wo 20197016783 A1 I 0E 0000 OO0

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
24 January 2019 (24.01.2019)

(10) International Publication Number

WO 2019/016783 Al

WIPO I PCT

(51) International Patent Classification:

F27B 9/30 (2006.01) BO1D 53/78 (2006.01)
BOID 53/40 (2006.01) F27D 17/00 (2006.01)
BOID 53/44 (2006.01)

(21) International Application Number:
PCT/IB2018/055468

(22) International Filing Date:
23 July 2018 (23.07.2018)

(25) Filing Language: Italian
(26) Publication Language: English
(30) Priority Data:

102017000083666 21 July 2017 (21.07.2017) IT

(71) Applicant: SACMI COOPERATIVA MECCANICI
IMOLA SOCIETA COOPERATIVA [IT/IT]; Via Selice
Provinciale, 17/A, 40026 Imola (BO) (IT).

(72) Imventors: ACERBI, Pierugo; c/o Sacmi Cooperativa
Meccanici Imola Societd' Cooperativa, Via Selice Provin-

ciale, 17/A, 40026 Imola (BO) (IT). BRESCIANI, Andrea,
c/o Sacmi Cooperativa Meccanici Imola Societd' Coopera-
tiva, Via Selice Provinciale, 17/A, 40026 Imola (BO) (IT).
RICCI, Claudio; ¢/o Sacmi Cooperativa Meccanici Imola
Societd' Cooperativa, Via Selice Provinciale, 17/A, 40026
Imola (BO) (IT).

(74) Agent: MANGINI, Simone et al.; ¢/o Studio Torta S.p.A.,

Via Viotti, 9, 10121 Torino (IT).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA,CH,CL,CN, CO, CR, CU, CZ, DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,
KR,KW,KZ,LA,LC,LK,LR,LS,LU,LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(54) Title: METHOD AND KILN FOR THERMALLY TREATING BASIC CERAMIC ARTICLES

R

-

FIG.2

\

(57) Abstract: A method and kiln for the thermal treatment (in particular for the firing) of basic ceramic articles (BC); the kiln (4)
comprises a conveying device for conveying the basic ceramic articles (BC) along a given path (P) through a firing chamber (6), in
the area of which the basic ceramic articles (BC) are heated; compounds (in particular organic compounds) evaporated from the basic
ceramic articles (BC) are removed in the form of gas from the chamber (6), condensed in a water-containing fluid (22) and separated
following flocculation so as to obtain a treated liquid (25); said treated liquid (25) is basified and recycled to obtain the water-containing

fluid.

[Continued on next page]



WO 2019/016783 A1 { NIV N

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Published:

—  with international search report (Art. 21(3))

— in black and white; the international application as filed
contained color or greyscale and is available for download
from PATENTSCOPE



10

15

20

25

30

35

WO 2019/016783 PCT/IB2018/055468

“METHOD AND KILN FOR THERMALLY TREATING BASIC CERAMIC ARTICLES”

CROSS—REFERENCE TO RELATED APPLICATIONS

This application claims priority from Italian Patent Application
No. 102017000083666 filed on 21/07/2017, the disclosure of which
is incorporated by reference.

TECHNICAL FIELD

The present invention relates to a kiln and a method for
thermally treating (in particular, for firing) Dbasic ceramic
articles. The present invention, furthermore, relates to a plant
and a method for the production of ceramic products.

CONTEXT OF THE INVENTION

In the field of the production of ceramic articles, for example
ceramic tiles and flagstones, it is known to use plants provided
with pressing equipment, in which basic ceramic articles are
obtained from a semi-dry mixture (typically the humidity wvaries
from 5% to 7%); a decoration device, which decorates the basic
ceramic articles; and a sintering kiln in which the basic ceramic
articles are fired at high temperature so as to obtain final
ceramic products.

Some sintering kilns of known type comprise a tunnel and a
conveying device to convey the basic ceramic articles along a
given path through the tunnel. The tunnel comprises a pre-—
heating area, a firing area and a cooling area.

Each of these kilns also comprises a heating device to heat the
basic ceramic articles during conveying of the basic ceramic
articles through the tunnel so as to obtain treated ceramic
articles. The kiln also comprises a cooling device adapted to
cool the treated ceramic articles during conveying through the
cooling area; and a gas extraction device, which is adapted to
extract the gases present 1in the tunnel at a respective
extraction station typically positioned at an entrance to the
tunnel.

Operation of the extraction device causes a flow of the gases
present in the tunnel. The hot gases move from the firing chamber

towards the extraction station.
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In some cases, the decoration device i1s adapted to decorate an
upper surface of the basic ceramic articles (pressed articles,
but not fired) by means of inkjet digital printing. In these
cases, the inks used comprise pigments, conductive polar fluids
(like water) and non-polar solvents (organic solvents; oils or
other hydrocarbons).

The decoration device can furthermore be adapted to also apply
an enamel undercoat on the basic ceramic articles (on which the
decoration is made and) which, in some cases, comprises further
non-polar carriers (hydrocarbons). In use, the decoration device
applies 10 g/m2 to 20 g/m? of decorative ink and 80 g/m? to 150
g/m? of enamel on the surface of the manufactured ceramic
articles.

This important guantity of non-polar solvents (organic solvents)
evaporates from the basic ceramic articles that pass through the
kiln, and 1is partially subjected to cracking and reforming,
recombining into new chemical compounds (usually smaller
molecules), partly combusted and partly entrained by the gas
flow towards the extraction station. However, the compounds not
completely oxidized are undesired and reguire further treatments
to prevent them reaching the external environment. These not
completely oxidized chemical compounds are often characterised
by a strong odour and could also be irritant or even toxic.
Furthermore, the fumes coming out of the tunnel frequently also
contain inorganic acids (such as, for example, hydrochloric
acid, hydrofluoric acid and sulphuric acid).

