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ABSTRACT

A metal oxide composition for use in ceramic bodies to form a ceramic whitener-opacifier
composition is disclosed. The metal oxide composition includes one or more crystalline metal oxides
or crystalline mixed metal oxides of Al, Ca, Mg, Si and Zr. The metal oxide composition includes at
least (i) Al in an amount of from about 5wt% to about 40wt% measured as Al203, (ii) Ca in an
amount of from about 10wt% to about 30wt% measured as CaO, (iii) Mg in an amount 5 of from
about Owt% to about 25wt % measured as MgO, (iv) Si in an amount of from about 10wt% to about
25wt% measured as SiO2, and (v) Zr in an amount of from about 15wt% to about 35wt% measured

as ZrO.
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WHITENING METHODS AND COMPOSITIONS

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application is a divisional application of Australian patent application no.
2020317373, which in turn claims benefit of and priority to U.S. Provisional Patent Application
USSN 62/878,208 filed July 24, 2020, titled Whitening Compositions and Methods. The entire
contents of each of which is hereby incorporated by reference in its entirety, to the extent it is not

inconsistent herewith.

BACKGROUND
Technical Field

[0002] The invention relates to a metal oxide composition for use as an additive to form a
ceramic whitener-opacifier composition, methods of forming the metal oxide composition, and

ceramic compositions including the metal oxide composition.

Background of the Invention

[0003] Opacification and whitening in ceramics, whether in full bodv tiles or in the
engobes and glazes is primarily imparted through the presence of crystalline phases in the final
fired product which is largely a glass (typically 60-70% amorphous, i.e. 30-40% crystalline). The
presence of crystalline phases causes scattering of the incident light which provides the appearance
of opacification and white coloration. Further, the effectiveness of the crystalline phase as a
whitener-opacifier agent relies on the difference in the refractive index of the crystalline phase
relative to the glassy phase, the larger the better.

[0004] Zirconium silicate (commonly referred to as zircon) is one of the most effective
whitener-opacifier agents due to its higher refractive index of 1.92 relative to that of the glass
(~1.5) and due to its stability over the typical firing range of traditional ceramics (1100°C -
1250°C). Zircon is usually added to the ceramic composition as a finely ground mineral (0.8-1.8
microns D50) and remains unchanged throughout the tile production process and functions as a
whitener-opacifier agent through its light scattering properties which are a function mainly of the
material's refractive index, loading intensity and the particle size. Zircon is the preferred whitener-
opacifier agent due to its high refractive index, ease of deflocculation, chemical resistance, etc.
There are other materials that are used in place of zirconium silicate such as alumina-based

materials. However, these materials generally demonstrate inferior whitening properties compared
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to zirconium silicate and often result in other vndesirable properties such as substantial increase in
refractoriness of the ceramic composition {requiring higher firing temperatures) and reduction in
tile body strength.

[0003]  There is an emergent trend for large format porcelam tiles and slabs (which slabs
may be around 20 mm thick, such as for use in benchtops, tables) with sizes greater than 1.2m x
3.6m; and for forming tiles m which the whole tile has the same composition (“full body tifes™).
This contrasts with more traditional glazed ceramic tiles in which a tile body is coated with a glaze
{and sometimes with an cngobe between the body and the glaze) which provides the final
appearance and surface finish and hides the body itself. It will be appreciated that strength (green
dry and fired) is an mncreasimgly important requirement as tile formats increase in size. Thus, the
MOR (modulus of rupture) of the tile m the green, dry and fired states is becoming increasingly
mmportant for these large format tiles. To increase the MOR of tile bodies, tile producers have
several options:

[0006]  Organic binders may be added to the tile composition. However, organic binders
produce undesired aesthetics, so-called “black cores” or dark spots which remain i the porcelain
body after firing and which can mterfere with desired tile designs.

10007}  Inorganic hinders may be added to the tile composition. However, these products
are darker in color, which results in a loss of whiteness (or a darkening) m the fived tiled.

[0008] Reformulate the composition to add more clay. But since clavs typically contain
higher chromophore contaminants, the reformulated composition would lead to a loss in whiteness
{i.c. resultant darkening) in the fired tile.

[0009]  From the above, it is apparent that the current solutions for increasing the green/dry
MOR lead to darker, less-white bodies. Currently, there are no MOR-enhancing products that
deliver enhanced strength while alse delivering bigh-whiteness to the tile body. The present
mvention seeks to ameliorate at least one of the shortcomings discussed above.

[0010] Reference to any prior art in the specification is not an acknowledgment or
suggestion that this prior art forms part of the common general knowledge in any jurisdiction or
that this prior art could reasonably be expected to be understood, regarded as relevant, and/or

combined with other pieces of prior art by a skilled person in the art.

