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Description

[0001] The present description relates, as its title indicates, to a procedure for obtaining a metallic effect on ceramic
bases by injection, in which the known ceramic glaze formulation to obtain metallised finishes is broken down into two
separate components: on the one hand, a glaze with part of the oxides needed to obtain the metallic effect, applying it
in the conventional manner on the ceramic base, and on the other, a metallic ink with the other necessary part of the
oxides, applying it by ink injection over the previous layer, finishing off with a firing process. As a result a decorated
ceramic tile with a metallic effect is obtained.

[0002] The technique for the digital printing of tiles using ink injection machines is increasingly widespread, this being
a cost-effective system offering great flexibility of the process. It is commonly used to decorate ceramic tiles by applying
ceramic pigments that give the tiles their colour once they have been fired.

[0003] There are descriptions of several related procedures, such as, for example, that of Patent ES 2131466 "Auto-
matic procedure for decorating ceramic substrates”, describing, in general terms, the use of an ink injection system in
ceramics, that of Patent ES 2289916 "Colloidal dispersion of ceramic pigments”, which presents, in a very general
manner, the manufacture of inks to be applied by injection. These procedures and inks only produce different coloured
finishes by injection, it not being possible to achieve a metallic finish.

[0004] Some advances have be made in the incorporation of metallic particles in inks for injection on ceramic materials,
as described, for example, in Patent P201031196 "Procedure for the production of a metallic suspension for printing
ceramic elements”, that provides a technique for adding noble metals to inks to obtain a chromatic range with more
intense colours, but it does not allow metallic finishes to be obtained.

[0005] Obtaining metallic finishes in ceramics is conventionally linked to the use of special, quite thick glazes, such
as that described in patent P200401851 "Metallic glaze composition”, which creates a metallised base of sufficient
thickness, on to which the desired colour decoration can be subsequently applied. This procedure has the drawback
that it is first necessary to cover the whole of the tile with the metallic glaze, and then cover it by decorating it with the
desired colours, with the consequent waste of materials and resultant higher economic cost. Furthermore, these types
of compositions require a great thickness in the metallised areas which makes these compositions unsuitable forinjection.
Indeed, the fact that a high minimum thickness is needed to obtain the metallic effect is incompatible with injection
technology which can only achieve a very thin ink layer, with a maximum of 42 to 80 pL, which is insufficient to obtain
a metallic effect.

[0006] Metallic effects are chiefly achieved by applying layers of glaze with a weight per area unit of between 0.3 and
0.5 Kg/mZ2, either by waterfall application, airbrush or disc. An injection head enables the supply of a weight of approx-
imately 0.022 Kg/m2 of applied solid, which is much less than that required, hence, a priori, it is not considered technically
possible to obtain metallic effects on ceramic tiles by ink injection.

[0007] To solve the problems that currently exist in creating a metallic effect on tiles and other ceramic elements,
improving the current state of the art by overcoming the technical problem of the ink thickness required, and in order to
provide certain elements that facilitate and improve economic performance and efficacy, a procedure has been developed
to obtain a metallic effect on ceramic bases by injection in which the known ceramic glaze formulation to obtain metallised
finishes is broken down into two separate compounds:

on the one hand, a glaze with part of the oxides needed to obtain the metallic effect, applying it in the conventional
manner over the ceramic base, and on the other hand, a metallic ink with the other necessary part of the oxides,
applying it by ink injection over the previous layer and finishing off with a firing process. As a result a decorated
ceramic tile with a metallic effect is obtained.

[0008] This procedure affords multiple advantages over those currently available, the most important being that it
permits the use of ink injection machines to create the metallic effect, with the consequent saving of process time,
improvement in productivity and reduction in the economic cost of its manufacture.

[0009] Another important advantage of this procedure is that it enables considerable savings of the materials used in
the manufacture given that, conventionally, the whole of the base was metallised and then covered with the decoration
in the areas required, whilst with this procedure the metallised finish can be applied selectively, in a local manner, only
to the areas in which it is necessary, thanks to the fact the same injection head that is used for the decoration is employed.
[0010] To gain a better understanding of the object of the present invention figure -1- of the attached drawing shows
a simplified block diagram of the process of obtaining the metallic effect on ceramic bases by injection.

[0011] The procedure for obtaining the metallic effect on ceramic bases by injection, which is the object of the present
invention, basically comprises, as can be observed in the drawing attached, the separate use of a glaze (2) with part of
the oxides needed to obtain the metallic effect, including Si and Al, and a metallic ink (4) with the necessary part of the
oxides, including Fe as the majority element.

[0012] This separate use is carried out by means of a first phase of application (3) of the glaze (2) on a ceramic base
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(1), followed by a second phase of injection (5) of the metallic ink (4) on the layer previously deposited on the ceramic
base (1), completed by a third phase of firing (6).