A treatment commonly used to reduce these problems is post-
combustion of the gases collected by means of a post-combustor
of the kiln.

However, these post-combustors have to process a large quantity
of gases produced. Therefore, said post-combustors are bulky and
costly and entail evident plant costs and costs for operation
(energy) and maintenance. Furthermore, the post-combustors are
not particularly effective for eliminating the inorganic acids.
W02010012636 describes a kiln for firing ceramic products

comprising an insulated channel (tunnel), transport means for
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feeding the products through the channel and means for heating
the channel.

From the above, it emerges that the need is still felt, among
other things, to reduce the environmental impact (due to the
release of substances and/or to energy consumption) of the
solutions proposed so far for the thermal treatment (firing) of
ceramic articles.

The object of the present invention is to provide a kiln and a
method for the thermal treatment (in particular, for firing) of
basic ceramic articles and a plant and a method for producing
ceramic articles which allows to overcome, at least partially,
the drawbacks of the known art and are, at the same time, easy
and inexpensive to produce.

SUMMARY

According to the present invention a kiln, a method and a plant
are provided according to the following independent claims and,
advantageously, according to any one of the claims depending
directly or indirectly on the independent claims.

BRIEF DESCRIPTION OF THE FIGURES

The present invention will now be described with reference to
the accompanying drawings, which i1llustrate a non-limiting
embodiments thereof, in which:

— figure 1 is a schematic lateral view of a plant according to
the present invention;

— figure 2 schematically illustrates the temperatures in various
areas of the kiln of the plant of figure 1; and

— figure 3 schematically illustrates the pressures in various
areas of the kiln of the plant of figure 1;

— figure 4 schematically illustrates a part of figure 1;

— figures 5 and 6 schematically illustrate different embodiments
of the part of figure 4.

DETAILED DISCLOSURE

In figure 1, the number 1 indicates overall a plant for the
production of final ceramic products CP, such as ceramic tiles
or flagstones. In particular, the plant 1 is adapted to obtain

basic ceramic articles BC from a semi-dry mixture; and ceramic
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products CP by means of thermal treatment of the basic ceramic
articles BC, in particular by means of heating and subsequent
cooling of the basic ceramic articles BC.

According to some non-limiting embodiments, the plant 1
comprises pressing equipment 2 (known per se and not further
described herein) adapted to obtain basic ceramic articles BC
(known per se) by pressing a ceramic powder (a semi-dry mixture,
in particular having a humidity varying between 5% and 7%).
Advantageously but not necessarily, the plant 1 comprises a
decoration device 3, which is adapted to apply a decoration on
the basic ceramic articles BC, in particular on an (upper)
surface of the basic ceramic articles BC; and a kiln 4 (in
particular, a tunnel kiln) for firing the basic ceramic articles
BC so as to obtain (at the end of cooling) the final ceramic
products CP.

According to some non-limiting embodiments, the plant 1 also
comprises a drying station (known per se and not illustrated)
arranged between the pressing equipment 2 and the decoration
device 3.

In particular, the basic ceramic articles BC comprise ceramic
powder.

The plant 1 (more precisely the kiln 4) further comprises a
conveying assembly 5 (in particular, a roller conveyor) adapted
to convey the basic ceramic articles BC along a given path P (in
a feed direction A). The conveying assembly 5 is schematically
illustrated in figure 1 by a broken line.

The kiln 4 further comprises (at least) one thermal treatment
chamber 6 arranged along the given path P. In particular, the
path P extends through an inlet station 7 (through which, in
use, the basic ceramic articles BC enter the thermal treatment
chamber 6) and an outlet station 8 (through which, in use, the
final ceramic products CP leave the thermal treatment chamber
6) .

In particular, the path P extends from the pressing equipment 2
and through the decoration device 3 and through at least one

portion of the thermal treatment chamber 6. More precisely, the
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path P extends through the chamber 6, between the inlet station
7 and the outlet station 8.

Advantageously but not necessarily, the device 3 comprises at
least one ink-jet head (known per se and not illustrated), which
is adapted to emit one or more ink jets towards the basic ceramic
articles BC, in particular on the (upper) surface of the basic
ceramic articles BC, during the conveying thereof through the
device 3. Preferably, the device 3 is also adapted to apply, in
particular before application of the ink, a base enamel on the
basic ceramic articles BC, in particular on the (upper) surface
of the basic ceramic articles BC.

In particular, the ink comprises solid particles (inorganic

pigments; e.g. mixtures of oxides of metal chromophores),

conductive polar fluids (for example water) and non-polar
solvents (organic solvents; for example, oils or other
hydrocarbons) . The base enamel has further non-polar components

(in particular, hydrocarbons).

In particular, the device 3 1is adapted to apply 10 g/m? to 20
g/m? of ink and 80 g/m? to 150 g/m? of base enamel on the (upper)
surface of the basic ceramic articles BC.

More in particular, in use, 55% to 65% ligquid components and 35%
to 45% solid components are applied on the (upper) surface of
the basic ceramic articles BC.

Therefore, the basic ceramic articles BC decorated by the device
3 comprise organic compounds, in particular hydrocarbons, and
inorganic compounds {(in a non-negligible quantity). Said basic
ceramic articles BC are fed, in use, to the chamber 6.