SUMMARY
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{0011}  In a first aspect of the mvention, there is provided a metal oxide composition
mchiding one or more crystalline single metal oxides and/or crystalline mixed metal oxides:
wherein the metal oxide composition includes:

Al in an amount of from about 5 wit% up o about 40 wt% measured as Al Os;

Can an amount of from about 15 wi% up to about 50 wt% measured as CaQ;

Mg in an amount of from about 0 wi% up to about 20 wi% measured as Mg(;

St an amount of from about 5 wit% up to about 20 wi% measured as 5i100;

Zr in an amount of from about 15 wt% up to about 35 wit% measured as Zr(ds.
and wherein the amount of S1 1s 25 1o 35 wi% of the amount of Zr.

[0012]  In an embodiment, the metal oxide composition is for use as a whitener-opacificr
additive or a component of a whitener-opacifier in the production of a ceramic body, such as a tile,
or as a whitener-opacificr agent in engobes and glazes for a ceramic body.

{0013}  The inventors have found that the metal oxide compositions of the present invention
can, n certain embodiments, provide enhanced strength to the green tile body (tvpically with a
moisture content of about 5-6 wit%) and/or the dry tile body (typically with a moisture content of
about 8.5 wit%;) and/or the fired tile body. Furthermore, in one or more embodiments, the metal
oxide compositions when used as a component of a whitener-opacifier can enhance the whiteness
of a tile produced using that whitener-opacitier and/or reduce the tirmg temperature to produce a
tile while maintaining a high degree of whiteness.

{0014}  In an cmbodiment, the amount of Al {expressed as the oxide} is from about Twit%.
Preferably, the amount of Al is trom about 10 wt%. Most preferably, the amount of Al is from
about 12 wit%. Additionally, or alternatively, the amount of Al i3 up to about 30 wi%. Preferably,
the amount of Al 1s up to about 20 wt%. Most preferably, the amount of Al is up to about 25 wit
%. For example, in one foro the range is from 3 to 25 wi%.

{06015}  Inan embodiment, the amount of Ca (expressed as the oxade) 1s from about 20 wi%.
Preferably, the amount of Ca is from about 25 wit%. Most preferably, the amount of Ca is from
about 30 wi%. Additionally, or altematively, the amount of Ca is up to about 45 wi%. Preferably,
the amount of Ca is up to about 40 wt%. Most preferably, the amount of Ca is up to about 35 wi
%. For example, m one torm the range 15 from 33 to 35 wt.

[0016]  In an embodiment, the amount of Mg (expressed as the oxide) 1s greater than (0 wi%.
Preferably, the amount of Mg is from about 0.5 wi%. More preferably, the amount of Mg 1s from

about 3 wt%. Most preterably, the amount of Mg is from about 5 wt%. Additionally, or
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alternatively, the amount of Mg 13 up to about 18 wt%. Preferably, the amount of Mg is up to about
16 wit%. Most preferably, the amount of Mg is up to about 14 wt %. For ¢xample, in one form the
rangge is from 6 to 7 wit%.

{00171 In an embodiment, the amount of S1 {expressed as the oxade) is from about 8 wit%.
Preferably, the amount of 51 15 from about 10 wi%. Most preferably, the amount of 51 is from
about 12 wt%. Additionally, or altematively, the amount of 81 is up to about 18 wi%. Preferably,
the amount of Si 15 up to about 16 wit%. Most preferably, the amount of S11s up to about 15 wt %.
For example, in one form the range is from 13 to 14 wit%.

[0018]  Inanembodiment, the amount of Zr {expressed as the oxade) is from about 18 wi%.
Preferably, the amount of Z1 is tfrom about 20 wt%. Most preferably, the amount of Zr is from
about 22 wt%. Additionally, or alternatively, the amount of Zr is up to about 32 wt%. Preferably,
the amount of Zr is up to about 30 wt%. Most preferably, the amount of Zr s up to about 28 wit %.
For example, in one form the range is from 25 to 27 wi%.

[0019] In an embodiment, the metal oxide composition includes optional mcidental
mpurities. The incidental impunitics may be present m an amount of 2 wit% or less. Preferably,
the incidental impunties are present in an amount of 1 wit% or less. More preferably, the incidental
mmpuarities are present in an amount of 8.1 wt% or less. Most preferably, the incidental impuritics
arc present in an amount of 0.01 wit% or less.

{00201  In an embodiment, the metal oxide composition consists of, or consists essentially
of: Al Ca, Mg, Si. Zr, and optional incidental impurities.

