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Description
TECHNICAL FIELD

[0001] The present invention is directed to a ceramic
precursor composition suitable for firing to form a porce-
lain tile body, engobe composition for a ceramic body, a
green body formed from said ceramic precursor compo-
sition, a ceramic article obtainable by firing said green
body, and processes for making said ceramic article and
engobe composition.

BACKGROUND

[0002] Zirconium silicate (also known as 'zircon’) is a
naturally occurring mineral which finds use primarily as
a whitener/opacifier in the decorative ceramics industry.
It has been used as such for many years. However, the
cost of this raw material has increased recently and, thus,
there is a need for further whitener/opacifier materials to
supplant or augment the use of zirconium silicate.

SUMMARY OF THE INVENTION

[0003] In accordance with a first aspect of the present
invention, there is provided a ceramic precursor compo-
sition suitable for firing to form a tile body, for example,
a porcelain tile body, said composition comprising from
about 1-20 % by weight alumina and no more than about
10 % by weight zirconium silicate, based on the total dry
weight of the ceramic precursor composition. The alumi-
na has a soda (Na,O) content of greater than about 0.25
% by weight, based on the total weight of alumina.
[0004] In accordance with a second aspect of the
present invention, there is provided an engobe compo-
sition for a ceramic body, said composition comprising
from about 1-20 % by weight alumina and no more than
about 10 % by weight zirconium silicate, based on the
total dry weight of the ceramic precursor composition.
The alumina has a soda (Na,0) content of greater than
about 0.25 % by weight.

[0005] In accordance with a third aspect of the present
invention, there is provided a green body formed from
the ceramic precursor composition according to first as-
pect.

[0006] Inaccordance with a fourth aspect, there is pro-
vided a ceramic article obtainable by firing the green body
of the third aspect.

[0007] In accordance with a fifth aspect of the present
invention, there is provided a process for making a ce-
ramic article according to the fourth aspect, comprising:

(i) milling a mixture comprising:

(a) from about 1-20 % by weight alumina, based
on the total dry weight of the mixture being
milled, wherein said alumina has a soda (Na,O)
content of greater than about 0.25 % by weight,
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(b) nomore than about 10 % by weight zirconium
silicate, based on the total dry weight of the mix-
ture being milled,

(c) atleast about 70 % by weight of ceramic pre-
cursor material, other than (a) or (b), suitable for
firing to form a ceramic article, for example, an
earthenware/stoneware tile body, and optionally
(d) at least about 20 % by weight water, based
on the total dry weight of the mixture being
milled, and

(e)uptoabout5 % by weight deflocculant, based
on the total dry weight of the mixture being
milled;

(ii) forming a green body, for example, a green tile
body, from said wet-milled mixture;

(iii) optionally drying said green body, for example,
said green tile body; and

(iv) firing said tile at a temperature sufficient to form
a ceramic article, for example, a porcelain tile.

[0008] Inaccordance with a sixth aspect of the present
invention, there is provided a process for making an en-
gobe composition according to the second aspect of the
present invention, comprising:

(i) wet-milling a mixture comprising:

(a) from about 1-20 % by weight alumina, based
on the total dry weight of the mixture being
milled, wherein said alumina has a soda (Na,O)
content of greater than about 0.25 % by weight,
(b) nomore than about 10 % by weight zirconium
silicate, based on the total dry weight of the mix-
ture being milled,

(c) atleast about 70 % by weight of engobe pre-
cursor material, other than (a) or (b), suitable for
firing to form an engobe layer upon a ceramic
article, for example, an earthenware/stoneware
tile body,

(d) at least about 20 % by weight water, based
on the total dry weight of the mixture being
milled, and

(e)uptoabout5 % by weight deflocculant, based
on the total dry weight of the mixture being
milled; and

(i) optionally sizing the resulting wet-milled engobe
composition.

[0009] In accordance with a seventh aspect, the
present invention is directed to the use of alumina having
a soda (Na,O) content of greater than about 0.25 % by
weight, based on the total weight of alumina, as whitener
and/or opacifier in a ceramic article, for example, a stone-
ware/earthenware tile or a porcelain stoneware tile,
formed from a ceramic precursor composition comprising
no more than about 10 % by weight zirconium silicate,
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based on the total dry weight of the ceramic precursor
composition. The alumina is present in the ceramic pre-
cursor composition in an amount of from about 1 to about
20 % by weight, based on the total dry weight of the ce-
ramic precursor composition.

[0010] In accordance with an eighth aspect, the
presentinvention is directed to the use of alumina having
a soda (Na,0O) content of greater than about 0.25 % by
weight, based on the total weight of alumina, as whitener
and/or opacifier in an engobe composition for a ceramic
body, for example, a stoneware/earthenware tile, where-
in said engobe composition comprises no more than
about 10 % by weight zirconium silicate, based on the
total dry weight of the engobe composition. The alumina
is present in the engobe composition in an amount of
from about 1 to about 20 % by weight, based on the total
dry weight of engobe composition.

BRIEF DESCRIPTION OF THE DRAWINGS
[0011]

Figure 1 is diagram representing CIELAB color
space.

DETAILED DESCRIPTION OF THE INVENTION

[0012] As used herein, the term "ceramic precursor
composition" means a composition which comprises ma-
terials which may be intimately mixed and milled, option-
ally in the presence of a liquid medium (e.g. water),
shaped and fired (e.g., at a temperature of at least about
800°C) to form a ceramic article, for example, a porcelain
tile. The materials typically comprise a mixture of inor-
ganic minerals, clays and optional processing aids, such
as sintering aids and deflocculant.

[0013] As used herein, the term "engobe composition"
means a composition which may be applied (e.g., as a
layer) to the surface of a ceramic article (e.g., earthen-
ware or stoneware tile) or green body (e.g., tile body) or
partially fired, e.g., pre-fired, green body and which
serves as an undercoat to a glaze. Advantageously, the
engobe composition does not adversely affect the optical
properties (e.g., lightness, whiteness, yellowness, red-
ness, opacity) of the ceramic article (e.g., stoneware/
earthenware tile) and may enhance the optical properties
of the ceramic article. The engobe composition may be
applied for decorative purposes or to improve the surface
texture. When a glaze is applied over the engobe the
engobe may act as a buffer layer in that it is expansion
compatible with both the underlying body and the over-
lying glaze.

[0014] As used herein, the term "green body" means
a body in an unfired state. The body may be formed from
the ceramic precursor composition of the present inven-
tion.

[0015] As used herein, the term "vitrifiable frit" means
a material:of glassy nature which is prepared by fusion
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of a blend of crystalline raw materials. A frit is typically
used as a glaze component. Vitrifiable frits suitable for
use in the present invention may have a composition (by
chemical analysis) having an SiO, content of from about
40-70 %, an Al,O5 content of from about 2-20 %, a B,O4
content of from about 2-25 %, a CaO content of from
about 0-40 %, for example, from about 1-15 %, a MgO
content of up to about 3 %, a Na,O content of up to about
15 %, a K5O content of up to about 5 %, a ZrO, content
of up to about 12 %, a BaO content of up to about 5 %,
and a ZnO content of up to about 10 %. The frit may have
a TiO, content of up to about 10 %, for example, up to
about 8 %, or up to about 6 %, or up to about 4 %, or up
to about 2 %, or up to about 1 %. The frit may have a
Li,O, PbO, HfO,, P,05, SrO and/or MnO content of up
to about 1 %.

[0016] Unless otherwise stated, the mean (average)
equivalent particle diameter (d5 value) referred to herein
is as measured in a well known manner by laser light
scattering of the particulate material in a fully dispersed
condition in an aqueous medium using a LA950 machine
as supplied by Horiba, referred to herein as a "Horiba
LA950 unit". Such a machine provides measurements
and a plot of the cumulative percentage by volume of
particles having a size, referred to in the art as the ’equiv-
alent spherical diameter’ (esd), less than given esd val-
ues. The mean particle size dgj is the value determined
in this way of the particle esd at which there are 50% by
volume of the particles which have an equivalent spher-
ical diameter less than that dg, value. Likewise, dg is
the value determined in this way of the particle esd at
which there are 90% by volume of the particles which
have an equivalent spherical diameter less than that dg,
value. Likewise, d4 is the value determined in this way
of the particle esd at which there are 10 % by volume of
the particles which have an equivalent spherical diameter
less than that dq value.

