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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 l0wt% to about 30wt% measured as CaO, (iii) Mg in an amount 5 of from 

about 0wt% to about 25wt % measured as MgO, (iv) Si in an amount of from about l0wt% 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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1  

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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inconsistent herewith.
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several options:

[0007] Inorganic binders may be added to the tile composition. However, these products
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[0011] In a first aspect of the invention, there is provided a metal oxide composition

including 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 wt% up to about 40 wt% measured as AlO;

Ca in an amount of from about 15 wt% up to about 50 wt% measured as CaO;

Mg in an amount of from about 0 wt% up to about 20 wt% measured as MgO;

Si in an amount of from about 5 wt% up to about 20 wt% measured as SiO;

Zr in an amount of from about 15 wt% up to about 35 wt% measured as ZrO;

and wherein the amount of Si is 25 to 35 wt% of the amount of Zr.

[0012] In an embodiment, the metal oxide composition is for use as a whitener-opacifier

additive or a component of a whitener-opacifier in the production of a ceramic body, such as a tile,

[0013] The inventors have found that the metal oxide compositions of the present invention

can, in certain embodiments, provide enhanced strength to the green tile body (typically with a

moisture content of about 5-6 wt%) and/or the dry tile body (typically with a moisture content of

oxide compositions when used as a component of a whitener-opacifier can enhance the whiteness

of a tile produced using that whitener-opacifier and/or reduce the firing temperature to produce a

tile while maintaining a high degree of whiteness.

[0014] In an embodiment, the amount of Al (expressed as the oxide) is from about 7wt%.

Preferably, the amount of Al is from about 10 wt%. Most preferably, the amount of Al is from

about 12 wt%. Additionally, or alternatively, the amount of Al is up to about 30 wt%. Preferably,

the amount of Al is up to about 20 wt%. Most preferably, the amount of Al is up to about 25 wt

%. For example, in one form the range is from 5 to 25 wt%.

[0015] In an embodiment, the amount of Ca (expressed as the oxide) is from about 20 wt%.

Preferably, the amount of Ca is from about 25 wt%. Most preferably, the amount of Ca is from

about 30 wt%. Additionally, or alternatively, the amount of Ca is up to about 45 wt%. Preferably,

the amount of Ca is up to about 40 wt%. Most preferably, the amount of Ca is up to about 35 wt

%. For example, in one form the range is from 33 to 35 wt%.

[0016] In an embodiment, the amount of Mg (expressed as the oxide) is greater than 0 wt%.

Preferably, the amount of Mg is from about 0.5 wt%. More preferably, the amount of Mg is from

about 3 wt%. Most preferably, the amount of Mg is from about 5 wt%. Additionally, or
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[0018] In an embodiment, the amount of Zr (expressed as the oxide) is from about 18 wt%.

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 is up to about 28 wt %.

For example, in one form the range is from 25 to 27 wt%.

[0019] In an embodiment, the metal oxide composition includes optional incidental

impurities. The incidental impurities may be present in an amount of 2 wt% or less. Preferably,

the incidental impurities are present in an amount of 1 wt% or less. More preferably, the incidental

impurities are present in an amount of 0.1 wt% or less. Most preferably, the incidental impurities

are present in an amount of 0.01 wt% or less.

[0021] In one form, the incidental impurities are minerals or compounds that include metal

incidental impurities are non-oxide or silicate containing metal or metalloid salts.

[0022] In a second aspect of the invention, there is provided a zircon-metal oxide

containing whitener-opacifier including zircon and the metal oxide composition of the first aspect

(or embodiments thereof).

[0023] In a third aspect of the invention, there is provided a method for forming the zircon-

oxide composition of the first aspect (or embodiments thereof). In an embodiment, the zircon-

blended with from any of: 10-90wt%, 20-30wt% and/or 30% to 90wt% of the metal oxide
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[0024] In a fourth aspect of the invention, there is provided a method for forming a green

ceramic body including: adding from about 0.1wt% to about 20wt% of the metal oxide

composition of the first aspect (or embodiments thereof) or the zircon whitener-opacifier

composition of the third and fourth aspects (or embodiments thereof) to a base ceramic

composition and forming a green ceramic body.

[0025] In a fifth aspect of the invention, there is provided a method for coating or glazing

a green ceramic body including: coating or glazing at least one surface of a green ceramic body

with the composition of the first aspect (or embodiments thereof) or the third and fourth aspects

[0026] The green ceramic body may be a green ceramic body according to the fifth aspect

according to the method of the fourth or fifth aspects (or embodiments thereof).

[0030] In a seventh aspect of the invention, there is provided a method of forming a

forming a green ceramic body according to the method of the fourth or fifth aspects (or

applying an engobe composition and/or a glaze composition to a surface of the green ceramic

[0032] In some embodiments the green ceramic body may be fired using an average firing

be fired within a range of from 1,1,150°C to 1,250°C to form the ceramic.
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be fired within a range of from 1,1,150°C to 1,250°C to form the ceramic.

the fifth or sixth aspects of the invention.