{0021}  Inone form, the incidental impuritics are mincrals or compounds that include metal
or metalloid elements other than Al Ca, Mg, 51, and Zr. Additionally, or altematively, the
meidental impurities are non-oxide or silicate containing metal or metalloid salts.

100221  In a second aspect of the invention, there is provided a zircon-metal oxide
containing whitener-opacitier meluding zircon and the metal oxide composition of the first aspect
{or embodiments thereof).

100231 Inathird aspect of the invention, there is provided a method for forming the zircon-
metal oxide containing whitener-opacificr, the method including blending zircon with the metal
oxide composttion of the first aspect {or embodiments thereof). In an embodiment, the zircon-
metal oxide containing whitener-opacifier for use in ceramic bodies may include zircon silicate
blended with from any of 10-90wt%, 20-30wt% and/or 30% to 90wt% of the metal oxide

coraposttion of the first aspect (or embodiments thereof).
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10024} In a fourth aspect of the invention, there is provided a method for forming a green
ceramic body imchuding: adding from about 0.1wt% to about 20wi% of the metal oxide
composition of the first aspect (or embodiments thercoty or the zircon whitener-opacifier
composition of the third and fourth aspects {or embodiments thercof) o a base ceramic
composition and forming a green ceramic body.

{00251 In a fifth aspect of the wnvention, there is provided a method for coating or glazing
a green ceramic body meluding: coating or glazing at lcast one surface of a green ceramic body
with the composition of the first aspect {or embodiments thereof) or the third and fourth aspects
{or embodiments thercof).

[0026]  The green ceramic body may be a green ceramic body according to the fifth aspect
of the invention, or a standard green ceramic body known to those skilled in the art. By way of
example, the standard green ceramic body may be formed from a base ceramic composition and
thus does not itself include the zircon-metal oxide containing whitener-opacifier.

[0027]  In an cmbodiment, the method is for coating a green ceramic body with an engobe,
and the composition 1s an engobe composition,

{00281  In an embodiment of the fifth or sixth aspects, the green ceramic body s a green
ceramic tile body.

{00291  In a sixth aspect of the invention, there is provided a green ceramic body formed
according to the method of the fourth or fifth aspects (or embodiments thercof).

100301 In a seventh aspect of the invention, there is provided a method of forming a
ceramic, the method including:

forming a green ceramic body according to the method of the fourth or fifth aspects (or
embodiments thereot); and firing the green ceramic body to form the ceramic.

{0031}  The skilled person will appreciate that additional process steps may be present
between the steps of forming the green ceramic body and firing the green ceramic body. For
example, in one or more embodiments, after forming the green ceramic body and prior to firing
the green ceramic body, the method includes drying the green ceramic body and opticnally
applying an engobe composition and/or a glaze composition to a surface of the green ceramic
body.

{0032}  In some embodiments the green ceramic body may be fired using an average firing
temperature of 1,220°C to form the ceramic. In some embodiments the green ceramic body may

be fired within a range of from 1,1,150°C 1o 1,250°C to torm the coramic.
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[0033] In an eighth aspect of the wnvention, there is provided a method of preparing a
ceramic, the method including:

providing a green ceramic body including the metal oxide composition of the first aspect {(or
embodiments thereof) or the zircon whitener-opacifier composition of the third aspect (or
embodiments thereof); and

firing the green ceramic body to form the ceramic.

[0034]  In some embodiments the green ceramic body may be fired using an average firing
temperature of 1,220°C to form the ceramic. In some embodiments the green ceramic body may
be fired within a range of from 1,1,150°C to 1,250°C 1o form the ceramic.

[0035]  In aninth aspect of the invention, there is provided a ceramic formed according to
the fifth or sixth aspects of the invention.

[0036]  In an embodiment of the sgventh, eighth or ninth aspects, the ceramic is a ceramic
tile.

[0037]  Inatenth aspect ofthe invention, there is provided a ceramic composition according
to the eighth or ninth aspects of the imvention characterized by the following:

a whiteness (L*-value) of 87-97; and a staim mark (AE) of 1.40-4.75.

{0038]  In an eleventh aspect of the invention, there is provided a ceramic composition of
the tenth aspect, further characterized by a zircon load of from 0.1 wt% to 20 wi%.

(00391 In a twelfth aspect of the invention, there is provided an opacified ceramic
composition characterized by the following properties: a whiteness (L*-value) of #7-97; a stain
mark {(AE) of 1.40-4.75; and a zircon load of from 0.1 wt% to 20 wt%%.

