gruin according to the prosent invention comprising more than two grades of
abrasive particles typically comprise from about 10% to 50% by weight of the Jarger grade
aof sbrasive particles and from about 50% to about 30% by weight for all smaller grades of
sbrasive particles. If there are two or more of the smaller abrasive particle grades, thesc
grades may be present in equal or unequal amounts.

It is also within the scope of the present invention to coat the agglomerate abrasive
grain with a surface coaiing such as described In U.S. Pat. Nos. 1,910,440 (Nicholson),
3,041,156 (Rowse), 4997461 {Markhoff-Matheny ct al), 5,009,675 (Kunz et al},
5,011,508 (Wald et al.), 5,042,991 ¢Kunz ¢t al.}, ind 5,213,591 (Celikkayw et al.).

It is within the scape of this invention to imprepnate the abeasive apglomerate
particle afier the abrasive agglomerate particle is formed. [n maoy instauces the abrisive
agglomerate will have porosity associated with it. The abrasive agglomerate may be
impregnated with & composition to at least parhially fill in some of this porosity. One such
composition is 2 mixtuce of a grinding aid and a binder, preferably an organic binder.

Grinding aids encompass a wide variety of different materials and can be inorganic
or organic based. Examples of chemical groups of grinding aids include waxes, organic
halide compounds, halide salts and metals and their alloys. Examples of such marerials
include chlorinated waxes like tetrachlorenaphtalene, pentachloronaphthalenc, and
polyvinyt chloride. Bxamples of balide salts include sodinm chloride, potassium cryolite,
sodium cryolite, anumonium cryolile, potassiuma tetrafluorobeate, sodivm tetrafluercborate,
silicon fluorides, potassium chlovide, and magnesimn chloride. Examples of metals
include, tn, lead, bismuth, cobalt, antimony, cadouvm, iron, and ltanium.  Other
miscellaneous geinding 2ids include sulfar, erganic sulfur eempounds, graphite, and
metallic sulfides. [Ir is also within the scope of the present invention to use a combination
of different grinding aids, and in some instances this imay produce a synergistic effect. The
praferred grinding aid is cryolite; the mast preferred ginding aid is potassium

tetraflucroborate.

Agglomerate abrusive grain according 1o the present invention cin be wsed In
conventional abrasive products, such as coated abrasive products, bonded abrasive

praducts (including vitrified, resinoid, and metal bonded grinding wheels, cutoff wheels,
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mounted points, and honing stones), nonwoven abrasive products, and abrasive brushes.
Typically, abrasive products (i.e., abrasive artieles) include binder apd abragive particles
(which in practicing the present invenifon includes zbrasive particles agglomerated
together in the form of agglomerate abrasive grain according i the present mvention),
secuted within the abrasive preduct by the binder. Methods of making such abrasive
products and using abrasive preducts are well known to those skilled in the wt.
Furthermore, agglomerste abrasive grain according to the present invention can be used in
abrasive applications that utlize sluntes of abrading compownds (e.g.. polishing
compounds), milling media, shor blast media, vibratory mill media and the Like.

Coated abrasive products generally include a backing. abrasive material, and at
[east one binder to hold abrasive particles (which in practicing the present invention
includes abrasive particles agglomerated together in the form of agglomerate abrasive
grain according (o the presenr invenlion) onte the backing The backing can be any
suitable material, including cloth, polymeric film, fibre, nonwoven webs, paper,
combinations therecl, and treated versions thereof. The bieder can be any suitable binder,
inclhuling an inorganic or organic binder (including thermally curable resins and radiation
curable resins). The abrasive particles can he present in one layer or in two layers of the
coated abrusive product.

An example of a ceated abrasive produoet is depicted in FIG. 1. Referring to this
figure, coated abrasive product 1 has a backing (substrate) 2 and ubrasive luyer 3.
Abrasive layer 3 includes agelomerate abragive graim acearding to the present frvention 4
secured to o major smrtace of backing 2 by malie coar 5 and size coat 6, In some instances,
a supersize cout (nof shown) is nsed.

Bonded abrasive products typically inclode a shaped mass of abrasive particles
{which in practicing {he present invention includes abrasive particles apglomerated
together in the form of apglomerate abrasive grain according to the present invention),
held together by an organic, metallic, or vitrified binder, Such shaped mass can be, for
example, in the form of 4 wheel, such s & grinding wheel or cuteff wheel  The dismeter
of grinding wheels typically is about 1 cm to over 1 meter; the diameter of cut off wheels
sbout 1 em 10 over 80 cm (more typically 3 cm to about 50 em). The cut off wheel
thickacss is typically about 0.5 mm to about § ¢m, more typically abont 0.5 mm to about 2

cm. The shaped rass can also be in the form, for example, ¢ % honing slone, segment,
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mounted point, disc (e.g. double dise grinder) or other conventiona) bonded abrasive
shape. Eonded abrasive products typically comprisc about 3-50% by volume hond
malerial, about 30-90% by volume abrasive malerial, up to 50% by volume addiiives
(inclucing grinding ids), and up te 70% by velume pores, based on the total volume of the
bouded abrasive product. Typically, grinding wheels have at least 10%, 20%, or even
FOrosity.

A preferred form is a grinding wheel. Referring to FIG. 2, grinding wheel 10 is
depicted, which includes agglomerate abrasive grain according to the present invention 11,
melded in a wheel and mounted oo hub 2. An advantage that cmbodiments of
apglomerale abrasive grain according to the present invention may offer in a bonded
abrasive such as a grinding wheel may be reom for chip elearance during metal removal.
That is, the porosity presenl in certuin embodiments of zgglomerate abrasive grain
according to the present invention may provide room for chip clearance dorng metal
removal.

Neswoven abrasive products typically meciude an open porous lotty polymer
filament stmcture having abrasive particles {which in practicing the present invention
includes abrasive particles apglomerated together in the form of apglomeratc abrasive
grain according to the present invention), distributed throughout the structure and
adherently bonded thercin by an organic binder. Examples of filaments incinde polyester
fibers, polyamide fikecs, and polyaramid Nibers. Tn FIG. 3, a schematie depietion, enlarged
about 100%, of a typical noawoven abrasive product is provided. Such a nonwoven
abrasive product comprises fibrous mat 50 as a substate, onte which agglomerate abragive
grain according 1o the present invention 52 are adhered by binder 54,

Useful abrasive brushes include those having a plurality of bristles unitary with a
backing (ses, c.g., U.S. Pat, Nos. 5,427,595 (Pihl et al.), 5.443,906 (Pihl ct al.), 5,679,067
(Johnson et al.), and 5,903,951 (lonta et al}). Preferably, such brushes are made by
injection molding a mixture of palymer and abrasive particies (which in practicing the
present invenfion includes abrasive particles agglomerated topetber in the form of
agglomerate abrasive grain according to e present invention).

Suitable organic binders for making abrasive products include thermosctting
organic polymers. Examples of suitoble thermosetling organic polymers include phenolic

resins, urca-formaldehyde resins, melamine-formaldehyde resins, urethane resins, acrylate
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1esins, polyester resins, aminoplast resins having pendant o, 3-unsaturated carbony! groups,
epoxy resins, acrylated urethane, acrylated epoxies, and combinations lthe:tof. The binder
andfor ebrasive preduct may also inelude additives such as fibers, lubricants, welting
agents, thixotropic materials, surfactants, pigments, dyes, antistatic agents (e.g., carbon
black, vanadium oxide, graphite, etc.), coupling agents (ec.g., silanes, titanates,
sircogluminates, ste.), plasticizers, suspending agents, and the like, The amounts of these
optional additives are selected to provide the desired properiies. The coupling agents can
improve adhesion to the abrasive particles and/or filler. The binder chemistry may
thermally cured, radiation cured or combinations thereof Additional details on binder
chemistry may be found in U.S. Pat. Nos. 4,588,419 {Caul cf al}, 4,751,137 (Tumey et
al), and 5,436,063 (Foller et al.).

More speeifically with rcgard (o vitrificd bonded abrasives, vitreous bonding
materials, which exhibit an amorphous structure and are typically hard, wre well known in
the art. Bonded, vitrified abrasive products may be in the shape of a wheel {incloding cut
off wheels), honing stone, mounled pointedt or other conventionz) binded abrasive shape.
A prelerred virified bonded ubrasive product is a grinding wheel.

Examples of metal oxides that are used to form vitreous bonding materiais inctude:
silica, silicates. alumina, soda. calcia, potassia. titania, iron oxide, zinc oxide, lithium
oxide, magnesia, boria, aluminum silicate, boresilicate glass, lithivm aluminum sificate,
cembinations thareof, and the liks. Typically, virreous bonrding materialy can be formed
from composition comprising from 10 to 100% glass frit, although more lypicalty the
composilion comprises 20% to 80% glass frt, or 30% to 70% glass frit. The remaining
portion of the vitreous bonding material can be & non-fiit marerial.  Altecnarively, the
vitrevus bond may be derived from a non-frit containing compesitien. Vitrsous bonding
materials arc typically matured at a femperature() in the range from about 700°C to about
1500°C, usually in the range from about $00°C to about 1300°C, sometimss in the range
fram ahout 900°C to about 1200°C, or even in the runge from about 950°C to about
1I00°C. The actual temperature &t which the bond is matured depends, for example, on
the particular bond chemistry.

Preferred vitrified bonding matenials may include those comprising silica, aluming
fpreferably, at least 10 percent by weight alumina). and boria (preferably, at Jeast 10
percent by weight bocia). In moest cases the vitrified bonding matetial farther comprisc
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alkali metal oxide(s} (e.g., Nap©O and K>0) (in some cases at least 10 percent by weight
alkali metal oxide(s)).

Binder materials may alse contain filler materials or grinding aids, typically in the
form of a particulate material. Typically, the pacticulate ipaterials are inorganic materials.
Examples of useful fillers for this nvention include: metal carbonates (e.g., ealciom
carbonate (e.g., chalk, calcite, murl, travertine, marble and limestone), calcium magnesium
carbonate, sodivm carbonate, magnesivm carbonate}, silica {e.g., quartz, glass beads, glass
bubbles angd -glass fibers) silicates (e.g., tale. clays, (montmorillonite) feldspar. nuca,
calcium sitcate, calcjum metasilicate, sodivm aluminesilieate, sodium silicate) etal
sulfates (c.g., calcium sulfate, barium salfate, sedium sulfate, aluminum sedium sulfate,
alumizum sulfale}, sypsum, vermiculite, woed flour, afuminum {rihydrate, carbon black,
metal oxides (e.g., calcinm oxide (lime), aluminum oxide, and tianium dioxide), and
metal sulfites (e.g., calcium sulfite}.

In general, the addition of a giinding aid increases the useful life of the abrasive
product. A srinding &d is @ malerizl that has a sigoificant effeet ¢n the chemies] and
physicul processes of abrading, which resulls in improved perfonmance. Although not
wanting to be bound by theory, it is believed that a grinding aid(s) will (a) decrease the
friction between the abrasive matsridl and the workpiece being abraded, (b} prevent the
abrasive particles from "capping” {i.e., prevent metal particles from becoming welded to
the 1ops of the abrasive particles), or at least reduce the tendency of abrasive purticles Lo
cap, (2) deerease (he interface zemperstore between the abrasive particles and the
workpiece, or (d) decreases the grinding forces.

The abrasive products can contzin 100% agglomcrate abrasive grain according to
the present nventon, or blends of such agglomerate abrasive grain with other abrasive
particles (which may also be apglomerated) and/or diluent particles. Howcver, at least
about 2% by weight, preferably at least about 5% by weight, and more preferably about 30-
1209 by weight, of the abrasive particles in the abrasive products should be agglomerate
sbrasive grain according to the present inveation. In some instances, the agglomerale
abrasive grain according the present ipventioh may be blended with other abrasive
particles and/or diluent pasticles at a ralio betwsen 5 to 75% by weight, about 25 to 75%
by weight, zbout 40 to 60% by weight, or about 50% w 50% by weight (ic., in equal

amounts by weight). Examples of suitable abrasive particles include, but are not limited
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to. fused aluminum oxide (ncloding white fused alumina, beat weated aleminum oxide
and brown aluminum oxide), silicon carbide, silicon nitride, boron carbide, tilanium
carbide, diamond, cubic boren nitride, garnct, fused alumina-zirconia, sel-gel-derived
abrasive particles, and the like. The sol-gel-derived abrasive pariicles muy be seeded or
non-seeded. Likewise, the sol-gel-derived abrasive particles may be randomly shaped or
have a shape associated with them, such as a triangle. Examples of sol gel abrasive
particles include those described above. The agglomerate grain may hiave the essentially
the sarte size as the diluent particle. Converscly, the agglomerate grain may be larger in
size than the diluent panicle.