[0017] Inaccordance withthefirstaspect of the present
invention, the ceramic precursor or engobe composition
comprises from about 1 to about 20 % by weight alumina.
The alumina has a soda (Na,O) content of at greater
than about 0.25 % by weight, based on the total weight
of the alumina. In certain embodiments, the alumina has
a soda content of at least about 0.26 % by weight, or at
least about 0.27 % by weight, or at least about 0.28 %
by weight, or at least about 0.29 % by weight, or at least
about 0.30 % by weight, or least about 0.31 % by weight,
or at least about 0.32 % by weight, or at least about 0.33
% by weight, or at least about 0.34 % by weight, or at
least about 0.35 % by weight, or at least about 0.36 %
by weight, or at least about 0.37 % by weight, or at least
about 0.38 % by weight, or at least about 0.39 % by
weight, or at least about 0.40 % by weight. In certain
embodiments, the alumina has a soda content of no more
than about 0.50 % by weight, for example, no more than
about 0.45 % by weight, or no more than about 0.40 %
by weight. In certain embodiments, the alumina has a
soda (Na,O) content of greater than about 0.25 to about
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0.45 % by weight, for example, from about 0.26 to about
0.42 % by weight, or from about 0.28 to about 0.40 % by
weight, or from about 0.29 to about 0.40 % by weight, or
from about 0.29 to about 0.39 % by weight, or from about
0.29 to about 0.38 % by weight, or from about 0.30 to
about 0.38 % by weight, or from about 0.30 to about 0.45
% by weight, from about 0.31 to about 0.45 % by weight,
or from about 0.32 to about 0.45 % by weight, or from
about 0.33 to about 0.45 % by weight, or from about 0.34
to about 0.45 % by weight, or from about 0.35 to about
0.45 % by weight, or from about 0.36 to about 0.50 % by
weight, or from about 0.37 to about 0.45 % by weight, or
from about 0.38 to about 0.50 % by weight, or from about
0.38 to about 0.48 % by weight.

[0018] In certain embodiments, the alumina comprises
up to about 0.05 wt. % Fe,03, for example, from about
0.005 to about 0.04 % Fe,O,, for example, from about
0.10 to about 0.03 % Fe,0,.

[0019] In certain embodiments, the alumina comprises
at least about 95.0 % by weight Al,O5, for example, at
least about 98.0 % by weight Al,O5, or at least about 98.5
% by weight, or at least about 99.0 % by weight Al,O5.
[0020] In certain embodiments, the alumina consists
of, or consists essentially of, calcined alumina. Hereafter,
the invention may tend to be discussed in terms of cal-
cined alumina, and in relation to aspects where the cal-
cined alumina is processed and/or treated. The invention
should not be construed as being limited to such embod-
iments.

[0021] In certain embodiments, the alumina comprises
from about 10 to 80 % by weight o-Al,O3, based on the
total weight of alumina, for example, from about 10 to
about 60 % by weight a-Al,O3, or from about 10 to about
40 % by weight a-Al,Og, or from about 15 to about 30 %
by weight a-Al,O4, or from about 15 to about 25 % by
weight a-Al,Os.

[0022] Inoneembodiment, the calcined aluminais pre-
pared by heating aluminium hydroxide (e.g., gibbsite) at
a sufficient temperature (e.g., above about 800°C) to
form calcined having an a- Al,O3 content of atleast about
10 % by weight, for example, at least about 15 % by
weight, or atleast about 20 % by weight, or at least about
50 % by weight, or at least about 75 % by weight, or an
a- Al,O3 content of essentially 100 % by weight. In an-
other embodiment, the calcined alumina is prepared by
use of the Bayer process and heating aluminium hydrox-
ide (e.g., gibbsite) under pressure. Further details of
these processes are described below.

[0023] In certain embodiments, the alumina, for exam-
ple, calcined alumina has a BET specific surface area of
from about 1 to about 200 m2/g, for example, from about
1 to about 175 m2/g, or from about 1 to about 150 m2/g,
or from about 1 to about 125 m2/g or from about 1 to
about 100 m2/g. BET specific surface area may be de-
termined in accordance with ISO 9277:2010. In certain
embodiments, the alumina, for example, calcined alumi-
na, has a BET specific surface area of from about 8.5 to
about 100 m2/g, for example, from about 10-100 m2/g,
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or from about 10-95 m2/g, or from about 20-95 m2/g, or
from about 10-90 m2/g, or from about 20-90 m2/g, or from

about 40-90 m2/g, or from
about 20-80 m2/g, or from
about 40-80 m2/g, or from
about 60-80 m2/g, or from
about 8.5-30 m2/g, or from
about 20-40 m2/g, or from
about 40-60 m2/g, or from
about 60-80 m2/g, or from
about 80-100 m2/g, or from
about 10-20 m2/g, or from
about 30-40 m2/g, or from
about 50-60 m2/g, or from

about 10-80 m2/g, or from
about 30-80 m2/g, or from
about 50-80 m2/g, or from
about 70-80 m2/g, or from
about 10-30 m2/g, or from
about 30-50 m2/g, or from
about 50-70 m2/g, or from
about 70-90 m2/g, or from
about 8.5-10 m2/g, or from
about 20-30 m2/g, or from
about 40-50 m2/g, or from
about 60-70 m2/g, or from

about 70-80 m2/g, or from about 80-90 m2/g, or from
about 90-100 m2/g.

[0024] In certain embodiments, the calcined alumina
has a BET surface are of from about 60 to about 100
m2/g and a soda content of at least about 0.30 % by
weight, for example, or least about 0.31 % by weight, or
at least about 0.32 % by weight, or at least about 0.33 %
by weight, or at least about 0.34 % by weight, or at least
about 0.35 % by weight, or at least about 0.36 % by
weight, or at least about 0.37 % by weight, or at least
about 0.38 % by weight, or at least about 0.39 % by
weight, or at least about 0.40 % by weight. The calcined
alumina may have a BET surface area of from about 60
to about 90 m2/g, for example, from about 65 to about
85 m2/g, or from about 70 to about 80 m2/g. Without wish-
ing to be bound by theory, it has been found that the
combination of a BET surface area and relatively high
soda content may enhance grindability of the ceramic
precursor composition and/or suppress or prevent the
growth of primary a-Al,O5 crystal in the ceramic article
obtained from the ceramic precursor materials.

[0025] The calcined alumina may be presentin the ce-
ramic precursor or engobe composition in an amount up
to about 18 % by weight, based on the total dry weight
of the composition, for example, up to about 17 % by
weight, or up to about 16 % by weight, or up to about 15
% by weight, or up to about 14 % by weight, or up to
about 13 % by weight, or up to about 12 % by weight, or
up toabout 11 % by weight, or up to about 10 % by weight,
or up to about 9 % by weight, or up to about 8 % by
weight, or up to about 7 % by weight, or up to about 6 %
by weight, or up to about 5 % by weight, or up to about
4 % by weight, or up to about 3 % by weight, or up to
about 2 % by weight, based on the total dry weight of the
composition. In certain embodiments, the ceramic pre-
cursor composition comprises from about 2 to about 15
% by weight alumina, for example, from about 4 to about
12 % by weight alumina, or from about 8 to about 12 %
by weight alumina.

[0026] The alumina, for example, calcined alumina,
may have a mean particle size (dsg) of less than about
100 pm, for example, a dgq of less than about 95 um, or
adg of less than about 90 um, or a dg of less than about
85 um, or a dgq of less than about 80 wm , or a dgg of
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less than about 75 um, or a ds, of less than about 70
pwm, or a dsq of less than about 65 um, or a dg of less
than about 60 um, or a dgj of less than about 55 pm, or
adggofless than about 50 wm, or a d5 of less than about
45 pm, or a dg of less than about 40 um, or a ds, of less
than about 35 um, or a d5 of less than about 30 um, or
a d;, of less than about 25 um, or a dg of less than about
20 pm, or a dsg of less than about 15 um, or a dg of less
than about 10 wm. In certain embodiments, the alumina
has a dg of at least about 3.0 um, for example, at least
about 4.0 um, or at least about 5.0 pm.

[0027] The alumina, for example, calcined alumina
may have a dg, of less than about 120 um, for example,
a dgg of less than about 100 um, or a dgq of less than
about 90 um, or a dg of less than about 80 um, or a dg
of less than about 70 um, or a dg of less than about 60
pwm, or a dgq of less than about 50 um, or a dg, of less
than about 40 um, or a dg of less than about 30 um, or
a dg of less than about 20 um, or a dg, of less than about
15 pm.

[0028] The alumina, for example, calcined alumina,
may have a d, of less than about 20 um, for example,
adyqof less than about 15 um, ora d, of less than about
10 um, or a dy, of less than about 8 um, or a d4 of less
than about 6 um, or a d of less than about 4 um, or a
dy of less than about 2 um, or a d¢q of less than about
1 pm.

[0029] In certain embodiments, the alumina has dg of
less than about 80 um, e.g., less than about 70 um, a
dgg of less than about 120 um, and a d,, of less than
about 15 um. For example, the alumina may have a dgj,
of less than about 50 um, a dgq of less than about 80
pwm, and a d4q of less than about 15 um, for example, a
d, of less than about 10 wm. For example, the alumina
may have a ds; of less than about 20 um, a dgy of less
than about 80 um, and a d4, of less than about 10 pum.
For example, the alumina may have a dgj of less than
about 10 um, a dg of less than about 20 um, and a d4
of less than about 5 pm.