In particular, the kiln 4 (is a tunnel kiln and) has a firing
channel 9 (delimited, at least partially, by the chamber 6)
which extends along the given path P. More precisely, the
conveying assembly 5 extends at least partially into the firing
channel 9 to convey the basic ceramic articles BC through said
firing channel 9.

The kiln 4 further comprises at least one heating device 4’
(only partially illustrated in figure 1) adapted to heat the

basic ceramic articles BC (from an initial temperature to a
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firing temperature) enforcing, in particular maintaining (during
the conveying thereof along the path P), a temperature of at
least 500°C (in particular at least 900°C, more in particular
at least 1000°C) in at least one firing area 10 (through which
the path P extends at least partially) of the thermal treatment
chamber 6.

In particular, unless specified to the contrary, when reference
is made to a temperature of a chamber and/or of an area of a
chamber, it is meant the temperature inside said chamber and/or
area measured for example with an appropriate sensor (for
example a thermocouple) and not a temperature of the Dbasic
ceramic articles BC and ceramic products CP.

According to some non-limiting embodiments, the heating device
4’ comprises at least one heating unit (known per se and not
illustrated), in particular selected from the group consisting
of: free flame burner, tube radiant heater (e.g. tube radiant
heater with holes and/or radiant heater with built-in heat
exchanger), electric resistor, infrared radiation source, laser
radiation source, microwave source, radiofrequency source and a
combination thereof. In particular, said heating unit is
arranged inside the chamber 6. According to specific non-—
limiting embodiments, the heating unit is chosen from the group
consisting of: free flame burner, tube radiant heater and a
combination thereof. Advantageously but not necessarily, the
heating device 4’ comprises a plurality of heating units as
defined above.

An example of a heating unit of the radiant tube type with holes
is described in the patent ES2193829B1 of the same applicant.
An example of a heating unit of the radiation type with built-
in heat exchanger is described in W02015/015263.

More precisely, the thermal treatment chamber 6 comprises a pre-—
heating area 11’ and a pre-firing area 1ll. The pre-heating area
11" extends from the inlet station 7 to the pre-firing area 11
along the path P. The pre-firing area 11 extends from the pre-
heating area 11’ to an intermediate station 12 of the chamber

6, said station 12 being interposed between the station 7 and
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the station 8, more precisely between the pre—-firing area 11 and
the firing area 10. In other words, the area 11 extends from the
inlet station 7 to the firing area 10.

Even more precisely, the firing area 10 is directly adjacent
(without interruption) to the (immediately downstream of the)
pre—-firing area 11.

In particular, the thermal treatment chamber 6 further has a
rapid cooling area 13 interposed between the firing area 10 and
the outlet station 8. More in particular, the rapid cooling area
13 extends (immediately - without interruption) downstream of
the area 10 along the path P.

Advantageously but not necessarily, the heating device 4’ is
adapted to create a temperature gradient (increasing in the
direction A) in the pre-heating area 11’. In particular, the
temperature varies from approximately 20-30°C at the inlet
station 7 to approximately 300-400°C at one end of the area 11'
opposite the inlet station 7.

Additionally or alternatively, the heating device 4’ is adapted
to create a temperature gradient (increasing in the direction
A) in the pre—-firing area 11. In particular, the temperature
varies from approximately 300-400°C in the pre-heating area 11°
to approximately 900-1300°C in the firing area 10.

According to some non-limiting embodiments, the chamber 6 also
comprises an indirect cooling area 14, in particular arranged
(immediately - without interruption) downstream of the area 13
along the given path P.

Advantageously but not necessarily, the chamber 6 also comprises
a final cooling area 15, in particular arranged downstream of
the area 13 along the given path P. In particular, the final
cooling area 15 is arranged (immediately - without interruption)
downstream of the area 14 along the given path P.

According to some embodiments, the kiln 4 comprises at least one
cooling device 16 adapted to reduce the temperature of the basic
ceramic articles BC during conveying along the path P (in order
to obtain ceramic products CP).

More precisely, the cooling device 16 is adapted to determine a
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temperature gradient (decreasing in the direction A) in the
rapid cooling area 13. In particular, the temperature varies
from approximately 1000°C-1300°C at one end of the area 13
opposite the inlet station 8 to approximately 500°C-700°C at one
end of the area 13 opposite the area 10.

According to some non-limiting embodiments, the cooling device
16 is further adapted to determine a temperature gradient
(decreasing in the direction A) in the indirect cooling area 14.
In particular, the temperature varies from approximately 500°C-
700°C at one end adjacent to the area 13 to approximately 350°C-
450°C at the opposite end.

According to some non-limiting embodiments, the cooling device
16 is furthermore adapted to determine a temperature gradient
(decreasing in direction A) in the final cooling area 15 so that
the temperature in the area of the outlet station 8 is between
40°C and 120°cC.

More ©precisely, the cooling device 16 comprises a cooling
assembly 16’7, which 1s fluidically connected at the rapid
cooling area 13 and is adapted to direct (introduce) a cooling
fluid, in particular air (cold), into the chamber 6 (on the
basic ceramic articles BC). In this way the temperature gradient
is obtained in the rapid cooling area 13.

Advantageously but not necessarily, the device 16 comprises a
further cooling assembly adapted to cool the basic ceramic
articles BC in an indirect manner (with micro-blowers or heat
dissipation tubes) during feeding thereof in the indirect
cooling area 14.

According to some non-limiting embodiments, the device 16 also
comprises a further cooling assembly to cool the basic ceramic
articles BC in an indirect manner (with one or more blowers)
during feeding thereof in the final cooling area 15.