Agglomerate abrasive grain accocding to the present jnvention can also be
combined with other abrasive agglomerates. The binder of the other abrasive
agglomerates may be organic andfor inorganic.  Additional details rogarding abrasive
agglomerates tnay be found, for example, i U.S. Pat. Nos. 4,311,489 (Kressner),
4,632,275 (Bloecher et al.), 4,799,939 (Bloccher ¢i al.), 5,549,962 {Holmes et 2l.), and
5,975,988 {Christiansouw},

If there is & blend of agglomerate abrasive grain or a blend of agglomerate abrasive
grain and abrasive purticles, the purticle/agglomerate lypes {orming the blend may be of
the same size. Alternatively. the paticle/agelomerate types may be of different particle
sizes. Far example, the larger sized particles may be agglomerate abrasive grain according
to the presant invention, with the smaller sized particles being another particlefagglomeraie
type. Conversely, for example, the smaller sised abrasive parficles may be agglomeraie
abrasive prain according to the piescnt invention, with the larger sized particles being
another particlefugglomerale ype.

Cxamples of suitable diluent particles include marble, gypsam, flint, silica, iron
oxide, aliripum silicate, glass (including glass bubbles and glass beads), slumina bubbles,
aluming beads and diluent ugglmmerates.

The abrasive paeticles may be vmiformiy distributed in the abrasive article or
conecntrated in selocted arezs or portions of the abrasive article. For example in 2 ceated
sbrasive, therc may be two layers of abrasive particles/grain. The first Jayer compriscs
ubrasive particles/grain other than agglomerate sbrasive grain according to the present
invention, and the second {outermost) layer comprises agglomerate abrasive grain

uceording to the present invenion. Likewise in a bonded sbrasive, there may be two
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distinet sections of the grinding wheel. The outermest section may comprise agglomerate
abrasive grain according to the present invention, whereas the innermost section does not.
Alternarively, agglomerate abrasive grain according to the present invention may be
uniformly distribufed througheut the bonded abrasive article.

Further defails regarding coated abrasive praducts can be found, for exampls, in
[1.5. Pat. Nos. 4,734,104 (Braberg), 4,737,163 (Larkey), 5,203,884 (Buchanan et al.).
5,152,917 (Pieper et al), 5378251 (Culler et al}, 5,417,726 (Stout et al), 5,436,063
{Follett et al.), 5,496,386 (Broberg et al.), 5, 609,700 (Benedict ¢t ak.), 5,520,711 (Helmin),
5,954,844 (Law et al.), 5.961.674 {Gagliardi et a)}, and 5,975,988 (Christinason). Further
details regarding bonded zbrasive products can be found, for example, in 1.5, Pat. Nos.
4,543,107 (Rue), 4,741,743 {(Narayanan et al.), 4,800,685 (Haynes t al.), 4,898,597 (Hay
et al), 4997461 (Markhoff-Matheny et al)), 5038453 (Narayanan et al), 5,510,332
{(Nurtyanan et al.y, and 3,863,308 {Qi et al.). Turther, details regarding vitreous bonded
abrasives can be found, for example, in 1.8, Pat. Mos. 4,543,107 (Rue), 4,898,597 (Hay),
4,997.461 (Markhofl-Matheny ot al.), 5,094,672 (Giles et al.), 5,118,326 (Sheldon et al),
5,131,926(Sheldon et ul.), 5,203,886 (Sheldon et al.), 5,282,875 (Wood et al.}, 5,738,696
(Wu et al.}, and 5,863,308 (Qi). Further details segarding nonwoven abrasive praducts can
be found, for example. in ULS. Pat, No. 2,958,593 (Hoover et ul.).

Methods for abrading with preferred abrasive agglomerate grain according to the
present invention range from snagging (1.e., high pressure high stock removat) to poiishing
{e.g., pelishing wedical implants with costed sbrasive beltg), wherein the Tatter is typically
done with finer grades (c.g., less ANST 220 and finer) of sbrasive particles. The abrasive
zgrlomerate grain may atsu be used in precision abrading applications, such as grinding
cam shafts with vitrified bonded wheels. The size of the abrusive agglomerate grain (and
abrasive particles comprising such agglomerates) used for 2 particular sbrading application
will be apparent to those skilled in the art.

Abrading with abrasive agglomerate grain according (o the prosent invention may
be done dry or wet. For wet abrading, the liguid may be intreduced supplied in the form of
z Jight mist to complete tiood. Exmmples of conumonty used liquids include: water, water-
soluble oil, organic Iubricant, and emulsions. The Jiguid may serve to reduce the heat
associated with abrading andfor act as & lubricant. The liquid may contain miner amonnts

of additives such as bactericide, antifoaming agents, and the Jike.
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Abrasive agglomerate grain sccording te the present invention may be used
abrade workpieces such as aluminum metal, carbon steels, mild steels. tool steels, stainless
-steel, hardened steel, titamivm. glass, ceramics, wood, wood like materials, paint, painted
surfaces, organic coafed surtaces and the Lke. The applied force during abrading typically
ranges from about ] to about 100 kilograms.

Aggzlomerate abrasive grain according to the present invention may be also be used
in loose form or o a slurry wherein agglomerate abrasive grain is dispersed in Jiquid

medinm {e.g.. water).

Examples

This mvention is furtber illustrated by the foliowing examples, but the particular
materials and ameunts thereof recited in these examples, as well as other conditions and
details, should not be construed to unduly lamit this jnvention. Various modificalions and
aiterations of the inveation will beconie apparent te those skilled in the art. All parts and

porcenliges are by weight unless ntherwise indicuted.

Ezample 1

Caample 1 was prepared as follows. A boehmite sl was prepared by mixing 1194
parts of boehmite (obtaived under the trade designation “DISPERAL” from Condea
Chemie, Gmbi of Hamburg, Gexmany) with 3000 parts of aciditied water {prepared by
rixing 3000 parts of deionized water with 71 pacis of concentrated pitric acid) using a
continuous mixer. The sol was dried al less than 166°C for less than 48 hours. The dried
matcrial was crushed, and then sercened to produce ~100 mesh (U.S. Standards screen
size) particles.

Approximately 5.7 liters (1.5 gallon) of the —100 mesh material were placed in the
mixer pan of a Eirich mixer (Model RVO2, cobiained from Eirich Machines Inc., Gurnee,
IL). With both the pan sotaticn and buater bar at their Jowsst settings, 1000 ol of a rarc
carth nitrate solution (solution (hereafter referred te as “REOIL scluticn”) prepared by
mixing a lanthanum, neodyrsium, and ytirium nitrate (having, on a theoretical metal oxide
basis, 23% rare earth oxide (i.e., [.ax03, Nd2Oy, and Y»0<); available from Molycorp of
Lourviers, CO) with a sufficient amount of magnesium titsate (Mg(NO31»-6H; O} solution
(having, on a theoretical metal oxide basis, 11% MgO; available {rom Mallinckrodt
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Chemical of Paris, KY) and cobalt nitate (Co(NOs5);6H:Q) solution (having, on a
theoretical raetal oxide basis 19% CoO; available from Hall Chemical of Wickliffe, QFL)
to provide a solution containing, on a theorstical metal oxide basis 5.8% La(NO;}-6H:0,
5.3% NA{NC4)s-6H,0, about 7.1% Y(NQO3);-6H,O, about 14.4% Mg(INOs)p-6HO, about
04% Co(NO1}p-6HzO, and the balance delonized water) w a 4-liter flask) was slowly
poured inte the mixing pan, leading (o agglomeration of the -100 mesh material. After
about 30 seconds of mixing, rotation was stopped 2ud the pan emptied ito luminum
trays. The agglomerates were dried in a forced air oven at 80CC for 16 bours, and then
screcned using a No.o 22 stapnless screcn (978 micrometer openings) i separate the
agglomerates. The relained agglomerates were crushed using a pulverizer (Model UD,
obtained from Braun Corp., Los Angelcs, CA). The crushed material was then screened
over & Noe, 70 stainless screen (209 micremeter openings). The releined agglomerates
were fed into 2 rotary caleiping kil to provide caleined material.  The czleining kiln
consisted of a 15 o janer diameter, 1.2 meter in lengih, stainjess sieel tube having a 0.3
meter ot zone. The tube was inclined ‘at a 3.0 degrec angle with respeet to the horizontal.
The tube rotated at about 3.5 rpm, to provide a residence time in the tube of about 4-5
minutes. The temperatare of the hot zone was about 650°C.

The calcined materiul was fed inte a rotary firing/sintering kiln. The
firingfsintering kila conmated of an 8.9 cm inner dimmneter, [.32 meter long silicon carbide
tube inclined ut 4.4 degrees with sespect to the horizontsl and Irad a 31 cm hot zone. The
heat was applied externally via SIC clectric heating elements. The sintering kiln rotated at
6.0 rpm, to provide a residence time it the tube of abowt 5 miputes. The firing/sintering
temperajure was about 1430°C. The product exited tbe kiln into room (emperature air
where it was collected in 2 metal centainer and allowed to cool to room temperature.

The density of the agglomerate abrasive grain was measured using a helivm gas
pyenometer (oblained under the trade designation “MICROMERITICS ACCUPYC 133¢”
from Micremeritics Tastruments Corp., Norcross, GA). The average of three rons of & 12
gram sample was the density. The density of the Example 1 abrasive grain was determined
3.89 gjcmg.

The bulk density of the agglomerate abrasive grain was determined using ap
apparaius consisting of a metal funnel with an inside diameter of 11.3 ¢t at the top end an

inside diumeter at the stem of 1.3 cm. The entre height of the fonnel was about 9.0 cm
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(including stem}. The funnel was placed on a ricg-stand above a brags cup (3.9 em inside
diameter x 8.45¢m height) so that the base of the furmel stem was 11.5 cm above the top of
the gup (The volume of the cup was determined by filling the cup with water from a
graduated bucette). The volume of the cup was cakulated as 100.0 cm®.

T ailow the funnel 10 bo filed with the agglomerate abrasive grain, the stem of the
funnel was closed with a robber ball atiched to the outside of the funmcl stem.
Agglomerate abrasive grain was poured jnto the funnel, The rubber ball was reinoved o
allow the sgglomerate abrasive mrain to enipty into and eventually overflow the metal cup.
Using a siraight edge, the agglomerate abrasive grain was carefully leveled to the top of
the cup, tapped 1o allow the agglomerate abrasive grain ta settle in the cup and then
weighed. The bulk density was deternined by dividize the weight of the mineral and cup
minus the weight of the cup by tlie volume of the cup (which was determined as deseribed
above to be 1000 cm®. ‘The bulk demsity is reporied an aversge of three independent
measurements.  The bulk density of the Example 1 agglomerate abrasive grain was
1.59g/em’.

Exarople 2
A boehmite sol wus prepared by mixing 1194 parts of bochmite ("DISPERAL”)

with 3000 parts of acidified water (prepared by mixing 3000 parts of dejonized waler with
71 parts of concentraled pittc acid), 390 pazts of magnesium nétrate soluiion {11% Mg
solids; obtained from Mineral Research and Developmet Covp., Harrishueg, NC), and 400
parts of a 3.6%, on a theoretical oxide basis, Fe;O; of a suspension of an iton
oxyhydroxide {y-FeOOH: aqueons dispersion {pH = 5.0-3,5), about $0 to 93% of which is
lepidocrocite and gocthite, acicular particles with an average particle size of about 0.05 to
(.1 mierometer, 2 length to diameter or width ratio of about 1:1 to 2:1, and a surface area
of about 115.3 m¥g) using a contimons miret. The sol was dried at less (han 160°C Tor
less than 48 bours. The dried material was crushed, and then sergencd to praduce —100
mesh {U.S. Standards screen size)j particles.

A portion of the 100 mesh dried material was agglomerated by spraying water
inio & 40.6 cm disk pelletizer (obtained from Feeco International, Green Bay, WI. The
resulting  agglomerate  abrasive grain  (00-65%  solids) were dried, cdlcined, and
fired/sintered as described in Exampte 1, except the firing/sintering temperatoge wag
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1330°C at u residence time of aboui 10 minvtes. Unifonn sized agglomerates were
formed. The resulting agglomerate abrasive grain were screencd to —16+20 and —20+30
mesh sizes and were uscd (0 make coated abeasive dises. The coated abrasive dises were
made aceording to conventional procedures. The ugrglomerate abrasive grain were bonded
o 17.8 em diameter, 0.8 mm thick vuleagized fiker backings thaving a 2.2 em diameter
venter hele) using a cogventional calcinm carbonate-filled phenolic make resin (48%
resole phenolic resin, 52% culcium carbonate, diluted to 81% solids with water and glycol
cther) and a conventional cryolite-filled phenolie size vesin (32% resole phenolic resin, 2%
iron oxide, $6% cryolite, diluted to 78% solids with water and giycol ether.

The wet make resin weight was about 145 ghn®. The agglomerate abrasive grain
weight was about 600 g,'n:lz (20430 mesh} and about 1000 g}‘m2 (-16+420 mesh).
Imimcdzatcly after the make coat was applied, the agglomeraics were drop coated. The
make tesin was precured for 90 minates at 8$°C. The wet sizc weight was about 650 ghm”
(=20430 mesh) and abour 900 gﬂ'm2 (—16420 esh). The size resin was precured for 90
minutes at 88°C, fellowed by a final cure of 10hours at 100°C. A conventional KRF,
supersize coating (320 gfmzj wes applied on top of the cured size coat. The coated
abrasive dises were flexed prior to lestng.