[0013] The application phase (3) of the glaze (2) on a ceramic base (1) is carried out by means of a process chosen
from amongst the group of: bell, airbrush, rotary, disc or waterfall.

[0014] Theinjection phase (5) of the metallicink (4) is preferably carried out using an injection head capable of providing
a thickness of between 6 and 200 pL per drop.

[0015] The firing phase (6) is carried out by means of a normal ceramic cycle, from the traditional double firing at
900°C to high-temperature porcelain stoneware firing at 1300°C, with firing cycles of preferably between 0.5 and 24 h.
[0016] The metallic ink (4) is formulated by selecting only some of the oxides needed to obtain the metallic effect,
since the technique of injection printing only allows a very light weight to be applied. Depending on the type of metallic
ink (4) chosen, glaze formulations will be used that provide the rest of the oxides.

A - In a preferred embodiment of the invention, the metallic ink (4) is formed mainly by iron Fe inks in which an iron oxide
raw material is used to provide the Fe in the metallic ink (4). This iron oxide raw material can be chosen from amongst
iron salts or oxides, preferably haematite Fe,Os, black iron oxide FeO or magnetite Fe;O,4. A particularly interesting use
occurs when a ferrofluid is used as an ink, which is a suspension of hanoparticles of iron oxides of an average size of
around 10 nm. The corresponding glaze (2) is formulated using, as essential elements, Si, Al, P and Li oxides to which
other optional oxides of Na, K, Mg, Ca can be incorporated, according to the composition:

sio, 40 - 60%
Al,O, 10 - 30%
P,0s 10 - 30%

R,0+RO  5-15%
210, +TiO,  0-10%
B,0; 0-10%

Where:

R,0: Li,O + Na,0 + K,0
RO: MgO + Ca0 + SrO + BaO

B - In an alternative embodiment of the invention, the metallic ink (4) is formed mainly by Fe and P oxide pigment inks,
as the main oxides, said oxides being within the ranges of:

P,Os  40-70%
Fe,0,  10-50%

Furthermore, the glaze is formulated using, as essential elements, Si, Al, and Li oxides to which other optional oxides
of Na, K, Mg, Ca can be incorporated, according to the composition:

Si0, 40 - 60%
Al,O4 10 - 30%
R,O+RO  5-20%
210, +Tio,  0-10%
B,O, 0-10%

Where:

R,0: Li,O + Na,0 + K,0
RO: MgO + CaO + SrO + BaO

C - In a second alternative embodiment of the invention, the metallic ink (4) is formed mainly by Fe, P and Li oxide
pigment inks, as essential elements, according to the composition:

P,0s 40-70%
Fe,0, 10 - 50%
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(continued)

Li,O 0-30%

The glaze, for its part, is formulated using Si and Al oxides as essential elements, to which other optional oxides of Li,
Na, K, Mg, Ca, can be incorporated, according to the composition

Si0, 40 - 60%
Al,O, 10 - 30%
R,O+RO  5-30%
210, +TiO,  0-10%
B,0, 0-10%

Where:

R,0: Li,O + Na,0 + K,0
RO: MgO + CaO + SrO + BaO

[0017] These possible combinations of metallic ink (4) and glaze (2) can be summarised in the following table:

OPTION METALLIC INK (4) GLAZE (2)
A Fe compounds (oxides or salts) | Glazingofessential P - Si- Al-Lioxides
B Fe- P oxide pigment Glazing of essential Si -
Al - Li oxides
Cc Fe - P - Li oxide pigment Glazing of essential Si - Al oxides

[0018] As aresult a ceramic tile is obtained with a metallic effect decoration that can be measured using colorimetric
techniques such as goniospectrophotometry.

[0019] Given that the special ceramic glaze (2), due to its composition and in itself, is white and can have a matt or
gloss finish, other decorating techniques can be incorporated to improve the final finish of the piece, such as pigmented
inks or by colouring the glaze (2) with ceramic pigments, without interfering in the reaction that occurs between the glaze
(2) and the overlaid metallic ink (4) that produces the metallic effect. Furthermore, depending on the type of metallic ink
(4) and glaze (2) used, the metallic effect finishes can be matt or gloss.

[0020] As an example of the application of this procedure, by way of an experiment, a water suspension of a glaze
was prepared, in line with the following composition:

S0,  54.4%
zro, 3.3%
P,0s  16.1%
ALO;  19.1%

Li,0 1.6%
Na,0  2.7%
K,0 0.9%
MgO 1.2%
Ca0 0.2%

[0021] This suspension was used to glaze ceramic porcelain stoneware body tiles with a coating thickness of 300 g/m?2.
[0022] Two metallic inks were also prepared:
INK 1

Glycol-based carrier for inks: 60%
Micronized magnetite (Fe30,): 40%
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Once the magnetite had been dispersed in the glycol-based carrier, it was milled in a horizontal microball mill to obtain
an ink suspension with a grain size with Dgq heat of less than 700 nm.