The kiln 4 further comprises at least one removal assembly 17
to remove compounds (in particular comprising organic
compounds), evaporated from the basic ceramic articles BC, in
the form of gas from the thermal treatment chamber 6.

In particular, the compounds evaporated from the basic ceramic
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articles BC and then removed from the chamber 6 comprise organic
compounds and inorganic acids (for example, hydrochloric acid,
hydrofluoric acid and sulphuric acid).

According to specific non—-limiting embodiments (like the one
illustrated in figure 1), the kiln 4 comprises (at least) two
removal assemblies 17 which are similar to each other and, in
particular, substantially identical. In particular, a first
removal assembly 17 i1s arranged at the inlet station 7 and a
second removal assembly 17 is arranged upstream of the outlet
station 8 (and downstream of the firing area 10), more
specifically in the final cooling area 15 (more precisely, at
the end of the final cooling area 14 and the beginning of the
area 15). In the following description, what is said with
reference to a single removal assembly 17 will apply to all the
(or part of the) removal assemblies 17.

In some particular and non-limiting cases, the kiln comprises
one single removal assembly 17 at the sole inlet station 7.
Advantageously but not necessarily, the removal assembly 17
comprises at least one movement device 18, which is fluidically
connected to the thermal treatment chamber 6 and is adapted to
generate a flow, 1in particular by suction, from the thermal
treatment chamber 6. In particular, the movement device 18
comprises a suction unit (more precisely, a fan).

According to some non-limiting embodiments, the removal assembly
17 comprises a duct 19 which extends from the thermal treatment
chamber 6 towards the outside. The movement device 18 is arranged
along the duct 19.

The removal assembly 17 further comprises a treatment assembly
20 (in particular arranged along the duct 19) for the compounds
removed (from the chamber 6).

With particular reference to figure 2, the treatment assembly
20 comprises (at least) one collecting device 21, which is
adapted to collect at least part of the compounds removed (from
the thermal treatment chamber 6) by means of a fluid 22
containing water so as to obtain a composition 23 (in particular,

liquid) containing at least part of the compounds removed; (at
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least) one separation device 24, which is adapted to remove at
least part of the compounds removed from the water of the
composition 23 so as to obtain a treated ligquid 25 containing
at least part of the water of the composition 23; and (at least)
one Dbasification device 26, which is adapted to reduce the
acidity of the treated liquid 25 so as to obtain a further
treated liquid 27.

In particular, the composition 23 is an emulsion, a suspension,
a solution or a combination thereof. In some specific non-—
limiting cases, the composition 23 comprises (in particular, is)
an emulsion.

According to some non-limiting embodiments, the collecting
device 21 1is adapted to collect at least part of the removed
compounds condensing them (so as to obtain the composition 23 -
in particular, an emulsion).

Advantageously but not necessarily, the collecting device 21
comprises at least one sprayer 28 adapted to spray a liquid
containing water (in particular, the treated 1ligquid 27) to
obtain the fluid 22 containing water.

In particular, the collecting device 21 comprises an abatement
tower 29 inside which, in particular, the liguid containing
water is sprayed (in particular, the treated liquid 27) to obtain
the fluid 22 containing water. The tower 29 comprises an opening
30 arranged at an upper end of said tower 29 and an opening 31,
which is arranged at a lower end of the tower 29 and through
which, in use, the composition 23 passes.

According to some specific and non-limiting embodiments, the
tower 29 has a height of approximately 15 metres and a width
(diameter) of approximately 2 metres.

Typically, the separation device 24 (in particular the tower 29)
is connected to the duct 19 so that the compounds removed and
coming from the chamber 6 (in particular, at a temperature of
approximately 140°C with a flow rate of approximately 12000
Nm3/h) are fed to the separation device 24 (in particular to the
tower 29).

In use, in particular, the fumes which have not been “trapped”
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by the fluid 22 come out (in particular, at a temperature of
approximately 80°C) of the opening 30.

According to some non-limiting embodiments, the collecting
device 21 also comprises an intermediate tank 32, which is
connected to the tower 29 (in particular, to the lower end of
the tower 29) in particular by means of a duct 33.

The treatment assembly 20 further comprises a connection device
34 to take the composition 23 from the collecting device 21 (in
particular, from the tank 32) to the separation device 24. The
connection device 34 comprises a duct 35 and a movement unit 36
(in particular, a pump) to convey the composition 23 along the
duct 35 from the collecting device 21 to the separation device
24,

According to some non-limiting embodiments, the separation
device 24 comprises a feeding unit 37 to feed at least a
flocculant and/or at least a polyelectrolyte (and/or at least a
surfactant and/or at least a non-polar solvent) to the
composition 23 so as to cause at least part of the removed
compounds to dissociate (in particular, flocculate) (so as to
obtain removed and dissociated compounds - 1in particular,
flocculates - F); and a parting unit 38 (in particular,
mechanical) to remove (in particular, mechanically) at least
part of the dissociated (and flocculated) compounds F from the
water of the composition 23 so as to obtain the treated liquid
25.

In particular, the parting unit 38 is adapted to remove with
mechanical instruments at least part of the removed and
flocculated compounds F (on the surface of the water of the
composition 25). More in particular, the parting unit 38 is
adapted to remove by scraping at least part of the removed and
flocculated compounds F (on the surface of the water of the
composition 25).

More precisely, the parting unit 38 comprises a plurality of
fingers (blades) which, when they move in the area of the upper
part of the water of the composition 23, remove at least part

of the removed and flocculated compounds F.
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According to some non—-limiting embodiments, the parting unit 38
comprises a belt (or a chain or a band) closed in a loop and
mounted on a pair of pulleys, at least one of which is motorized
to move the belt (with continuous motion).