{00401  Further aspects of the present invention and further embodiments of the aspects
described in the preceding paragraphs will become apparent from the following description, given

by way of example and with reference to the accompanving drawings.
BRIEF DESCRIPTION OF THE DRAWINGS

{06041} Figure 1: Graph of L-value (whiteness) as a fanction of whitener-gpacifier
loading for standard zircon whitener-opacifiers, and zircon-metal oxide whitener-opacifiers of the
present invention.

(00421  Fgure 2 Graph of Stensby Index (whiteness) as a function of whitener-
opacifier loading for standard zircon whitener-opacifiers, and zircon-metal oxide whitener-

opacifiers of the present invention.



02 Mar 2026

2026201571

{06043}  Figure 3; Graph of whiteness (L) as a function of finng temperature for tile
compoesitions including standard zircon whitener-opacifiers, and zircon-metal oxade whitener-
opacifiers of the present invention.

{00441  Figare 4 Graph illustrating green tile MOR, dry tile MOR, and fired tile MOR.
for compositions inclading standard zircon whitener-opacifiers, and zircon-metal oxide whitener-
opacifiers of the present invention.

[0045]  Figure 5: Graph of stain mark as a function of tile firing temperature for
standard zircon whitener-opacificrs, and zircon-metal oxide whitener-opacificrs of the present
mvention,

{0046} Figure 6 Graph of fired apparent densitv as a function of tile firing
temperature for tile compositions including standard zircon whitener-opacifiers, and zircon-metal
oxide whitener-opacifiers of the present invention

{0047  Figure 7 Graph of Watermark as a function of fining temperature for engobe
compositions including standard zircon whitener-opacifiers, and zircon-metal oxide whitener-
opacifiers of the present invention.

[0048] Figure &; Graph of whiteness (L) as a function of loading of zircon-metal

oxide whitener-opacifiers of the present mvention.
DETAILED DESCRIPTION OF THE EMBODIMENTS

[0049] The invention relates to an Al Ca, Mg, 51, and Zr containmmg metal oxide
composition for use as an additive to form a zircon whitener-opacificr composition, methods of
forming the metal oxide composition, and ceramic compositions including the metal oxide
composition.

{00501 The metal oxide composition of the present invention is combimable with zircon to
form a whitener-opacificr that produces similar whiteness as would be achieved with a 100%
zircon whitener-opacifier. That 1s, the metal oxide composition allows for a zircon based whitener-
opacifier that has a lower loading of zivcon, while achieving the same or simular whiteness. This
i5 @ surprising outcome since the addition of these Al Ca, Mg, 51, and Zr metal oxide constituents
to a whitencr-opacifier would usually be expected to have a deleterious effect on the overall
whiteness provided by that whitener-opacifier. Notably, these Al, Ca, Mg, §1, and Zr metal oxide
constituents would not normally be expected to deliver the same levels of whiteness as zircon.

{0051 Whale this of itself 15 a useful outcome, it has been found that the use of the metal

oxide composition as a component of a zircon whitener-opacifier provides a number of inexpected
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benefits as compared with a straight zircon whitener-opacifier during a ceramic manufacturing
process {(and in particular in the manufacture of ceramic tiles). These wmprovements include
enhanced green ceramie strength, dry ceramic strength, fired ceramic strength and ceramic
porosity. The process of the ceramic manufacturing process is brietly described below in the
context of the manufacture of tiles. Although the following description is written with regard to
the manufaciure of ceramic tiles, the use of the metal oxide composition as a component of a zircon
whitener-opacifier may be used with the disclosed or altomative ceramic body formulations in the
context of producing other ceramic products bevond ceramice tiles, such as refractory ceramic
products.

[0052]  Another benefit of the formulations and methods disclosed herein is the ability to
reformulate ceramic bodies. Reformulation can be done to pursue two objectives. In the first
chiective, it may be desirable to reduce the energy needed to produce an opacified ceramic body.
Reducing energy required to produce the opacified ceramic reduces operating costs. This may be
accomplished by substituting materials to accommodate lower firmg temperatures. In the second
objective, it may be desirable to reformulate the opacified ceramic body to reduce the
manufacturing costs of the ceramic product, for example through the use of lower cost materials
to substitute for higher cost maternals, such as high-purity fluxing materials. The strength and
performance of the formulation of the mvention n mamufacturing ceramic products offers
opportunities to use less expensive materials to form the ceramic body. For example, the presently
disciosed and claimed whitener-opacifier formulations may permif the replacement in certain
ceramic formulations of higher cost tale- and wollastonite-based fluxing materials with lower cost
feldspar and/or clay materials.

[0053]  'The process of producing ceramic or porcelain tiles requires strength properties at
the different stages of tile production for different reasons. Strength 1 measured and reported as a
modulus of rupture (MOR) which 1s effectively a 3 pomnt bending test to failure.