Comparative Gxample A coated abeasive discs were prepared as deseribed for
Brample 2, except the abrasive material was ANST grade 60 abrasive particles available
from the 3M Company under the trade designution 201 CUBITRON", was
clectrostatically coaled, amd about 325 g/in” of size resin was used. The abrasive material
weight was aboul 400 g/m®,

Fouwr each of the Example 2, —16+20 mesh and —20+30 mesh agglomerate, coated
abrasive discs were evaluated for 12 minutes on 4130 mild steel workpieces. Each disc
was attached to a 16.5 em diameter, 1.57 mun thick, hard phenolie backup pad which was
in turn mounted onto & 15.2 ¢m Jdiameter steel flange. The mounted dise was rotated
counterclockwise at 3530 rpm. The 1.8 mmm peripheral edge of a 25 om diameter 4130
mild steel workpicce deployed 7° from a positian normal to the coated abrasive dise under
a load of approximately 4 Kg. The worlkpiece was weighed ar the start of the test and at
Lwe minuie intervals to deterinine the amount of mild steel removed (i, absaded). The
average initial, final, and total cuts for the Example 2 coated abrasive discs were, for the —

16420 mesh agglomerate abrasive grain, 13.5 grams, 92 grams, ond 65 grams,

53

JP 2004-510873 A 2004.4.8



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

20

k)

(112)

WO 01728580 PUTIUSONMISZS

respectively, and, for the —20+30 mesh agglamerate abrasive grain, 15.8 grams, 9.5 grams,
and 71.8 grams, respectively. The average initial, final, and total cuts for the Compurative
Example A coated abrasive discs were 222 grams, 13.8 grams, and 101.8 grams,
respeciively.

Example 3

Example 3 wus prepared as follows. A boshumite sol was prepared by mixing 1194
parts of bachmits (“DISPERAL™) with 3000 parts of acidified water (prepared by mixing
3000 parls of dejonjzed water with 71 parts of concentrated pitric acid) using a continuous
mixer. The sol was dried at less than 160°C for less than 48 hours. The dried material was
crushed, and then screened (@ produce -60+12( mesh (U8, Standards screen size}
particles.

The -60+120 mesh dried particles were fed into a 40.6 oo disk pelletizer {obtained
from Feeco Tnternational, Green Bay, W) at 2[0 g/min. and mixed with acidified water
(2.7% nitne acd} which was sprayed inwo the 406 cm disk pelletizer at 96 g/min.
Unjform sized agglomerates were formed. The agglomerates were dried in aluminum

trays & forced air oven at 35°C for i6 bours. The dricd agglomerates were calcined in a

conventional box furnace at 6509C for § hours. Atter cooling, about 100} grams of the
calcined agglomerates were soaked in 2000 ) of REQT solution (see Example 1). An
aspirator was used to pull a vacuurz en the agglomerates/solution contained in the flask.
After about 5 minutes, the vacuam was weleased, and lhe agglomerates placed in a Bitchner
filter with #54 paper. An aspirator was used to aid in the removal of excess surfzce liguid.
The impregnated agglom;:}ratas were then dried. calcined, aml fired/sintersd as described in
Examnple 1, excopt, the firing/sintering temperature was 1410°C.

The density of the fired/sintered agglomerate abrasive grain was determined as
described in Bzample |, and fonud to 3.93 glem”, The fired/sintered agglomerate abrasive
grain were screencd to +14 mesh. —14+16 mesh, —16+18 mesh, -18+20 mesh, —20 + 24
mesh, —24+30 mesh, —30440 mesh, and —40 meslz. The densities of these vanous sized
agglomerate abrasive grain were also deterouned with the helinm gas pycnometer as
described in Example 1, and found to be 3.925 giom®, 3.932 glem®, 3.930 giem®, 3.930
ghom, 3.935 glom’, 3.944 ghom®, 3,953 wom®, and 3.950g/em’, respectively.
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[IG. f is an optical photomicrograph of -20+24 mesh BExample 3 agglomerate
abrasive grain at 25x.

A portion of the —2{4+24 mesh agglomerate abrasive grain wers incorporated into
coated wbrasive discs, which were tested for grinding performance. The coated abrasive
discs were made according as deseribed in Example 2, except the agglomerate abrasive
grdin were cloctrostatically coated. The agglomerate ahrasive grain weight was about 600
g/m®, A portion of the —40 mesh material, which due o its size was unagglomerated
material, was also incorporated into coated abrasive dises, and served as Comparative
Example B coated abrusive discs.

Example 3 and Comparative Example B coaled abrasive dises were ground on a
Shide Action Grinder using 10.5 kilograms pressure and 1018 mild steel workpieces. Each
couted abrasive disc was mounted on a beveled aluminum back-up pad, and used w grind
the face of a pre-weighed 1.25 cm x 18 cm x 10 cm 1018 mild steel workpiece. The disc
was driven at 5,000 rpm while the portion of the disc overlaying the beveled edge of (he
back-up pad contacted the worldipiece. Rach disc was wsed to grind individual workpiece
in a sequence of one-minute intervals. The initial, cut, final cut, and total cut for the —
20424 mesh coated abrasive discs were $0.4 grams, 26.8 grams, and $04.4 grams,
respectively, and for the Comparative Example B coated abrasive dises, 1136 grams, 5.3
gras, and §34.2 grams, respectively,  Additional grinding data is presented in FIGx. 7,
wherein line 100 shows prinding data for the -20+24 mesh Example 3 coated abrasive

discs, and line 102, grinding data for the Comparative Example B cozled abmsive discs,

Example 4

Erample 4 was prepared as [ollows. Dried material was prepared as described in
Example 1, cxeept it was sceeened to -08+120 mesh (15% +40 mesl; 41% +50 mesh; 11%
+60 mesh; 20% +80 mesh; and 13% -80 mesh). The -60+120 mesh dried particles were
fed into the 40.6 cm disk pellstizer ar a cate of 275 gimin. and mixed with sedified water
(5.43% nitric acid} which was sprayed into the agglemerator (onto the particles) at
108g/min. Uniform sized agglomerates were formed. The resulting agglomerates were
fed jute a vibratory feeder and fed into a 6 meter belt oven al temperature of 115°C. The
speed of the belt was a speed of 76 emvmin. The dried agglomcrates wore caleined as

described in Example 1, and then screened over a 34 stainless stee! screen (330

-S3.
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micrometers) to remove fines, and then through a 13TM screen (1650 micrometers) to
Temove coarse particles.

About 15 kilograms of impregnated agglomerates were prepared by impregnating
the +34-13TM particles with 10,800 grams of REO] solution (described in Example 1) by
tumbling the particles and soltion in a conventional, portable coment mixer with the
vanes removed, The impregnated agglomernues wers dried with three air heat guns while
tho particles tembled in the cement mixer. The dried particles were calcined and
firedfsintered as deseribed in Example 1 except the firing/sintering tomperature was
1400°C. The calcined particles were fed inio the finng/sintering furace 2t 72 g/min.

The poresity valuc of the agglomerate abrasive grain was determined by dividing
the interstittal poresity in the agglomerale abrasive grain by the totad volume of the
agglomerates and then multiply the result by 100%. This methed of providing a porosity
value was developed as follows. Tor spheres, which the agglomerales typically
approximate, the maximum density obtainable for the random packing of uniform spheres
is 63% (sce “Mochanical Packing of Spherical Agglomerates™, Juumal of the American
Ceramic Sociely, Vol. 44, No. 18, Oct. 1961, pp. 513-22). Por u muss of the agglomerate
abrasive grain, the total volume, TV, is equal te the sum of the velume of agglomerate
abrasive grain, VA, plus the volume of the void between agglomerate abrasive grain, VV.
Note that the total velume, TV, is also the inverse of the tap density, TD.

The volume of agglomerate abrasive grain, VA, is the sum of the volume of the
solid portion of the agglomerale abragive grain, VS, plus the wolume of the porosity
(pores) within the agglomerale abrusive grain, VP. Note that the volume of the solid
portion of the agglomerate abrasive grain, VS, is the inverse of the true density, DD.

Taking the 63% packing value described above, the following equation was used
VATV =0.63 (1.

Since, as noted above, the tofal volume of the agglomerate abrasive grain, TV, 15 the

inverse of the tap density, TDD,

VA= 063BD @).

-56.
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Farther, since VA = VE + VS, ind VP is the inverse of the density, DD,
VA =VP+ (DDY! . (3.
Corabining the Jatter two equations and then rearranging the result,
VP = 0.63(TD)! - (DD}’ “).

The percent of pores in the agglomerate abrasive grain, refered o herein as the
“poerosity value” is the cambination of valume of porcs in the agglomerate abrasive grain
and the interstitial porosity, VP, divided by the total volume of the agglomerate abrasive
grain, VA, times 1009%. Thus,

Porosity Value = 100%(1-(TD/0.63DDY) 3.

The Lap density of the agglomerate abrusive grain, TD, way determined as follows.
About 50 ml of agglomerate abrasive grain was weighed and then poured into a 50 ml
glass gradusied cylinder (NO. 2002G; obttined vnder the wade designarion “"KIMAX™)
while the cylinder was vibrated axially using a vibrating table (Model J-[; obtained under
the trade designation “SYTRON” from FMC Corp, Homer City, CA). The iatensicy of
vibration wag adjusted to give a mimmum volume of agglemete abrasive gram n the
cylinder. This minimum volume was divided into the weight of agglomerate sbrasive
graiu to give the tap density.

The troe density, DD, of the resulting agglomerate abrasive grain was determined,
as described in Example I, o be 3.96 glem®.  The agglomerate abragive grain were
screened and found to be 1.5% +16 mesh, 16.7% +20 mesh, 34.2% 30 mesh, 28.6% +10
mesh, 11.8% +50 mesh, 2.6% +60 mosh, and 4.6% —80 mesh. The truc densitics, DD, of
the —16426 mesh, -26+34 mesh, and -34+48 mesh applomerate abrasive grain were
detennined, as described i Example 1, to be 3.94 glem®, 3.94 gieny®, and 3.945 glem’,
respoctively,  The bulk densities of the —16+26 mesh, -26+34 mesh, and —34+48 mesh
agglomerate ubrasive grain were determined, as described in Example 1, to be 1.43 glem?,

1.41 glem’, and 1.48 glem’, respectively.

-5,

JP 2004-510873 A 2004.4.8



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

20

23

30

(116)

WO 01728580 PUTIUSONMISZS

The tap densities of the -16+26 mesh, -26+34 wesh, and -34+48 mesh
agglomerats abrasive grain were determined to be 1.64 gicm’. 1.71 gfcmj, and 1.80 glcm3.
respectively.  Thus, using equation 5, the poresity valves for the —16+26 mesh, ~26+34
mesh, and —34+48 mesh agglomerate abrasive grain were determined to be 33.9%, 31.1%,
and 27.6%, respectively.

The agglomerate abrasive prain were screened over 66/48/34/26 stainless stesl
screens. A portion of the —264-34 mesh material was used to make coated abrasive dises as
described in Example 2, except (be meke, abrasive grain, size, and supsssize weights were
4.3 prams, 14 grams, 14.4 grams, and 12 grams (per 7 inch dise), respectively. The —06
mesh agglomerate ybrasive grain was screened to -30-+60 mesh, which due 10 its size was
unagglomerated material, was also incorporated joto coated abrasive discs, and served as
Comparative Example C coated abrasive discs. The make, abrasive grain, size, and
supersize weights for the Comparative Example C dises were 3.5 grams, 12 grams, 7
grams, and 7 grams {per 7 inch disc), respecitvely.

The grinding pcrformance of the dises were cvaluated as described in Example 2,
exccpt the dises were driven at 5,200 rpm oo 304 stainless stesl workpicces under various
grinding pressures. Referring to FIG. 8, the grinding results ar a pressure of 6.4 kilograms
{14 1hs) for the Example 4 coated abrasive discs is shown by liwe 114, and for
Comparative Bxample C coated abirasive discs by Upe 108, Referring again to FIG. &, the
grinding results at a pressure of 7.3 ilograms (16 1bs.} for the Example 4 coated abrasive
discs is shown by line 112, and for Comparative Example C coated abrasive discs by linc
106 Further, the grinding results ar a pressore of 10,0 kilograms (22 1bs.} for the Exanple
4 coated abrasive discs is shown by line 110, and for Comparative Cxample O coated
abrasive discs by linc 104. The Comparative Example C at 10.0 Kg grinding pressurc did
not survive the first minete of the test.

