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(54) A method for making a ceramic product.

(57) A method for making ceramic products compris-
es the following steps: filling a porous mould (1), com-
posed of at least two parts (2, 3) joined to each other to
form at least one moulding cavity (4) for casting a liquid
mixture or slip atan initial pressure; forming the thickness
(S) of the ceramic product (M) by pouring in more slip at
a higher pressure than the initial pressure in such a way

FIG.3

as to separate out the water from the mixture, this water
being drained out through the walls of the mould (1), that
is to say in a direction (DE) outwards from the cavity (4);
emptying the excess slip out of the mould (1); the step
of emptying the excess slip is followed by a step of ap-
plying a negative pressure (D) inside the cavity (4) in
order to enable the moisture content of the ceramic prod-
uct (M) to be reduced.

Printed by Jouve, 75001 PARIS (FR)



1 EP 2 263 842 A1 2

Description

[0001] This invention relates to a method for making a
ceramic product, in particular ceramic sanitaryware.
[0002] As is well known in this trade, ceramic sanitar-
yware (such as washbasins, toilet bowls, bidets and the
like) are made by pressure casting a liquid mixture,
known as slip, consisting of water, clay and very small
quantities of other substances, in "shell" moulds made
preferably of porous resin. The mould gives the article of
sanitaryware the required shape and after a certain
length of time (necessary to draw out the water) the article
is extracted from the mould in a defined form and further
processed according to a well-known sequence of steps
until it is completely finished. Sanitaryware made in this
way can be broadly divided into two main categories,
namely: "solid cast" products and "liquid cast" products,
as they are known in the jargon of the trade.

[0003] The first category of products (solid cast), typ-
ical examples of which are lidded cisterns, are thus de-
fined because the thickness of the product wall is formed
between the surfaces of the male and female parts of the
mould.

[0004] The second category of sanitaryware, that is,
liquid cast sanitaryware allows maximum freedom of form
for the cistern and lids (referring again to this type of
product). The mould may have different dimensional ra-
tios within it and the casting cavities may be very large.
[0005] In this case, the casting cavity is not divided
between a male and a female part, as in the previous
case, but the walls of the product are formed by a single
surface within the mould. Products of this type are made
in installations of known type comprising the above men-
tioned mould and designed to utilize a high-pressure
casting process which, in its simplest and most basic
form, comprises the following steps:

- flushing the feed circuits with fresh slip;

- filling the mould at an initial pressure;

- forming the product wall thickness with pressure pro-
files greater than the filling pressure;

- emptying the mould and returning, normally, to at-
mospheric pressure;

- consolidating the product;

- extracting the product after opening the mould parts.

[0006] Immediately after being demoulded, the prod-
uct is easily subject to plastic deformation and is referred
to as "greenware" in the jargon of the trade.

[0007] The casting cycle starts with the mould closed
and the moulding cavity perfectly clean and empty and
ends with the mould closed but with the cavity containing
the product just made and whose mechanical strength
must be sufficient for it to bear its own weight when it is
extracted from the mould.

[0008] In order to be complete, the production cycle
must, as is known, include a step of closing the mould
prior to casting, and a step of demoulding the product
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after it has been formed.

[0009] This type of casting, known as high-pressure
casting, allows the product wall "thickness" to be formed
in a relatively short space of time and appreciably reduc-
es the overall production time. One example of an instal-
lation and related high-pressure process for making sol-
id-cast products is known from document US 4,591,472.
[0010] In that solution, the "female" mould is provided
with two separate channels at the bottom of it, one for
feeding in the slip and the other for discharging the used
slip after the thickness of the ceramic product has been
formed. The slip can be discharged more quickly by in-
troducing air into the mould cavity via the slip feed chan-
nel.

[0011] One of the drawbacks of the prior art method
and related installations of this type is that the structure
of the ceramic ware (that is, the thickness of the cast) is
formed as the water in the slip fed in at high pressure is
forced out of the product and drained out through the
walls of the porous mould at a rate such as to diversify
the moisture gradient along the thickness of the cast.
This problem cannot be solved by prior art processes
and installations which, in practice, simply attempt to op-
timize the operating pressures between the cavity on the
inside and the draining parts on the outside in order to
make the thickness of the product as uniform as possible
while casting is in progress.