INK 2

Ferrofluid with a concentration of 30% magnetite, with an average size of 10 nm dispersed in octane.

[0023] Finally these inks were used to decorate the glazed tiles, using a ceramic printer equipped with an XAAR1001
head, capable of printing drop sizes of between 6 y 42 pl.

[0024] Once the ceramic tiles had been decorated, they were fired at a temperature of 1200°C in a conventional
ceramic roller kiln with a firing cycle of 60’.

[0025] As a result, in both cases, ceramic tiles were obtained in which a clear metallic effect could be observed with
a drop size of 30 pl onwards.

Claims

1. Procedure for obtaining a metallic effect on ceramic bases by injection, of the type used in the manufacture of tiles
and other ceramic items, characterized in that it uses, separately, a glaze (2) with part of the oxides needed to
obtain the metallic effect, including Siand Al, and a metallic ink (4) with the other part of the oxides required, including
Fe as the major element, carrying out a first phase of application (3) of the glaze (2) on a ceramic base (1), continuing
with a second phase of injection (5) of the metallic ink (4) on the coat previously deposited on the ceramic base (1),
finishing off with a third phase of firing (6).

2. Procedure for obtaining a metallic effect on ceramic bases by injection, according to claim 1, wherein the metallic
ink (4) is formed mainly by Fe iron inks, in which a raw material of iron oxide is used, and the glaze (2) is formed

mainly by Si, Al, P and Li, according to the range of compositions:

Composition of glaze (2)

Si0, 40 - 60%
Al,O4 10 - 30%
P,05 10 - 30%
R,0 + RO 5-15%
Zro,+Ti0,  0-10%
B,0, 0-10%

Where:

R,0: Li,O + Na,O + K,0
RO: MgO + Ca0O + SrO + BaO

3. Procedurefor obtaining a metallic effect on ceramic bases by injection, according to claim 2, wherein the raw material
of iron oxide, which is used mainly to provide the Fe in the metallic ink (4), is selected from the group: haematite
Fe,0s, black iron oxide FeO, magnetite Fe30,.

4. Procedure for obtaining a metallic effect on ceramic bases by injection, according to claim 3, wherein the raw material
of iron oxide that is used mainly to provide the Fe in the metallic ink (4) is in the form of a suspension of nanoparticles
of iron oxides or ferrofluid.

5. Procedure for obtaining a metallic effect on ceramic bases by injection, according to claim 1, wherein the metallic
ink (4) is formed mainly by Fe and P pigment inks, as major elements, and the glaze (2) is formed mainly by Si, Al,
and Li, according to the range of compositions:

Composition of the metallic ink (4)
P,05 40 -70%
Fe,04 10 - 50%
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Composition of the glaze (2)

Si0, 40 - 60%
Al,O, 10 - 30%
R,0 + RO 5-20%
Zr0, + TiO, 0-10%
B,04 0-10%

Where:

R,0: Li,O + Na,0O + K,0
RO: MgO + CaO + SrO + BaO

Procedure for obtaining a metallic effect on ceramic bases by injection, according to claim 1, wherein the metallic
ink (4) is formed mainly by Fe, P and Li pigment inks, as the chief elements, and the glaze (2) is formed mainly by
Si and Al, according to the range of compositions:

Composition of the metallic ink (4)

P,0s 40 - 70%
Fe,04 10 - 50%
Li,0 0-30%

Composition of the glaze (2)

Sio, 40 - 60%
Al,0, 10 - 30%
R,0 + RO 5-30%
2r0, + TiO, 0-10%
B,0, 0-10%

Where:

R,0: Li,O + Na,0 + K,0
RO: MgO + CaO + SrO + BaO

Procedure for obtaining a metallic effect on ceramic bases by injection, according to any of the preceding claims,
wherein the glaze (2) incorporates, in the form of oxides, elements selected from the group formed by Na, K, Mg, Ca.

Procedure for obtaining a metallic effect on ceramic bases by injection, according to any of the preceding claims,
wherein the glaze (2) incorporates complementary ceramic pigments to obtain a specific colouring other than white.

Procedure for obtaining a metallic effect on ceramic bases by injection, according to claim 1, wherein the phase of
application (3) of the glaze (2) on a ceramic base (1) is carried out by means of a process chosen from amongst
the group formed by : bell, airbrush, rotary, disc or waterfall.

Procedure for obtaining a metallic effect on ceramic bases by injection, according to claim 1, wherein the phase of
injection (5) of the metallic ink (4) is performed using an injection head capable of providing a thickness of between
6 and 200 pL per drop.

Procedure for obtaining a metallic effect on ceramic bases by injection, according to claim 1, wherein the firing phase
(6) is carried out at temperatures of between 900 and 1300°C, in firing cycles of between 0.5 and 24 h.

Tile (7) with metallic effect obtained according to the procedure described in claims 1 to 11.
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