[0030] In certain embodiments, for example, embodi-
ments of the ceramic precursor composition, the alumina
is in a micronized form. By "micronized" is meant that the
alumina has a dg of equal to or less than about 5.0 um,
for example, equal to or less than about 4.0 um, or equal
to or less than about 3.0 um, or equal to or less than
about 2.5 um, or equal to or less than about 2.0 um, or
equal to or less than about 1.5 um, or equal to or less
than about 1.0 wm, or equal to or less than about 0.5 pm.
In certain embodiments, the micronized alumina has a
dsq of atleast about 0.1 wm, for example, a d5 of at least
about 0.15 wm, or a dg, of at least about 0.2 um. The
micronized alumina may have a dgq of less than about
20 pm, for example, a dg of less than about 15 um, or
a dg of less than about 10 um, or a dg, of less than about
9 um, or a dgg of less than about 8 um, or a dgq of less
than about 7 um, or a dqy of less than about 6 um, or a
dgg of less than about 5 pm.

[0031] In certain embodiments, the micronized alumi-

15

20

25

30

35

40

45

50

55

na has a dg; of less than about 5.0 um, for example, a
dgq of less than about 2.0 wm, and may have a dg of
less than about 10 pm.

[0032] As described below, the alumina (e.g., calcined
alumina) or micronized alumina may be milled, for exam-
ple, dry or wet milled, either alone or in the presence of
amilling aid, forming a "premix", which may then be com-
bined with other components of the ceramic precursor
composition or other components of the engobe comp.
Milling aids include other components of the ceramic pre-
cursor composition or engobe composition, as described
below, but generally utilised in amounts less than that of
the final ceramic precursor composition or engobe com-
position. Thus, depending on the amount of milling aid
used, the premix may comprise from about 10 to about
100 % by weight alumina (100 % alumina meaning no
milling aid is present in the premix), for example, from
about 20 to about 90 % alumina, of from about 40 to
about 90 % alumina, or from about 50 to about 90 %
alumina, or from about 60 to about 80 % alumina.
[0033] The ceramic precursor or engobe composition
comprises no more than about 10 % by weight zirconium
silicate, based on the total dry weight of the ceramic pre-
cursor or engobe composition, respectively. In certain
embodiments, the ceramic precursor or engobe compo-
sition comprises no more than about 9 % by weight zir-
conium silicate, for example, no more than about 8 % by
weight zirconium silicate, or no more than about 7 % by
weight zirconium silicate, or no more than about 6 % by
weight zirconium silicate, or no more than about 5 % by
weight zirconium silicate, or no more than about 4 % by
weight zirconium silicate, or no more than about 3 % by
weight zirconium silicate, or no more than about 2 % by
weight zirconium silicate or no more than about 1 % by
weight zirconium silicate, or no more than about 0.5 %
by weight zirconium silicate, or no more than about 0.1
% by weight zirconium silicate. In certain embodiments,
the ceramic precursor or engobe composition is essen-
tially free of zirconium silicate.

[0034] As discussed above, zirconium silicate has
been the material of choice for use as a whitener/opacifier
in the decorative ceramics industry. The presently inven-
tors have surprising found that alumina as defined herein
may be used as a replacement, either partially or wholly,
for zirconium silicate, without adversely effecting certain
optical properties (e.g., lightness, whiteness and/or
opacity) of ceramic articles, such as earthenware/stone-
ware tiles (.e.g., a porcelain tile). This is despite the fact
that alumina has a lower refractive index than zirconium
silicate and would not therefore be expected to offer ac-
ceptable optical properties, such as lightness, whiteness
and/or opacity. Since alumina, such as calcined alumina,
is significantly cheaper and more readily available than
zirconium silicate, the use of alumina as defined herein
in the compositions of the present invention enables the
production of ceramics atlower cost. Further, the present
inventors have surprisingly found that alumina having rel-
atively high soda content can be used as a partial or total
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replacement for zirconium silicate. Without wishing to be
bound by theory, it has been found that a relatively high
soda content may slow crystal growth in the ceramiclead-
ing to smaller grain sizes compared to ceramics prepared
from alumina having a relatively low soda content. For
example, the ceramic article produced by firing the ce-
ramic precursor composition of the presentinvention may
be characterized as having a primary a-alumina crystal
size ofabout 1 wm or no greater than about 1 um. Further,
as discussed above, the relatively high soda content has
been found to suppress or prevent primary o-Al,O5 crys-
tal growth in the ceramic, which would otherwise be det-
rimental to the optical properties of the ceramic, for ex-
ample, the opacity of the ceramic. Thus, the present in-
ventors have surprisingly found that through the use of
alumina having a relatively high soda content and BET
surface area in the ranges described herein (particularly
in the range of from about 60 to about 90 m2/g, for ex-
ample, from about 65 to about 85 m2/g, or from about 70
to about 80 m2/g, the opacifying capabilities of the alu-
mina may maximized. There is an additional advantage
that costly further processing of alumina, for example,
calcined alumina, to reduce the soda content is not nec-
essary.

[0035] When present the zirconium silicate may have
a dgq of from about 0.5 to about 10 um for example, less
than about 5 um, a dgg of from about 4.0 to about 20 um,
for example, less than about 10 wm, and a d4q of from
about 0.25 to about 5 um, for example, less than about
2 wm. The zirconium silicate may have a BET specific
surface area of from about 2 to about 10 m2/g, for exam-
ple, less than about 6 m2/g:

[0036] The balance ofthe ceramic precursororengobe
compositions of the present invention may comprise one
or more other materials which are suitable for use in a
ceramic precursor or engobe composition which is then
fired to form a ceramic product, for example, a stoneware
or earthenware tile, or a porcelain stoneware tile. Such
materials are many and various and may be selected
from a hydrous kandite clay such as kaolin, halloysite or
ball clay, an anhydrous (calcined) kandite clay such as
metakaolin or fully calcined kaolin, nepheline syenite,
feldspar, talc, mica, quartz, silica, wollastonite, bauxite,
perlite, diatomaceous earth, an alkaline earth metal car-
bonate or sulphate, such as calcium carbonate, magne-
sium carbonate, dolomite, and gypsum, or combinations
thereof. In certain embodiments, the engobe composition
may comprise one or more vitrifiable frits suitable for use
in an engobe composition for a ceramic body.

[0037] In certain embodiments, the ceramic precursor
composition comprises raw materials which are suitable
to form a ceramic tile, for example, a porcelain tile there-
from. In certain embodiments, the ceramic precursor
composition comprises: from about 5 to about 50 % by
weight ball clay, for example, from about 10 to about 40
% by weight ball clay, forexample, from about 15 to about
30 % by weight ball clay, based on the total dry weight
of the ceramic precursor composition; up to about 50 %
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by weight kaolin, for example, from about 10 to about 40
% by weight kaolin, for example, from about 15 to about
30 % by weight kaolin, based on the total dry weight of
the ceramic precursor composition; and from about 20
to about 70 % by weight feldspar and/or nepheline syen-
ite, for example, from about40 % to about 70 % by weight
feldspar and/or nepheline syenite based on the total dry
weight of the ceramic precursor composition. The feld-
spar may be an alkali feldspar, for example, sodium feld-
spar, potassium feldspar, or combinations thereof. The
ceramic precursor composition may comprise up to about
30 % by weight of silica sand and/or fetdspathic sand. In
certain embodiments, the ceramic precursor composition
comprises from about 15-25 % by weight ball clay, from
about 15-25 % by weight kaolin, and from about 40 to
about 70 % by weight feldspar and/or nepheline syenite,
for example from about 10-20 % by weight potassium
feldspar, and from about 40-50 % by weight sodium feld-
spar.

