
EP 0 293 164 B1 Description Technical Field 5     This invention relates to
the production of alumina-based ceramic abrasive grits, a method of making
the same, abrasive products made with the abrasive grits and a method of
using the abrasive products. Background Art 10     The preparation by a
sol-gel process of dense, alumina-based ceramic abrasive grain is
described, for example, in Leitheiser et al, U.S. Pat. No. 4,314,827,
assigned to the assignee of the present application. This patent teaches
making abrasive grains by employing chemical ceramic technology by gelling
an alumina monohydrate sol with a precursor of at least one modifying
component followed by dehydration and firing. The modifying component is
selected from zirconia, hafnia, a combination of zirconia and hafnia, 15
and a spinel derived from alumina and at least one oxide of cobalt, nickel,
zinc, or magnesium. Other references which disclose the preparation of
alumina-based ceramic abrasive grains include the following: (1) Monroe et
al, European Patent Specification No. 0 228 856, published July 15, 1987,
entitled Abrasive Grits Formed of Ceramic Containing Oxides of Aluminum and
Yttrium, Method of Making and 20    Using the Same and Products Made
Therewith. (2) Gerk et al, European Patent Specification No. 0 152 768,
published August 28, 1985, entitled Process For Durable Sol-Gel Produced
Alumina-Based Ceramics, Abrasive Grain and Abrasive Products. (3)
Cottringer et al, U.S. Patent No. 4,623,364, issued November 18, 1986,
entitled Abrasive Material and Method For Preparing The Same. 25   (4)
Gerk, U.S. Patent No. 4,574,003, issued March 4, 1986, entitled Process For
Improved Densificaion of Sol-Gel Produced Alumina-Based Ceramics. (5) Gerk
et al, U.S. Serial No. 830,478, filed Feb. 13, 1986, entitled Superior High
Sodium and Calcium Abrasive and Process For Its Production. Minnesota
Mining and Manufacturing (3M) Company, the assignee of the present
application, markets 30  sol-gel alumina based ceramic abrasive grits under
the trade designation "Cubitron". Abrasive products containing "Cubitron"
abrasive grits have been found to perform in a superior manner as compared
to the best fused synthetic abrasive mineral in many applications. A
typical example of a high performance fused synthetic abrasive mineral is
fused alumina-zirconia available, for example, under the trade designation
"NorZon" from the Norton Company. 35 Rare Earth Metal Oxide References
Kiger et al, U.S. Patent No. 3,802,893, disclose an abrasion-resistant
polycrystalline ceramic consisting essentially of about 99.5% to 99.9%
[ERR], about 0.01% to 0.25% MgO and about 0.01% to 0.25% 40 samarium oxide,
having a grain size of from about 2 to 5 microns and a density of at least
3.90 gms/cc. The ceramic is made by wet milling the oxide powders with an
organic binder, drying and screening the mixture to form a free-flowing
powder, cold pressing the dried powder to form a shaped article,
presintering to remove the organics and firing the shaped article at a
temperature above about 1500 [ERR] for about 5 hours 



in a hydrogen atmosphere to provide a ceramic which is said to have utility
as a cutting tool. Only very 45  small levels of MgO and Sm203 additions
are said to be helpful. Larger amount of MgO and [ERR] are said to
adversely effect the hardness and abrasion resistance of the ceramic. [ERR]
is called an essential additive, while other rare earth oxides such as
[ERR] are stated to produce a ceramic which does not have the same fine
grain structure and uniformity obtained with the [ERR] addition. 50
U.S. Patent No. 4,181,532 discloses the preparation of a porous ceramic
material suitable for use as a catalyst carrier and therefore not useful as
an abrasive because of the porosity. The ceramic is prepared from a
collodial dispersion of alumina and a compound of yttrium or a lanthanide.
U.K. Patent GB No. 2,094,288B, published September 15, 1982, discloses a
ceramic material which is said to have utility as a cutting tool and is
composed of up to 20% yttrium or rare earth oxide, up to 20% 55 chromium
oxide, up to 2% MgO and the balance of 100% [ERR]. The grain size is
reported to be 1.5 to 2 micro meters. A rare earth element oxide or yttrium
oxide content below 0.05% and above 17.0% are suggested to be avoided to
prevent reduced mechanical strength and thus cutting durability. The
process for making the ceramic bodies appears to be by powder consolidation
and sintering. Chromium oxide 2    EP 0 293164 B1 content below 0.025% and
above 15.0% are said to lower hardness and thus cuTTing durability. By
contrast, abrasive grains made by a sol gel process with added chromium
oxide have not been found to have improved cutting durability with chromium
oxide additions in such amounts. Japanese patent publications 58/161969,
published Sept. 26, 1983, discloses a ceramic composition 5  formed of 100
parts of a mixture of 55 to 90% [err] and 10 to 45% TiC (containing 5-15%
TiO2) with 0.005 to 2%[err] Powdered starting material is molded, sintered
in an inert gas, and then isostatically hot pressed to make a ceramic
having a relative density greater than 99.5%. The ceramic is said to have
utility as a cutting tool. Japanese patent publication JP 59/102865
published June 14,1984, discloses a ceramic composition io formed by adding
0.05 to 3 parts [err] and/or[err] to 100 parts by mixture of 55-90. weight
percent [err] and 10-45 weight percent TIC (containing 3-25% Ti),
optionally including 0.05 to 3 parts MgO, [err] and/or [err]. Ceramic
cutting tools are formed by wet mixing and pressing powdered starting
materials, presintering the pressed compact in argon at 1670[err], and then
hot pressing the presintered compact at 1400  C and 1500 kg/[err] for 1
hour. 15    A technical article entitled "Effects of Rare Earth Oxides on
Sintering of Alumina" by Hamano, Ohta and Ozaki in the Japanese publication
Yogyo Kyokaishi, 87 (12), pp 632-41, published December, 1979, discloses a
study involving sintering [err] with and without 2 weight percent [err],
and [err]. At 1500[err]   and [err] were found to enhance the sintering
rate while [err] and[err] suppress sintering. All of the rare earth metal
oxides studied promoted densification above 1700[err]. 



20 Microstructures of the fired bodies were significantly affected by the
rare earth metal oxide additions. [err] additions resulted in exaggerated
grain growth of the alumina while [err] additions were found to suppress
exaggerated grain growth. An article of Ohta, Hamona and Nakagawa entitled,
"Effects of Erbium (III) Oxide Addition on Sintering of Alumina," Yogyo
Kyokaishi, 88(9), 531-8, published September, 1980, describes that [err]
inhibits 25 densification of alumina at 1400[err] and below, but
accelerates densification markedly at higher than 1500 [err]. The optimum
level of doping was found to be 0.5 weight percent [err]. An article
entitled "Effects of Erbium (III) Oxide Addition on Final State Sintering
of Alumina", also by Hamona, Ohta and Nakagawa, Yogyo Kyokaishi, 88(11),
666-73, published November, 1980, reports densification of erbium
aluminates, formed by the solid state reaction, was accelerated in
specimens fired at 30  higher than 1650 C. The addition of [err] promoted
the growth of corundum grains slightly and narrowed the distribution of
grain size. While certain of the aforementioned references indicate that
improved physical properties may be obtained in ceramic cutting tools by
inclusion in such ceramics of certain rare earth metals or their oxides,
such disclosure does not direct the person skilled in the abrasive art to
make similar additions to ceramic 35 abrasive grains. Cutting tools cannot
be equated with abrasive grain for several reasons. Grinding was once
considered to be a purely mechanical action of metal removal much as a
cutting tool. This was supported by the fact that the two commonly used
abrasives, aluminum oxide and silicon carbide, behaved differently on
different materials. Alumina, believed to be the tougher mineral, was
effective on high tensile steels while SiC was 40 more effective on low
tensile materials. With further study of these materials, it was determined
that SiC was actually the tougher of the two minerals. With the development
of [err], which was a much harder and tougher grain than either alumina or
SIC, it was found that this new mineral was inferior to both alumina and
SiC in grinding steels. The theory that grinding was totally a mechanical
process fell apart. The reason why grinding is not totally a mechanical
process may be found in comparing the distribution 45 of energy used in
metal removal by cutting tools and abrasive grinding. In cutting tools it
has been estimated that up to 90% of the total energy used for cutting is
removed with the chips and that only about 5% of this total energy goes
into the metal surface as heat. As a result, the cutting tool temperature
remains relatively low, about 700 [err] to 800[err] for normal cutting
speeds. For abrasive grinding, the total energy input into the operation is
up to ten times greater than with cutting tools. And of the total energy
input, about 80% 50 goes into the workpiece at the grinding interface as
heat compared with 5% for cutting tools. The energy going into the
workpiece as heat is thus 160 times greater in the case of abrasive
grinding than cutting tools. The reason for this difference may be found in
the different mechanisms of chip formation and the values of rake angle. In
cutting tools the rake angle is near zero allowing almost complete freedom
for upward flow and removal of the chip. In abrasive grinding, rake angles
have large negative values and there 55 is considerable resistance to
upward flow. As a result, considerable energy is spent in deforming the
surface in grinding while little energy is removed with the chips. The
temperature of the grinding interface thus reaches very high values, and
may even reach the melting point of the metal as evidenced by solidified
chips often found in the grinding swarf. Another indication of the high
temperatures present is the 