In some non-limiting cases, the feeding unit 37 comprises a sub-
unit 39 to feed the flocculant and a sub—unit 40 to feed (the
flocculant and/or) the polyelectrolyte (and/or a surfactant
and/or a non-polar solvent).

According to some non-limiting embodiments, the separation
device 24 comprises a tank 41 to contain the composition 23.
Advantageously but not necessarily, the separation device 24
comprises a bubbler 42 to cause a gas (in particular, air) to
bubble in the content of the tank 41.

According to some non—-limiting embodiments not illustrated, the
parting unit 38 1s adapted to part any precipitated (and
flocculated) material from the bottom of the tank 41. More
precisely, the parting unit 38 is adapted to remove at least
part of the dissociated and precipitated (and flocculated)
compounds F from the bottom of the tank 41.

Advantageously but not necessarily, the tank 41 comprises an
inner wall 43, which is provided with a lower opening 44 and
divides the tank 41 into a first portion 45, at which the
connection device 34 is adapted to feed the composition 23 and
the feeding unit 37 is adapted to feed the flocculant and/or the
polyelectrolyte (and/or the surfactant and/or the non-polar
solvent), and a second portion 46, at which the parting unit 38
and the bubbler 42 are adapted to operate.

Advantageously but not necessarily, the treatment assembly 20
comprises a cooling device 47, which is adapted to cool the
treated liquid 25. The Dbasification device 26 is adapted to
reduce the acidity of the treated liguid 25 coming from the
cooling device 47 so as to obtain the liquid 27.

In particular, the cooling device 47 comprises a cooling tower
(in particular, adapted to remove approximately 200000 kcal/h
so that the treated liquid 25 coming out of the cooling device

47 has a temperature of approximately 25°C).
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According to some non-limiting embodiments, the treatment
assembly 20 comprises a connection device 48 to take the treated
ligquid 25 from the separation device 24 (in particular from the
tank 41; more in particular from the bottom of the portion 46)
to the cooling device 47; and a connection device 49, comprising
a relative duct, to take the cooled treated liquid 25 from the
cooling device 47 to the basification device 26.

In particular, the connection device 48 comprises a duct 50 and
a movement unit 51 (more precisely a pump) to move the treated
liquid 25 along the duct 50.

Advantageously but not necessarily, the treatment assembly 20
comprises a recirculation device 52, which is adapted to use at
least part of the treated liquid 27 to make up at least part of
the fluid 22 containing water. In particular, the recirculation
device 52 is adapted to supply approximately 15000 L/h of treated
liquid 27 (at a temperature of approximately 25°C) to the
collecting device 21.

According to some non-limiting embodiments, the treatment
assembly 20 (more in particular, the recirculation device 52)
further comprises at least one replenishment device 53 which is
adapted to add water (in particular, approximately 700 L/h) to
the treated liquid 25 and/or to the treated liquid 27.
According to some non-limiting embodiments, the basification
device 26 comprises a container 55 (in particular, a tank; more
in particular with a volume of approximately 150 m3®), which is
adapted to receive the treated liquid 25 and the water coming
from the replenishment device 53. In particular, the
basification device 26 is connected to the cooling device 47 (by
means of the connection device 49).

Advantageously but not necessarily the basification device 26
comprises a pH sensor 56, which is adapted to detect the pH of
the treated liquid 25 (more precisely, of the content of the
container 55). In particular, the basification device 26 also
comprises a control unit (of per se a known type and not
illustrated), which i1s adapted to control a feeder 57 of a

basification compound (for example NaOH or Ca{OH): or a buffer
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substance) according to what is detected by the sensor 55.

In particular, the recirculation device 52 comprises (at least)
one duct 58, extending from the basification device 26 {(more
precisely, from the container 55) to the collecting device 21
(more precisely, to the sprayer 28) and movement unit 59 (in
particular, a pump) to convey the treated ligquid 27 along the
duct 58.

Advantageously but not necessarily, a further treatment assembly
20 (more precisely, a removal assembly 17) is positioned at the
above-mentioned drying station arranged between the pressing
equipment 2 and the decoration device 3.

With particular reference to figures 5 and 6, according to some
non—-limiting embodiments, the kiln 4 (more precisely, the
treatment assembly 20) comprises at least a smokestack 62 and
an outlet duct 67, which extends from the opening 30 to the
stack 62.

Advantageously but not necessarily, the kiln 4 also comprises a
movement unit 68 (in particular, a fan) to convey the fumes
(which, typically, have a temperature of approximately 70°-90°C;
more precisely, approximately 80°C) from the opening 30 to the
stack 62 (in particular, along the cited outlet duct 67).
According to some embodiments (figure 5), the kiln 4 (more
precisely, the treatment assembly 20) comprises at least one
activated carbon filter 61 (in particular, a Dbattery of
activated carbon filters arranged in series). In particular, the
movement unit 68 is arranged between the activated carbon filter
61 and the stack 62.

The activated carbon filter 61 (known per se) has a high
adsorption capacity of numerous chemical species, including the
volatile organic compounds (in particular hydrocarbons). The
activated carbons owe their effectiveness to their particular
morphology with high specific surface area (500 to 1000 m?/gram).
Being an adsorption process, there is a “saturation” effect of
the filter, which after a certain period (in general a few
months) requires replacement (and if necessary regeneration at

specialist plants).
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Alternatively or in addition to the activated carbon filter 61,
a filter containing zeolites is provided.