{00541  The ule formulaton requires green strength to  allow the mechanical
handhing/transport of the tile between the press and dricr. Tile production is highly antomated with
green tiles exiting the press (hydraulic pressing into a mold or a continuous roller press) on rollers
that transport the tile to the drver. Sufficient strength 1s reguired to prevent deformation and, at
worst, breakage, of the tile as in the case of pressed tiles they are flipped, and travel over the rollers
to the drving stage. Likewise, the dry tile requires mechanical strength to allow transport through
decoration stages (e.g. glazing/printing) and then to the finng kiln. The transport to and through

the drving and finng furnaces 1s usually carned out on a series of ceramuc rollers (typically 20-
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25mm in diameter on 60 to 150mm spacings). It is not uncommon, and highly undesirable, to see
tiles adopt a corrugated profile from the rollers or outright breakage when strength has not
adequately developed.

[0053]  The strength of the final fired tile 1s important in terms of the final application such
as wall and floor tiles. This is of particular importance as there is a trend towards larger format
tiles {currently as large as 1.2m x 3.6m but even 4.8m are now being proposed) and thinner tiles
{c.g. 6oum for wall applications), and strength during the production process, transport to end user,
and in the final product application are of high importance.

[0036]  Surprisingly, when the metal oxide composition is included as part of a whitener-
opacifier and/or mixed into the tile body, it has been found to result in increased strength in the
fired tile—green and particularly the dry state of the tle. This improvement is significant
particidarly in view of the trend to produce tiles of larger formats. Advantageously, this may allow
the reduction {or elimmation) of the need for mechanical strength additives or permit thinner tileg
without compromising the strength.

{00571 In addition to the above, mimimising porosity is also an important parameter for
tiles as this relates to the degree to which the tile absorbs and adsorbs moistare and undesired
stains, particolarly when the final tile product has already been installed, such as in residential or
coromercial floors and walls. Stains absorption and adsorption can result in discoloration of the
tile, particularly where the colorants are of substantially different color and optical property than
the tile design (one of the tests of porosity imvolves tomato paste, olive oif and red wine amongst
other things though the more conventional test is a permanent marker, dried and then washed off
with acetone). The measure is usually termed the ‘stain mark’ for obvious reasons. By way of
background, the stain mark measurement inchudes first measoring the whiteness of an area of the
tile, then coating the arca with blue ink (such as from a permanent marker), drying the area,
washing the arca with acetone, drving the area, and then again measuring the whiteness ot the area
of the tile. The “stain mark™ is the square root of the sum of differences squared of the 3 parameters
of colour measwrement, L. a & b. Porosity usually develops from the dissolotion of the tile
mgredients into the glassy phase during firing. The individual particles of the different minerals
are wetted by the developing glass and “dissolve” into the melt leaving a small void which then
closes over if the viscosity of the glassy phase 1s sufficiently low enough. Voids that do not close
over result in small voids or pinholes that traps discolorants and contaminants onto and into the
surface of the tile after the tile has been polished. Such incidences result in stains that arc extremely

difficult or impossible to remove by cleaming methods and agenis. To address such problems,
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typically tile producers apply a thin layer of surface coatings that are intended to close out the
pores. However, these surface coatings are only temporary and are not intended to last long upon
usage of the tiles aficr instaliation, particulardy on high-traffic floors. Alternatively, the tiles can
be fired at lugher temperatures which will result m lower viscosities and therefore better closing
of the pores, however, other properties including strength are found to decrease with higher firing
cmperatures and therc is an increased in cost due to the extra fuel requirements for the higher
firing toemperatures.

[0058]  Surprisingly, tiles that are fabricated from a tile composition that includes the metal
oxide composition of the present invention exhibit a particularly low stain mark, 1.¢. the tile has
very low porosity and therefore is more resistant to staiming. Advaniageously, this can reduce {(or
elmunate) the need for surface treatment after firing to fill up the open pores (which is both an
gxpensive and non-robust solution) or alternatively allow lower firing temperatures.

1005391 Finally, the use of a zircon-metal oxide contaming whitener-opacifier agent
mchuding the metal oxide composition of the invention allows the firing temperature to be reduced
by at least 20 °C while maintaming the same or similar level of whiteness in comparison with an
alumina whitener-opacifier. Alternatively, if the firing temperature is maintained, the use of a
zircon whitener-opacifier including the metal oxide composition of the invention provides for a

tile with greater strength and/or enhanced whiteness and lower stain mark.
Examples
Example |

[0060]  This example reports the preparation of a metal oxide composition from a precursor
composition, and the use of the subsequent metal oxide composition to form atile.