3    EP 0 293164 B1 spark shower observed in grinding which consists of
chips heated to red or white heat. As a result of the high temperatures
encountered at the grinding interface, the interaction between the metal,
the abrasive grain and the atmosphere must be considered. For example, the
best explanation of why aluminum oxide is a better abrasive on most steels
than silicon carbide is that a chemical reaction 5  occurs at the high
temperatures encountered in abrasive grinding between the silicon carbide
and the steel which in effect "melts" the abrasive and causes excessive
wear. Tungsten carbide, boron carbide and titanium boride are also examples
of very hard materials which have been found to be excellent cutting tool
materials, yet have little utility as an abrasive grain due to their
reactivities with various metals. It is therefore incorrect to assume that
abrasive grains are the same as cutting tools and that a 10 composition
which works well as a cuffing tool will also work well as an abrasive
grain. The inclusion of rare earth metal oxide of the type hereinafter
defined in abrasive grits relative to the present invention is unknown and
would not be apparent to one skilled in the abrasive art. Summary of the
Invention 15 The present invention provides ceramic abrasive grits formed
by a sol-gel process or an impregnation process which have superior
abrasive performance in abrading certain workpieces such as those made of
stainless steel, titanium, high nickel alloys, aluminum and others, and
excellent performance on more conventional workpieces such as mild steel.
The ceramic abrasive grits comprise alpha alumina and at least 20 about
0.5% (preferably about 1% to about 30%) by weight of the oxide of a rare
earth metal selected from the group consisting of praseodymium, samarium,
ytterbium, neodymium, lanthanum, gadolinium, cerium, dysprosium, erbium
(this group of rare earth metals hereinafter being referred to as "the rare
earth metals"), and combinations of two or more of the rare earth metals.
The rare earth metal oxide will usually react with aluminum oxide to form a
rare earth metal-aluminum oxide reaction product. The oxide of the 25
reaction product dysprosium and gadolinium with aluminum will generally be
a garnet, while the oxide of the reaction product of praseodymium,
ytterbium, erbium and samarium with aluminum will generally be a perovskite
which may include garnet. On the other hand, the reaction of lanthanum and
aluminum causes conversion of the alumina to the beta form. Certain
reactions of rare earth metal oxides and aluminum oxide produce hexagonal
rare earth aluminates and thereby produce abrasive grits having an alpha
alumina phase 30 and a hexagonal aluminate phase. The hexagonal aluminate
phase may coexist, of course, with other phases in the alpha alumina phase,
depending upon the starting materials. For example, the alpha alumina phase
may include a spinel phase and a hexagonal rare earth aluminate phase.
Other phases such as garnet and perovskite may also be present depending on
starting materials. While hexagonal rare earth aluminates are known as
luminescent materials, they are not known in a 35 form useful to provide
abrasive grits. The abrasive grits having the hexagonal rare earth
aluminate structure 



have been found to have surprisingly superior abrasive performance when
employed to abrade stainless steel. The hexagonal rare earth aluminate
structure is usually obtained when making ceramic abrasive grits according
to the invention by selecting as starting materials for processing with the
alumina hydrate a compound including a divalent metal ion of a metal such
as Mg, Ni, Zn, Co, Fe, or Mn and a compound 40 including a trivalent rare
earth metal ion of a metal such as La, Nd, Ce, Pr, Sm or Eu. Preferred
abrasive grits according to the invention which include the hexagonal rare
earth aluminate are free of yttria and are nucleated with [err] particles
of a size which promotes nucleation. Preferred ceramic abrasive grits of
the present invention comprise at least about 0.5% (preferably about 1% to
about 30%) by weight rare earth metal oxide and about 0.25 to 30 percent by
weight yttria, with the 45 balance of 100% by weight comprising alpha
alumina. The general process of making the ceramic abrasive grits of the
invention comprises the steps of: a. combining alumina hydrate with a rare
earth metal oxide or its precursor dispersed (e.g., dissolved) in a liquid
vehicle such as water to produce a blend; b. drying the blend to produce a
dried solid; 50    c. crushing the dried solid to produce particles; d.
calcining the particles to substantially remove bound volatile materials;
and e. firing the particles to produce a ceramic material. One preferred
method of making the ceramic abrasive grits is a sol gel method comprising
the steps of: a. preparing a mixture of an aqueous dispersion of alumina
hydrate, preferably the mondyhydrate (e.g., 55   boehmite), and an oxide of
the rare earth metal or a precursor of the oxide in an amount to provide at
least about 0.5% by weight rare earth metal oxide in the ceramic upon
firing; b. gelling the mixture; c. drying the gel to produce a dried solid;
4    EP 0 293 164 B1 d. crushing the dried solid to produce particles; e.
calcining the particles to substantially remove bound volatile materials;
and f. firing the particles to produce a ceramic material. Another
preferred method of making the ceramic abrasive grits is an impregnation
method comprising 5  the steps of: a. preparing a sol of alumina hydrate,
preferably the monohydrate (e.g., boehmite); b. drying the sol to form a
porous dried solid comprised of the dried sol; c. crushing the dried solid
to produce particles; d. preparing a homogeneous mixture of rare earth
metal oxide or its precursor, preferably a water soluble 10    salt, in a
liquid vehicle such as water; e. calcining the particles to remove water of
hydration and convert the alumina monohydrate to a form of 



alumina which is in said liquid vehicle insoluble; f. impregnating the the
mixture of step (d) into the calcined particles to achieve an average
concentration of rare earth metal oxide in the resultant ceramic of at
least about 0.5% by weight upon firing to produce 15    a ceramic; g.
drying the impregnated particles; h. calcining the dried impregnated
particles to substantially remove bound volatile materials; and i. firing
the particles to produce a ceramic. The invention also provides various
abrasive products of a type which includes abrasive grits character- 20
ized in that at least part of the abrasive grits are the ceramic abrasive
grits of the invention. Preferred abrasive articles include coated abrasive
products, bonded abrasive products such as grinding wheels, and nonwoven
abrasive products in a form similar to that sold under trade designation
Scotchbrite[err] by the 3M Company. 25 Detailed Description The preparation
of the ceramic abrasive grits of the present invention from a sol-gel
process first includes the preparation of a dispersion usually comprising
about 2 to about 60 weight percent aluminum oxide monohydrate (e.g.,
boehmite). The preparation of the ceramic abrasive grits from an
impregnation 30 process also first includes the preparation of a dispersion
of aluminum oxide monohydrate but usually comprising a somewhat more
concentrated dispersion, typically comprising about 10 to about 60 weight
percent aluminum oxide monohydrate. The boshmite can either be prepared
from various techniques well known in the art or can be acquired
commercially from a number of suppliers. Examples of commercially available
materials include that 35 available under the trade designation Disperal
produced by Condea Chemie, GMBH and that available under the trade
designation Catapal[err] S. B., produced by Vista Chemical Company. These
aluminum oxide monohydrates are typically in the alpha-form, are relatively
pure, include relatively little, if any, hydrate phases other than the
monohydrate, and have a high surface area. A peptizing agent is usually
added to the boehmite dispersion to produce a more stable hydrosol or 40
colloidal dispersion. Monoprotic acids or acid compounds which may be used
as the peptizing agent include hydrochloric, acetic, and nitric acid.
Nitric acid is a preferred peptizing agent. Multiprotic acids are normally
avoided since they rapidly gel the dispersion, making it difficult to
handle or mix with additional components. Some commercial sources of
boehmite contain acid titer, such as absorbed formic or nitric acid, to
assist in forming a stable dispersion. 45    Sufficient rare earth metal
compound is added in the sol gel process to the dispersion to provide at
least about 0.5% by weight and preferably about 1 to 30 % by weight rare
earth metal oxide after firing. The same approximate level of rare earth
metal oxide will typically be the goal of the impregnation process, but the
concentration will be the average concentration throughout each fired
porous structure that was impregnated. It should be understood that the
impregnation process typically produces impregnated 50 porous structures
with higher concentrations of rare earth metal oxide at or near the surface
than at the interior of the impregnated structure. Crushing such porous
structures will produce fragments which may have surfaces corresponding to
the higher concentration original impregnated structure surfaces or the 