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

tile.

[0037] In a tenth aspect of the invention, there is provided a ceramic composition according

to the eighth or ninth aspects of the invention characterized by the following:

a whiteness (L*-value) of 87-97; and a stain 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 wt%.

mark (AE) of 1.40-4.75; and a zircon load of from 0.1 wt% to 20 wt%.

described in the preceding paragraphs will become apparent from the following description, given

by way of example and with reference to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0041] Figure 1: Graph of L-value (whiteness) as a function of whitener-opacifier

present invention.

opacifier loading for standard zircon whitener-opacifiers, and zircon-metal oxide whitener-
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[0043] Figure 3: Graph of whiteness (L) as a function of firing temperature for tile

compositions including standard zircon whitener-opacifiers, and zircon-metal oxide whitener-

opacifiers of the present invention.

[0044] Figure 4: Graph illustrating green tile MOR, dry tile MOR, and fired tile MOR

for compositions including 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-opacifiers, and zircon-metal oxide whitener-opacifiers of the present

[0046] Figure 6: Graph of fired apparent density as a function of tile firing

[0047] Figure 7: Graph of Watermark as a function of firing temperature for engobe

[0048]

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0049] The invention relates to an Al, Ca, Mg, Si, and Zr containing metal oxide

forming the metal oxide composition, and ceramic compositions including the metal oxide

form a whitener-opacifier that produces similar whiteness as would be achieved with a 100%

is a surprising outcome since the addition of these Al, Ca, Mg, Si, and Zr metal oxide constituents

whiteness provided by that whitener-opacifier. Notably, these Al, Ca, Mg, Si, and Zr metal oxide

[0051] While this of itself is 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 unexpected
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products.

reformulate ceramic bodies. Reformulation can be done to pursue two objectives. In the first

objective, it may be desirable to reduce the energy needed to produce an opacified ceramic body.

accomplished by substituting materials to accommodate lower firing temperatures. In the second

objective, it may be desirable to reformulate the opacified ceramic body to reduce the

to substitute for higher cost materials, such as high-purity fluxing materials. The strength and

performance of the formulation of the invention in manufacturing ceramic products offers

disclosed and claimed whitener-opacifier formulations may permit the replacement in certain

ceramic formulations of higher cost talc- 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 is measured and reported as a

modulus of rupture (MOR) which is effectively a 3 point bending test to failure.

[0054] The tile formulation requires green strength to allow the mechanical

handling/transport of the tile between the press and drier. Tile production is highly automated with

green tiles exiting the press (hydraulic pressing into a mold or a continuous roller press) on rollers

that transport the tile to the dryer. Sufficient strength is required to prevent deformation and, at

to the drying stage. Likewise, the dry tile requires mechanical strength to allow transport through

decoration stages (e.g. glazing/printing) and then to the firing kiln. The transport to and through
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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.

[0055] The strength of the final fired tile is 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

(e.g. 6mm for wall applications), and strength during the production process, transport to end user,

and in the final product application are of high importance.

opacifier and/or mixed into the tile body, it has been found to result in increased strength in the

the reduction (or elimination) of the need for mechanical strength additives or permit thinner tiles

tiles as this relates to the degree to which the tile absorbs and adsorbs moisture and undesired

tile, particularly where the colorants are of substantially different color and optical property than

closes over if the viscosity of the glassy phase is sufficiently low enough. Voids that do not close

difficult or impossible to remove by cleaning methods and agents. To address such problems,
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oxide composition of the present invention exhibit a particularly low stain mark, i.e. the tile has

eliminate) the need for surface treatment after firing to fill up the open pores (which is both an

expensive and non-robust solution) or alternatively allow lower firing temperatures.

including the metal oxide composition of the invention allows the firing temperature to be reduced

by at least 20 °C while maintaining the same or similar level of whiteness in comparison with an

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 1

[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 a tile.

[0061] To prepare the metal oxide raw materials containing MgO, CaO, A1203, SiO2 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

Component

A12O 17

Zircon 5 micron 35
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MgO/CaO 48

[0062] The metal oxide composition was then blended with zircon to form a zircon-metal

oxide containing whitener-opacifier that is 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

Component Weight fraction

Clay 23.8 wt%

Kaolin 15.8 wt%

zircon-metal oxide 10.0 wt%

500 g of the precursor tile composition was mixed with 250 g of water and 3.5 g of

sodium silicate (a dispersing agent) before being milled in a planetary mill to achieve a dry residue

oxide composition of the present invention) had improved mechanical strength in comparison with
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Table 3: Physical properties of green tile bodies with 10% of a 100% zircon whitener-opacifier

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

Dry mechanical strength 20.86 kg/cm² 31.19 kg/cm²

[0065]

result as the presence of a standard zircon whitener-opacifier actually results in a slight decrease

in the green tile body and dry tile body strength 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 to form a tile. Table 4 below

opacifier, and with 10 wt% zircon-metal oxide containing whitener-opacifier agent (e.g. a blend

of zircon with the metal oxide composition of the present invention with 20% metal oxide plus

80% zircon whitener-opacifier).