{0061}  To prepare the metal oxade raw materials containing MgQ, CaB, AI203, $102 and
zircon were dry blended using a planetary mixer or mill for 5 minutes according to the composition

outlined in Table 1 below:

Table 1: Precursor composition used to form metal oxide composition

ALO, 17

L2
wn

Zircon 5 micron

10
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MgO/Cal 48

[0062]  The metal oxide composition was then blended with zircon to form a zircon-metal
oxide containing whitener-opacifier that 1s a blend of 80% zircon and 20% metal oxide
composition. The zircon-metal oxide blend was then added to a standard ceramic composition
{outlined in Table 2 below) as a substitute whitener-opacifier in place of a typical whitener-

opacifier agent consisting of zircon.

Table 2: Typical precursor tile composition with metal oxide composition

Clay 23.8 wit%
Kaolin 15.8 wi%
Quartz 14.4 wit%

Feldspar 36.0 wit%o
zircon-metal oxide 10.0 wit%

coniaining whitener-

opacificr

{00631 300 g ot the precursor tile composition was mixed with 250 g of water and 3.5 g of
sodivm silicate {a dispersing agent} before being milled in a planetary mill to achieve a dry residue
between 1-2% and 63 microns. Subsequently, the milled ceramic composition was dried in an oven
at 110 °C.

[0064]  The dried and milled ceramic composition was mixed with water to achieve a water
content of 6 wi% and then pressed in a laboratory press at 400 kg/em” to form green tile body
samples of dimensions 110 mum x 55 mm x 9 ran. | was noted that the green tile bodics with 10
wt% zivcon-metal oxide contaming whitener-opacificr agent {(e.g. a blend of zircon with the metal
oxide composition of the present invention) had improved mechanical strength in companson with
tile bodics of a typical whitening-opacifying agent of only zircon (i.e. without the metal oxide
composition of the present invention). Table 3 below provides a summary of the physical

properties of the green tile bodies with and without opacifier.

11
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Table 3: Physical propertics of green tile bodies with 10% of a 100% zircon whitener-opacifier

and 10% of a zircon-metal oxide containing whitener-opacifier

Green body mechanical sirength 7.33 kg/om? 9.23 kg/om?
Dry mechanical strength 20.86 kp/om? 3119 kg/en?’

{0065]  From Table 3, the presence of the metal oxide composition has increased both the
green tile body and dry tile body strength. This offers a significant advantage and 1s a surprising
result as the presence of a standard zircon whitener-opacifier actually results in a shight decrease
i the green tile body and drv tile body strengih to that achieved when no whitener-opacifier is
added to the tile body mix before firing.

[0066]  The dry tile bodies were then fired in a laboratory kiln 1o form a tile. Table 4 below
provides a summary of the measured physical properties of the fired tile with 10% zircon whitener-
opacifier, and with 10 wt% zircon-metal oxide containing whitener-cpacifier agent {¢.g. a blend
of zircon with the metal oxide composition of the present invention with 20% metal oxade plus

80% zircon whitener-opacifier).

Table 4: Physical properties of tiles with zircon only whitener-opacifier and zivcon-metal oxide

containing whitener-opacifier

Firing Temperature (production scaje) 1220 °C
(pecak densification (20 °C above peak
temperatire) densification
femperatue)
Lineal shrnkage 7.34% 7.99%
Color: L 87.89 88.00

12
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Color a .16 .23
Color: b 7.85 7.82

Fired apparent density 2.47 kg/em® 2.48 kgfom®
Stain mark (AE) 9.68 3.78

100671 The results in Table 4 show that the presence of the metal oxide composition in the
whitener-opacifier improves several physical properties of the tile. In particular, the stain mark is
significantly wmproved {(a lower value being more desirable) and the colour 1s similar if shghtly
mproved compared to the zircon only whitener-opacifier. Furthermore, the peak densification
point of the tile occurs at a lower temperature.

[0068] In view of the above. the incorporation of the metal oxide compositions of the
mvention results improved green tile body and dry tile body strength, and increased opacity of the
resultant tiles, as well as reduced porosity (which reduces the problem of tile stainability on the

non-glazed tile surfaces).
Whiteness

100691 Figure 1 is a graph showing the "L*-value” as a function of whitener-opacifier
loading in a glaze for a standard 100% zircon glaze; a 100% glaze formed by roasting the metal
oxide composition of the present mvention; a 50:30, 70:30, and 80:20 mixture of a zircon-metal
oxide containing whitener-opacifier of the present invention; and a 100% zircon whitener-
opacifier. The results show that the blends can achieve similar “L-value® to the 100% zircon
whitener-opacifier.