lower concentration interior portion of such structure. The preferred rare
earth metal precursor is a salt of a volatile anion. Rare earth metal salts
having 55 volatile anions include, for example, the rare earth metal
nitrate, formate, acetate or the like. The most readily available chemical
form of rare earth metal is typically the oxide which is easily converted
to a salt with a volatile anion by reaction with an excess of concentrated
nitric acid to produce nitrate solution which can conveniently be
introduced into the aluminum oxide monohydrate dispersion or the porous
alumina 5    EP 0 293 164 B1 body in the desired amount. Rare earth metal
salts and compounds which remain stable and have anions which do not
volatilize at least at the firing temperature of the ceramic material
should be avoided since they generally do not react with alumina to form
the desired rare earth metal-aluminum oxide reaction product, as will
hereinafter be explained. The rare earth metal may also be introduced as
the oxide, for 5  example, as finely divided hydrated particles as in a
sol. The aluminum oxide monohydrate dispersion may be formed by any
suitable means which may simply be the mixing of the aluminum oxide
monohydrate with water containing the peptizing agent or by forming an
aluminum oxide monohydrate slurry to which the peptizing agent is added.
Once the dispersion is formed, it is preferably then gelled for the sol gel
process. The gel can be formed by any conventional l0 technique but is
preferably formed by adding the salt in sufficient concentration as to
cause the dispersion to gel. The dispersion may contain a nucleating agent
to enhance the transformation to alpha alumina. Suitable nucleating agents
include fine particles of alpha alumina, alpha ferric oxide or its
percursor and any other material which will nucleate the transformation.
The amount of nucleating agent is sufficient to effect 15 nucleation.
Nucleating such dispersions is disclosed in assignee's copending
application Ser. No. 728,852 filed April 30, 1985, the disclosure of which
is incorporated herein by reference. The dispersion may contain one or more
precursors of one or more other modifying additives which can be added to
enhance some desirable property of the finished product or increase the
effectiveness of the sintering step. These additives may also be in the
form of soluble salts, typically water soluble, and typically 20 consist of
a metal-containing compound which can be a precursor of the oxides of
magnesium, zinc, cobalt, nickel, zirconium, and hafnium. The addition of
metal-containing compounds, such as those containing magnesium, zinc,
cobalt and nickel, which form a spinel crystal structure, has generally
been found to produce better abrasive grits than ceramics which do not
contain spinel. Once the gel has formed, it may be shaped by any convenient
method such as pressing, molding or 25 extrusion and then carefully dried
to produce the desired shape such as a rod, pyramid, diamond, cone and the
like. Irregularly-shaped abrasive grits are conveniently formed by simply
depositing the gel in any convenient size of drying vessel such as one in
the shape of a cake pan and drying the gel, usually at a temperature below
the frothing temperature of the gel. 



Drying may be accomplished by simply air drying or using any of several
other dewatering methods 30 that are known in the art to remove the free
water of the gel to form a solid. Preferred drying methods are those which
minimize loss of soluble metal salts. After the solid is dried, it can be
crushed or broken by any suitable means, such as a hammer or ball
comminuting the solid can be used and the term "crushing" is used to
include all of such methods. For producing abrasive grain by the
impregnation method, the sol dispersion may be placed directly 35 into a
dryer where gellation will occur as water is removed. If a shaped grain is
desired, then the sol may be gelled by the addition of an ammonium salt or
excess acid and then formed into the desired shape and processed as
described above. After crushing, the dried material can than be calcined to
remove essentially all volatiles. The dry material is generally heated to a
temperature between 400[err] and about 800 C and held within this 40
temperature range until the free water and a substantial amount of the
bound water is removed, preferably over 90 weight percent of the total
water. Impregnation may be accomplished on the undoped calcined material in
a single impregnation, i.e., using only one impregnation solution a single
time, or it may be accomplished in several impregnation steps. That is,
more than one impregnation solution may be applied to a particular porous
structure. For 45 example, the same impregnation solution may be applied
once, and then again, to increase the concentra- tion in the porous
structure of the solids being carried in the impregnation solution. The
subsequent impregnation solution may also have a different concentration of
solids and/or a combination of different solids. For example, the first
solution may contain one rare earth metal salt and the second solution may
contain a different one. Between each impregnation step, excess solution
may be removed by filtering or 50 centrifuging, and the impregnated
material is then dried and calcined again as described above to remove
volatile species of the dopant compounds introduced during the impregnation
step. The calcined material is then sintered by heating to a temperature
between about 1200 [err] to about 1650 * C and holding within this
temperature range until substantially all of the rare earth metal oxide
reacts with aluminum oxide to thereby be converted to the oxide of the rare
earth metal-aluminum reaction product 55 and until substantially all of the
remaining alumina is converted to a fired form, typically the alpha
alumina. Of course, the length of time to which the calcined material must
be exposed to the sintering temperature to achieve this level of conversion
will depend upon various factors. The time required for sintering can range
from seconds to about 30 minutes. 6    EP 0 293164 B1 Other steps can be
included in this process, such as rapidly heating the material from the
calcining temperature to the sintering temperature, sizing granular
material, centrifuging the dispersion to remove sludge waste, etc.
Moreover, this process may be modified by combining two or more of the
individually described steps, if desired. 



5     The conventional process steps and materials are more fully described
in U.S. Pat. No. 4,314,827 and U.S. Pat. No. 4,518,397. The ceramic
materials according to the invention may have a density varying from near
its theoretical density, e.g., 95% or greater, to about 75%. The ceramic
material may be substantially void free or it may be characterized by
including porosity, typically in the form of internal vermicular or
equiaxial pores which 10 are for the most part on the interior of the
ceramic with a minor part of the pores extending to the surface. Porosity
is very difficult to measure accurately by conventional porosity measuring
techniques because the porosity is a mix of closed pores which do not
extend to the surface and open pores which do. The ceramic abrasive grits
according to the present invention may be utilized in conventional abrasive
products, preferably as a blend with less expensive conventional abrasive
grits such as fused alumina, 15 silicon carbide, garnet, fused
alumina-zirconia and the like. It may also be blended with minerals or
materials which are not noted as abrasives such as calcium carbonate,
glass, and the like. Because of the relatively high cost of the rare earth
metal compounds, it is preferred to blend the ceramic abrasive grits of the
present invention with less expensive abrasive minerals. Such blending of
abrasive grits is known. A preferred method of blending involves a method
known as selective mineral 20 substitution wherein the coarse abrasive
mineral is removed from an inexpensive abrasive grit charge that is to be
utilized in an abrasive product such as a coated abrasive and is
substituted with coarse mineral of the invention. It is recognized that in
any coated abrasive the coarse abrasive grits are substantially responsible
for a major portion of the abrading of a workplece. By such substitution,
the improved abrasive grits of the present invention are interposed in an
abrasive product between smaller grits of conventional abrasive 25 mineral
to permit the improved coarse abrasive grits to do the bulk of the abrading
with such product. The ceramic abrasive grits of the present invention are
conveniently handled and incorporated into various abrasive products
according to well-known techniques to make, for example, coated abrasive
products, bonded abrasive products, and lofty non-woven abrasive products.
The methods of making such abrasive products are well-known to those
skilled in the art. A coated abrasive product includes a backing, 30 for
example, formed of fabric (e.g., woven or non-woven fabric such as paper)
which may be saturated with a filled binder material, a polymer film such
as that formed of oriented heat-set polypropylene or polyethylene
terephthalate which may be first primed, if needed, with a priming
material, or any other conventional backing material. The coated abrasive
also includes a binder material, typically in layers including a make or
maker coat, a size or sizing coat and possibly a supersize coat.
Conventional binder 35 materials include phenolic resins. It has been found
that the addition of a grinding aid over the surface of the abrasive grits
typically in the supersize coating provides an improved grinding
performance when using a coated abrasive product containing the ceramic
abrasive grits of the present invention. Grinding aids may also be added to
the size coat or as particulate material. The preferred grinding aid is
[err], although other grinding aids are also 40  believed to be useful.
Other useful grinding aids include NaCI, sulfur, [err], polyvinyl chloride,
poly- vinylidene chloride, cryolite and combinations and mixtures thereof.
The preferred amount of grinding aid is on the order of 50 to 300 g.,
preferably 80 to 160 g. per square meter of coated abrasive product.
Non-woven abrasive products typically include an open porous lofty polymer
filament structure having 