Advantageously but not necessarily, the kiln 4 (in particular,
the treatment assembly 20) comprises a dehumidification system
60 adapted to reduce the water vapour content in the fumes coming
out of the opening 30 which, in particular, are fed to the
activated carbon filter 61.

In this way (by reducing the humidity of the fumes), the
operation of the activated carbon filter 61 is improved. The
fumes coming out of the activated carbon filter 61 are therefore
substantially purified, cold and with low humidity content.
According to some non-limiting embodiments (figure 6), the kiln
4 (in particular, the removal assembly 17) also comprises a
process unit 69 for treating (purifying at least partially) the
substances coming from the thermal treatment chamber 6 upstream
of the treatment assembly 20.

In particular, the process assembly 69 is adapted to reduce the
compound content, in particular comprising organic compounds
(more in particular evaporated from the basic ceramic articles
BC, in the form of gas from the thermal treatment chamber 6) fed
to the treatment assembly 20.

Advantageously but not necessarily, the process assembly 69
comprises a purification device 64, which is adapted to bring
the substances, coming from the chamber 6, into contact with a
particulate material, in particular comprising (consisting of)
(particles of) activated carbon and/or zeolite. In this way, the
concentration of compounds is reduced, in particular comprising
organic compounds (more in particular evaporated from the basic
ceramic articles BC, in the form of gas from the thermal
treatment chamber 6), fed to the treatment assembly 20.
Additionally or alternatively, the particulate material
comprises (consists of) lime (in powder). The lime is adapted
to reduce the acidity (in particular, by reacting with the acids
present; more in particular, hydrochloric, hydrofluoric and/or
sulphuric acid) of what is fed to the treatment assembly 20.

Advantageously but not necessarily, the kiln 4 (in particular,



10

15

20

25

30

35

WO 2019/016783 PCT/IB2018/055468
16

the removal assembly 17; more in particular, the process
assembly 69) comprises a sleeve filtering device 63, which is
arranged upstream of the treatment assembly 20 and is adapted
to filter the substances fed to the treatment assembly 20 (in
particular, retaining the solid particles - reacted lime and
activated <carbons - which, more in particular, will be
discharged to landfill).

In this case (embodiment of figure 6), the kiln 4 has a
relatively low plant engineering cost (more precisely, the
embodiment of figure 6 has a production cost lower than that of
the embodiment of figure 5 which, however, has a cost connected
with the exhausted activated carbons and/or zeolites).

It should be noted that, normally but not necessarily, the
substances coming from the chamber 6 along the duct 19 have a
temperature of approximately 200°C.

Advantageously but not necessarily, the kiln 4 (in particular,
the removal assembly 17; more in particular, the process
assembly 69) comprises a cooling device 65, which 1is arranged
upstream of the purification device 64 to reduce the temperature
(in particular to a temperature lower than approximately 150°C;
more 1in particular, to a temperature of approximately 130°-
150°C; more precisely, to approximately 140°C) of the substances
fed (by means of the duct 19) to the purification device 64. In
this way, the purification device 65 (more precisely, the
activated carbon and/or the zeolite contained therein) works
more efficiently.

In use, while the compounds removed (from the chamber 6) pass
through the duct 19, the mentioned particulate material 1is
extracted (in particular, by means of a Venturi tube of the
purification device 64; more in particular, from one or more
silos) and Dbrought into contact with said compounds in a
collector (of the purification device 64). At this point, at
least a part of the compounds removed (from the chamber 6)
interacts with the particulate material (in particular, reacts
with the lime to obtain substantially neutral compounds and/or

is adsorbed by the activated carbon and/or by the zeolites). The
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particulate material continues its action once deposited inside
the sleeve filtering device 63 (more precisely, on the filtering
sleeves of said device). The gaseous part crosses the sleeve
filtering device 63 and is fed by means of the movement device
18 to the treatment assembly 20.

Advantageously but not necessarily (figures 5 and 6), the kiln
4 (in particular, the treatment assembly 20; more in particular,
the recirculation device 52) comprises a reverse osmosis
filtering system 66, which is adapted to reduce (after the pH
has been Dbasified - substantially neutralized - Dby the
basification device 26) the salt content (which could accumulate
during use) in the treated ligquid 27.

In particular, the reverse osmosis filtering system 66 1is
arranged along the duct 58.

A method for the thermal treatment (in particular, for firing)
of basic ceramic articles BC 1s also provided; the method
comprises: (at least) one heating step, during which the basic
ceramic articles BC are heated while they are at least in an
area 10 of a thermal treatment chamber 6; (at least) one
conveying step, during which the basic ceramic articles BC are
conveyed (from an inlet station 7 to an outlet station 8 of the
thermal treatment chamber 6) along a given path P extending
through the firing area 10 of the thermal treatment chamber 6.
During the heating step, the firing area 10 has a temperature
of at least 500°C (in particular at least 900°C, more in
particular at least 1000°C). Advantageously but not necessarily,
during the heating step, the firing area 10 has a temperature
of up to 1300°C.

In particular, the basic ceramic articles BC comprise ceramic
powder.

The method further comprises (at least) one removal step, during
which compounds (in particular comprising organic compounds)
evaporated (in particular, during the heating step) from the
basic ceramic articles BC are removed in the form of gas from
the thermal treatment chamber 6 so as to obtain removed

compounds; {(at least) one collecting step, during which at least
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part of the removed compounds are collected by means of a fluid
22 containing water so as to obtain a composition 23, in
particular an emulsion, containing at least part of the removed
compounds; and (at least) one separation step, during which at
least part of the removed compounds, in particular organic
compounds, are parted from the water of the composition 23 so
as to obtain a treated liquid 25 containing at least part of the
water of the composition 23.