A podiog of the —26+34 esh material, the 26+34 mesh material, the -34+48 mesh
material, the —50+00 mesh aterial (Comparative Example C), and ANST grade 36
sbrasive particles available from the 3M Compeny under the trade designation “321
CURTTRON” were used to make cuated abrasive bels. The latter, which was made using
by drop coating the abrasive particles, as well as electrostatically coating the particles,
served as Comparative Example D.  The agglomerate abrasive graio were bonded to, 30.5

cm wide by 0.8 mm thick, palyester cloth backing using & conventional calcium carhonate-
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fitled phenclic make resin (48% resole phenolic resin, 52% calciwn cazbonate, diluted o
81% solids with water and glycol ether) and & conveational cryolite-filled phenolic size
resin (32% resole phenolic resin, 2% iron oxide, 66% cryalite, diluted to 78% solids with
wiler and glycol ether). The wet make resin weight was about 203 g/m”. Tromediately
afier the make coat was zpplied, the agglomerales were coated. The make resin was
precured for 90 minutes at 88°C. The wet size weight was sbout 432 gim’  The
agglemerate abrasive grain weight was about 909 g/m”. The size Tesin was precured for 90
Jminntes at 38°C, followed by a final cure of 10 hours at 100°C. A conventional KBE,
supersize coating (292 g.'mz) was applied on top of the cured size coat, The coated
hacking was converted into belis using known methods. The coated abrasive belts (3 x 13
inch) were flexed prior to testing. The -16+26 mesh Exa.m]ﬂc 4 belts were made by drop
coating the agglomerats abrasive grain, as well as by clectrostatically coating the
aggloruerate abrusive grain. The -26+34 mesh Example 4 belts wete made by drop coating
the agglomerate shrasive grain. The -34+48 mesh Bxample 4 belts were made by
electrostatically coating the agglomerate abrasive grain.

The grinding performance of the —26+34 mesh Example 4 belts and -34+48 mesh
Example 4 belts were evalvated on 304 stainless stecl work picces at a-pressure of
1.05519° Kgrm® (150psi). The grinding results are shown m FKG. 9, where line 116 is (he
—26+34 mesh Example ¢ belt and Ll 118 is the —34+48 mesh Example 4 belt. The
grinding results on 304 stainless stesl workpiece at a pressure of 9.1 kilograms and 1750
rpm arc shown in FIG. 14, wher line 128 is the -26+34 mesh Example 4 belt, linc 126 is
the -34+48 mesh Example 4 belt, line 130 is the —16+26 mesh electrostatic coaled
Examplc 4 belt and line 132 js the —16+2& ymesh drop coated Exampie 4 belt. [n addition,
grade 50, 60, and 80 coated abrasive beits, available from the 3M Company under the
wade designation “977F REGALLOY”, ware also ground under the latter corwlitions. The
grinding results of these grade 30, 60, and 80 coated sbrasive bells are shown in FIG. 10 ay
lines 124, 120, and 122, respectively.

The grinding pecformance of —16+26 electrostatic couted Txample 4 belts, as well
us Comparstive Example E belts mude from ANSI prade 36 abrisive particles available
fror the 3M Company under the trade designation “321 CUBITRON” were evaluated on
cast aluminum at a pressure of 150 psi (1031 kPa) and 7380 surface fi./min. (2250 m/min.)
Refening FIG, Ila, line 136 shows the grinding data for the —16+26 clecirostatic coated

L
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Example 4 beli, line 134 is the geinding data for the Comparative Example B belt, The
Comparative Example E belt was made as described above nsing electrostatic coated
abrasive grain.

The grinding performance of —16+26 drop coated Example 4, a16+26 clectrostatic
coated Example 4, and Comparative Example E belts, as well a8 Comparative Example F
belts made from ANSI grude 36 abrasive particles available from the 3M Company under
the trade designation “321 CUBITRON” were evaluated as deseribed ahove for the 16426
deop coaled Exwmple 4 and Comparative Example E belts, except the workpisces were
304 stainless steel workpieces. Referring to FIG. 11b, line 140 shows the grinding dats for
the ~16+26 drop coaled Example 4 beli, linc 138 the grinding datz for the -16+26
electrostatie coated Fxample 4 belt, line 142 shows the grinding data for the —16+26 drop
coaled Example 4 belt, and line 144 the grinding data for the Cornparative Example E helt.
The Comparstive Example F belt was made as described above using drop coated abrasive

gruin.

Example 5

Example 5 was prepared as follows. A boehmite sol was prepared by mixing 1194
parts of boshmite (“DISPERAL”Y with 2000 parts of acidified water (prepared by mixing
3000 parts of deionized water with 71 parts of concentrated pitric acid) using a continnous
mizer. The so] wag dricd at Joss than 160°C for less than 48 hours. The dried material was
crushed, und ther screened to produce —40 +80 mesh (U5, Standards sereen size) particles

The retained paricles were fed into a rotary caleining kiln to provide calcined
mrateriat of gamuna alumina. The calcining kilo consisted of 2 15 cm inmer diameter, 1.2
meter i length, stainless steel tabe baving a 0.3 metee hot zone, The whe wis inclined at
& 3.0 degree angle with respect to the herizental. The tube rowated st about 3.5 rpm, to
pravide a residence time in the lube of about 4-5 minutes, The temperature of the hot zone
was abont 630°C.

Aboul 200 grams of the —40 +80 mesh caleined particles were fed into 2 40.6 cm
disk pelletizer {obtained from Feeco Interational, Green Bay, WI).

A second boehunite sol was prepured by mixing 333 parts of boehimite with 3000
parts of peiditied water as deseribed above, About 136 grams of this sol wege sprayed onto
the calcined particles while they were tumbled in e 40.6 ¢m disk pelletizer. Uniform
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sized agglomerates were formed, which were dried in aluminum trays in 2 forced air oven
at 95°C for 16 hours. The dried agglomeratcs were then caleined in a rotary kiln as
described above.

The calcined agglomerates were impregnated with REQ1 solution (desczibed in
Example 1) using 68 parts of solution per 100 gcams of agglomerates. The sohrtion was
poured onto a bed of the agglomerates while they were tumbled in the disk pelletizer. The
impregnated agglomerates were then dried by dirceting ar air hea! gun ogte the
agglomeraies while they were tombled. The dried apglomerates were culcined and
fired/sintered as described in Example 1 except the firing/sinlering temperature was
1406°C.

Example 6

Example & was propared as follows. A 38% solids bechiuite gel was made by
combiniog 104 pars of 150 mesh and fiver buchmite crusher lines (prepaced as described
in Example 1) with 72.4 parts of acidified water (69.4 parts water and 3 parts 67% nildic
acid) wsing 4 continnous processor (oblained under the Irade designation “READCO” from
the Readeo Company, Yerk, PA). The gel was extruded through a 2 inch (5.1 cm) single
serew extruder (obtained from the Boonot Company, Uniontown, OLL),-baving suitiple
0.012 joch (0.31 mm) openings. The extruded gel was drisd at 84°C for 4 hours, broken
into approxirmately 1.6 rom rods and pre-ficed 1 650"C in a rolary fumace as per the
calcining step described in Exanple 1.

50 grams of the calcined gamma alumina rods were combined with 50 grams of -
boehmite fines {propared as described in Exumple 1), wherein the screen size was —
404-100 mesh). The mixture was placed ir the 40.6 em disc pelictizer, inclined at 34
degrees with respect to horizental and rofated at 30 1pm. A mixture of 58 graws REOE
solntion (dcscribéd in Example 1) and 3 grams nitde acid (67%) was spruved onto the
particles using a hand sprayer while the particles were mumbled  The msulling
agglomeraies were allowed 1o air dry overnight, after which they were calcined to 650°C in
a metal crucible and then fired/sintered at 1400°C in a rotary tube furnace as described in
Example 1. The agglemerates were then screened over a 40 mesh sieve to remave single

particles.
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Examples 7-11
Examples 7-11 were prepared as follows. Abrasive slurries were prepared by
thoroughly mixing abrasive particles, ceramic binder precursor material, acrylate resia, and

iniliators, according o the formulations listed in Table 1, below.

Table |

[ Matenal Amounts for Amounts for Ex. Amounts for
| . Ex. 7and8, g 9 and 10, g Ex. 11, g

TMPTA | 300 150 500 |

KE1 3.0 s 30

CH 2.0 1.0 .0

SCA 15.0 4.0 i 8.0

AQP 1600 54 110¢

#60 AG321 2000 - A -

P20 AG321 at0 - —

P8R0 AD e 1375 -

P8O 8C —- R 2750

Total 92 wi%h o3 wi % 93 Wi

inorganic

solids conient_|

' The ingredients were added in the order listed except for the AGF and AG321 ANS(

grades 60 and P320, the AQ grade P8O, or the $C grade PS0. The AOP und AG321 grade
60 and P320, AOQ grade P8O, or SC grade P80 were first combined together and then
slowly added to the remaining ingredients. The abbrevigtions for the varions inmredicnts

are deseribed below.

TMPTA: trimethylol propane triaceylate, obtained available from Sartomer Co., West
Chester, PA under the wade designation “SR351”.

¥B1 phote  initiator  2,2-dimethoxy-1,2-diphenyl- | sihanone, obtained from
Sartomer Co. nader the trade designation “BSACURE KE1™.

CH: cumene hydroperoxide, obtained from Aldrich Chemical Co., Milwavkes,
W1, as itern. no. 24,750-2.

-62.



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

20

n

(121)

WO 01728980 POTIUSONMTSZS

SCA: silane coupling agent 3-methacryloxpropyl-trimethoxysilane, obtained from
Union Carbide Corp., Friendly, WV under the trade designation “A-174",

AQP: alpha-zluminum oxide powder, obtained from Alcoaz, Hooston, TX undex
the trade designation “A-10 §G”

Af3321: sol gel-derived alumina-based abrasive particles obtained from 3M
Company, 5t. Paul, MN under the trade designation “321 CUBIITRON™.

AD: heat treated fused alummwum oxide abrasive particles, obiained from
Treibacher, Villach, Ausitia under the trode desipnation “ALODUR
HERPL".

SC: silicon carbide abrasive prain, commercially available from 3M Company,
St Paul, MN.

Mixing was doue in a mixer with a flat bezter rotor and en the slowest speed
setting (obtained from Huban Corporation, Teoy, OH; model nunber A120T). After ihe
ADPIAG3LL, AOP/AD or AQP/SC mixture was added to the resin mixtore, the speed was
inereased to “medium” and the mixing continued for 25 minutes. The final temperature of
each mixture was abowt 116°F (47°C). At this point, the abrasive slury was very thick
with cement-like handling characicristics. The mixed shurry was then placed in a
refrigerator for at least 45 minutes to cool down before furlher processing. The
temperatre of the refrigerator was ju the range from about 40°F (4°C) to about 43°F ¢7°C).

Precursor agglomerate abrasive grain were made for Examples 7-11 using u size-
reducing machine (obtained from Y-Tron Quadre, Limited, Chesham, United Kingdom,
ureler the trade designation “QUADRO COMIL") having 4 solid impeller (mode]
“ARROW 17817) with a 0.175 inch (4.44 mm) gap and & conical sereen with 0.030 inch
{1.27 mm) rouad, grater-type orifices. The drive motor was operated at 330 rpm. After
passing the slurries through the size-teducing machine (“QUADRO COMILY" and UV
cuwring system, the al leasl partislly cured precursor agglomerate abrusive gruin were placed
in aluminum pans and at Jeast partially thermally cured in the forced-wir oven for about &
hours at about 330°F (177°C). The precursor agglomerate abrasive grain were then
reduced n size by causing them to pass through the size-reducing machine (“QUADRQ
COMIL") using a carbide-tipped (Mode) “ARROW 1607") impeller at 2 0.175 inch (4.44
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mm) gap and 2 0.079 inch (1.00 mm) grater screen, After the reduction in size the
precursor agglomerate abrasive grain were screened and the particle size fraction greater
than 36 mesh {(0.0185 inch, 0.47 mm) was collected.
The precursor agglomerate abrasive grain were then subjected to two heating steps.
Tn the first heating step (e, caleiping), rod-shaped precursor agglomerate abrasive grain
were calcined in order to remove acrylate resin used in the agglomerate forming process,
ani to cause the erystalline ceramic axide bonding precirsor material to sufficiently bond
tgether to provide handlesable and collectable precursor agglomerate abrasive geain. The
precursor agglomerate abrasive grain were spread 5/8 inch (16 mm) thick in 3.5 ioch x 7.5
inch {89 mm x 190 mmj} aluminum pans (obtaincd from Coors Ceramics Co., Golden CO)
and healed in i in 4 laboratory furnacs (obtained from LindbergfBlue M Company,
Watertown, WI; model number BF 117} aceording to the following schedule:
heating fram about room lemperalure to about 662°F (350°C) ut a rate of 3.6°F
{2°C)/ minute;
helding for about 2 hours at about 662°F (350°CY; '
heating from about 662°F (350%C) to abowt 1832°F (1000°C) ut about 3.67F (2°C) /
minute;
holding for about 4 hour souk at abonr 1832°F (1000°C); und .
con}i'ng in the furnace to aboul room temperature by turning off the power to the

furnace.

The resuliing calcined precursor agglomerate abrasive grain were (urther reduced
in sizc te provide a desired size distribution for making coated abrasive articles. The
calehned precusor agglomerye abrasive gram were [urther reduced n size by passing
thern through the size-reducing machine (“QUADRO COMIL”} using a carbide-tipped
Amow 1607 impeller at a 0.175 inch (4.44 mm) gap and a 0.679 inch (2.00 mm) grater
sereen. The resulting caleined precursor agalometate abrasive prain were sereened and the
size fraction lunger than 20 mesh {0.0320 in, 0.81 mm) and smaller than 12 mesh (0.0661
in, 1.70 mm)} was retained.