the ceramic abrasive grits distributed throughout the structure and
adherently bonded therein by an 45 adhesive material. The method of making
such non-woven abrasive products is well known. Bonded abrasive products
typically consist of a shaped mass of abrasive grits held together by an
organic or ceramic binder material. The shaped mass is preferably in the
form of a grinding wheel. The preferred binder materials for the ceramic
abrasive grits of the invention are organic binders. Ceramic or vitrified
binders may be used if they are curable at temperatures and under
conditions which will not 50 adversely affect the ceramic abrasive grits of
the present invention. Examples The following examples are illustrative of
certain specific embodiments of this invention; however, these 55 examples
are for illustrative purposes only and are not to be construed as
limitations upon the invention. All parts are by weight, unless otherwise
specified. Examples 1-61 7    EP 0 293 164 B1 Abrasive grits were prepared
by sol gel process as follows: Room temperature deionized water (2600 ml),
48 g of 16N analytical reagent grade nitric acid and 800 g alpha aluminum
oxide monohydrate powder sold under the trade designation Disperal[err]
were charged into an 18.9 liter polyethylene lined steel vessel. The charge
was dispersed at high speed for five minutes using 5 a Gifford-Wood
Homogenizer Mixer (Greeco Corp., Hudson, N.H.). The resulting dispersion
and an aqueous solution containing the nitrate salt of the rare earth metal
were metered through an in-line mixer in an amount to provide the weight of
rare earth metal nitrate solution specified in Table I. The resulting gel
was extruded into a 46 cm x 66 cm x 5 cm polyester-lined aluminum tray
where it was dried in a forced air oven at 100[err] to a friable solid. 10
The resultant dried material was crushed using a "Braun" type UD pulverizer
having a 1.1 mm gap between the steel plates. The crushed material was
screened and the 0.125 mm to about 1 mm screen size material was retained
for firing. The screened, crushed material was fed into the end of a
calciner which was a 23 cm diameter 4.3 meter long stainless steel tube
having a 2.9 meter hot zone, the tube being inclined at 2.4 degrees with 15
respect to the horizontal, and rotating at 7 rpm, to provide residence time
therein of about 15 minutes. The calciner had a hot zone feed end
temperature of 350[err] and exit end temperature of 800[err]. The fired
product from calciner was fed into a 1380[err] kiln which was a 8.9 cm
diameter 1.32 meter long silicon carbide tube inclined at 4.4 degrees with
respect to the horizontal and having a 76 cm hot zone, rotating at 10.5
rpm, to provide a residence time therein of about 5 minutes. The product
exited the kiln into room 20 temperature air where it was collected in a
metal container and allowed to cool to room temperature. Impregnation
Method Room temperature deionized water (2600 ml), 48 g of 16N analytical
reagent grade nitric acid and 800 



25 g alpha aluminum oxide monohydrate powder sold under the trade
designation Disperal[err] were charged into an 18.9 liter
polyethylene-lined steel vessel. The charge was dispersed at high speed for
five minutes using a Gifford-Wood Homogenizer Mixer (Greeco Corp., Hydson,
NH). The resulting sol was poured into a 46 cm x 66 cm x 5 cm
polyester-lined aluminum tray where it was dried in a air oven at 100[err]
to a friable solid. The resultant dried material was crushed using a
"Braun" type UD pulverizer having a 1.1 mm gap 30 between the steel plates.
The crushed material was screened and the 0.125 mm to about 1 mm screen
size material was retained and was fed into the end of a calciner which was
a 23 cm diameter 4.3 meter long stainless steel tube having a 2.9 meter hot
zone, the tube being incluned at 2.4 degrees with respect to the
horizontal, and rotating at 7 rpm, to provide residence time therein of
about 15 minutes. The calciner had a hot zone feed end temperature of
350[err] and exit end temperature of 800 [err]. 35     The prefired
material (100 grams) was added to 300 ml of the rare earth nitrate solution
of the concentration given in Table I contained in a 500 ml glass filtering
flask. An aspirator was used to pull a partial vacuum above the solution
which allowed air trapped within the porosity of the grits to escape, and
the rare earth nitrate solution to completely infiltrate the porosity. The
partial vacuum was maintained for about one minute, after which the excess
nitrate solution was removed by filtering the saturated grits over 40 No. 4
filter paper. The grits were dried in a forced air oven at 100 C, then fed
through a rotary calciner as described previously. For multiple
impregnations, the prefired material was allowed to cool and was then
impregnated again in the desired solution. Excess solution was removed, the
material was dried and prefired again. This process may be repeated as
often as necessary to obtain the desired concentration and composition of
rare earth oxide. 45     The fired product from the calciner was fed into a
1380 [err] kiln which was a 8.9 cm diameter 1.32 meter long silicon carbide
tube inclined at 4.4 degrees with respect to the horizontal and having a 76
cm hot zone, rotating at 10.5 rpm, to provide a residence time therein of
about 5 minutes. The product exited the kiln into room temperature air
where it was collected in a metal container and allowed to cool to room
temperature. Table I sets forth details about the preparation of Examples
1-61. These examples involve the use of 50 only one rare earth oxide
modifier. Table I contains the relative amounts of alumina and modifier and
the type of modifier. The modifier is shown as the rare earth metal oxide
for convenience but it will typically be present as a complex crystal
structure with the alumina, as previously explained. This crystal structure
is also set forth in Table I. The process of making the ceramic is also
identified in Table I. "S/G" means that the ceramic was made by the sol gel
process. "IMP" means that the ceramic was made by the 55  impregnation
process. The weight of the rare earth metal nitrate is identified (in
grams, "g") used in the sol gel process to make the mixture with the
alumina monohydrate. The concentration of aqueous solution of rare earth
metal nitrate employed in each case, sol gel and impregnation, is also
given. Where two concentrations appear for a particular example, e.g.,
"23/23" for 8    EP 0 293 164 B1 



Example 1, this means that the porous alumina hydrate body was impregnated
twice. In Example 1, the concentratin of the rare earth nitrate was the
same in each impregnation. In Example 6, however, the first impregnation
was with a 23% solution while the second impregnation was with a 15%
solution. 5 10 [err] 20 [err] 30 [err] 9    EP 0 293164 B1 [err] 20 [err]
25 35 40 55    EP0293164B1 [err] 10 15 20 25 [err] 20 45  [err] 55 Examples
61-98 Table II reveals information regarding the preparation of ceramic
abrasive grits which contain mixtures of rare earth metal oxides as
modifiers. All of these examples were prepared by the sol gel method 11   



EP 0293 164 B1 described for the earlier examples with the exception that
the amounts of ingredients listed in Table 11 were used. [err] 10 20 25 30
[err] 35 55 1 2    EP 0 293 164 B1 [err] 10 0 20 35 50 Abrasive grits of
each of the examples were made into coated abrasive products which were
tested for ss abrasiveness. The coated abrasive products were made
according to conventional coated abrasive making procedures. The abrasive
grits were screened to yield various grain sizes or abrasive grit grades
and the desired grade selected for the particular construction. The
abrasive grits were bonded to polyester or vulcanized fiber backings using
conventional make, size, and optionally supersize adhesive resin composi-
13    EP 0 293 164 B1 tions. Table III reveals the grit size (grade), the
composition of the abrasive grits, and grinding aid, if used, the total
amount of metal removed in a ginding test (Total Cut) and the relative
grinding performance according to a "disc test" (unless otherwise
specified) as described below when compared to the performance of a
standard consisting of commercial grades fused alumina-zirconia abrasive
grits available under the trade Average Diameter 