[0038] In certain embodiments, the engobe composi-
tion comprises raw materials which are suitable for ap-
plication to a ceramic tile, for example, an earthenware/
stoneware tile. In certain embodiments, the engobe com-
position comprises: from about 1 to about 50 % by weight
feldspar and/or nepheline syenite, for example, from
about 1 to about 25 % by weight feldspar and/or nephe-
line syenite, or from about 10 to about 20 % by weight
feldspar and/or nepheline syenite, based on the total dry
weight of the engobe composition; from about 5 to about
40 % by weight ball clay, for example, from about 5 to
about 30 % by weight ball clay, or from about 10 to about
25 % by weight ball clay, or from about 15 to about 25 %
by weight ball clay, based on the total dry weight of the
engobe composition; from about 1 to about 20 % by
weight quartz, based on the total dry weight of the engobe
composition; and from about 10 to about 60 % by weight
of one or more vitrifiable frits suitable for use in an engobe
composition for a ceramic body, for example, from about
20 to about 50 % by weight of one or more frits, or from
about 30 to about 50 of one or more frits, based on the
total dry weight of the engobe composition. In certain
embodiments, the engobe composition comprise from
about 5-15 % by weight feldspar and/or nepheline syen-
ite, from about 15-25 % by weight ball clay, from about
5-15 % by weight quartz, and from about 40-60 % by
weight of one or more vitrifiable frits suitable for use in
an engobe composition. The Vvitrifiable frits may be
opaque, transparent, or a combination of opaque and
transparent. The one or more vitrifiable frits may have a
composition (by chemical analysis) having an SiO, con-
tent of from about 40-70 %, for example, from about
50-60%, an Al,O5 content of from about 2-20 %, for ex-
ample, from about 5-15%, a B,05 content of from about
2-25 %, for example, from about 2-10 %, a CaO content
of from about 0-40, for example, from about 1-15 %, a
MgO content of up to about 3 %, for example, from about
0.2 to about 2 %, a Na,O content of up to about 15 %,
for example, from about 0.5 to about 13 %, or from about
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0.5 to about 10 %, a K,O content of up to about 5 %, for
example, from about 2-4%, a ZrO, content of up to about
12 %, for example, from about 0.1 to about 1 %, or from
about 9-11 %, a BaO content of up to about 5 %, for
example, from about 3-5 %, or from about 0.1 to about
1%, and a ZnO content of up to about 10 %, for example,
from about 7-10 %, or from about 0.1 t0 0.5 %. Exemplary
frits include Opaque Frit ED 04 (available from Esmal-
dur™, Spain) and Transparent Frit FT 820 (available from
Esmalgalss™, Spain), and combinations thereof.
[0039] In certain embodiments, the dry materials con-
stituting the ceramic precursor or engobe compositions
are combined with an amount of a liquid medium, for
example, an aqueous liquid medium, for example, water.
Thus, in certain embodiments, the ceramic precursor or
engobe composition comprise from about 20-80 % by
weight water, based on the total dry weight of the com-
position, for example, at least about 25 % by weight wa-
ter, or at least about 30 % by weight water, or at least
about 35 % by weight water, or at least about 40 % by
weight water, or at least about 45 % by weight water, or
at least about 50 % by weight water, or at least about 55
% by weight water. In embodiments, the compositions
comprise less than about 75 % by weight, for example,
less than about 70 % by weight water, or less than about
65 % by weight water, or less tham about 60 % by weight
water, or less than about 55 % by weight water. In certain
embodiments, the solids content of the compositions fol-
lowing mixing with water ranges from about 40 % to about
90 % by weight, for example, from about 50 % to about
80 % by weight, orfrom about 60 to about 75 % by weight,
or from about 65 to about 75 % by weight.

[0040] The ceramic precursor or engobe composition
may further comprise a deflocculating agent. Defloccu-
lating agents that may be used in the present invention
are commercially available from various sources known
to the person skilled in the art. Examples for deflocculat-
ing agents suitable for the purposes of the present inven-
tion include, but are not limited to, sodium tripolyphos-
phate (STPP), sodium hexametaphosphate (HMP), so-
dium silicate, and sodium polyacrylate, which are typi-
cally used in the range of 0.001 wt. % to 5.0 wt. %, based
on the total dray weight of the ceramic precursor or en-
gobe composition, for example, in the range of 0.001 wt.
% to about 3.0 wt. %, or from about 0.001 to about 1.0
wt. %, or from about 0.001 to about 0.1 wt. %.

[0041] The ceramic precursor or engobe composition
may further comprise an amount of binder, for example,
from about 0.01 to about 5.0 wt. % binder, for example,
from about 0.01 to about 3 wt. %, or from about 0.01 to
about 1.0 wt. %, or from about 0.01 to about 0.5 wt. %,
or from about 0.05 to about 0.1 wt. %. Suitable binders
are well known to those skilled in the art and include, for
example, carboxymethylcellulose.

[0042] In certain embodiments, the total amount of a
deflocculant and binder is no greater than about 5 wt. %,
based on the total dry weight of the ceramic precursor or
engobe composition, for example, no greater than about
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3 wt. %, or no greater than about 2 wt. %, or no greater
than about 1 wt. %. or no greater than about 0.75 wt. %,
or no greater than about 0.5 wt. %, or no greater than
about 0.2 wt. %.

[0043] Inembodiments, the ceramic precursor compo-
sition may be in the form of a powder, granular form,
mouldable mixture or slurry. In certain embodiments, it
will be a ready-to-press powder. By "ready-to-press" is
meant a powder which is of a form suitable for pressing
and which does not require any additional beneficiation,
classification, sizing or other processing prior to press-
ing. Preparation of the compositions is described in detail
below (in accordance with the fifth and sixth aspects of
the present invention).

[0044] The ceramic precursor composition in granular
form may be obtained by spray-drying or by passing the
composition through an appropriately sized sieve. For
example, the ceramic precursor composition, following
mixing but prior to forming into a green body, may be
passed through a sieve having an aperture size of no
greater than about 1000 pm, for example, no greater
than about 750 pwm, or no greater than about 500 pum, or
no greater than about 250 pwm, or no greater than about
125 pm.

[0045] In certain embodiments, in which the alumina
is micronized, the alumina may be milled/ground to a
desired particle size and then, if necessary, subjected to
a sizing step to further reduce the particle. The sizing
step may be carried out using any suitable size classifi-
cation device or separator, for example, a hydrocyclone
or an appropriately sized sieve, for example, a sieve hav-
ing an aperture size of no greater than about 5.0 um, for
example, no greater than about 4.0 um, or no greater
than about 3.0 um, or no greater than about 2.5 um, or
no greater than about 2.0 wm, or no greater than about
1.5 wm, or no greater than about 1.0 wm, or no greater
than about 0.5 um.

Green body

[0046] In accordance with the third aspect of the
present invention, the ceramic precursor composition of
the first aspect of the present invention, optionally in the
form of a ready-to-press powder, is formed into a green
body, optionally by pressing the composition. Details of
forming are described below (in accordance with the fifth
aspect of the present invention).

[0047] The body may have any suitable form. For ex-
ample, the body may be in the form of a plate, panel,
brick, sphere, cylinder, or a complex shape. The plate
may be planar ornon-planar, i.e., curved to some degree.
The plate may be in the form of a tile body, for example,
a floor tile body or a wall tile body. The tile body may
have a thickness ranging from about 1 mm to about 30
mm, for example, from about 3 mm to about 20 mm, for
example, from about 4 to about 15 mm, or from about 5
to about 10 mm. The thickness (i.e., cross-section) may
be uniform across the tile or may vary across the tile. The
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tile body may be regular in shape, e.g., circular, ovular,
triangular, square, rectangular, pentagonal, hexagonal,
octagonal, etc, or irregular in shape. The tile body may
be sized to fit, engage or otherwise cooperate with a like
tile.

Ceramic article

[0048] The ceramic material according to the fourth as-
pect of the present invention is obtainable by firing the
green body of the second aspect of the presentinvention.
Details of the firing process are described below (in ac-
cordance with the fifth aspect of the present invention).
[0049] The ceramicarticle may have any suitable form.
For example, the ceramic article may be in the form of a
plate, panel, brick, sphere, cylinder, or a complex shape.
The plate may be planar or non-planar, i.e., curved to
some degree. The plate me be in the form of a tile, for
example, a floor tile or a wall tile. The tile body may have
a thickness ranging from about 1 mm to about 30 mm,
for example, from about 3 mm to about 20 mm, for ex-
ample, from about 4 to about 15 mm, or from about 5 to
about 10 mm. The thickness (i.e., cross-section) may be
uniform across the tile or may vary across the tile. The
tile body may be regular in shape, e.g., circular, ovular,
triangular, square, rectangular, pentagonal, hexagonal,
octagonal, etc, orirregularin shape. The tile may be sized
to fit, engage or otherwise cooperate with a like tile. The
tile may be a porcelain tile, for example, a porcelain tile
having a water absorption below 0.5% H,O by ISO
10545-3:1995.

[0050] The ceramic article may be characterized in
terms of crystal size. In certain embodiments, the ceramic
article comprises primary o-Al,Oj crystals having a size
of from about 0.1 to about 10 wm, for example, from about
0.5 to about 5.0 um, or from about 0.5 to about 2.0 um,
or from about 0.5 to about 1.5 um, or from about 0.5 to
about 1.2 pum, or from about 0.6 to about 1.2 pum, or from
about 0.7 to about 1.2 pm, or from about 0.8 to about 1.2
pm.

[0051] Crystal size may be determined by visual in-
spection of an SEM of the ceramic article. Crystal size is
taken to be the maximum (straight line) dimension be-
tween boundaries of an individual crystal as shown in an
SEM image of the grain. For other materials in the ce-
ramic article, the crystal size may range from about 0.5
to about 0.45 pm.

[0052] In certain embodiments, for any given surface
area (shown in an SEM image of the ceramic article) of
the ceramic article, at leastabout 50% of the Al, O3 grains
have a size from about 0.1 to about 10 um, for example,
from about 0.5 to about 5.0 uwm, or from about 0.8 to
about 2.0 wm, or from about 0.8 to about 1.5 pm, or from
about 0.9 to about 1.2 um. In certain embodiment, at lest
about 60 %, or at least about 70 %, or at least about 80
%, or at least about 90 % of the Al,O5 grains have a size
from about 0.1 to about 10 um, for example, from about
0.5 to about 5.0 um, or from about 0.8 to about 2.0 um,
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or from about 0.8 to about 1.5 pum, or from about 0.9 to
about 1.2 pm.