[0012] Thus, during and after the formation of the thick-
ness, the moisture content, or gradient, rises considera-
bly from the surface of the cast that is in contact with the
mould to the opposite surface of the cast.

[0013] Inotherwords, the final cross section of the cast
(thatis, when the cast has reached the desired thickness,
estimated using defined process parameters based on
the shape and size of the ceramic ware to be made) can
be divided into a "drier" (outermost) part and an inner
part where the moisture content of the cast is still high
compared to that of the drier part.

[0014] The above applies to both solid cast and liquid
cast ceramic ware, though it acquires more critical pro-
portions in products of the latter type, which tend to have
more complex surfaces and intricate geometries.
[0015] This steep moisture differential, or gradient,
creates stress differences in the casts during the subse-
quent step of drying proper, which may eventually lead
to cracking and other defects, making it necessary for
the product to be scrapped. The casting cycle normally
includes steps of pre-drying the cast by allowing it to
stand for specified lengths of time, which, however, not
only do not significantly reduce the moisture gradient but
tend to cause the outer surface of the cast to solidify to
a greater extent than the inner portion without effectively
reducing the moisture differential through the cross sec-
tion of the cast. This invention therefore has for an aim
to overcome the above mentioned drawbacks by provid-
ing a method for making a ceramic product which is ca-
pable of reducing the overall moisture content of the prod-
uct while remaining within standard process cycle times.
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[0016] Another aim of the method according to the in-
vention is to harmonize, or at least make more uniform,
the moisture content in all the sections of the product just
cast.

[0017] A further aim of the invention is to provide a
method for making ceramic products where the uniform-
ity of the moisture content is obtained without modifying
the basic structure of the casting installations and moulds
used to make the ceramic products. Accordingly, this in-
vention achieves this aim by providing a method for mak-
ing ceramic products, in particular for making ceramic
sanitaryware and comprising the technical characteris-
tics set out in one or more of the appended claims.
[0018] The technical features of the invention, with ref-
erence to the above aims, are clearly described in the
claims below and its advantages are more apparent from
the detailed description which follows, with reference to
the accompanying drawings which illustrate a preferred
embodiment of the invention provided merely by way of
example without restricting the scope of the inventive
concept, and in which:

- Figure 1 is a schematic representation, with some
parts cut away in order to better illustrate others, of
an installation for making ceramic products in which
the method for making the ceramic products can be
applied;

- Figure 2 is a schematic top plan view, with some
parts cut away to betterillustrate others, of the mould
used in the installation of Figure 1;

- Figure 3 illustrates a scaled-up detail from Figure 2;

- Figure 4 is a Cartesian graph representing a control-
led sequence of a step in the method according to
the invention.

[0019] With reference to the accompanying drawings,
in particular Figures 1 and 2, the method according to
the invention is used for manufacturing ceramic products,
in particular but not limited to, ceramic sanitaryware (such
as, forexample, washbasins, washbasin pedestals, toilet
bowls, bidets, shower trays, and the like) using a liquid
mixture known as slip.

[0020] The method is used in installations such as that
illustrated in Figures 1 and 2, which show only the parts
relevant to this invention.

[0021] The installation, denoted in its entirety by the
numeral 5, basically comprises:

- aporous mould 1 comprising at least two parts 2, 3
which can be coupled to each other to form at least
one cavity 4 for casting the ceramic product M;

- aunit 6 for feeding/discharging the liquid mix or slip
at predetermined pressures and comprising a first
pipe 7 connected at one end to a tank 8 containing
the slip and at the other, to at least one of the parts
2, 3 of the mould 1;

- aunit 9 for controlling the product M casting cycle,
connected at least to the unit 6 for feeding/discharg-
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ing the slip.

[0022] As shown by way of a non-limiting example in
Figures 1to 3, the mould 1 comprises two parts 2, 3 (male
and female) made of porous resin and forming three cav-
ities 4, each used to make a washbasin pedestal (in this
situation, the moulds are liquid casting moulds).

[0023] The accompanying drawings also schematical-
ly show customary controls (such as taps and solenoid
valves) of the circuitry which feeds the fresh slip and dis-
charges the used slip.