Grade                       (micrometers) 36
710 15                       40                               600 50
430 The term "disc" test refers to disc test hereinafter described. 20
The disc test involved the testing of 17.8 cm diameter abrasive discs
having the following approximate coating weights: Grade         Make  Resin
Mineral           Size  Resin    Supersize 25      36              4.2  g
18.8  g             13.6  g              8 g 40              4.2  g
18.0  g             13.0  g             8 g 50             4.2 g
13.2 g                8.7 g             6 g 30 Disc Test The discs were
prepared using conventional coated abrasive making procedures, conventional
0.76 mm 35 vulcanized fiber backings and conventional calcium
carbonate-filled phenolic resin make and size resins, without adjusting for
mineral density differences. The make resin was precured for 90 minutes at
88[err] and the size resin precured for 90 minutes at 88[err] C followed by
a final cure of 100 [err] for 10 hours. The coating was done using
conventional techniques in a one-trip operation with curing in a forced air
oven. The cured discs were first conventionally flexed to controllably
break the hard bonding resins, mounted on a beveled 40 aluminum back-up
pad, and used to grind the face of a 2.5 cm by 18 cm 304 stainless steel
workpiece. The disc was driven at 5,500 rpm while the portion of the disc
overlaying the beveled edge of the back-up pad contacted the workpiece at
5.91 kg pressure generating a disc wear path of about 140 cm2. Each disc
was used to grind a separate workpiece for one minute each for a total time
of 12 minutes each or for sufficient one minute time segments until no more
than 5 grams of metal were removed in any one minute grinding 45 cut. The
total cut for each disc is reported in Table Ill. The relative cumulative
cut of each of the 12 cuts (or for a lesser number of cuts, depending upon
performance) for each disc, using the cumulative cut of a disc made of a
control abrasive grain as 100%, was calculated and is also tabulated in
Table Ill. All of the grinding data was generated using the Disc Test
unless otherwise indicated in which case the grinding data was generated
using an Abrasive Belt Test as described below. 50 Abrasive Belt Test Grade
50 coated abrasive sheets were converted to 7.6 cm x 335 cm endless
abrasive belts and tested on a constant load surface grinder, abrading the
2 1/2 cm x 18.4 cm face of a 304 stainless steel workpiece 55  with 30
successive 60 second grinding passes, weighing and cooling after each pass,
employing 25 lb pressure, a 2000 m/min belt speed, and 1/8 m/min workpiece
feed rate. 14    



EP0293 164B1 [err] 5 20 40 45 50 55 15    EP 0 293164 B1 [err] 45 50 55
EP0293 164B1 [err] 20 15 30 45     Table IV reveals the abrasive grinding
disc tests of Examples 61-98. The disc tests for these examples were the
same as for Examples 1-61 except all of the abrasive grits were grade 50
and the workpiece of Examples 97-98 was 1018 mild steel instead of 304
stainless steel without any grinding aid while the remaining Examples were
tested with kBF4 as a grinding aid. 50 55 17    EP 0 293164 B1 [err] 20 20 



25 55 18    EP 0293 164 B1 [err] 10 25 As stated above, certain reactions
of rare earth metals and aluminum oxide produce hexagonal rare 55 earth
aluminates. These materials are thought to have the general formula [err]
where Ln is a rare earth metal and M is a +2 valent metal which will form a
spinel with alumina. They have the magnetoplum- bite crystal structure,
[err], in which Al 3 substitutes for all but one Fe 3 in the lattice, Ln 3
replaces Pb 2 and M 2 takes the place of the remaining Fe 3. The hexagonal
unit cell consists of spinel blocks with 19    EP 0 293 164 B1 AI(M) ions
in tetragonal and octahedral sites separated by mirror planes containing
oxygen ions and the rare earth ions. The AI(M) and rare earth cations are
trigonal bipyramidly coordinated. This structure differs from the
beta-alumina structure only in that the mirror plane which separates the
spinel blocks is full in the magnetoplumbite structure. 5     The number of
compounds which may exist is large due to the large possibility of
substitutions which may occur at both the [err] and the [err] sites. At the
former sites, La, Pr, Nd, Sm, Eu, and Ce may substitute, while Mg, Mn Co,
Ni, and Zn may occupy the [err] sites. Of these possible compounds, the
ones containing Nd, La and Ce are of greatest interest for abrasive
applications due to their relatively low cost. Gallium may also substitute
totally or partially for aluminum and retain the magnetoplumbite structure.
10 Examples 99 Abrasive grits having a hexagonal rare earth aluminate
structure were prepared by sol-gel process which was similar to that
described in Example 1. 15    Into an 18.9 liter polyethylene-lined steel
vessel were charged 2000g of room temperature deionized water, 168g of 16N
analytical reagent grade nitric acid and 2824g of alpha aluminum oxide
monohydrate powder (available under the trade designation Disperal[err]) to
produce a sol. The sol was dispersed at high speed for five minutes using a
Gifford - Wood homogenizer mixer (Greeco Corp., Hudson N.H.). Next, 250g of
an aqueous solution of magnesium nitrate hexahydrate (11.3% MgO solids),
101 g of an aqueous solution 20 of neodymium nitrate hexahydrate solution
(28% [err] solids) and 101g of an aqueous solution of 



lanthanum nitrate hexahydrate solution (28% solids [err]) were thoroughly
mixed into the sol thereby forming a thick gel. This gave a mixture which
after firing as determined by elemental analysis would contain 97% aluminum
oxide, 1% MgO, 1% Nd2 03, and 1% La2 03 and would have a hexagonal
aluminate crystal structure as a secondary phase in alpha alumina. The gel
was then extruded into a 46 cm x 66 cm x 25 5 cm polyester-lined aluminum
tray where it was dried in a forced air oven at 100 [err] to a friable
solid. The resultant dried material was then crushed, screened, calcined,
and fired, as described in Example 1, to produce ceramic abrasive grit
according to the present invention. The ceramic abrasive grit was screened
and the screened fraction which passed through a 35 mesh screen (U.S.
standard screen size) and was held on a 40 mesh screen. A screened fraction
of fused, heat- treated aluminum oxide abrasive grit 30 which passed
through a 45 mesh screen and was held on a 50 mesh was collected. The
collected fractions of the ceramic and the fused abrasive grits were
blended in a ratio of 15 parts ceramic grits to 85 parts fused aluminum
oxide grits and the mineral blend was used to make a coated abrasive
product which was tested in belt form for abrasiveness. The coated abrasive
belt was prepared in a conventional manner using a polyester backing and
conventional make and size resins. A supersize coating was also applied
containing 35  KBF4 as a grinding aid. The coated abrasive was converted to
endless abrasive belts and tested on a constant load surface grinder by
abrading the 2.5 x 18 cm face of a 304 stainless steel workpiece. Grinding
was done for 60 second grinding passes at an interface pressure of 1.76
kg/cm2, cooling and weighing after each pass. The workpiece was oriented
with its long dimension vertical and during abrading was moved vertically
in an 18.4 40 cm path in a cycle from its original position and back again
for 30 minutes. Grinding results are shown in Table 5 as the total amount
of stainless steel removed and as a percent of a control coated abrasive
belt. The control belt had as an abrasive material grade 50 fused abrasive
material consisting of a blend of 60 parts by weight alumina-zirconia
abrasive and 40 parts by weight fused alumina. The belt is commercially
available from Norton Company under the trade designation NorZon[err]
E-864. 45 Example 100 Abrasive grain according to the invention having a
hexagonal rare earth metal aluminate structure was prepared using the same
method as described in Example 99 except the choice of rare earth metal and
50 weight of magnesium  nitrate hexahydrate was different. The rare earth
oxide was 733 grams a praseodymium nitrate hexahydrate solution (22.5%
solids) and 365 grams of magnesium nitrate hex- ahydrate solution (11.3%
solids). On a fired solids basis, the resulting mixture contained 93%
aluminum oxide, 5.6% [err] and 1.4% MgO. The preparation of the abrasive
grain, coated abrasive belts made therewith, and their testing was
otherwise the same as that disclosed in Example 99. Grinding performance 55
results are shown in Table V. 20    EP0293 164B1 