{00701 Figure 2 13 a graph showing the Stensbv whiteness index as a function of opacifier
loading for a 100% zircon; a 100% roasted metal oxide composition of the present invention; a
50:50, 70:30, and 80:20 zircon-metal oxide containing whitener-opacifier composition of the
present invention; and a 100% zircon whitener-opacifier. By way of background, the Stensby
whiteness mndex is defined using the L, a & b scales as L-3b+3a. This is different to using L on its
own as a measurement of whiteness as it addiionally considers aspects of the colour parameters
‘a’ and ‘b’. The results show that the blends can achieve sumilar whitencss to the 100% zircon

whitener-opacifier.
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{06071}  'The inventors have alsoc observed that higher firing temperatures result in a higher
whitenegs {L*-valoe); and that the slope of L*-value increase against temperature increase is
higher and at lower temperatures when compared with a standard zircon whitener-opacificr for the
same loading. This 1s llustrated 1 Figure 3. Figure 3 is a graph showing whiteness (1) as a
function of firing temperature for tile compositions inchiding standard zircon whitener-opacifiers,
and zircon-metal oxide containing whitener-opacificrs of the present imvention. The x-axis in
Figure 3 indicates the temperature for laboratory scale results. Production scale for firing
temperature 15 20°C lower.

{06072} The inventors have also observed improved whiteness in glazes that include a
proportion of zircon-metal oxide containing whitener-opacifier according o the present invention.
Figure 8 1s a graph showing the whiteness (L*-value) for a glaze applied to a standard coloured
tile body as a function of the loading of the zircon-metal oxide containing whitener-opacifiers of
the present invention in the glaze. The results show the improvement in whiteness over zircon only

glazes (0% value) for loadings of up to 50% metal oxide.
Strength

{0073} Figure 4 1s a graph showing the increased MOR of a tile in the green, dry, and fired
forms for respective tile compositions including an 80:20 zircon-metal oxide containing whitener-

opacitier blend as compared with a 100% zircon whitener-opacitier.
Forosity

[0074] Figure 5 shows the decrease in stain mark (representative of porosity) with
mereasing temperature for the tiles formed using an 80:20 zircon-metal oxide containing whitener-
opacifier blend at lower temperatures as compared with 100% zircon whitener-opacifier. The x-
axis in Figure 5 mdicates the temperature for laboratory scale results. Production scale for firing
temperature 15 20°C lower.

{00751 Figure 7 is a graph of water mark as a function of firing temperature for engobe
compositions including standard zircon whitener-opactfiers, and zircon-metal oxide containing
whitener-opacificrs of the present mvention. This test measures the time for a staining fluid {c.g.
water or methylene blue) applied to the back of a wall tile to appear on the front of the tile. Foran
unglazed tile, the water mark time 1s typically about 45 seconds. Figure 7 compares results for a
standard tile include (1) an engobe contaming zircon, and (it} an engobe containing a zircon-metal

oxide whitener-opacifier composition according to the present mvention. As can be scen, the
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presence of an engobe greatly increases the water mark time. However, the results also clearly
demonstrate an improvement in water mark time when moving from a standard engobe including
zircon to one including the zircon-metal oxide whitener-opacifier composition of the present
mvention. Generally, a water mark time of greater than 800 s represents the himits of measuring.
The reference to 1600 s 1s used as a representation of an engobe that 1 generally impervious to
staining. The x-axis in Figure 7 indicates the temperature for laboratory scale results. Production

scale for firing temperature is 20°C lower.
Lower Firing Temperature

100761 Figure 6 is a graph showing the fired apparent density of the tile as a function of
firing teraperature for 100% zircon and a 80:20 nuxture of zircon and the roasted metal oxide
composition of the present invention. Ideally, the operating pomt is at the peak of the curve as this
represents a tile body having the greatest density and lowest porosity. The results show that the
zircon-metal oxide whitener-opacifier blends of the invention are able to achieve a maximum
density at some 20°C lower than the temperature required for a tile that is otherwise the same but
mclades a 100% zircon whitener-opacifier. Thus, the use of a zircon-metal oxide whitener-
opacifier blend of the invention results in reduced encrgy costs (through a reduced kiln operation
temperaturc} while achieving the same level of whitencss in comparison with a 100% zircon
whitener-opacifier. The x-axis in Figure 6 indicates the temperature for laboratory scale results.
Production scale for firing temperatire is 20°C lower.

1607717k will be understood that the invention disclosed and defined in this specification
extends to all alternative combinations of two or more of the mdividual features mentioned or
evident from the text or drawings. All of these different combinations constitute vartous alternative
aspects of the mvention.

[0078]  As used herein, the mdefinite article “a” or “an” carries the meaning of “one or
more.”