[0024] Formakingthese ceramic products, the method
according to the invention comprises the following steps:

- filling the porous mould 1, made up of the two parts
2, 3 coupled to each other to form one or more mould-
ing cavities 4, with liquid mixture or slip at an initial
pressure;

- forming the thickness S of the product M by adding
more slip at a higher pressure than the initial filling
pressure so that water is separated from the mixture
and absorbed by the porous walls of the mould 1,
that is to say, in an outward direction DE relative to
the cavity 4;

- emptying the mould 1 of the excess slip and lowering
the pressure until reaching a pressure value which,
usually, is atmospheric pressure.

[0025] The step of emptying the excess slip is followed
by a step of applying a negative pressure, indicated by
the arrows D inside the cavity 4 in order to reverse the
direction DE of the pressure previously applied to sepa-
rate the water from the rest of the slip. The reversed di-
rection enables the moisture content of the ceramic prod-
uct M to be reduced.

[0026] In other words, applying a high negative pres-
sure for a short time in the cavity or cavities 4 has the
effect of making the moisture content along the thickness
S of the cast product M more uniform, and hence of re-
ducing the differences between the moisture contents of
the product M alongits thickness S, where the limit values
of moisture content are those at the surface in contact
with the mould (lowest moisture content) and at the in-
nermost portion of the cavity (highest moisture content).
[0027] The negative pressure applied in the cavity 4
reduces the moisture of the innermost zone of the thick-
ness S, thereby causing a general reduction in the mois-
ture content through the product M as a whole.

[0028] Obviously, the step of applying a negative pres-
sure may be performed in different ways and according
to parameters that depend also on the type of product,
that is to say, on the thickness of the product. Advanta-
geously, this step of applying suction is performed during
the step of pre-drying the interior (with the mould closed),
which may take several minutes.

[0029] The graph of Figure 4, where the pressure val-
ues are on the ordinate axis and time (in seconds) is on
the abscissa axis, shows different options.
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[0030] A first option is to apply a negative pressure in
a single step in a space of time T of between 1 and 100
seconds with a negative pressure value D of between
0.05 and 1 bar.

[0031] Preferably, the step of applying the negative
pressure is performed in a shorter space of time T, for
example between 1 and 10 seconds, again with negative
pressure values D of between 0.05 and 1 bar.

[0032] The graph shows a first possibility, illustrated
by the continuous line, with a time T of one second (prod-
ucts with reduced thickness) at a negative pressure of
one bar, or, illustrated by a dashed line, with a time T of
two seconds at one bar. Another possibility is that of per-
forming the step of applying a negative pressure D in at
least two sub-steps S1 and S2 separated by a pause P.
[0033] The dot-dashed lines in the graph show by way
of a non-limiting example a first sub-step S1 of applying
a negative pressure D in a space of time T1 of between
1 and 50 seconds (in this particular case, 3 seconds) and
a second sub-step S2 performed in a space of time T2
again of between 1 and 50 seconds (in this case, one
and a half seconds, for example) separated by a short
pause P.

[0034] The two sub-steps S1 and S2 of applying the
negative pressure D may, again, be performed with neg-
ative pressure values D of between 0.05 and 1 bar: as
shown in the graph, the negative pressure applied in both
the sub-steps S1 and S2 may be one bar.

[0035] According tothe invention, the installation 5 de-
scribed above comprises a unit 10 for generating the neg-
ative pressure D (illustrated as a block) equipped with a
second pipe 11 leading into the cavity or cavities 4.
[0036] The unit 10 applies suction which extracts gas-
eous fluid through the second pipe 11 from the inside of
the cavity 4 when the latter is emptied of the residual slip.
[0037] In practice, the unit 10 extracts gaseous fluid in
adirection D opposite the above mentioned direction DE
in which the watery part is separated from the rest of the
slip while the thickness of the product is being formed.
[0038] The unit 10 is connected to and controlled by
the casting control unit 9 of the installation 5 to enable
suction to be applied after the cavity has been emptied
of the used or residual slip.

[0039] In the embodiment illustrated purely by way of
an example, the pipe 11 is connected to and passes
through one of the parts 2, 3 of the mould 1 (in this case,
the female part 3) and leads into the cavity 4 in a different
zone from that of the first pipe 7 for feeding / discharging
the slip.

[0040] More specifically, the second pipe 11 is con-
nected to and passes through the top of the female mould
part 3 on the side opposite that where the first pipe 7 is
positioned.

[0041] Obviously, in the embodiment illustrated, there
are three second pipes 11 leading into the respective
cavities 4 of the mould 1.