Table V Grinding Performance Rare  Earth            Total  Cut           %
of Example                    Oxide                (Grams)
Control 10        99                  (La/Nd)[err]            1890
137 100                   [err]            2047                 149 [err]
None                     1376                100 15          Control These
results clearly show that superior abrading performance of abrasive belts
is achieved using ceramic abrasive grits containing hexagonal rare earth
aluminates over abrasive grits of fused alumina- 20 zirconia in coated
abrasive constructions. Example 101 Ceramic abrasive grits having a
hexagonal rare earth metal aluminate as a secondary phase in alpha 26
alumina according to the invention were prepared by the sol gel method in
the same manner as Example 99. After firing, the ceramic grits were
screened and two screen cuts collected, the first passing through 30 mesh
and being held by 35 mesh, and the second passing through 35 mesh and being
held on 40 mesh. Equal weights of the two screen cuts were combined to
provide a blend identified as grade 36 which was employed to prepare coated
abrasive from which discs were cut. The description of the preparation and
30 testing of coated abrasive discs is outlined above under the heading
Disc Test. The test procedure was slightly modified. The workpiece was 1018
mild steel instead of 304 stainless steel. The pressure was 11.4 kg instead
of 5.91 kg and the time interval was 12 minutes. The control was a
laboratory sample made in the same manner as a Regal[err] Resin Bond Fiber
Disc commercially available from the 3M Company, the assignee of the
present application, which contained Cubitron[err] ceramic abrasive grits
produced by a sol 35  gel process including magnesia spinel but not
containing hexagonal rare earth aluminate. Grinding results are found in
Table VI. Table VI 40 Final  Cut                    % of Example.
Grams                      Control 45                  101
1262                         120 Control[err]                     1054
100 Regal[err]  Resin Bond  Fiber  Disc 50 This example shows that an
abrasive disc containing ceramic abrasive grits according to the invention
which include hexagonal rare earth aluminate exhibit significantly improved
abrading performance grinding mild steel over that containing a ceramic
abrasive material made by the sol gel process which does not include the
hexagonal rare earth aluminates. 55 Examples 102 and 103 



Examples 102 and 103 compare the abrasiveness of abrasive grits containing
oxides of aluminum and 21    EP0293 164B1 rare earth metal with and without
a nucleating agent. These abrasive grits were prepared by the sol gel
process which is similar to what is described in Example 1. Example 102
Into an 18.9 liter polyethylene lined steel vessel were charged 8897g of
room temperature deionized water, 138g of 16N analytical reagent grade
nitric acid, 2760g of alpha aluminum oxide monohydrate powder
(Disperal[err] and 216g of an aqueous iron oxide solution (5% solids). The
charge was dispersed at high speed for five minutes using a Gifford - Wood
Homogenizer Mixer (Greeco Corp., Hudson, N.H.). The 10 iron oxide had a
surface area of about 200 square meters/gram and acted as a nucleating
agent. The resulting dispersions and an aqueous solution containing the
nitrate salt of the rare earth metal were metered through an in-line mixer
in an amount to provide the weight of rare earth metal nitrate solution
specified in Table VII. The composition of each of these dispersions on a
fired solids basis is set forth in Table VII. 15 Table VII 20    Example
[err]        [err]       [err]        [err]          [err] Percent 102
95.5            0.5            2.             0.67          1.33 25     103
96.0            0.0            2              0.67          1.33 The gels
were extruded into a 46 cm x 66 cm x 5 cm polyester lined aluminum tray and
dried in a forced air oven at 100 [err] to a friable solid. 30     The
resultant dried material was crushed using a "Braun" type UD pulverizer
having a 1.1 mm gap between the steel plates. The crushed material was
screened and the 0.125 mm to about 1 mm screen size material was retained
for firing. The screened, crushed material was fed into the end of a
calciner which was a 14.5 cm diameter 1.25 meter long stainless steel tube
rotating at 6 rpm, to provide residence time therein of about 3 minutes.
The 35 calciner had a hot zone feed end temperature of 350 [err] and an
exit end temperature of 600[err] The fired product from the calciner was
feed into a 1390 C kiln which was a 10.1 cm diameter 1.53 meter long
silicon carbide tube rotating at 5.5 rpm to provide a residence time
therein of about 3.8 minutes. The product exited the kiln into room
temperature air where it was collected in a metal container and allowed to
cool to room temperature. 40     The abrasive grits were screened to a
grade 50 which has an average diameter of 430 micrometers. Each example of
abrasive grits was used in a coated abrasive fiber disc and the procedure
for making and testing the disc is given above under "Disc Test". The fiber
disc also had a supersize, which included KBF4 



as the grinding aid. The workpiece was 304 stainless steel except a 1.2 cm
width was used instead of 2.5 cm. Grinding performance can be found in
Table VIII. 45 Example 103 The abrasive grain for Example 103 was prepared
and tested in the same manner as Example 102 except the iron oxide
nucleating agent was not added and the amount of deionized water was 9102
grams. 50 55 22    EP 0 293164 B1 Table  VIII 5
Stainless  Steel Removed Example                      Nucleated
% of Control 10         102                         Yes
197 103                        No                                    167
Control[err]                      --
100 15     1   Made  with  grade  50  fused  alumina:zirconia  abrasive
grits available under the trade designation NorZon[err] from the Norton
Company. 20     An increase in abrasive performance is readily apparent
from the data of Table 8 by use of abrasive grits which contain the
nucleating agent. While this invention as been described in terms of
specific embodiments, it should be understood that it is capable of further
modifications. The claims herein are intended to cover those variations
which one skilled in the art would recognize as the chemical equivalent of
what has been described here. 25 Claims 1. Ceramic abrasive grits
comprising alpha alumina and at least one additional phase, one of said
additional phases characterized by being a reaction product of aluminum
oxide and at least about 0.5% 30     by weight of the oxide of a rare earth
metal selected from the group consisting of praseodymium, samarium,
ytterbium, neodymium, lanthanum, gadolinium, cerium, dysprosium, erbium and
mixtures of two or more of such rare earth metals. 2. The ceramic abrasive
grits of claim 1 further characterized by including about 0.25% to about
30% by 35     weight yttria. 3. The ceramic abrasive grits of claim 1
further characterized by said aluminum oxide and rare earth metal oxide
reaction product being in the form of a garnet phase. 



40  4. The ceramic abrasive grits of claim 1 further characterized by said
aluminum oxide and rare earth metal oxide reaction product being in the
form of a perovskite phase. 5. The ceramic abrasive grits of claim 1
further characterized by the rare earth metal oxide content being from
about 1 to about 30% by weight. 45 6. An abrasive product characterized by
including said ceramic abrasive grits of any one of claims 1-5. 7. The
abrasive product of claim 6 further characterized by said abrasive product
being a coated abrasive product. 50 8. The abrasive product of claim 6
further characterized by said abrasive product being a bonded abrasive
product. 9. The abrasive product of claim 6 further characterized by said
abrasive product being a lofty non-woven 55     abrasive product. 10. A
method of making ceramic abrasive grits, said method comprising the steps
of: a. combining alumina hydrate with an additive material which forms a
blend which when fired forms 23    EP 0 293 164 B1 Table VIII 5
Stainless  Steel Removed Example                      Nucleated
% of Control 10         102                          Yes
197 103                         No                                     167
Control[err]                       --
100 15     l   Made  with  grade  50  fused  alumina:zirconia  abrasive
grits available under the trade designation NorZon[err] from the Norton
Company. 20     An increase in abrasive performance is readily apparent
from the data of Table 8 by use of abrasive grits which contain the
nucleating agent. While this invention as been described in terms of
specific embodiments, it should be understood that it is capable of further
modifications. The claims herein are intended to cover those variations
which one skilled in the art would recognize as the chemical equivalent of
what has been described here. 25 Claims 1. Ceramic abrasive grits
comprising alpha alumina and at least one additional phase, one of said
additional phases characterized by being a reaction product of aluminum
oxide and at least about 0.5% 