For Examples 7, 8, and 11, the sccond heating step was performed by placing sbout
100 wrams of calcined precurser agglomenate abrasive grain in a 3 fnch (7.6 cm) diameter
platinum crueible and then hesting in a laberatory box {umace obtained from CM Repid
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Temp Furnzce, Bloomfield, NT under the trade designation “RAPID TEMP™). In the
second hedting step, the particles were held at 2 mawimum tomperature of about 2732°F
{15Q0°C) for about 9G minutes, The agglomerate abrasive grain were then allowed to cool
1o room temperature by shutting off the “RAPID TEMP” bex fumace and sllowing it to
cool to room temperature.

For Examples 8 and 10 caleined precursor agglomerate abrasive grain were
impregnaled with an REO solation (herain referred to as “REC2 selution™} before the
heating firing step. REQ2:solution was prepared by blending a lanthapum, neodymivm,
and ytirom nitrate solotion (20.5% La(NC,):-6HzC, 20.1% NUNO6HO, 26.1%
YNOuk 6Hz0; available from Molycorp of Lourviers, CO} with a sufficient amount of
MGNK and cobalt nitrate (15% Co{NO3)e6H20; avallable from Hall Chemical of
Wickliffe, Ohia} to provide 2 sohutivo containing about 5.8% 1.a(NO3)a-6110, about 5.8%
Ng{NC};-6H20, about 7.1% Y(NC:):-6Hz0, about [4.4% MgNQ5)3-6H:0, about 0.4%
Co(NO3)6H20, and {he balance deionized waler. The calcined precursor agglomerate
abrasive grain were impregnated by mixing 25 m) of REO2 solution per 100 grams of
caleined precwrsor agglomerats abrasive grain with the caleined precursor agglomerate
abrasive gruin. The mixture was tumbled in a rorating, polysthylenc-lined contaier for
about 10 minutes to distibute the REOZ2 solution through the caleined precursor
apglomerate abrasive grain. Impregnated cileined precurser agplomerate ahrasive grain
were lhen placed in alumimm pans and placed in a forved-air oven {obtained from
Pespach Industries, Minneapolis, MN; model number ALD2-11} and dried for about 2
hours & about 100°C. The agglomerates were ther removed and sllowed to cool down to
about reom emperature.

The sgglomerate were then passed through a rotary kiln that was beated to dbout
1200°F (630°C), The rotary kile had a “hor zone™ that was abeut 12 inches (30.5 em}) and
a silicon carhide rotary fube that was about 15 cm ja diameler, about 1.1 m Jong, and wus
elevated al about 2,57 inclination. The residence time was about 5 minutes through the
length of the tibe. After being passed theough the rotary Xiln, the agglomerates were then
heated at about 2732°F (31500°C) for about 90 minutes according to the second heating
step described in Examples 7,9, and 11,

Coated abrasive articles with polyester cloth backings wnd phenolic-based make

and size sesins were prepared Examples 7-10 agglomerate abrasive grain. The Y-weight
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backing clath was 2 sateen weave polyester with a basis weight of approximetely 535 p/m”
{obtained trom Wisselink Textiles, Aslten, Netherlands). The make resin was a 52:44
mixture by weight of CaCOx:water-based phenolic {obtained o Georgin-Pacific Resins,
Columbus, OH; product number GP23155B),

An draw-down apparatus {obtained from Paul Gardner Co., Pompano Beach, FL,
urder the trade designation “ACCI LAB") and 2 %90 wire-wonnd coating red (obtained
[rom: Paul Gardner Co., Fampano Beach, FL} was used to spread a upiform coating of
make resin onto the polyester backing. The make coating weight for the #90 wire wound
coating 1od setting on the draw-down zpparalus was approximately 230 g/m® on a dry
weight basis, Make coating weight was determined for & given setting of the #90 wire
wound coating rod on the draw-down apparatus by the following procedure: weighing a
backing sample, applying a make coat to the backing sample using the draw-down
apparamis at a given setting, drying the make coat in a convection oven (obiained from
Precision Screntific, Clucago, IL; model gumber 8) about 2 hours al about 190°F (38°C),
and then weighing the dried make coated backing. Coating weight = (dried make coated
backing sample weight - the backing sample weight)i{area of the backing sample).

‘The previously screaned agplomerate abyasive grain were then poured by hand onte
the wet make resin aud rolled hack and forth by band several times to distribute the
agglomerate abrasive prain ¢venly on the backing, and then the excess agglomerate
abrasive grain were shalken off. The coated samples wore bealed evernight for about 10
bours in & comvection oven {obtained from Precision Scientific, Chicugo, IL; model
Vnumbcr 2% sot at about 180°F (82°C).

The sizc resin was 4 52:48 muixtwe by weight of cryolite:water-based phenelic
{obtained from Georgia-Pacific Resing, Columbus, OH; product number GP231558) and
was applied to the samples by hand with a paint brush. The size coated samples were
heated in the convection oven for absut 1 heur at about 180°F (82°C), and then cured lor
about 2 hours at about 200°F (93°C), fellowed by about 30 minutes ot about 220°F
{104°C3 and about 1 heur at zhout 245°F ¢118°CY. After curing, the coated sbrasive
samples were flexed over a 2 nch (5 om) diameter bar in order to make the coated sample

more suitable for installarion into the Recker Drum Test apparats {described below).
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Comparative Example G

Comparative Bragple G was a cloth-backed coated abrasive anticle containing
organically-bonded agglomerate abrasive particles. The organically-bended agglomerare
abrasive particles were grade #60, and are marketed by the3M Company, 5t. Puul, MN
under the trade designation *MULTICUT C". The organically-bonded agglomerats
abrasive particles wes made of ANSI grade 60 AG3Z1 abrasive particles bonded together
by 2 cryolite-filled phenolic bond systen.. The coated samples were made as described
above for Examplec 7, cxcept the organically-bonded sgplomerate abrasive particles
(“MULTICUT C") particles were used in place of the agglomerate abrasive grain.

Comparative Example H

Comaprarative Example H was an ANST grade G0 comrercially available coated
ahrasive article maxksted by the 3M Company, uader the trade designation “3M 9671
This abrasive article included a single layer of grade #60 AG321 abrasive parlicles
electrostaticully coated onto a pulyester cloth backing withh phenolic based make and size
resins.

Examples 7-10 were ent into 10 inch x 2.5 inch (254 ¢m x 6.4 cm} sheets and
evalvated using the following test herein referred to as the “Rocker Druni Test”) These
samples were justalled on a cylindrical steel drumy of & testing machine. The stee} doum
was 13 juches (33 cm) in diameter, and was driven by an electric meotor and a pushrod
lever 5o that the drum oscillaled {rocked back and forth in a smafl arc). A 1018 carbon
steel workplece (a workpicoe is abraded by the abrasive articke), 3/16 inch (048 cm)
square, was fixed fn 2 lever armr amangement above the abrasive article, and a Ioad of
shout 8 1b (3.6 ki) was applicd to the workplece. As the sbrasive ariicle rocked back and
fortk, the workpicee was abraded, and a 316 inch x 5.5 inch (0.48 cm X 14 em) wear path
was created on the abrasive article. There were upproximately 60 sirokes per mimte on
this wear path. A compressed air stream at 20 psi (133 kKPa} was directed vnto the abrasive
article at the point of contact with the workpiecs to clear grinding swarf and debris from
the wear path.

The amount of steel removed after cach L1000 cycles (vne cycle being one back-
and-forth motion} was recorded as the “interval cui” and the “total cut” was the curnulative

(totz] of “interval cuts™) amount of stecl removed at the endpoint of the test. The endpoint
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of the test was determined to be when a predetennined number of cycles were completed
or when the cut rate dropped to less than approximately 40% of the maximum interval cut
recorded for that test. The results presented in Table 2, belew, arc an average of two

samples per Example.

Table 2

Tost nbavdl, | Comp, Ex. G Comp. Ex. H Exumple 7 Example 8 Brumple #9 Example 10
cyeles Laterval oot g | Tntervel out (@) | lotervaleut, ¢ ) Intorval col, g | bnterval eul, g Intorvil cut, g
W0 115 131 214 1.63 334 18
200K 129 179 232 116 243 118
A 132 178 133 116 2.38 1.24
400 ] 177 3% J§E] .43 125

Tosom [T 136 L6 228 T4 239 L2z
000 741 17 200 L6 24] 17
700 [ES 0z T s 1 2.45 a2
B0 IET - ] 1 Tioe 2.56 108
00 751 115 102 152 [EE

TowlCorg[ 1236 | 017 1758 10047 2070 L3

Example 9, which included alumina and rare earth oxide, provided a maximum cut
rate of 170% of Comparative Example G, and of 140% of Comparative Exampic H.
Compared to the Example 9 abrasive article. ihe comesponding Example 7 gbrasive arlicle,
which used agglomerate abrasive grain that did not include rare carth oxide, provided
sizmilar cut rates initialy, but the total cut provided by the Exampls 7 abrasive article was
limited by shelling of the agglomerate abrasive grain from the backing aficr about 3000
fest cycles.

The Example 9 abrasive article maintained a cousistent cui rate, as measured by the
nterval cuts, within a range of about 18% from lowest to highest over the duration of the
test. The eut rate. as ncasured by the interval cuts, of the Conparative Example G
abrasive article increased steadily hy about 34% over the duration of the tost.  The
Compayative Example H abrasive article maintoined 2 consistent cut rate, as measured by
the interval cuts, vver the fizst few {ost intervals, but then decreased abruptly s the
workpiece wore through the abrasive coating (o the backing. The cul rutes, as measured by

the interval cuts, of Examples 8 and 10 abrasive articles were similar, but were about hall
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the cut rates, as measured by the interval euts, provided by the inmnples 7 and % abrasive
articles.

‘The strengths of Examples 7-11 agglomerate abrasive grain were measured using &
Crush Test. Approximately 5 grams of scresned agglomerate abrasive grain were used for
each test. Agglomerate abrasive grain were poured onto an epoxy resin lab benchtop and
spread out by band to isolate individual particles. Agglomerate abrasive grain that were in
the range from about 0.039 in (1 mm) to about 0.073 in {2 i) were selected und crushed
using & force gange equipped with a flat compression foot fitting (obtained from Shimpo
Instrumeats, Lincolnwoed, IL; model number BGY-50). The force pauge read from 0 to
60 1bz (Gto 267 N). The flat compression foal of the force gauge was held in a horizonta)
position above and contacting the agglomerate sbrasive grain to be crushed and a constant
force was appited by hand unbl the agglomerate abrasive giain broke (breakage was
measured by audible sound and/or feel). ‘The maximum force applied lo cause the
agglomerate abrasive grain to break (i.e. Crush Test Value) was recorded and the st
repeated. The Crush Test Values reperied in Table 3 wers the averages of at least 40

samples of a given agglomerate abrazive grain example.

Table 3.
| Example7 Example § Example & Example 1¢ | Example 11
Average Crush Test 17.4 (71.5) 225 (90.2) TR {34.6) 128543 9.7 4(3.1)
Vitlue, Th, (N)
Standard Deviation, 25029 3.2(144) 185 (8.2) 2.7% (12.4) 26(11.0} |
Ib. (1)

Various medifications and alteratiens of this invention will become apparent o
those skilled in the art without departing from the scope and spirit of this invention. and it
should be vnderstood that this inventjon. is pot to be unduly Jimited to the fflustrative

embodiments set forth herein.
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What js claimed is:

1. Agglomerate ahrasive grain comprising a plurality of abrasive particles
bonded together with a sintered, crystalline ceramic bonding material, wherein the bonding
material comprises, on a theeretical oxide basis, at least 50 percent by weight crystalline
Alz04, based on a total metil cxide content of the bonding material, and whersin the

abrasive particles have an average particle size of at least 5 micrometers.

2. The agglomerate abrasive grain according Lo claim 1, whersin the average

particle size of the particles is at lcast 25 micromcters.

3. The sgplomerate abragive grain according to claim 1. wherein the average

particle size of the particles is at Jeast 100 nicrometers.

4. The apglomerate abrasive geain according 10 elam 1, wheretn the abrasive

particles comnprise fused abrasive particles.

5. The agglomerste abragive grain sccording 1o claim 1, wherein the abrasive
particles include abrasive panicles selected from the group consisting of fused aluminum
oxide abrasive particles, white fused aluminum. oxide abrasive particles, heat-treated fused
sluminum exide abrastve pusticles, brown fused aluminum exide sbragive particles, sibcon
carbide abrasive pariicles, boron carbide abrasive particles, tittnium curbide abrasive
particles, diamond abrasive particles, cobic boron nitride abrasive particles, gamnet
abragive particles, lused alumina-zitconia abrasive particles, sintered alpha ahwmine-bascd
abrasive particles, bothunite-derived. sintered alumina abrasive particles, ang a

combination thereol.
6. The agglomerate abrasive grain according to clajim |, wherein ihe bonding

material comprises, on @ theoretical oxide basis, al least 60 percent by weight AlaQOs, baged

on the total metal oxide conient of the bonding matcrial.