In particular, the basic ceramic articles BC comprise organic
compounds, 1n particular hydrocarbons (in a non—-negligible
guantity). Typically, the basic ceramic articles BC comprise
inorganic compounds.

According to some non-limiting embodiments, the basic ceramic
articles BC have (in particular, on an own surface thereof)
pigments, conductive polar fluids (like water) and/or non-polar
solvents (organic solvents; oils or other hydrocarbons). More
precisely, the basic ceramic articles BC have (in particular,
on an own surface thereof) an ink (and/or an enamel).

According to specific non-limiting embodiments, the Dbasic
ceramic articles BC have on an own surface thereof (upper) 10
g/m? to 20 g/m? of ink and, additionally or alternatively, 80
g/m?2 to 150 g/m? of base enamel.

In particular, the method also comprises (at least) one
basification step, during which the acidity of the treated
ligquid 25 is reduced so as to obtain a treated liquid 27. More
in particular, during the basification step, a basification
compound (for example NaOH or Ca(OH)2 or a buffer substance) is
fed to the treated liquid 25.

In particular, the compounds evaporated from the basic ceramic
articles BC and, then, removed from the chamber 6 comprise
organic compounds and inorganic acids (for example, hydrochloric
acid, hydrofluoric acid and sulphuric acid).

Advantageously but not necessarily, the method comprises (at
least) one recirculation step, during which at least part of the
treated liquid 27 is used to make up at least part of the fluid

22 containing water. In particular, the fluid 22 containing
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water is obtained by spraying of the treated liquid 27.
According to some non-limiting embodiments, the separation step
comprises at least one dissociation sub-step, during which at
least part of the compounds removed dissociate from the water
of the composition 23; and at least one parting sub-step (in
particular, mechanical), during which the compounds removed and
dissociated are at least partially parted (in particular,
mechanically) from the water of the composition 23 so as to
obtain the treated ligquid 25.

Advantageously but not necessarily, the dissociation sub-step
comprises a flocculation step during which at least part of the
compounds removed are caused to flocculate (so as to obtain
removed and flocculated compounds F), in particular by means of
the addition of at least one flocculant and/or at least one
polyelectrolyte (and/or at least one surfactant and/or at least
one non-polar solvent) to the composition 23.

Advantageously but not necessarily, during the separation step
(in particular, during the dissociation sub-step) a gas (in

particular, air) is caused to bubble in the composition 23.

Advantageously but not necessarily, the method also comprises
(at least) one cooling step, during which the treated liquid 25
is cooled. In particular, during the basification step, the
acidity of the liquid treated 25 and cooled, is reduced, so as
to obtain the treated liquid 27.

Advantageously but not necessarily, the method also comprises
(at least) one replenishment step, during which water is added
to the treated ligquids 25 and 27. In particular, the fluid 23
containing water is obtained by spraying of the treated liquid
27.

Advantageously but not necessarily, the method comprises at
least one treatment step, during which at least part of the
compounds, evaporated from the basic ceramic articles BC (and
removed — in the form of gas - from the chamber 6), are brought
into contact with a particulate material selected from the group

consisting of: 1lime (in powder), (particles of) activated
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carbons, (particles of) zeolites and a combination thereof.
According to some non-limiting embodiments, the treatment step
precedes the collecting step. Alternatively, the treatment step
succeeds the collecting step.

According to some non-limiting embodiments, the treatment step
is implemented using at least one filter comprising activated
carbons and/or zeolites (e.g. the activated carbon filter 61).
Alternatively or additionally, the treatment step is implemented
by bringing at least part of the compounds, evaporated from the
basic ceramic articles BC (and removed - in the form of gas -
from the chamber 6) directly into contact with free particles
of activated carbons and/or zeolites. In these cases,
advantageously but not necessarily, during the treatment step,
a filter is used for the removal of particulate (e.g. the sleeve
filtering device 63).

Advantageously but not necessarily, the method is implemented
by a kiln 4 as described above.

According to a further aspect of the present invention, a
treatment assembly 20 is provided as described above.

The present invention has several advantages with respect to the
state of the art. In particular, in accordance with the present
invention it 1is possible to purify the gases coming out of a
kiln for firing <ceramic articles, in an efficient and
inexpensive manner. Said purification allows removal of at least
part of the organic compounds and inorganic acids present in
said fumes. It should furthermore be noted that the present
invention can also be applied to existing kilns.

Unless explicitly indicated otherwise, the contents of the
references (articles, books, patent applications etc.) mentioned
in this text are referred to here in full. In particular, the

mentioned references are herein incorporated by reference.
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CLAIMS

1.— A method for the thermal treatment (in particular, for the
firing) of basic ceramic articles (BC); the method comprises:
at least one heating step, during which the Dbasic ceramic
articles (BC) are heated while they are in at least one firing
area (10) of a thermal treatment chamber (6);

at least one conveying step, during which the Dbasic ceramic
articles (BC) are conveyed along a given path (P) extending
through the firing area (10) of the thermal treatment chamber
(6); during the heating step, the firing area (10) has a
temperature of at least 500°C, in particular at least 900°C;

at least one removal step, during which compounds (in particular
comprising organic compounds and inorganic acids), evaporated
from the basic ceramic articles (BC), are removed in the form
of gas from the thermal treatment chamber (6) so as to obtain
removed compounds;

the method being characterized in that it comprises at least one
collecting step, during which at least part of the removed
compounds are collected by means of a water-containing fluid
(22) so as to obtain a composition (23), in particular an
emulsion, containing at least part of the removed compounds;

at least one separation step, during which at least part of the
removed compounds, in particular of the organic compounds, are
parted from the water of the composition (23) so as to obtain a
first treated liquid (25) containing at least part of the water
of the composition (23); and

at least one basification step, during which the acidity of the
first treated liquid (25) is reduced so as to obtain a second
treated ligquid (27).