[0042] The control unit 9 activates the negative pres-
sure D after the used slip is discharged and the first pipe
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7 is shut off to prevent any slip from flowing back into the
cavity 4.

[0043] A method and an installation as described
above, fully achieve the above mentioned aims thanks
to the negative pressure in the product moulding cavity
which partly dries the inner portions of the product or,
rather, reduces the overall moisture content, making the
moisture content more uniform along the thickness of the
product.

[0044] The negative pressure is applied for a very short
length of time compared to the total pre-drying time and
does not therefore have a negative effect on process
times but does significantly reduce the stresses on the
product when it is removed from the mould and thus re-
duces the risk of having to scrap the product.

[0045] The invention described above is susceptible
of industrial application and may be modified and adapt-
ed in several ways without thereby departing from the
scope of the inventive concept. Moreover, all the details
of the invention may be substituted by technically equiv-
alent elements.

Claims

1. A method for making ceramic products, the method
comprising at least the following steps:

- filling a porous mould (1), made up of at least
two parts (2, 3) coupled to each other to form at
least one moulding cavity (4), with fluid mixture
or slip under pressure;

- forming the thickness (S) of the ceramic prod-
uct (M) by pouring in more slip in such a way as
to separate water from the mixture and drain this
water out through the walls of the mould (1), that
is to say in a direction (DE) outwards from the
cavity (4);

- emptying the excess slip out of the mould (1);
the method being characterized in that, after
the step of emptying the excess slip, it comprises
a step of applying a negative pressure (D) inside
the cavity (4) in order to enable the moisture
content of the ceramic product (M) to be re-
duced.

2. The method according to claim 1, characterized in
that the step of applying a negative pressure (D) is
performed according to predetermined times by a
control unit (9) in order to make the moisture content
along the thickness (S) of the cast product (M) more
uniform.

3. The method according to claim 1, characterized in
that the negative pressure is applied in a single step
in a space of time (T) of between 1 and 100 seconds
with a negative pressure value (D) of between 0.05
and 1 bar.
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The method according to claim 1, characterized in
that the negative pressure is applied in a single step
in a space of time (T) of between 1 and 10 seconds
with a negative pressure value (D) of between 0.05
and 1 bar.

The method according to claim 1, characterized in
that the step of applying a negative pressure (D) is
divided into at least two sub-steps (S1, S2) separat-
ed by a pause.

The method according to claim 5, characterized in
that the first sub-step (S1) of applying a negative
pressure is performed in a space of time (T1) of be-
tween 1 and 50 seconds and the second sub-step
(S2) is performed in a space of time (T1) of between
1 and 50 seconds.

The method according to claim 5, characterized in
that the first and second sub-steps (S1, S2) of ap-
plying the negative pressure are performed at neg-
ative pressure values (D) of between 0.05 and 1 bar.

An installation for making a ceramic product accord-
ing to the claims from 1 to 7, the installation (5) com-
prising at least:

- a porous mould (1) comprising at least two
parts (2, 3) which can be coupled to each other
to form the cavity (4) for casting the ceramic
product (M);

-aunit (6) for feeding/discharging the slip at pre-
determined pressures and comprising a first
pipe (7) connected at one end to a tank (8) con-
taining the slip and at the other, to at least one
of the parts (2, 3) of the mould (1);

- aunit (9) for controlling the product (M) casting
cycle, connected at least to the first unit (6) for
feeding/discharging the slip, the installation be-
ing characterized in that it comprises a unit
(10) for generating a negative pressure (D)
equipped with a second pipe (11) leading into
the cavity (4) made by the mould (1) in order to
extract fluid from the inside of the cavity (4); the
unit (10) being controlled by the control unit (9).

The installation according to claim 8, characterized
in that the second pipe (11) is connected to and
passes through one of the parts (2, 3) of the mould
(1) and leads into the cavity (4) in a different zone
from that of the first pipe (7) for feeding/discharging
the slip.

The installation according to claim 8, characterized
in that the second pipe (11) is connected to and
passes through one of the parts (2, 3) of the mould
(1) in a zone of the cavity (4) opposite that where the
first pipe (7) is positioned.
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11. The installation according to any of the foregoing

claims from 8 to 10, characterized in that the sec-
ond pipe (11) is connected to and passes through a
mould part (3) at the top of the latter, opposite where
the first pipe (7) is positioned.
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