-0
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7. The agglomerate abrasive grain aceording to claim 1, wherein the bonding
material comprises, on a theorctical oxide basis, at least 90 pereent by weight AlaCs, based

on the total metal oxide content of the bonding material.

8 The agglomerate shrasive grain according to elaim 1, wherein the Boading
material comprises, on a theoretical oxide basis, at least D3 percent by weight Al Qs, based

on the total metal oxide content of the. bonding material,

9. The agglomerate abrasive grain according (o claim 1, wherein the abrasive

particles include sintered, alpha alumina-based abrasive particles.

10, The agglomerate abrasive grain according to claim 9, wherein the sintered,
alpha alumina-based abrasivc particies comprise of afpba almmina crystals having an

average crystal siee of less than 1 micrometer.

11 The agglomerate abrasive grain according to claim Y, wherein the bonding
material and the sinlered, coramic alpba alumina-based  abrasive particles have

substantially the same composition.

12, The agglomerate abrasive grain according to claim Y, wherein the bonding
material wnd the sintered, ceramic alpha wlumina-based abrasive patticles have

subsiantially the same composilion and microstructure.

13 Anabrasive articls including:
binder material; and
a plurality of agglomerate abrasive grain according to claim 1

secured within satd wticle by seid binder material.

14, Apglomerate abrasive grain comprising a plurality of polyerystailine
abrasive particles bonded together with a sintered, crystallitte ceramic bonding material,
wherein the bonding material comprises, on a theoretical oxide basis, at least 50 percent by

weight crystalline AloCh, based on a wotal metal oxide content of the bonding material, the

-
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abrasive particles have 2 density of at least 83% of theoretical depsity, and the sgglomerate

abrasive grain has a porosity value of at least 10 percent.

15.  The agglomerate abrasive grain according to claim 14, wherein the abrasive

particles have a density of at leust 95% of theorelical density.

16.  The agglomerate abrasive grain according to clatm [4, wherein the shrasive

grain has a porosity valuc of at least 30 percent.

17, The agglomerats abrasive grain according to claim 14, wherein the abrasive

particles comprise fused abrasive particles.

18. The zgglemeraic abrasive grain according to claim 14, whercin the abrasive

pagticles comprise sintered, elpha alunina-based abrasive particles.

1. The agglomerale abrasive grain according to claim 14, wherein the abrasive
particles include abrasive particles selected from the group consisting of fused alunipim
oxide abrasive particles, white fused aluminum oxide ahrasive particles, heat-ireated fused
aluminum oxide abrasive particles, brown fused aluminum oxide abrasive particles, silicon
earbide abrasive particks, boron carbide abragive particles, titanium carbide abrasive
particles, diamond abrasive particles, cubic boron nitride abrasive particles, garner
abrasive particles, fused alumina-zirconia abrasive particles, sintered alpha alumioa-based
abrwive particles, bochoute-denved, sintered alumica abrasive particles, and a

coembination thereof.

2. The agglomerate abrasive grain acconding to claim 14, wherein the bonding
material comprises, on a theoretical oxide basis, at lsast 60 percent by weight AlQ;, based

<on the total metal oxide content of the bonding material.

21 The agglomerate abrasive grain according to elaim 14. wherein the bonding
material comprises, on # theorstical oxide basis, at least 90 percent by weight AL O, based

on the total metal oxide content of the bonding material.
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22, The agglomerate shrasive grain accerding to cleim 14, wherein the bonding
material andl the sintersd, coramic alpha alumina-based  abcasive parlicles have

substantially the same composition.

23, The agglomerate abgasive grain according to clain 14, wherein the bonding
mafedial and the sintered. ceramic alpha ahmmina-based abrasive particles have

substantially the same composition and microstructure.

24, Ap abesive atiele including:
binder material;, and
z plurality of agglomerate abrasive grain according to caim 17 secured

within said article by said binder martetial,

23, A method for making agglomerate abrasive grain comprising:

contacting a pluality of at least one of abrasive particles or precursor
abrasive particles with a precursor bonding materia! such that the particler agglomerate
tegether; and

heating the agglomerated pariicles al ai least one temperature for a time
sufficient to convert the agglomerated particks, into aggloferale abrasive grain
comprising a plurality of abrasive pacticles bended together with a sintered bonding
material: wherein the sintered bonding material comprises, on a theorctical oxide basis, at
Teast S0 pereent by weight crystalline AlsO3, based on the total metal oxide content of the
bonding material, and wheiein the abrasive particles of the agglomerate abrasive grain

have an average particle size of at least 5 micrometers.

6. The method according ro claim 23, wherein the abrasive particles comprise

fused abrasive particles.

27.  The method according 1o clsim 23, wherein the abrasive particles include
abrasive particics selected from the group consisting of fused rluminum, oxide ubrasive

particles, white [used alumine abrasive particles, beat-treated aluminum oxide abrasive

7A-
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patticles, brown alumninum oxide abrasive particles, silicon carbide abrasive purticles,
baron carbide abrasive particles, Uitanium carbide abrasive particles, diamond abrasive
partictes, cubic boron nimide abrasive particles, garnct abrasive particles, fused alumina-
zirconia ubrasive particles, sintered alpba alumina-based abrasive particles, hochmite-

denived alumina abrasive particles, and a combination thereof.

28.  The method accerding to claim 25, wherein the precursor abrasive particles

comprisc booiunite.

28 The method according to clajm 25, wherein the bonding material
comprises, on a theoretical oxide basis, at least 60 percent by weight Al,Os, based on the

tota] metal oxide content of the bonding matesial.

30, The method according to claim 25, wherein lhe bonding mmuterial
comuprises, on 4 theoreiical oxide basis, at least 90 pereent by weight Al;O5, based on the

total metal oxide content of the bonding matesial.

31.  The method according to claim 25, further comprising, prior to suid
heating:
drying the agglomerated particles;
cualcining the dried agplomerated particles to provide porous agglomerated
particles; and
impregnating the porous agglomerated purticles with a composition

comprising water and at least ope of metal oxide or metal oxide precursor.

32 The method accordiog te cladm 25, wherein the average particle size of the

particles is at least 25 micrometers.

33, The method aceording to claim 25, wheein the average particle size of the

particles is at least 100 micrometers.

—T4 -
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34, The method according to claim 23, whercin the ebrasive particles arc

comprised of crystals having an average crystal size less than 10 micrometers.

3s. The method according te claim 25, wherein the abrasive particies include

sintered, crystalline ceramic alpha alumina-based abrasive parlicles.

36.  The method according to claim 25, wherein the bonding material und the
sintersd, ceramic alpha alumina-based abrasive partticles have substantially the same
composition. '

37. The method according to claim 23, wherein the bonding material and the
sintered, ceramic alpha alumina-based abrasive paticles have substaaiially the same

compuosition and microstrucnire.

38 The methed according to claim 25, wherein the abrasive particles of the
agglomerate ubrarive grain have a density of at least 85% of theoretical density, and the

agglomerate abrasive grain has a poresity value of at least 30 percent.

39, A method for making agglomerate shrasive grain cornprising:

contacting a plurality of at least one of abrasive particles or precursor
abrasive particlss with a precursor bonding material such that the particles agglomerate
tegether; and

heating the agglomerated particles at at least one temperatne for a time
sufficient to convert the agglomerated particles into agglomerate abrasive grain comprising
a plurality of abrasive particles bonded together with u sintered bonding material; wherein
the sintered bending material compriscs, on a theoretical oxide basis, at least 50 perceni by
wolght crysiallive AlGs, based on lhe total metal oxide content of the bending material;
und wherein the heal-teated! abrasive particles huve a deasity of 4t keast 83% of theoretical

density, and the agglomerate abrusive grain has a porosity value of ac Jeast 10 perecnt,

40, The method acrording te claim 3%, whercin the abrasive particles compprise

fused abrasive particles.
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41, The method according to claim 39, whetein the abrasive particles include
abrasive particles selected from the group consisting of tused aluminum oxide abrasive
particles, white fused alumira abrasive particles, heat-treated shuninum oxide abrasive
particles, brown aluminum oxide abrasive particles, silicon carbide ubrasive particles,
boron carbide abrasive particles, titanivm carbide wbrasive particles, diamond abrasive
particles, cubic horon nitride abrasive particles, garnet ubrasive particles, fused alumina-
zirconiz abrasive particles, sintered alpha alumina-bused abrusive particles, boeimmite-

based alwnina abrasive particles, and a combination thereof.

42, The method according to claim 39, wherein the precursor abrasive particles

comprise bochmite.

4% The method according to elaim 39, wherein the bonding material
comprises, on a thooretical oxide basis, at least 60 percent by weight A1:0s, based on the

total metal oxide content of the bonding material.

44, The method according to claim 39, wherein the honding material
comprises, on a theoretical oxide busis, at least 90 percent by weight Alx0;, based on the

total metal oxide content of the honding material.
45 The method accerding lo claim 39, furthet cotuprising, prior to said heating

drying the agglomerated particles;

caleining the dried agglomerated particles to provide perous agglomerated
particles; and

impregnating the porous agglomcrated particles with a composition

cormprisipg waler and at least one of metal oxide or metal pxide precursor.

48, The method according to claim 39, wherein the average particle size of the

particles is at least 25 micrometers.

ST6-

JP 2004-510873 A 2004.4.8



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

20

D)

(135)

WO 01728580 PUTIUSONMISZS

47.  The method according to claim 3%, wherein the average particle size of the

particles is at least 190 micrometers.

48, The methed according to claim 39, wherein the abrasive particles are

coemprised of crystals having an average crystal size less than 10 micrometers.

49, The mathod according to claim 39, wherein the shrasive particles inclnde

sintered, crystalline ceramic alpha lumina-based abragive particlss.

30, The method secording to claim 39, wherein the bonding malterial and the
sintered, ceramic alpha aluminz-hased abrasive patticles have substantially the same

compositin.

5L The method aecording to elaim 39, wherein the bonding material and the
sintered, ceramic alpha alumina-based abrasive particles have substantially the same

composition and microstrocluse.

52, The methol according to claim 39, wherein lhe abrusive particles have a1

lensity of at least 95% of theoretical density.

53, The method according to claim 39, whercin the abrasive grain hus a

perosity value of at least 30 percent.

54.  Agglomerate abvasive grain comprising 4, plurality of sintercd
pelycrystalline abrasive particles bonded together viz crystalline ceramic, metal oxide
bonding material, wherein the bonding material comprises, on a theoretical oxide basis, at
least 50 pereent by weight Al:Os, based on the total metal oxide content of the banding
material, wherein the crystalline abrasive puticles are comprised of crystals having an
average size less than 10 micrometers, and wherein af least three of the largest abrasive

particles have substamtially the same volume.

i
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55.  The agglomerate abrasive grain according to claim 54, wherein the bonding
atesial cotnprises, on a theoretical oxide basis, at least 60 porcent by weight Al;(Q-, based

on the total metal oxjde content of the bonding material.

56.  The agglomerate abrasive grain according (o claim 54, wherein the bonding

rralerial comprises, on a thecreticat oxide basis, at Jeast 95 peccent by weight Al;Cs, based

- on the total metal oxide content of the bonding material.

57.  The agglomerale abrasive grain according to claim 534, whereln the

crystalline abrasive particles joclude alpha alurnina-based ahrasive particles.

58.  The agelomerate abrasive grain according to claim 54, wherein the
crystalling abrasive particles include sintered, crystalling ccramic zlpha ahunina-based

abrasive particles.

59 The agglomerate abrasive grain according to claim 58, whersin the siniersd,
crystalline cerumic alpha slumina-based abrasive particles arc compyised of alpha aluming
crystuls, and wherein the ayerage size of the alpha alumina crystals:is less tham 1

coicrometer.

o, The agglomerate abrasive grain according to claim 54, wherein the
crystaliine ceramic, metal oxide bonding material and the sintered, ceramic alpha alumina-

hased abrasive particles have substantially the same comperition and micrestructure.

Gl. An abrasive article including:
binder material; &ud
a plurality of applomerate abrasive grain according to olaim 55 securcd
within said artiele by said binder material.

62, Agglomerate abrasive grain comprising a plurality of simtersd, crystalline
abragive particles bonded together via erystalline ceramic, metal oxide bonding material,

wherein the bonding material comprises, on a theoretical oxide basis, at least 50 percent by

-7
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weight Al;O3, based on the total metal oxide content of the bonding material, whercin the
crystalline ahrasive particles are comprised of crystals baving an average size Jess then 10
micrometers. and wherein at Ieast three of the largest abrasive particles are greater than 20

micromelers in size.

53, The agglomerate abrasive grain according to claim 62, wherein the bonding
material comprises, on a theoaretical oxide basis, ai lzast 60 percent by weight AlxO;, bused

on the total metal oxide content of the bonding material.