[0053] The ceramic article, e.g., tile, may have certain
optical properties. In certain embodiments, the ceramic
article has:

(i) a whiteness index, W, of at least about 1, for
example, at least 20, or at least about 30; and/or
(ii) alightness, L*, of at least about 76.0, for example,
at least about 83.0, or at least about 85.0; and/or;
(iii) a yellowness, b*, of less than about 12.0, for-
example, less than about 10.0, or less than about
7.00, and a redness, a*, of less than about 3.00, for
example, less than about 1.50, or less than about
0.90.

[0054] Optical properties may be determined in ac-
cordance with CIE publication 15.2(1986), section 4.2,
details of which are appended to the detailed description.
[0055] In certain embodiments, the ceramic article has
a CIE whiteness index of at least about 5, or at least
about 10, or at least about 15, or at least about 20, or at
least about 25, or at least about 26, or at least about 27,
or at least about 28, or at least about 29, or at least about
30, or at least about 31, or at least about 32, or at least
about 33, or at least about 34, or at least about 35, or at
least about 36, or at least about 37. In embodiments, the
ceramic article has a CIE whiteness index of no more
than about 45, for example, no grater than about 40.
Whiteness, W, is calculated from X, Y and Z values
derived from L*a*b* values.

[0056] In certain embodiments, the ceramic article has
a lightness of at least about 77.0, for example, at least
about 78.0, or at least about 79.0, or at least about 80.0,
or at least about 81.0, or at least about 82.0, or at least
about 83.0, or at least about 83.5, , or atleast about 84.0,
or at least about 84.5, or at least about 85.0, or at least
about 85.5, or at least about 86.0, or at least about 86.5,
or at least about 86.75, or at leas about 87.0, or at least
about 87.25, or atleast about 87.5, or at least about 88.0
or at least about, or at least about 88.25, or at least about
88.5, or at least about 88.75, or at least about 89.0. In
certain embodiments, the lightness, L*, is no greater than
about 92.0, for example, no greater than about 91.0, or
no greater than about 90.0.

[0057] In certain embodiments, the ceramic article has
a yellowness, b*, of less than about 11.5, for example,
less than about 11.0, orless than about 10.5, or less than
about 10,0, or less than about 9.50, or less than about
9.00, less than about 8..50, or less than about 8.00, or
less than about 7.50, or less than about 7.00, or less than
about 6.75, or less than about 6.50, and a redness, a*,
of less than about 2.50, or less than about 2.0, or less
than about 1.50, or less than about 1.40, or less than
about 1.30, or less than about 1.20, or less than about
1.10, or less than about 1.10, or less than about 1.00, or
less than about 0.90, or less than about 0.80, or less than
about 0.70, or less than about 0.60, or less than about
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0.50, or less than about 0.40, or less than about 0.30.
[0058] The ceramic article may have a bulk density in
the range of from about 2.0 to about 3.0 g/cm3, for ex-
ample, from about 2.2 to about 2.8 g/cm3, or from about
2.2 to about 2.7 g./cm3, or from about 2.3 to about 2.6
g/cm3, or from about 2:3 to about 2.5 g/cm3.

[0059] The ceramic article may have applied thereto
(for example, to a surface of the ceramic article) an en-
gobe composition according to second aspect of the
present invention. As described above, the ceramic arti-
cle may be in the form of a tile, for example, an porcelain
tile. The engobe composition may be applied to a wetted
surface of the ceramic article and then fired at a temper-
ature of atleast about 900°C, for example, a temperature
of at least about 1000°C, or at least about 1100°C, or at
least about 1200°C, or at least about 1300°C, for exam-
ple, no greater than about 1500°C, or no greater than
about 1450°C. The ceramic tile may have a glaze applied
upon the engobe layer. The glaze may be of any form
suitable for application to a ceramic tile. The glaze may
be transparent or opaque.

Preparative methods

[0060] Inaccordance withthefifth aspectofthe present
invention, there is provided a process for making a ce-
ramic article according to the fourth aspect of the present
invention, comprising:

(i) milling a mixture comprising:

(a)from about 1-20 % by weight alumina, based
on the total dry weight of the mixture being
milled, wherein said alumina has a soda (Na,O)
content of greater than about 0.25 % by weight,
(b)no more than about 10 % by weight zirconium
silicate, based on the total dry weight of the mix-
ture being milled,

(c) at least about 70 % by weight of ceramic pre-
cursor material, other than (a) or (b), suitable for
firing to form a ceramic article, for example, a
porcelain tile body, and optionally

(d)at least about 20 % by weight water, based
on/the total dry weight of the mixture being
milled, and

(e)up to about 5 % by weight deflocculant, based
on the total dry weight of the mixture being
milled;

(ii) forming a green body, for example, a green tile
body, from said wet-milled mixture;

(iii) optionally drying said green body, for example,
a green tile body; and

(iv) firing said green body, for example, a green tile
body, at a temperature sufficient to form a ceramic
article, for example, a tile.

[0061] In certain embodiments, the mixture is wet-
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milled to form a homogenous mixture.

[0062] Mixingand milling, e.g., wet-milling, may be per-
formed with any suitable apparatus, such as, for exam-
ple, a mixer, or mill, for example, a ball mill, such as a
planetary ball mill.

[0063] In an embodiment, the total milling time is less
than about 25 hours, for example, less than about 20
hours, or less than about 15 hours, or lass than about 10
hours, or less than about 5 hours, or less than about 3
hours, or less than about 2 hours, or less than about 1
hour, or less than about 45 minutes. Typically, the total
milling time is greater than about 10 minutes.

[0064] In certain embodiments, for example, embodi-
ments in which the alumina is micronized, the alumina
may be added towards the end of the milling stage, for
example, during the last 5 minutes of milling, or the last
3 minutes of milling, or the last 1 minute of milling. For
example, components (b), (c), (d) and (e) may be com-
bined and milled for a period of time of from about 10
minutes to about 1 hour, following which alumina and/or
micronized alumina may be added a milling continued
for a further 5 minutes or less, for example, 3 minutes or
less, or 1 minute or less. In certain embodiments, the
alumina may be added after the milling stage. Micronized
alumina may be added in the form of a suspension.
[0065] The water may be partially or completely elim-
inated from the mixture at the end of milling. In one ad-
vantageous embodiment, the water is removed by spray-
drying to prepare a powder, for example, a ready-to-
press powder. Other dryers include tunnel dryers and
periodic dryers. In certain embodiments, the wet-milled
mixture is spray dried and then granulated by passing
through a sieve having an aperture size of no greater
than about 1000 pwm to form a granular powder. In certain
embodiments, the sieve has an aperture size of no great-
er than about 750 pm, for example, no greater than about
500 wm, or no greater than about 250 wm, or no greater
than about 125 pm

[0066] Suitable ceramic precursor materials other than
(a) or (b) are many and various and may be selected from
a hydrous kandite clay such as kaolin, halloysite or ball
clay, an anhydrous (calcined) kandite clay such as me-
takaolin or fully calcined kaolin, nepheline syenite, feld-
spar, talc, mica, quartz, silica, wollastonite, bauxite, per-
lite, diatomaceous earth, an alkaline earth metal carbon-
ate or sulphate, such as calcium carbonate, magnesium
carbonate, dolomite, and gypsum, or combinations
thereof.

[0067] In certain embodiments, the ceramic precursor
composition comprises raw materials which are suitable
to form a ceramic tile, for example, a porcelain tile there-
from. In certain embodiments, the ceramic precursor
composition comprises: from about 5 to about 50 % by
weight ball clay, for example, from about 10 to about 40
% by weight ball clay, or from about 15 to about 30 % by
weight ball clay, based on the total dry weight of the ce-
ramic precursor composition; up to about 50 % bv weight
kaolin, for example, from about 10 to about 40 % by
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weight kaolin, or from about 15 to about 30 % by weight
kaolin, based on the total dry weight of the ceramic pre-
cursor composition; up to about 50 % by weight kaolin,
for example; and from about 20 to about 70 % by weight
feldspar and/or nepheline syenite, for example, from
about 40 to about 70 % by weight feldspar and/or nephe-
line syenite, based on the total dry weight of the ceramic
precursor composition. The feldspar may be an alkali
feldspar, for example, sodium feldspar, potassium feld-
spar, or combinations thereof. The ceramic precursor
composition may further comprise up to about 30 % by
weight of silica sand/and or feldspathic sand. In certain
embodiments, the ceramic precursor composition com-
prises from about 15-25 % by weight ball clay, from about
15-25 % by weight kaolin, and from about 40 to about 70
% by weight feldspar and/or nepheline syenite, for ex-
ample, from about 10-20 % by weight potassium feldspar,
and from about 40-50 % by weight sodium feldspar.
[0068] The resulting mixture is then shaped into green
body by any known ceramic forming process. Forming
is making the mixed material into a green body of any
desirable form or shape, e.g., a plate (e.g., tile), panel or
brick, cylinder, sphere, oracomplex shape. tmay involve
any one of conventional processes such as extrusion,
slip-casting, pressure-casting, throwing, tape-casting, in-
jection molding, or pressing, including dry pressing, iso-
static pressing, or hot isostatic pressing. Pressing may
be carried out under any suitable pressure. For example,
a pressure of at least about 30 bar, or at least about 40
bar, or at least about 50 bar.