30     by weight of the oxide of a rare earth metal selected from the group
consisting of praseodymium, samarium, ytterbium, neodymium, lanthanum,
gadolinium, cerium, dysprosium, erbium and mixtures of two or more of such
rare earth metals. 2. The ceramic abrasive grits of claim 1 further
characterized by including about 0.25% to about 30% by 35     weight
yttria. 3. The ceramic abrasive grits of claim 1 further characterized by
said aluminum oxide and rare earth metal oxide reaction product being in
the form of a garnet phase. 40  4. The ceramic abrasive grits of claim 1
further characterized by said aluminum oxide and rare earth metal oxide
reaction product being in the form of a perovskite phase. 5. The ceramic
abrasive grits of claim 1 further characterized by the rare earth metal
oxide content being from about 1 to about 30% by weight. 45 6. An abrasive
product characterized by including said ceramic abrasive grits of any one
of claims 1-5. 7. The abrasive product of claim 6 further characterized by
said abrasive product being a coated abrasive product. 50 8. The abrasive
product of claim 6 further characterized by said abrasive product being a
bonded abrasive product. 9. The abrasive product of claim 6 further
characterized by said abrasive product being a lofty non-woven 55
abrasive product. 10. A method of making ceramic abrasive grits, said
method comprising the steps of: a. combining alumina hydrate with an
additive material which forms a blend which when fired forms 23    EP 0 293
164  B1 a ceramic comprised of alpha alumina and at least one other phase
resulting from the additive material; b. drying the blend to produce a
dried solid; c. crushing the dried solid to produce particles; 5        d.
calcining the dried particles to substantially remove bound volatile
materials; and e. firing the particles to produce a ceramic material,
characterized by the additive material being the oxide of a rare earth
metal selected from the group consisting of praseodymium, samarium,
ytterbium, neodymium, lanthanum, gadolinium, cerium, dysprosium, erbium and
mixtures of two or more of such rare earth metals or the precursor of said
oxide in a liquid vehicle to produce a blend 10       in an amount to
provide at least about 0.5% by weight rare earth metal oxide after firing
the solids of said blend; 11. The method of claim 10 further characterized
by said precursor compound of said rare earth metal 



oxide being a rare earth metal salt of a volatile anion. 15 12. The method
of claim 10 further characterized by said combining being by way of a sol
gel method comprising first preparing a mixture of an aqueous dispersion of
alumina hydrate and an oxide of said rare earth metal or a precursor
thereof and then gelling said mixture to produce said blend of the gelled
material. 20 13. The method of claim 10 modified in that the said method
comprises the steps of preparing a sol of alumina hydrate, drying the sol
to form a porous dried solid comprised of dried sol, crushing the porous
dried solid to form particles, calcining the particles to convert the
alumina hydrate to an insoluble form of alumina, preparing a homogeneous
mixture of said rare earth metal oxide or its precursor in a liquid 25
vehicle in which the calcined alumina is substantially insoluble, and
impregnating said mixture into said particles. 14. The method of claim 13
further characterized by said impregnation being accomplished by impregnat-
ing said particles more than one time. 30 15. The method of claim 14
further characterized by the concentration of rare earth metal oxide or its
precursors in the impregnation solution being the same in each
impregnation. 16. The method of claim 14 further characterized by the
concentration of impregnation solution being 35     different for each
impregnation. 17. The method of claim 14 further characterized by the
composition of the impregnating solution being the same for each
impregnation. 40  18 The method of claim 14 further characterized by the
composition of the impregnating solution being different for each
impregnation. 19. The method of claim 14 further characterized by including
the step of adding a precursor of a modifying additive to the aqueous
dispersion. 45 20. The ceramic abrasive grits of claim 1 further
characterized by at least a portion of said reaction product being in the
form of hexagonal rare earth aluminate. 21. The abrasive product of claim 6
further characterized by at least a portion of said reaction product 50
being in the form of hexagonal rare earth aluminate. PatentansprlUche 1.
Keramische Schleik6rner, die Alpha-Aluminiumoxid und mindestens eine
zusItzliche Phase enthalten, 55     wobei von diesen zusltzlichen Phasen
eine dadurch gekennzeichnet ist, daD sie ein Reaktionsprodukt von
Aluminiumoxid und mindestens etwa 0,5 Gew.-% des Oxids eines
Seltenerdmetalls ist, das aus der Gruppe ausgewahft ist, die aus Praseodym,
Samarium, Ytterbium, Neodym, Lanthan, Gadolinium, Cer, Disprosium, W Erbium
und Gemischen von zweien odor mehreren dieser Seltenerdmetalle besteht. 24
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2. Keramische Schleifkomer nach Anspruch 1, dadurch gekennzeichnet, daR sie
etwa 0,25 bis etwa 30 Gew.-% Yttriumoxid enthalten. 3. Keramische
Schleifk8rner nach Anspruch 1, dadurch gekennzeichnet, daBl das
Reaktionsprodukt aus 5      Aluminiumoxid und Seltenerdmetalloxid in Form
einer Granatphase vorliegt. 4. Keramische Schleifkorner nach Anspruch 1,
dadurch gekennzeichnet, daei das Reaktionsprodukt des Aluminiumoxids und
des Seltenerdmetalloxids in Form einer Perowskitphase vorliegt. 10  5.
Keramische Schleifkbrner nach Anspruch 1, dadurch gakennzeichnet, daB der
Gehalt an Seltenerdme- talloxid etwa 1 bis etwa 30 Gew.-% betragt. 6.
Schleifmittelprodukt, dadurch gekennzeichnet, daei es die keramischen
Schleifkdmer nach einem der AnsprUche 1 bis 5 enthalt. 15 7.
Schleifmittelprodukt nach Anspruch 6, dadurch gekennzeichnet, dal es ein
Uberzogenes Schleifmittel- produkt ist. 8. Schleifmittelprodukt nach
Anspruch 6, dadurch gekennzeichnet, daBl das Schleifmittelprodukt ein 20
gebundenes Schleifmittelprodukt ist. 9. Schleifmittelprodukt nach Anspruch
6, dadurch gekennzeichnet, dael das Schleifmittelprodukt ein volumin6ser
Vliesstoff ist. 25  10. Verfahren zum Herstellen von keramischen
Schleifkomern mit folgenden Schritten: a. Aluminiumoxid wird mit einem
Zusatzstoff zu einem Gemisch vereinigt, das nach dem Brennen einen
keramsichen Werkstoff bildet, der Alpha-Aluminiumoxid und mindestens eine
andere Phase enthAlt, die auf den Zusatzstoff zurackzufUhren ist; b. das
Gemisch wird zu einem getrockneten Feststoff gestrocknet; 30       c. der
getrocknete Feststoff wird in Telichen gebrochen; d. zum weitgehenden
Entfemen von gebundenen flUchtigen Substanzen werden die getrockneten
Teilchen kalziniert; und e. durch Brennen der Teilchen wird ein keramischer
Werkstoff erzeugt; dadurch gekennzeichnet, daB der Zusatzstoff das Oxid
eines Seltenerdmetalls ist, das aus der Gruppe ausgewahit ist, die aus 35
Praseodym Samarium, Ytterbium, Neodym, Lanthan, Gadolinium, Cer,
Disprosium, W Erbium und Gemischen von zweien oder mehreren dieser
Seltenerdmetalle besteht oder eine Vorstufe eines derartigen Oxids einer
Trigerfl~ssigkeit ist, so daB ein Gemisch in einer solchen Menge erzeugt
wird, deal nach dem Brennen der Feststoffe des Gemisches ein Gehalt von
mindestens etwa 0,5 Gew.-% Seltenerdmetalloxid vorhanden ist. 40 11.
Verfahren nach Anspruch 10, dadurch gekennzeichnet, dalB die die Vorstufe
des Seltenerdmetalloaxids bildende Verbindung ein Seltenerdmetallsalz eines
flUchtigen Anions ist. 12. Verfahren nach Anspruch 10, dadurch
gekennzeichnet, dael das Vereinigen in einem Sol-Gel-Verfahren 