4. The agglomerate abrasive grain according to claim 62, wheretn the bonding
material cornprises, on a theoretical oxide basis, at least 90 percent by weight Al,On, based

on the total metal oxide content of the bonding material.

63.  The agglomeratc abrasive prain according to claim 62, whersin the

crystalline abrasive particles include alpha alumina-based abrasive particles.

66.  The agglomerate wbrasive grain according to claim 62, wherein the
crystalline abrasive particles include sinfered, crystalline ceramic alphe alumina-based

abrasive particles.

67.  The agglomerate abrasive grain according to claim 66, wherein the sintered,
crystalline verarmic alpha alumina-based abrasive particles are comprised of alpha alimina
crystals, and whercin the average size of the alpha alumina cryswils is less than 1

micrometer.
68 The agglomerate abrasive grain according to claim 66, wherein the
cryslalline cerumic, metal oxide bonding malerial and the sintered, ceramic alpha alumina-

based ubrasive particles bave subsiantially the same composition and microstructure,

69,  The agglomerate abrasive grain according to claim 82, wherein at least

three of ihe largest wbrasive particles are greater than 40 nicrometers in size.

i
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70, An abrasive article including:
binder material; and
2 plurality of agglomerale abrasive grain according to claim 62 secured

within said article by said binder material,

71.  Agglomerate abrasive grain comprising a plurality of sintered, crystalline
abrasive particles honded together via crystalline ceramic, metal oxide honding material,
wherein said agglomerate abrasive grain comprises, on a theoretical oxide basis, at least
85% by weight AlyOs, based on the tolal metzl oxide conlent of the agplomerate abrasive
grain, and wherein at least three of the largest abrasive paticles are preater than 20

micrometers in size.

72, The agglomerat: abrasive grain according 1o clain 71, wherein the bonding
material comprises, on a theoretical oxide basis, at least 97 percent by weight Al, Oy, based

on the total metal oxide content of the bonding material.

73, The agglomerate abrasive grain according to claim 71, wheeein the

crystalline abrasive particles include alpha alumina-based abrasive particles.

74 The agglomerate wbrasive gruin according W claim 71, whewein the
crystalline abrasive particles include sintered, crystalline ceramic alpha alumina-based

abrasive particles.

75, The agglomerate abrasive gran according w claim 74, whereln the sintered,
crystalline ceramic alpha alurnina-based abrasive particles arc comprised of alpha alumina
crystals, and wherein the average size of the alphaz alumina crystals is less than 1

micromeiet.
76, The agglomeraie abrasive grain according to claim 74, wherein the

crystalline ceramie, metal oxide bonding marerial and the sintered, caramic alpha alumina-

based ubrasive purticles have spbstantiully the same composition and micrastrueture.
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77, The agglomerate abrasive grain according to claim 71, wherein at least

three of the largest abrasive particles are greater than 40 micrometers in size,

78 An abrasive article including:
hinder material; and
a plurality of agglomerite abrasive grain according to claim 71 secured

within said article by said binder material.

79, Agplomerate abrasive grain  comprising a piurality of sintered,
polycrystalline abrasive particles bonded together via crystalline ceramic, metal oxide
bonding meaterial, wherein the bonding material comprises, on a theoretical oxide basis, at
least 50 percent by weight AlO;, based on the total wetal oxide content of the bonding
maferial, and wherein the agylomerute abrasive yrain has a poresity value in the range

Irom 10 to gbout 60 percent.

§0. The agglomerate abrasive grain according to claim 79, wherein the plurality

of abrasive particles has a porosily value of at least 30 pervend.

8.  The agglomerate abrasive grain according te claim 79, wherein the

agglomerate abrasive grain has a porosity value in the range from 30 to about 45 percent.

B2, The agglomerate abrasive grain accerding to claim 79, wherein the bonding
material comprises, on a theoretical oxide basis, at lcast 60 percent by weight AlyOs, based

ot the total metal oxide content of the bonding material.

83, The agglomerate sbrasive grain according to clzim 79, wherein the bonding
material comprises, on a theoretical oxide basis, at least 90 percent by weight ALOz, based

on the totai mefal oxide content of the hopding material.

34, The agglomerate ubrusive grain according to claim 7%, wherein the bonding
material comprises, on a theoretical oxide basis, at loast 95 porcent by weight AlaOs, based
on the total metal oxide content of the bonding material.
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85,  The agglomcratc abrasive grain according to claim 79, wherein the

crystalline abrasive purticles include alpha slumine-based abrasive particles.

86,  The agglomerate abrazive prain according to claim 79, wheram the
crystalline abrasive particles include sintered, crystulline ceramic alpha alumina-based

abragive particles.

87.  The agglomerate abrasive grain according to claim §6¢, wherewm the sintered,
crystalline ceramic alpha alumina-based abrasive particles are compriscd of alpha alumina
crystals, and wherein the average size of the alpba alumina crystals is Joss than I

micrometer.

88, The agglomerale abrasive prain according to claim 86, whercin the
crystalline ceramic, metal oxide houding materisl and the sintered, ceranie alpha alumina-

based abrasive particles have substantially the same compositicn 2nd microstructure.

89.  The agzlomerate abrasive grain according o clum 79, whersin ar Jeast

thres of the largest abrasive particles arc greater than 20 micrometers in size.

90.  An abrasive article including:
hinder material; and
a plurality of agglomerate abrasive grain according to claim 79 scoured

within said article by said binder materiad,

o1 A method for making agglomerate abrasive grain comprising a plurality of
sintered, crystalline, alpha alumina-based abrasive particles bonded together via erystalline
ceramic, metal oxide bonding material, wherein the bonding malerial comprises, on a
theoretical oxide basis, at least 50 percent by weighti Al(3, based on the total metal oxide
content of the bonding material, and whercin at least three of the largest abrasive particles

have substantially the same volume, said method comprising:
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contaciing «ried, boehmite-based precursor particles in the preseoee of
liquid such that & plurality of said precurser particles agglomerate together; and
heating the agglomerated particles at ai least one temperatare for a time

sufficient to provide said agglemerate abrasive grain.
92.  The methed according to claim 91, wherein the liyuid comprises water.

93, The method according to claim 91, wherein the Hguid comprises acidified

water,

94, The method according to claim 91, wherein the liguid comprises water and

metal oxide precursor.

95, Thc metirod zccording to claim %4, wherein the metal oxide precursor is a

metal pitrale salt in solution.

96.  The mcthod according to clain 91, wherein the liguid comprises water and
meta] oxide precursor selected from the group consisting of chromium uitrate, cobali
nitrate, dysprosiuim nitrate, erbium nitrate, europium nitrate, ferdie nitcate, gadolinnm
nitrate, fersic nilrate, lunthanum aoitrate, lithium nitrate, plagnesium nitrale, manganese
nitrate, ncodymiwn witrate, nickel mitrate, praseodymivmn nitrate, samariua nitrate, yttrivm
nitrate, sine nitrate, zirconium hydrexynitrate, zitconium niteate, zirconium oxynitrate, and

combinations thereof in solution.

97.  The method according to claim 91, whersin contacting the died, boelmite-
based precursor particles in the presence of liguid includes rotating the particles in the

presence of the liquid with a disc agglomerator,

98, The method according te claim 91, wherein the bonding material and the
sintered, crystalling, alpha alumina-based abrasive particles comprise, on a theorstical
oxide hasis, at least 60 percent by weight AlyOs, based an the total metal oxide content of

the bonding raterial.
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99. The method according to claim 9%, wherein the bonding material and the
sintered, crystalline, alpha alumina-based abrasive particles comprise, on a theoretical
oxide basis, at Jeast 30 percent by welght Al;Os, based oo the total metal oxide content of

the bonding material.

100. A method for making agglomerate abrasive grain comprising a plurality of
sintered, crystalling, alpha alumina-based abrasive particles bonded together via crystaliine
ceramic, metal oxide bepding material, wherein the bonding material comprises, on a
theorstical oxide basis, at east 30 percent by weight Alx();, hased on the totzl metal oxide
conlent of the bonding material, and wherein at least three of the largest abrasive particles
kave substantially the sane volume, said method comprising:

contacting dried, hoschmite-based precursor parlicless in (he presence of
liquig such that a plurality of said precursor particles agglomerate together;

drying ihe ngglomeraicsd precumoer pariicles;

calvining the doed agglomerated precursor purticles o provide porous
agglomerated precursor particles;

impregnating the porous agglomerated precursor pacticles with &
composition comprising liquid and at Jeast one of metal oxide or metal oxide precursor;
and

heuting (he impregnaled, agglomerated precursor particles al at least ome

temperature for a time suflicient to provide said agglomerate abrasive grain.

101, A niithod for making agglomerate abrasive grain comprising a plurality of
sintered, coystalline, alpha alumina-based abiasive particles bonded together vin crystalline
veramic, metal oxide bonding material, wherein the bonding material comprises, on a
theotatical oxide basis, at Jeast 50 peroent by weight AlLOs, based on the total metal exide
content of the bonding mureriul, and whereln at least three of the lacgest abragive particles
ure greater than 20 micrometers in size, said method comprising:

contecting dried, boehmite-based precursor parficles in the presence of

liguid such that a plurality of said precursor particles agglomerate together; and
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heating the agglomerated particles at ar Jeast one temperature for a tirge

sufficient to provide said agglomerate abrasive grain.

102, The method according to claim 101, wherein the liquid comprises water.

103, The method according Lo claim 197, wherein the liquid comprises acidified

water,

104.  The methed according to elaim 101, wherein the Jiquid comprises water

and metal oxide pracursor.

105, The methad according to clum 104, wherein the metal oxide precursor is a

meiul nitrate salt in selotion.

106. The methed according to claim 10), whercin the liquid comprises watec
and metal oxide precursor selected from the group consisting of chromium niirate, cobalt
aitrate, dysprosium nitrate, erblum nitrate, cwropinm nitrate, fereic nitrate, gadelinizm
nitrate, ferric nitrate, lanthamm nitrate, lthivm nitrate, magpesium nitrale, manganese
nitrate, neodymivm nitrate, nickel nitrate, praseodymium nitrate, samerium nitrate, yitrium
nitrate, zinc nirate, zivconimn hydroxynitrate, zirconium nitrate, zirconiem oxymnitrale, and

combinations thereof n solution,

107.  The method according to claim 101, wherein contacting the dricd,
bechimite-baged precurser particles in the presence of liquid includes rotating the particles

in the presence of the liquid with a disc agplomerator.

108.  The method sccording to claim. 101, whercin the sintercd, erystalline, alpha
alumina-based abrasive parficles arc comprised of afpha alumina crystals having an

average size less than 10 micrometers.

108, The methad aceording to claim 101, wherein the bonding matcrial and the

simtered, crystalling, alpha alumina-based abrasive particles comprise, on a theoretical
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oxide basis, at least 60 percent by weight Al;O, based on the total metal oxide content of

the bonding material.

110.  The method according to claim 101, wherein the bending material and the
sintered, crystalline, alpha alumina-based abrasive particles comprise, on a theoretical
oxide basis, at least 90 percent by weight Al;0y, based on the total metal oxide content of
ihe bonding material.

111, A method for muking agglomerate abrasive grain comprising a plurality of
sintered, crystalline, alpha alumina-based abrasive parhicles bonded together via crystalline
ceramic, metal oxide bonding material, wherein the bonding muterial comprises, on a
theorctical oxide basis, at least 50 poreent by weight Aly(s, based on the total metal oxide
content of the bonding material, and wherein ac Jeast three of the largest abrasive particles
are greater than 20 micrometers in size, said method comprising:

contacting dried, boshmite-based precuxsor particles in the presence oi
Tiquid such that a plurality of said precursor particles agglomerate together;

drying the agglomerated precursor particles;

calcining the dried agglomerated precursor particles to provide porous
agglomerated precursor particles;

impregnating the porous agglomerated precursor paticles with a
composition comprising liguid and at least one of metal oxide or metal oxide precussor,
and

heating the nopregnated, agglomerated procurser pagtickes al at Jeast one

ternperature for a time sufficient to provide said agglomerzate abrasive grain.

112, A wethed for making agglomerate abrasive grain comprising a plurality of
sintercd, erystalline, alpha alumina-based abrasive particles bonded together via crystalline
eeramic, metal oxide bonding material, wherein said agglomerme abrasive grain
comprises, on a theoretical oxide basis, at deast 89% by wcight ‘alurnina, based on the total
metal oxide comeent of the agglomerate abrasive grain, and wherein ar Jeast three of the

largest abrasive particles are greater than 20 micrometers i size, said reethod comprising:
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contacting diied, boehmite-based precursor particles in the presence of
liquid such that & plurality of said precursor particles agglomerate together; and
heatipg the agelomerated particles at at least ope temperature for a Hme

sufficient to provide the agglomerate abrasive grain.
113, The methed sccording to claim 112, wherein the liguid cornprises watcr.

114.  The method according to claim 112, whecein the liquid comprises acidifiad
water,

115.  The methed according to claim 112, wherein the liquid compiises water

and metal oxide precursor.

116, The method according to claim 115, whesein the metal oxide precursor is a

metal nifrate salt in solusion.