[0069] The prepared body is then dried, for example,
atatemperature of atleastabout 100°C, e.g., about 105°,
and fired at a suitable temperature for a suitable time to
form a fired ceramic body. The drying and firing condi-
tions will vary depending the ceramic processing condi-
tions composition, forming, size of green body and nature
of equipments. Firing may be conducted in any suitable
oven or kiln.

[0070] The firing may be conducted at a temperature
of at least 900°C, for example, at least about 1000°C, or
at least about 1100°C, or at least about 1200°C, or at
least 1250°C, or at least about 1300°C, or at least about
1350°C, or at least about 1400°C, or at least about
1450°C. The firing temperature may be less than about
1500°C, for example, less than about 1450°C, or less
than about 1300°C.

[0071] Firing time may be between about 5 hours and
48 hours, for example, from about 10 hours to about 36
hours, for example, from about 10 hours to about 24
hours.

[0072] In certain embodiments, firing time is between
15 minutes and 120 minutes, for example, from about 20
minutes to about 90 minutes, for example, from about 20
minutes to about 60 minutes. The maximum temperature
may be from about 1050°C to about 1250°C.

[0073] The ceramic article, for example, a tile, obtain-
able by the process of the fifth aspect of the invention
may have an engobe composition applied thereto. The
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engobe composition may be the engobe composition ac-
cording to the second aspect of the present invention. In
certain embodiments, the engobe composition (in wetted
form) is applied to a wetted surface of the ceramic article,
for example, a wetted surface of a ceramic tile, which
may be an earthenware or stoneware tile. The engobe
composition may be applied using conventional casting
methods and equipment, e.g., a slit applicator, bell, pres-
surized vela or double disc devices.

[0074] The ceramic article or tile may then be dried,
for example, ata temperature of atleast about 70°C, e.g.,
at least about 100°C, e.g., about 105°C, and then fired
for a suitable period of time, as described above. In cer-
tain embodiments the ceramic article (e.g., tile) is fast
fired, by which is meant that firing is conducted over a
period of less than about 2 hours, for example, less than
about 1.5 hours, or less than about 1 hour. Suitable firing
temperatures are described above in connection with the
firing of a green body. Fast firing may be conducted in a
gas roller kiln.

[0075] The ceramic article, e.g., tile, having an engobe
composition applied thereto and then fired as described
above, may have a glaze applied upon the engobe layer.
The glaze may be of any form suitable for application to
aceramic tile, for example, an earthenware or stoneware
tile. The glaze may be transparent or opaque.

[0076] In accordance with the sixth aspect of the
presentinvention, there is provided a process for making
an engobe composition according to second aspect of
the present invention, comprising:

(i) wet-milling a mixture comprising:

(a)from about 1-20 % by weight alumina, based
on the total dry weight of the mixture being
milled, wherein said alumina has a soda (Na,O)
content of greater than about 0.25 % by weight,
(b)no more than about 10 % by weight zirconium
silicate, based on the total dry weight of the mix-
ture being milled,

(c) atleast about 70 % by weight of engobe pre-
cursor material, other than (a) or (b), suitable for
firing to form an engobe layer upon a ceramic
article, for example, an earthenware or stone-
ware tile body,

(d)at least about 20 % by weight water, based
on the total dry weight of the mixture being
milled, and

(e)up to about 5 % by weight deflocculant, based
on the total dry weight of the mixture being
milled; and

(i) optionally sizing the resulting wet-milled engobe
composition.

[0077] In certain embodiments, the mixture comprises
no more than about 50 % by weight water, for example,
no more than about 45 % by weight water, or no more
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than about 40 % by weight water, or no more than about
35 % by weight water, or no more than about 30 % by
weight water.

[0078] Suitable engobe precursor materials other than
(a) or (b) are many and various and may be selected from
a hydrous kandite clay such as kaolin, halloysite or ball
clay, an anhydrous (calcined) kandite clay such as me-
takaolin or fully calcined kaolin, nepheline syenite, feld-
spar, talc, mica, quartz, silica, wollastonite, bauxite, per-
lite, diatomaceous earth, an alkaline earth metal carbon-
ate or sulphate, such as calcium carbonate, magnesium
carbonate, dolomite, and gypsum, or combinations
thereof.

[0079] In certain embodiments, the engobe precursor
material comprises raw materials which are suitable for
application to a ceramic tile, forexample, an earthenware
or stoneware tile. In certain embodiments, the engobe
precursor material comprises: from about 1 to about 50
% by weight feldspar and/or nepheline syenite, for ex-
ample, from about 1 to about 25 % by weight feldspar
and/or nepheline syenite, or from about 10 to about 20
% by weight feldspar and/or nepheline syenite, based on
the total dry weight of the engobe composition; from
about 5 to about 40 % by weight ball clay, for example,
from about 5 to about 30 % by weight ball clay, or from
about 10 to about 25 % by weight ball clay, or from about
15 to about 25 9% by weight hall clay, based nn the total
dry weight of the engobe composition; from about 1 to
about 20% by weight quartz, based on the total dry weight
of the engobe composition; and from about 10 to about
60 % by weight of one or more vitrifiable frits suitable for
use in an engobe composition for a ceramic body, for
example, from about 20 to about 50 % by weight of one
or more frits, or from about 30 to about 50 % of one or
more frits, based on the total dry weight of the engobe
composition. In certain embodiments, the engobe com-
position comprise from about 5-15 % by weight feldspar
and/or nepheline syenite from about 15-25 % by weight
ball clay, from about 5-15 % by weight quartz, and from
about 40-60 % by weight of one or more vitrifiable frits
suitable for use in an engobe composition. The vitrifiable
frits may be opaque, transparent, or a combination of
opaque and transparent. The one or more vitrifiable frits
may have a composition (by chemical analysis) having
an SiO, content of from about40-70 %, for example, from
about 50-60%, an Al,O5 content of from about 2-20 %,
for example, from about 5-15%, a B,O5 content of from
about 2-25 %, for example, from about 2-10 %, a CaO
content of from about 0-40, for example, from about 1-15
%, a MgO content of up to about 3 %, for example, from
about 0.2 to about 2 %, a Na,O content of up to about
15 %, for example, from about 0.5 to about 13 %, or from
about 0.5 to about 10 %, a K,O content of up to about 5
%, for example, from about 2-4%, a ZrO, content of up
to about 12 %, for example, from about 0.1 to about 1 %,
or from about 9-11%, a BaO content of up to about 5 %,
for example, from about 3-5 %, or from about 0.1 to about
1 %, and a ZnO content of up to about 10 %, for example,
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from about 7-10 %, or from about 0.1 t0 0.5 %. Exemplary
frits include Opaque Frit ED 04 (available from Esmal-
dur™, Spain), Transparent Frit FT 820 (available from
Esmalglass™, Spain), and combinations thereof.
[0080] Mixing and wet-milling may be performed with
any suitable apparatus, such as, for example, a mixer,
or mill, for example, a ball mill, such as a planetary ball
mill.

[0081] In an embodiment, the total milling time is less
than about 25 hours, for example, less than about 20
hours, or less than about 15 hours, or less than about 10
hours, or less than about 5 hours, or less than about 3
hours, or less than about 2 hours, or less than about 1
hour, or less than about 45 minutes. Typically, the total
milling time is greater than about 10 minutes.

[0082] Following milling, the engobe composition may
have a dg of no greater than about 10 um, for example,
no greater than about 8 um, or no greater than about 6
pm. Following milling, the engobe composition may have
a dsg of at least about 1 wm, for example, at least about
2 wm. For the avoidance of doubt, the particle sizes re-
ferred to immediately above are given with respect to all
solid components present in the engobe composition.
[0083] When carried out, sizing step (ii) may comprise
sieving the wet-milled engobe mixture, for example, siz-
ing with a sieve having an aperture size of no greater
than about 750 um, for example, no greater than about
500 wm, or no greater than about 250 wm, or no greater
than about 125 pwm, or no greater than about 100 um, or
no greater than about 75 pm, or no greater than about
50 pm.

[0084] The engobe composition may then be applied
to the surface of a ceramic article, e.g., tile, as described
above in connection with the fifth aspect of the present
invention.

[0085] In certain embodiments of the fifth and sixth as-
pects of the present invention, the alumina is calcined
alumina and the calcined alumina is formed by:

(1) heating aluminium hydroxide, for example, gibb-
site, to a temperature greater than about 800°C such
that at least about 10 % by weight a-Al, O is formed,
for example, at least about 15 % by weight, or at
least about 20 % by weight a-Al,O5 is formed based
on the total weight of calcined alumina; or

(2) treating aluminium hydroxide, for example, gibb-
site, using the Bayer process and heating under
pressure, such that at least about 10 % a-Al,O5 is
formed, for example, at least about 15 % by weight,
or at least about 20 % by weight a-Al,O5 is formed
based on the total weight of calcined alumina.