[0079]  The present inventions may also be described and understood via the following
clauses: A ceramic body comprising a metal oxide composition which includes one or more
crystalline metal oxides or ervstaliine mixed metal oxides of AL Ca, Mg, St, and Zr; wherein the

metal oxide composition includes at least:
Al m an amount of from about 3wt to about 40wt% measured as ALGs;
Ca m an amount of from about 10wt% to about 30wt% measured as Ca(;
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Mg in an amount of from about Owt% to about 25wt% measured as MgO;
St an amount of from about 10wt% to about 25wt% measured as S102; and
Zr in an amount of from about 15wt% to about 35wt% measured as Zr(3:.

{0080} A ccramic body comprising a zircon-metal oxide-containing whitener-opacifier that
mehudes mircon silicate blended with from 10-90%wit% of a metal oxide composition that includes

at least:
Al m an amount of from about 3wt to about 40wt% measured as ALGs;
“a in an amount of from about 10wt% to about 30wt% measured as Cad,
C t of fi bout 10wt% to about 30wt% measured as Cald;
Mg in an amount of from about Owt% to about 25wi% measured as MgO;
St an amount of from about 10wt% to about 25wt% measured as Si10y; and

Zr in an amount of from about 153wt% to about 35wt% measured as Zr(;,
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CLAIMS

1. A metal oxade composition for use in ceramic bodies, comprising-one or more cryvstaliine

metal oxides or crystalline mixed metal oxides of Al, Ca, Mg, 81, and Zr;
wherein the metal oxide composition includes at least:
Al an amount of from about 3wit% to about 40wt measured as Al(s;
Ca mn an amount of from about 10wt% to about 30wt% measured as Ca(;
Mg in an amount of from about Owi% to about 25wt% measured as MgO;
Si1n an amount of from about 10wt% to about 25wit% measured as S10»; and

Zr in an amount of from about 15wt% to about 33wi% measured as Zr0.

2. A zircon-metal oxide-containing whitener-opacifier for use n ceramic bodies, comprising

zircon silicate blended with from 10-90wt% of the metal oxide composition of claim 1.

3. A zircon-metal oxide-containing whitener-opacifier for use n ceramic bodies, comprising

zircon silicate blended with from 20 to 30wt% of the metal oxide composition of claim 1.

4. A zircon-metal oxide-containing whitener-opacifier for use n ceramic bodies, comprising

zircon silicate blended with from 30% to 90wt% of the metal oxide composition of claim 1.

5. A method for forming a green ceramic body comprising:

adding from about 0. 1wt% to about 20wt% of the metal oxide composition of claim 1 or
the zircon-metal oxide-containing whitener-opacifier composition of claim 2 1o a base ceramic

composition and forming a green ceramic body.
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6. A method for coating or glazing a green ceramic body comprising:

coating or glazing at least one surface of a green ceramic body with the metal oxide

composition of claim 1 or the zircon-metal oxide-containimg whitener-opacifier composition of

claim 2.
7. A green ceramic body formed according to the method of claims S or 6.
3. A method of forming a ceramic, the method comprising:

forning a green ceramic body according to the method of claims 5 or 6; and

firing the green ceramic body to form the ceramic \

9. The method of claim 6 wherein an average firing temperature of 1,220°C is used in

forming the ceramic.

10.  The method of claim 8 wherein the green ceramie body is fired within a range of from

1,1,150°C t0 1,250°C to form the ceramic.

1. A method of preparing a ceramic, the method comprising:

providing a green ceramic body including the metal oxide composition of claim 1 or the

zircon opacifier composition of claims 2, 3, or 4; and

firing the green ceramic body to form the ceramic.
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12 The method of clarm 11 wherein an average finng temperatare of 1,220°C 1s used in

forming the ceramic.

13, The method of claim 11 wherein the green ceramic body is fired within a range of from

1,130°C to 1,230°C to form the ceramic.

14, A ceramic composition formed according to the method of any of claims 11, 12, or 13.
15, A ceramic composition comprising the zircon-metal oxide containing whitener-opacifier

of claim 2 an amount of from about 0. 1wt% to about 20 wt%.

16, The ceramic composition of claim 14 or 15 characterized by the following:
a whiteness (L*-value) of 87-97; and

a stain mark {AE) of 1.40-4.75.

17.  The ceramic composition of claim 16 further characterized by a zireon load of from

0. 1w1% to 20wi%.

18.  An opacified ceramic composition charactenzed by the following properties:
a whiteness {L*-value) of 87-87;
a stain mark (AE) of 1.40-4.75; and

a zireon load of from 0.1wi% to 20wt.
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