117.  The meihod according to cluim 112, wherein the liquid comprises water
and metal oxide precursor selecied from the group consisting of chromiam nitrate, cobait
nitrale, dysprosium mpitrate, erbivn niteate, eurcpivm nitrate, fertic nifrate, gadolinium
nitrate, ferric nitrate, lanthanum nitrate, lithiom nitrate, magnesinm aitrate, mangancse
nitrite, needymium mirate, nickel nitrate, praseodymium nitrate, sumarium nitrate, yitrium
nitrate. zine nitrate. zirconinm hydroxyoitrate. zirconium nitrate, Zircouium oxynitrate, and

combinations thereof in seution.

118, The method according te claim 112, wherein contacting the dried.
bochmite-based precurser particles in the presence of liquid includes rotating the particles

in the presence of the liguid with a dise agglomeraior.
[19.  The method aceording to claim 112, whersin the sintered, crystalline, alpha

alumina-based sbrasive particles are comprised of alpba alumina crystals baving au

average size less than 5 micrometers.
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120.  The method according to claim 112, wherein at least three of the largest

shrasive particles are grealer than 40 micrometers in size.

121, The method according to clain 112, wherein the bonding material and the
sintered, erystalline, alpha wumina-based sbrasive particies comprise. on & theoretical
uxide basis, at least 95 percent by weight ALOs, bastd on the total metal oxide content of
the bonding, material.

122, A method for making aggiomerate abrasive grain comprising a plurality of
sintered, erystalline, alpha afumina-based abrasive particles bonded logether via crystabline
ceramic, metal oxide bonding material, wherein safd apglomerate ahragive grain
comprises, on a theoretical pxide basis, at least 85% by weight aluming, based on the total
metal oxide content of the agglomerate abrusive grain, and wherein at least three of the
largest abrasive particles are greater than 20 micronetens in size, soid methed comprising:

contacting dried, bochmite-based precursor particles in the presence of
liquid such that a plurality of said precursor particles agglomceraic together;

drying the agglomerated precursor particles;

calcining the dried agglomerated precurser pasticles 1o provide porous
agplomerated preeursor pagticles;

impregnating  the porous agglomerated precursor particles with a
eotnposition comprising liquid and al least one of metal oxide or metal oxide precursor;
and

heating the impregnated, agglomerated precursor particles at at least one

tomperature for 4 time sutficient to provide said agplomerate abrasive grain.

123, A method for making agglomerate gbirasive grain comprising 2 plurality of
sinfered, crystalline, alpha wlumiza-based abrasive particles bonded together via crystalline
ceramic, metal oxde bonding material, whercin the bonding malerial comprises, on a
thearetical oxtde basis, ar least 30 percent by weight Aly(s, based o the total metal oxide
content of the bonding material, and whetein said agglomerate ebrasive grain has a

porosity value in the range from 10 te 60 pemcn-t, said mathed comprising:
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contacting dried, boehmite-based precursor paticles in the presemce of
liquid such that a plurality of said precursor particles agglomerate together; and
heating the agglomerated particles at at Jeast one temperature for a time

sufficient to provide said agglomerate abrasive grain.
124, The methed according to claim 123, wherein the liguid comprises water.

125.  The method according to claim 123, wherein the liguid comprises acidified

water.

126.  The method according to claim 123, wherein the liquid comprises water

and metal axide precursor.

127.  The methed aceording to claim 126, wherein the metal oxide procursor is 2

metal nitrate salt in solution.

128.  The method accowding to claim. 123, wherein the liquid comprises water
and metal oxide precursar selected fram the group consisting of ¢hrominm nitrate. cobalt
niwate, dysprosium nitrate, erbium nitrats, eurcpium nircate, ferric nitrate, gadolinivi
nitrate, ferric nitrate, lunthanum nitrate, lithivn nitrate, magnesium nitrale, manganese
nitrate, neodyminm nitrate, nickel nitrate, prassodymivm ndtrate, samarium nitrate, yitrium
nitrate, zinc niirate, zirconium hydroxynitrate, zirconium nitrate, zirconinm oxymnitrate, and

combinations thercof in solution.
126, The method acording to claim 123, wherein contacting the dried,
boehmite-based precursor particles i the presence of liquid includes rotating the panicles

in the preseece of the liquid with a disc agglomerator.

130.  The methed aceording to claim 123, wherein the sintered, eryytalline, alpha

" alumina-based abrasive particles are comprised of afpha alumina crystals having an

average size less than 5 micrometers.
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[31. The method according to claim 123, wherein at least three of the largest

abrasive particles are greater than 40 micremsters in size.

132, The method according to claim 123, wherein the bonding naterial and the
sintered, crystalline, aipha ajumina-based abrasive particles comprise, on 2 theoretical
oxide basis, at Jeast 60 percent by weight Al;Os, bused on the total metal oxide content of

the bonding material.

133,  The method according to claim 123, wherein the bonding malerial and the
sintered, crystalline, alpha alumnina-based abrasive particles comprisc, on & theoretical
oxide basis, at feast 90 percent by weight AlaOs, based on the tofal metal oxide content of

the bonding material.

[34. The method according to claim 123, wherein the plurality of abrasive

particles has a purosity value of at leost 30 percent.

133, The method according to claim 123, wherein the agglomerate abrasive grain

has a porosity value in the range from 20 to about 30 percent.

136, The method according te claim 123, whersin the agglomerate abrasive grain

hus a porosity value in the rangs from: 30 to about 45 percent.

137. A methad for making agglomerate abrasive grain comprising a plurality of

" sintered, coystalling, lpha slumina-based abrasive pacticles bonded together via crystalline

ceramic, metal exide bonding matenial, wherein the bonding material comprises, on a
theoretical oxide basis. al least 50 percent by weight AlzOs5, bused on the tora) metal oxide
content of the bonding material, and whercin said aggfomerale abrasive grain has a
porosity vatue in the range from 10 to 60 pereent, said method comprising:

contacting dried, bochmite-based precursor pacticles in the presence of
liguid such ihat a plurality of said precursor particles agglomerate together;

duying the agglomenated precwisor particles;
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caleining the dricd agglomerated precurser particles to previde porous
agglomerated precursor particles;

impregnating the porous agglomerated precarsor particles with a
composition comprising liquid and at least one of metal oxide or metal oxide precursor;
and

heating the impregnated, agglomerated precursor particles at at least one

B
teraperature for a time sutficiept to provide said agglomerate abrasive grain.

138, A method of abrading a swface, said method comprising:
contacting at lesst agglomerate abrasive grato comprising 2 plurality
of abrasive particles bonded topether with a sintered. crystalline cerainic bonding material,
wherein the bonding matorial comprises, on a theoretical oxide basis, at least 50 percent by
welght crystallive AlaOy, buscd on a total metdl oxide content of the bonding material, and
wherein the abrasive particles have an avecage particls size of al least 5 yuicrometers, with
a surface of a workpiece; and
mving at least of one said agglomerate abrasive grain or said surface
relative to the other to abrade at least o portion of said surface with said agglomerate

abrasive grain.

139 A meihod of abrading a surface, said method cennprising:

contacting al lesst agglomerate abrasive grain abrasive gruin
comprising a plucality of poiycrystalline abrasive particles bonded together with a smtered,
crysialline cerumnic bonding inawerial. whersin the bonding material comprises. on a
theoretical oxide basis, at least 50 percent by weight crystalline Aly0;, based on a total
metal oxide content of (he bonding material, the abrasive particles have a density of at
least 83% of theoretical density, and the agglomerite tbrasive grain has a porosity valve of
at Jeast 10} percent. with a surface.of 2 workpieeo; and
maoving at least of one said agglomerate abrasive grain or said surface
relative to the other to sbrade at least 2 portion of said surface with said agglomerate

abrasive grain.

140. A metbed of abrading a surface, said method eemprising:
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contacting at least agglomerae abrasive grain comprising @,
plurality of sintered polycrystalline abrasive particles bonded togetber via crystalline
ceramic, metal oxide bonding material, wherein the bonding material comprises, on a
theoretical oxide basis, at least 5¢ percent by weight Al;Oj, based on the total metzl oxide
content of the honding material, wherew the eeystalline abrasive particles are comprised of
crystals having an average size less than 10 micremeters, and wherein at least three of the
largest abrasive particles have substantially the same volume, with 2 smface of a
workpiece, and
moving 2t Jeast of one said agglomerate abrasive grain or said surface
relative to the other to abrade at least a porfion of said swrface with sald agglornerate

abrasive grain.

41, A method of abrading a surface, said method comprising:

contacting at least agglomerate abrasive grain comprising a pluralicy
of siatered, crystalline abrasive pacticles berwled together via crystallice ceramic, metal
oxide bonding material, whercin the bonding material comprises, on a theoretical oxide
basis, at Jeast 50 percent by weight Al:Os, based on the total maetal oxlde content of the
bonding materinl, wherein the crystalline abrasive particles arc comprised of crysials
having an average size Jess than 10 micrometers, and wherein sl least three of the largesi
ghrasive particles ars greater thim 260 micrometers In size, with a surface of o workplece;
and
moving at lcust of one said sgplomerate abrasive grain or said sutface
relative to the other to abrade at least a portion of said sucface with sald agglomerate

abrasive gruin.

142. A method of abreding a surface, said method comprising:
conlacting ar least agglomerate abrasive grain comprising a pherality
of sintered, crystalline abrasjve particles bonded together via crystalline ceramic, metal
oxide bonding material, wherein said agglomerate abrasive grain comprises, on a
theoretical oxide basis, at least 85% by weighl AlaOs, bascd oo the total metal oxide
content of the agglomerale shrasive gran, and wherein at least three of the larpest abrasive

purticles are greater than 20 micrometers in size, with a suriace of a workpiscs; and
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moving at least of one zaid agglomersic abrasive grain or said surface
relative (o the other to abrade &t least a portion of said surface with said agglomerate

abragive prain.

143, A method of abrading a surface, aid methed comprising:

comtacting at least agglomerate abrasive grain comprising a plurality
of sintered, polyerystulline abrasive parlicles bonded together via crystalline cerumic,
maetal oxide bonding material, whercin the bonding material compriscs, on a theoretical
oxide basis, at least 30 percent by weight Al;03, based on the toral metal oxide content of
the bonding material, and wherein the agglomerate abrasive grain has a porosity value in
the range from 19 1o about &) percent, with a surface of a warkpiece; and
moving at feast of oue said agglomerate abrasive grain or said surface
relative to the other to abrdde at least a portion of said surface with said agglomerase

zhrasive grain.

l44. A method of abrading a surface. said method comprising:

contacting at least agglomerate abrasive grain comprising a plurality
of abrasive particles bonded together with a Sime..red, crystalline ceramic bonding material,
wherein the bonding materfal comprises. on a theoretical oxide basis, at least 50 percent hy
weight crystalline Alz0Os, bascd on a total metal oxide content of the bending material, and
wherein ife abrasive particles have an average particle size of at least 5 micrometers, with
a surface of 2 workpiece; and
moving at Jeast of one said apglomerate sbrasive grain or said surface
relative to the other to abrade at [east a portion of said sweface with said agglomerate

abrasive grain.
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FURTHER INFORMATION CONTINUED FROM ~ PCTASA! 2101

This International Searching Authority found multiple {groups of)
inventions in this international application, as follows:

1. Claims: 1-12,13,25-37,138,144

ra

-

The common subject-matter of these claims comprises a
ceramic bonding material having at "east 50 wt% crystalline
41203 and wherein the abrasive part celes have an average
parficle size of at least B micron

Claims: 14-23,24,38,39-53,79-89,90,123-236,139,143

The cemnon subject-matter of these claims comprises a
banding material having at least 5C wi¥ A1203, wherein the
abraszive particles have a density cf at least 85% of
thearetical density and the agglomerate abrasive grain has
porasity value of at least 10%

a

. Claims: 54-£0,61,91-99,140

The common subjeci-matter of these claims comprises a
bonding material having at least S50 wk¥ A1203, wherein the
abrasive partictes have an averzge size of less tkan 10
micron and wherein at least three of the largest abrasive
particles have the same volume

. Claims: 62-69,70,71-77,78,101-1140,112-121,141, 142

The common subject-matter of these claims comprises a
bonding material having at least B0 wt% A12D3, wherein the
abrasive particles have an averige zize of iess than 10
micron and wherein at least three of the largest abrasive
particies are greater than 20 micron

- Claim 1 100

a method for making agglomerate abrasive gralng ceaprising
at least B0 wi¥% AT20} and wherein at least three of the
largest abragsive particles have the same volume, in which
the dried precurscr particles are Tmpregnated witk a
composition comprising a liquid and at Teast a metal oxide.

Claims: 111,122

the common subject-matter of both process clafms comprises a
banding malerial having ai least 5C wi% Al 203 and wherein at
least three of the Targest abrasive particles are greater
than 20 micron

page 1 of 2
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7. Clatm : 137

a methed for making agg omerate abrasive grains comprising
&l least B0 wt% A1203 and wherein the abrasive grain has a
parosity value in the range of 10-60 %
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