Measured Parameter With 10 wt% typical With 10 Wt% zircon-

whitener-opacifier agent metal oxide containing

of only zircon whitener-opacifier

Firing Temperature (production scale) 1220 °C 1220 °C

(peak densification (20 °C above peak

temperature) densification

temperature)

Lineal shrinkage 7.34% 7.99%

Color: L 87.89 88.00
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7.82

Fired apparent density 2.47 kg/cm3 2.48 kg/cm³

Stain mark (AE) 9.68 3.78

[0067] 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 improved (a lower value being more desirable) and the colour is similar if slightly

improved 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

resultant tiles, as well as reduced porosity (which reduces the problem of tile stainability on the

non-glazed tile surfaces).

Whiteness

oxide composition of the present invention; a 50:50, 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.

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

own as a measurement of whiteness as it additionally considers aspects of the colour parameters

'a' and 'b'. The results show that the blends can achieve similar whiteness to the 100% zircon
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[0071] The inventors have also observed that higher firing temperatures result in a higher

whiteness (L*-value); and that the slope of L*-value increase against temperature increase is

higher and at lower temperatures when compared with a standard zircon whitener-opacifier for the

and zircon-metal oxide containing whitener-opacifiers of the present invention. The x-axis in

Figure 3 indicates the temperature for laboratory scale results. Production scale for firing

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

Strength

[0073]

forms for respective tile compositions including an 80:20 zircon-metal oxide containing whitener-

opacifier blend as compared with a 100% zircon whitener-opacifier.

increasing 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 indicates the temperature for laboratory scale results. Production scale for firing

temperature is 20°C lower.

[0075] Figure 7 is a graph of water mark as a function of firing temperature for engobe

compositions including standard zircon whitener-opacifiers, and zircon-metal oxide containing

whitener-opacifiers of the present invention. This test measures the time for a staining fluid (e.g.

water or methylene blue) applied to the back of a wall tile to appear on the front of the tile. For an

unglazed tile, the water mark time is typically about 45 seconds. Figure 7 compares results for a

standard tile include (i) an engobe containing zircon, and (ii) an engobe containing a zircon-metal

oxide whitener-opacifier composition according to the present invention. As can be seen, the
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invention. Generally, a water mark time of greater than 800 S represents the limits of measuring.

The reference to 1600 S is used as a representation of an engobe that is generally impervious to

Lower Firing Temperature

[0076] Figure 6 is a graph showing the fired apparent density of the tile as a function of

firing temperature for 100% zircon and a 80:20 mixture of zircon and the roasted metal oxide

composition of the present invention. Ideally, the operating point 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

density at some 20°C lower than the temperature required for a tile that is otherwise the same but

includes a 100% zircon whitener-opacifier. Thus, the use of a zircon-metal oxide whitener-

Production scale for firing temperature is 20°C lower.

[0077] It will be understood that the invention disclosed and defined in this specification

extends to all alternative combinations of two or more of the individual features mentioned or

evident from the text or drawings. All of these different combinations constitute various alternative

aspects of the invention.

[0078] As used herein, the indefinite article "a" or "an" carries the meaning of "one or

more."

[0079] The present inventions may also be described and understood via the following
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Mg in an amount of from about Owt% to about 25wt% measured as MgO;

Si in an amount of from about 10wt% to about 25wt% measured as SiO; and

[0080] A ceramic body comprising a zircon-metal oxide-containing whitener-opacifier that

includes zircon silicate blended with from 10-90%wt% of a metal oxide composition that includes

at least:

Al in an amount of from about 5wt% to about 40wt% measured as AlO;

Ca in an amount of from about 10wt% to about 30wt% measured as CaO;

Si in an amount of from about 10wt% to about 25wt% measured as SiO; and
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CLAIMS

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

metal oxides or crystalline mixed metal oxides of Al, Ca, Mg, Si, and Zr;

wherein the metal oxide composition includes at least:

Al in an amount of from about 5wt% to about 40wt% measured as AlO;

Ca in an amount of from about 10wt% to about 30wt% measured as CaO;

Mg in an amount of from about 0wt% to about 25wt% measured as MgO;

Si in an amount of from about 10wt% to about 25wt% measured as SiO; and

Zr in an amount of from about 15wt% to about 35wt% measured as ZrO.

2. A zircon-metal oxide-containing whitener-opacifier for use in 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 in 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 in 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 to 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:

claim 2.

7. A green ceramic body formed according to the method of claims 5 or 6.

8. A method of forming a ceramic, the method comprising:

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

firing the green ceramic body to form the ceramic.\

forming the ceramic.

10.

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

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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forming the ceramic.

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

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

14. A ceramic composition formed according to the method of any of claims 11, 12, or 13.

15.

of claim 2 in 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 stain mark (AE) of 1.40-4.75.

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

0. 1wt% to 20wt%.

18.

a whiteness (L*-value) of 87-97;

a stain mark (AE) of 1.40-4.75; and

a zircon load of from 0.1wt% to 20wt.
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