45     durchgefUhrt wird, in dem zunachst ein Gemisch aus einer wailrigen
Dispersion von Aluminiumoxidh- ydrat und einem Oxid des genannten
Seltenerdmetalls oder elner Vorstufe desselben hergestelit und dann das
Gemisch zu dem genannten Gemisch aus dem gelierten Material geliert wird.
1& Abinderung des Verfahrens nach Anspruch 10, wobei ein Sol eines
Aluminiumoxidhydrats hergestelit, 50     das Sol zu einem porosen
getrockneten Feststoff getrocknet wird, der aus getrocknetem Sol besteht,
der por6se getrocknete Feststoff in Teilchen gebrochen wird, durch
Kalzinieren der Teilchen das Aluminiumoxidhydrat in eine unlosliche Form
des Aluminiumoxids OberfUhrt wird, ein homogenes Gemisch des genannten
Seltenerdmetalloxids oder seiner Vorstufe in einer TrfIgerfllssigkeit
hergestellt wird, in der das kalzinierte Aluminiumoxid im wesentlichen
unloslich ist, und die genannten Teilchen 55     mit dem genannten Gemisch
imprIgniert werden. 14. Verfahren nach Anspruch 13, dadurch gekennzeichnet,
daB zum Imprignieren die Teilchen mehr als einmal imprAgniert werden. 25
EP O 293 16i B1                          * c   L  M 15. Verfahren nach
Anspruch 14, dadurch gekennzeichnet, daB das Seltenerdmetalloxid oder seine
Vorstu- fen in der Impragnierlosung be! jeder Impragnierung dieselbe
Konzentration hat. 16. Verfahren nach Anspruch 14, dadurch gekennzeichnet,
daB die Impragnierungsi6sung hei jeder 5      Impragnation eine andere
Konzentration hat. 17. Verfahren nach Anspruch 14, dadurch gekennzeichnet,
daB die Zusammensetzung der Impragnierungs- l6sung bei jeder ImprIgnierung
dieselbe Zusammensetzung hat. 10 1& Verfahren nach Anspruch 14, dadurch
gekennzeichnet, daB die Impragnierl6sung bei jeder Imprignie- rung eine
andere Zusammensetzung hat. 19. Verfahren nach Anspruch 14, dadurch
gekennzeichnet, daB in einem weiteren Schritt der waIrigen Dispersion eine
Vorstufe eines modifizierenden Zusatzstoffes zugesetzt wird. 15 20.
Keramische Schleifkorner nach Anspruch 1, dadurch gekennzeichnet, daB
mindestens ein Tell des genannten Reaktionsproduktes in Form von
hexagonalem Seltenerdaluminat vorliegt. 21. Schleifmittelprodukt nach
Anspruch 6, dadurch gekennzeichnet, daB mindestens ein Tell des genannten
20     Reaktionsproduktes in Form von hexagonalem Seltenerdaluminat
vorliegt. Revendicatlons 1. Particules ceramiques abrasives comprenant de
l'alumine alpha et au moins une phase additionnelle, 25     I'une desdites
phases additionnelles etant caracterisee en ce qu'elle est un produit de
reaction de l'oxyde d'aluminium et au moins environ 0,5 % en poids de
l'oxyde d'un m6tal des terres rares choisi dans le groupe constitue des
praseodyme, samarium, ytterbium, neodyme, lanthane, gadolinium, cerium,
dysprosium, erbium et des melanges de deux ou plusieurs de tels m~taux des
terres rares. 30 2. Particules ceramiques abrasives selon la revendication
1, caracterisees en outre en ce qu'elles 



comprennent environ 0,25 % A environ 30 % en poids d'yttria. 3. Particules
c6ramiques abrasives selon la revendication 1, caracteris6es en ce que
ledit produit de reaction de l'oxyde d'aluminium et du metal des terres
rares est sous la forme d'une phase de grenat. 35 4. Particules ceramiques
abrasives selon la revendication 1, caracterisees en outre en ce que ledit
produit de reaction de l'oxyde d'aluminium et du metal des terres rares est
sous la forme d'une phase de perovskite. 40  5. Particules ceramiques
abrasives selon la revendication 1, caract6risees en outre en ce que la
teneur en oxyde de m6tal des terres rares est d'environ 1 a environ 30 % en
poids. 6. Produit abrasif caracterise en ce qu'il comprend des particules
c6ramiques abrasives selon l'une quelconque des revendications 1 a 5. 45 7.
Produit abrasif selon la revendication 6, caracterise en outre en ce que
ledit produit abrasif est un produit abrasif de revAtement. &  Produit
abrasif selon la revendication 6, caracterise en outre en ce que ledit
produit abrasif est un 50     produit abrasif agglomere. 9. Produit abrasif
selon la revendication 6, caracterise en outre en ce que ledit produit
abrasif est un produit abrasif non tisse spongieux. 55 10. Procede de
fabrication des particules ceramiques abrasives, comprenant les etapes
consistant &: a. combiner un hydrate d'alumine avec un materiau d'addition
qui forme un melange qui lorsqu'il est cuit, forme une ceramique comprenant
de l'alumine alpha et au moins une autre phase resultant du materiau
d'addition; 26    EP 0 29311614 Bi                             111111
11111111111111 b. secher le melange pour obtenir un solide sec; c. ecraser
le solide sec pour obtenir des particules; d. calciner les particules
seches pour enlever sensiblement toutes les matibres volatiles lioes ; et
o. cuire les particules pour produire un materiau ceramique, caract*ris4 en
ce que le matdriau 5        d'addition est un oxyde d'un m6tal des terres
rares choisi dans le groupe constitu6 des praseody- me, samarium,
ytterbium, neodyme, lanthane, gadolinium, cerium, dysprosium, erbium et des
melanges de deux ou plusieurs de tels metaux des terres rares, ou le
precurseur dudit oxyde dans un milieu liquide afin de produire un melange
dans une quantite permettant de fournir au moins environ 0,5 % en poids
d'oxyde de metal des terres rares aprbs cuisson des solides dudit melange.
10 11. Proced4 solon la revendication 10, caractdrisd on outre en ce quo
ledit prdcursour compos4 d'oxyde de metal des terres rares est un sel de
metal des terres rares d'un anion volatile. 



12. Procede solon la revendication 10, caracterise on outre en ce quo
l'etape de combinaison s'opere au 15     moyen d'un proced6 sol-gel
compronant d'abord la preparation d'un premier melange d'une dispersion
aquouse d'hydrate d'alumine et d'un oxyde de metal des terres rares ou d'un
prdcurseur de celui-ci, et ensuite le gel dudit premier melange pour
produire un melange du materiau sous forme de gel. 13. Procdde solon la
revendication 10, modifie en co quo l'on prepare un sol d'hydrate
d'alumine, on sbche 20    le sol pour former un solide sec poreux constitue
du sol sec, on ecrase le solide sec poreux pour former des particules, on
calcine les particules pour convertir l'hydrate d'alumine en une formo
insoluble d'alumine, on prepare un melange homogbne dudit oxyde de metal
des terres rares ou de son precurseur dans un milieu liquide dans lequel
l'alumine calcinde east sensiblement insoluble, et on impregne ledit
melange dans lesdites particules. 25 14. Proctde solon la revendication 13,
caracterisd en outre en ce quo ladite impregnation s'effectue en impregnant
lesdites particules plus d'une fois. 15. Procede solon la revendication 14,
caracterise en outre on ce quo la concentration d'oxyde de mdtal 30     des
torres rares ou de ses prdcurseurs dans la solution d'imprdgnation est la
meme a chaque impregnation. 16. Procede solon la revendication 14,
caracterise en outre en ce quo la concentration de la solution
d'impregnation est diffdrente pour chaque impregnation. 35 17. Proc~dd
solon la revendication 14, caracterise en outre en ce quo la composition de
la solution d'impregrnation est la meme pour chaque imprEgnation. 18.
Procede salon la revendication 14, caracterise en outre en co quo la
composition de la solution 40     d'impregnation est diffdrento pour chaque
impregnation. 19. Procede solon la revendication 14, caracterise en outre
par l'Etape d'addition d'un precurseur d'un additif modificateur & la
dispersion aqueuse. 45 20. Particules ceramiques abrasives solon la
revendication 1, caracteriseds en outre en ce qu'au moins une partie dudit
produit de reaction est sous forme d'un aluminate des terres rares
hexagonal. 21. Produit abrasif solon la revendication 8, caracterise en
outre on ce qu'au moins une partie dudit produit de reaction est sous formo
d'un aluminate des terres rares hexagonal. 50 55 27    