2.— The method according to claim 1 and comprising at least one
recirculation step, during which at least part of the second
treated liquid (27) is used to make up at least part of the
water-containing fluid (22); in particular, the water—-containing
fluid (22) 1is obtained through spraying of the second treated
liquid (27).
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3.— The method according to claim 1 or 2, wherein the separation
step comprises at least one dissociation sub-step, during which
at least part of the removed compounds disassociate themselves
from the water of the composition (23); and at least one parting
sub-step, during which the removed and disassociated compounds
are at least partially parted from the water of the composition
so as to obtain the first treated ligquid (25).

4.— The method according to claim 3, wherein the disassociation
sub-step comprises a flocculation step, during which at least
part of the removed compounds are caused to flocculate, in
particular by adding to the composition (23) at least one
additive selected in the group consisting of: at least one
flocculant, at least one polyelectrolyte, at least one
surfactant, at least one non-polar solvent, and a combination
thereof.

5.- The method according to claim 3 or 4, wherein, during the
disassociation step, a gas is caused to bubble in the composition
(23) .

6.— The method according to any one of the preceding claims, and
comprising at least one cooling step, during which the first
treated liquid (25) is cooled; during the basification step, the
acidity of the cooled first treated liguid (25) is reduced so
as to obtain the second treated ligquid (27).

7.— The method according to any one of the preceding claims, and
comprising at least one recirculation step, during which at
least part of the second treated liquid (27) is used to make up
at least part of the water-containing fluid (22); and at least
one replenishment step, during which water is added to the first
treated liquid (25) or to the second treated liquid (27); in
particular, the water—-containing fluid (22) is obtained through
spraying of the second treated liquid (27).

8.— A kiln for the thermal treatment (in particular, for the
firing) of basic ceramic articles; the kiln (4) comprises: a
conveying assembly (5) for conveying the basic ceramic articles

(BC) along a given path (P); at least one thermal treatment
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chamber (6), which is arranged along the given path (P) and has
an input station (7) and an output station (8); at least one
heating device (47), which is adapted to heat the basic ceramic
articles (BC) enforcing a temperature of at least 500°C, in
particular at least 900°C, in at least one firing area (10) of
the thermal treatment chamber (6); and at least one removal
assembly (17) to remove compounds (in particular comprising
organic compounds), evaporated from the basic ceramic articles
(BC), in the form of gas from the thermal treatment chamber (6);
the kiln (4) being characterized in that the removal assembly
(17) comprises at least one treatment assembly (20) for the
treatment of the removed compounds;

the treatment assembly (20) comprises at least one collecting
device (21), which is adapted to collect at least part of the
removed compounds by means of a water-containing fluid (22) so
as to obtain a composition (23), in particular an emulsion,
containing at least part of the removed compounds;

at least one separation device (24), which is adapted to part
at least part of the removed compounds from the water of the
composition (23) so as to obtain a first treated liquid (25)
containing at least part of the water of the composition (23);
and

at least one basification device (26), which is adapted to reduce
the acidity of the first treated ligquid (25) so as to obtain a
second treated ligquid (27).

9.— The kiln according to claim 8, wherein the treatment assembly
(20) comprises a recirculation device (52), which is adapted to
use at least part of the second treated liquid (27) to make up
at least part of the water-containing fluid (22); in particular,
the collecting device (21) comprises at least one sprayer (54),
which is adapted to spray the second treated liquid (27) so as
to obtain the water—containing fluid (22).

10.- The kiln according to claim 8 or 9, wherein the separation
device (24) comprises at least one feeding unit (37) to feed at
least one flocculant and/or at least one polyelectrolyte to the

composition (23) so as to cause at least part of the removed
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compounds to flocculate; and a parting unit (38) to part at
least part of the removed and flocculated compounds (F) from the
water of the composition (23) so as to obtain the first treated
liquid (25).

11.—- The kiln according to any one of the claims from 8 to 10,
wherein the separation device (24) comprises a tank (41) to
contain the composition (23); and at least one bubbler (42) to
cause a gas to bubble in the content of the tank (41); the
parting unit (38) being adapted to remove an upper portion of
the composition (23) (in particular, at least part of the removed
and flocculated compounds).

12.— The kiln according to any one of the claims from 8 to 11,
wherein the treatment assembly (20) comprises a cooling device
(47), which is adapted to cool the first treated liquid (25);
the basification device (26) is adapted to reduce the acidity
of the first treated and cooled liquid (25) so as to obtain the
second treated ligquid (27).

13.— The kiln according to any one of the claims from 8 to 12,
wherein the treatment assembly (20) comprises a recirculation
device (52), which is adapted to use at least part of the second
treated ligquid (27) to make up at least part of the water-
containing fluid (22); in particular, the treatment assembly
(20) further comprises at least one replenishment device (53),
which is adapted to add water to the first treated liquid (25)
and/or to the second treated liquid (27); in particular, the
collecting device (21) comprises at least one sprayer (28),
which is adapted to spray the second treated liquid (27) so as
to obtain the water—containing fluid (22).

14.- A plant for the production of ceramic products (CP) starting
from basic ceramic articles (BC); the plant (1) comprises a
decoration device (3), which is adapted to decorate the basic
ceramic articles (BC) with an ink comprising organic compounds,

and a kiln (4) according to any one of the claims from 8 to 13.
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