[0086] In certain embodiments, processes (1) or (2)
are carried out under suitable conditions to form at least
about 50 % by weight a-Al, O3, for example, atleast about
75 % by weight a-Al,O3. In certain embodiments, proc-
esses (1) or (2) are carried out under suitable conditions
to form a calcined alumina product consisting essentially
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100 % by weight a-Al,O5.

[0087] The temperature during (1) or (2) may be great-
er than about 900°C, or greater than about 1000°C, or
greater than about 1100°C.

[0088] In certain embodiments, the process of making
the ceramic article does not include a step of reducing
the soda content of the calcined alumina prior to (i) of the
fifth or sixth aspect of the present invention.

Measurement of optical properties

[0089] In 1976 the CIELAB or CIE L*a*b colour scale
was created. CIE publication 15.2(1986), section 4.2 con-
tains details on this colour scale. This scale provides a
standard, approximately uniform color scale enabling
comparison of colour values. According to this scale, dif-
ferences between points plotted in the color space cor-
respond to visual differences between the colors plotted.
The CIELAB color space is organized in a cube form.
The L* axis runs from the top to bottom. The maximum
for L* is 100, which represents a perfect reflecting diffus-
er. The minimum for L* is zero, which represents black.
The a* and b* axes have no specific numerical limits.
Positive a* is red. Negative a* is green. Positive b* is
yellow. Negative b* is blue. A diagram representing the
CIELAB color space is shown in Figure 1.

[0090] THE CIELAB colour scale maybe used on any
object whose color may be determined. It is used exten-
sively in many industries. It provides a standard scale for
comparison of color values.

- conditions for measurement

[0091] Instrumental: Konica Minolta CM2500d color
measurement instrument in reflectance mode
llluminant: Dgg

Standard Observer Function: 10 degree

[0092] For the avoidance of doubt, the present appli-
cation is directed to the subject-matter described in the
following numbered paragraphs:

1. A ceramic precursor composition suitable for firing
to form a tile body, said composition comprising from
about 1-20 % by weight alumina and no more than
about 10 % by weight zirconium silicate, based on
the total dry weight of the ceramic precursor compo-
sition, wherein said alumina has a soda (Na,O) con-
tent of greater than about 0.25 % by weight, based
on the total weight of alumina.

2. An engobe composition for a ceramic body, said
composition comprising fromabout 1-20 % by weight
alumina and nn more than about 10 % by weight
zirconium silicate, based on the total dry weight of
the ceramic precursor composition, wherein said
alumina has a soda (Na,O) content of greater than
about 0.25 % by weight.
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3. The ceramic precursor or engobe composition ac-
cording to numbered paragraph 1 or 2, wherein the
alumina has a soda content of at least about 0.30
wt. %, for example, at least about 0.35 wt. %.

4. The ceramic precursor or engobe composition ac-
cording to any preceding numbered paragraph,
wherein said alumina has a dj; of less than about
100 pm.

5. The ceramic precursor or engobe composition ac-
cording to numbered paragraph 5, wherein said alu-
mina has a dg of less than about 80 um, a dg, of
less than about 120 wm, and a d4q of less than about
15 pm.

6. The ceramic precursor or engobe composition ac-
cording to any preceding numbered paragraph, fur-
ther comprising at least about 20 % by weight water,
based on the total dry weight of the composition.

7. The ceramic precursor composition according to
any preceding numbered paragraph, where the alu-
mina is a micronized alumina having a ds; of less
than about5.0 wm, optionally a dsj of less tham about
2.0 um, and optionally a dsg of less than about 10 um.

8. The ceramic precursor material according to num-
bered paragraph 7, wherein the micronized alumina
has been wet milled as a premix, optionally either
alone or with other components of the ceramic pre-
cursor mixture as milling aid(s), and wherein the
premix comprises from about 10 to about 100 % by
weight alumina, for example, from about 20 to about
90 % alumina, of from about 40 to about 90 % alu-
mina, or from about 50 to about 90 % alumina, or
from about 60 to about 80 % alumina.

9. The ceramic precursor or engobe composition ac-
cording to any preceding numbered paragraph,
wherein the alumina is calcined alumina, of which at
least about 10 wt. % is a-Al,O4, for example, at least
about 15 wt. % is a-Al,O3.

10. The ceramic precursor composition according to
any preceding numbered paragraph, wherein the
composition is in granular form which passes
through a sieve having an aperture size of no greater
than about 1000 wm. for example, no greater than
about 500 um.

11. The ceramic precursor or engobe composition
according to any preceding numbered paragraph,
wherein the composition comprises less than about
5 wt. % zirconium silicate, optionally less than about
2 wt. % zirconium silicate, optionally less than about
1 wt. % zirconium silicate, or is free of zirconium sil-
icate.
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12. The ceramic precursor composition according to
any preceding numbered paragraph, wherein the
composition comprises from about 5 to about 50 %
by weightball clay, up to about 50 % by weight kaolin,
and from about 20 to about 70 % by weight feldspar
and/or nepheline syenite.

13. The engobe composition according to any pre-
ceding numbered paragraph, wherein the composi-
tion comprises from about 1 to about 50 % by weight
feldspar and/or nepheline syenite, from about 5 to
about 40 % by weight ball clay, from about 1 to about
20 % by weight quartz, and from about 10 to about
60 % by weight of one or more vitrifiable frits suitable
for use in an engobe composition for a ceramic body.

14. The ceramic precursor or engobe composition
according to any preceding numbered paragraph,
wherein the alumina has a BET specific surface area
of from about 1 to about 100 m2/g, optionally from
about 20 to about 95 m2/g, and optionally from about
40 to about 90 m2/g.

15. A green body formed from the ceramic precursor
composition according to any preceding numbered
paragraph.

16. A ceramic article obtainable by firing the green
body of numbered paragraph 15.

17. The ceramic article according to numbered par-
agraph 16, having:

(i) a whiteness index, Wecie, of at least about 1,
for example, at least about 20, or at least about
30; and/or

(i) a lightness, L*, of at least about 76.0, for ex-
ample, atleastabout83.0, or atleast about 85.0;
and/or

(iii) a yellowness, b*, of less than about 12.0, for
example, less than about 10.00, or less than
about 7.00; and a redness, a*, of less than about
3.0, for example, less than about 1.50, or less
than about 0,70.

18. A green body or ceramic article having a wetted
surface and a layer of an engobe composition ac-
cording to any one of numbered paragraphs 2-6, 9,
11 and 14, optionally wherein the engobe composi-
tion is fired at a temperature of at least about 900°C.

19. A ceramic article having an engobe according to
numbered paragraph 18, wherein the ceramic article
is a ceramic article according to numbered para-
graph 15 or 16.

20. A ceramic article according to numbered para-
graph 19 in the form of a tile, optionally wherein the
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tile is an earthenware or stoneware tile or porcelain
stoneware tile.

21. A glazed tile according to numbered paragraph
20.

22. A process for making a ceramic article, compris-
ing:

(iv) milling a mixture comprising:

(a) from about 1-20 % by weight alumina,
based on the total dry weight of the mixture
being milled, wherein said alumina has a
soda (Na,O) content of greater than about
0.25 % by weight,

(b) no more than about 10 % by weight zir-
conium silicate, based on the total dry
weight of the mixture being milled,

(c) at least about 70 % by weight of ceramic
precursor material, other than (a) or (b), suit-
able for firing to form a ceramic article, for
example, a porcelain tile body, and option-
ally

(d) at least about 20 % by weight water,
based on the total dry weight of the mixture
being milled, and

(e) up to about 5 % by weight deflocculant,
based on the total dry weight of the mixture
being milled;

(ii) forming a green body, for example, a green
tile body, from said milled mixture;

(iii) optionally drying said green body, for exam-
ple, said green tile body; and

(iv) firing said tile at a temperature sufficient to
form a ceramic article, forexample; a stoneware,
a porcelain stoneware or a porcelain tile.

23. The process of numbered paragraph 22, wherein
the mixture comprises (c) and (d), and (ii) comprises
spray drying the wet-milled mixture to form a granular
powder, and pressing said granular powder under a
pressure of at least about 30 bar to form said green
body.

24. A process for making an engobe composition,
comprising:

(v) wet-milling a mixture comprising:

(a) from about 1-20 % by weight alumina,
based on the total dry weight of the mixture
being milled, wherein said alumina has a
soda (Na,O) content of greater than about
0.25 % by weight,

(b) no more than about 10 % by weight zir-
conium silicate, based on the total dry
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weight of the mixture being milled,

(c) atleast about 70 % by weight of engobe
precursor material, other than (a) or (b), suit-
able for firing to form an engobe layer upon
a ceramic article, for example, a porcelain
tile body,

(d) at least about 30 % by weight water,
based on the total dry weight of the mixture
being milled, and

(e) up to about 5 % by weight deflocculant,
based on the total dry weight of the mixture
being milled; and

(vi) optionally sizing the resulting wet-milled en-
gobe composition.

25. The process of numbered paragraphs 22-24,
wherein firing time is between about 15 minutes and
120 minutes, for example, from about 20 minutes to
about 90 minutes, for example, from about 20 min-
utes to about 60 minutes, and the maximum temper-
ature ranges from about 1050°C to about 1250°C.

26. The process according to any one of numbered
paragraphs 22-25, wherein the alumina has a BET
specific surface area of from about 1 to about 100
m2/g, optionally from about 20 to about 95 m2/g, and
optionally from about 40 to about 90 m2/g.

27. The process according to any one of numbered
paragraphs 22-26, wherein said alumina is calcined
alumina, wherein said calcined alumina is formed by:

(1) heating aluminium hydroxide to a tempera-
ture greater than about 800°C such that at least
about 10 % by weight a-Al,0O5 is formed, based
on the total weight of calcined alumina; or

(2) treating aluminium hydroxide using the Bay-
er process and heating under pressure, such
that at least about 10 % o-Al,O5 is formed,
based on the total weight of calcined alumina;
and

wherein the process does not include a step of re-
ducing the soda content of the calcined alumina prior
to (i) of claim 22 or 24.

28. Use of alumina having a soda (Na,O) content of
greater than about 0.25 % by weight, based on the
total weight of alumina, as whitener and/or opacifier
in a ceramic article, for example, a porcelain tile,
formed from a ceramic precursor composition com-
prising no more than about 10 % by weight zirconium
silicate, based on the total dry weight of the ceramic
precursor composition, wherein said alumina is
present in the ceramic precursor composition in an
amount of from about 1 to about 20 % by weight,
based on the total dry weight of the ceramic precur-
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sor composition.

29. Use of alumina having a soda (Na,O) content of
grater than about 0.25 % by weight, based on the
total weight of alumina, as whitener and/or opacifier
in an engobe composition for a ceramic body, for
example, a porcelain tile, wherein said engobe com-
position comprises no more than about 10 % by
weight zirconium silicate, based on the total dry
weight of the engobe composition, wherein said alu-
mina is present in the engobe composition in an
amount of from about 1 to about 20 % by weight,
based on the total dry weight of engobe composition.

30. Use according to numbered paragraphs 26 or
27, wherein the alumina has a BET specific surface
area of from about 1 to about 100 m2/g, optionally
from about 20 to about 95 m2/g, and optionally from
about 40 to about 90 m2/g.

Claims

A ceramic precursor composition suitable for firing
toform a tile body, said composition comprising from
about 1-20 % by weight alumina and no more than
about 10 % by weight zirconium silicate, based on
the total dry weight of the ceramic precursor compo-
sition, wherein said alumina has a soda (Na,O) con-
tent of greater than about 0.25 % by weight, based
on the total weight of alumina.

An engobe composition for a ceramic body, said
composition comprising from about 1-20 % by weight
alumina and no more than about 10 % by weight
zirconium silicate, based on the total dry weight of
the ceramic precursor composition, wherein said
alumina has a soda (Na,O) content of greater than
about 0.25 % by weight.

The ceramic precursor or engobe composition ac-
cording to claim 1 or 2, wherein the alumina has a
soda content of at least about 0.30 wt. %, for exam-
ple, at least about 0.35 wt. %.

The ceramic precursor composition according to any
preceding claim, where the alumina is a micronized
alumina having a ds of less than about 5.0 um, op-
tionally a d5q of less tham about 2.0 um, and option-
ally a dg of less than about 10 um.

The ceramic precursor material according to claim
4, wherein the micronized alumina has been wet
milled as a premix, optionally either alone or with
other components of the ceramic precursor mixture
as milling aid(s), and wherein the premix comprises
from about 10 to about 100 % by weight alumina, for
example, from about 20 to about 90 % aiumina, of
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from about 40 to about 90 % alumina, or from about
50 to about 90 % alumina, or from about 60 to about
80 % alumina.

The ceramic precursor or engobe composition ac-
cording to any preceding claim, wherein the alumina
is calcined alumina, of which at least about 10 wt. %
is a-Al,O3, for example, at least about 15 wt. % is
a-Al,Os.

The ceramic precursor or engobe composition ac-
cording to any preceding claim, wherein the compo-
sition comprises less than about 5 wt. % zirconium
silicate, optionally less than about 2 wt. % zirconium
silicate, optionally less than about 1 wt. % zirconium
silicate, or is free of zirconium silicate.

The ceramic precursor composition according to any
preceding claim, wherein the composition comprises
from about 5 to about 50 % by weight ball clay, up
to about 50 % by weight kaolin, and from about 20
to about 70 % by weight feldspar and/or nepheline
syenite.

The engobe composition according to any preceding
claim, wherein the composition comprises from
about 1 to about 50 % by weight feldspar and/or
nepheline syenite, from about 5 to about 40 % by
weightball clay, from about 1 to about 20 % by weight
quartz, and from about 10 to about 60 % by weight
of one or more vitrifiable frits suitable for use in an
engobe composition for a ceramic body.

The ceramic precursor or engobe composition ac-
cording to any preceding claim, wherein the alumina
has a BET specific surface area of from about 1 to
about 100 m2/g, optionally from about 20 to about
95 m2/g, and optionally from about 40 to about 90
m2/g.

A green body formed from the ceramic precursor
composition according to any preceding claim.

A ceramic article obtainable by firing the green body
of claim 11.

A ceramic article according to claim 12 in the form
of atile, optionally wherein the tile is an earthenware
or stoneware tile or porcelain stoneware tile.

A glazed tile according to claim 13.

A process for making a ceramic article, comprising:

(i) milling a mixture comprising:

(a) from about 1-20 % by weight alumina,
based on the total dry weight of the mixture
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being milled, wherein said alumina has a
soda (Na,O) content of greater than about
0.25 % by weight,

(b) no more than about 10 % by weight zir-
conium silicate, based on the total dry
weight of the mixture being milled,

(c) at least about 70 % by weight of ceramic
precursor material, other than (a) or (b), suit-
able for firing to form a ceramic article, for
example, a porcelain tile body, and option-
ally

(d) at least about 20 % by weight water,
based on the total dry weight of the mixture
being milled, and

(e) up to about 5 % by weight deflocculant,
based on the total dry weight of the mixture
being milled;

(ii) forming a green body, for example, a green
tile body, from said milled mixture;

(iii) optionally drying said green body, for exam-
ple, said green tile body; and

(iv) firing said tile at a temperature sufficient to
form a ceramic article, forexample, a stoneware,
a porcelain stoneware, or a porcelain tile.

16. A process for making an engobe composition, com-

prising:
(i) wet-milling a mixture comprising:

(a) from about 1-20 % by weight alumina,
based on the total dry weight of the mixture
being milled, wherein said alumina has a
soda (Na,O) content of greater than about
0.25 % by weight,

(b) no more than about 10 % by weight zir-
conium silicate, based on the total dry
weight of the mixture being milled,

(c) at least about 70 % by weight of engobe
precursor material, other than (a) or (b), suit-
able for firing to form an engobe layer upon
a ceramic article, for example, a porcelain
tile body,

(d) at least about 30 % by weight water,
based on the total dry weight of the mixture
being milled, and

(e) up to about 5 % by weight deflocculant,
based on the total dry weight of the mixture
being milled; and

(i) optionally sizing the resulting wet-milled en-
gobe composition.

17. The process of claim 15 or 16, wherein firing time is

between about 15 minutes and 120 minutes, for ex-
ample, from about 20 minutes to about 90 minutes,
for example, from about 20 minutes to about 60 min-
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utes, and the maximum temperature ranges from
about 1050°C to about 1250°C.

The process according to any one of claims 15-17,
wherein the alumina has a BET specific surface area
of from about 1 to about 100 m2/g, optionally from
about 20 to about 95 m2/g, and optionally from about
40 to about 90 m?/g.
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A ceramic precursor composition suitable for firing to form
a tile body, said composition comprising from about 1-20 %
by weight alumina and no more than about 10 % by weight
zirconium silicate, based on the total dry weight of the
ceramic precursor composition, wherein said alumina has a
soda (Na20) content of greater than about 0.25 % by weight,
based on the total weight of alumina.

2. claims: 2, 9, 16(completely); 3-7, 10, 17, 18(partially)

An engobe composition for a ceramic body, said composition
comprising from about 1-20 % by weight alumina and no more
than about 10 % by weight zirconium silicate, based on the
total dry weight of the ceramic precursor composition,
wherein said alumina has a soda (Na20) content of greater
than about 0.25 % by weight.
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US 6242117 Bl 05-06-2001  CN 1213357 A 07-04-1999
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UsS 6242117 Bl 05-06-2001
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