(19 DANMARK (10 DK/EP 3717851 T3

(12) Overseettelse af
europaeisk patentskrift

Patent- og
Varemeaerkestyrelsen

(51) Int.Cl.: F26 B 3/04(2006.01)
(45) Overseettelsen bekendtgjort den: 2022-05-30

(80) Dato for Den Europaeiske Patentmyndigheds
bekendtgerelse om meddelelse af patentet: 2022-03-16

(86) Europaeisk ansggning nr.: 18804347.5

(86) Europaeisk indleveringsdag: 2018-11-26

(87) Den europeaeiske ansggnings publiceringsdag: 2020-10-07
(86) International ansggning nr.: EP2018082542

(87) Internationalt publikationsnr.: WO2019105888

(30) Prioritet: 2017-11-28 EP 17306648

(84) Designerede stater: AL AT BE BG CH CY CZ DE DK EE ES FI FR GB GR HR HU IE IS IT LI LT LU LV
MC MK MT NL NO PL PT RO RS SE SI SK SM TR

(73) Patenthaver: Etex Building Performance International SAS, 500 rue Marcel Demonque , Zone du Péle
Technologique Agroparc, 84915 Avignon, Frankrig

(72) Opfinder: MOESCH, Pierre, 28 Boulevard Calmette, 30400 Villeneuve-les-Avignon, Frankrig
Rigaudon, Michel, 374 Chemin du Boquier, 84330 Caromb, Frankrig

(74) Fuldmaegtig i Danmark: Plougmann Vingtoft A/S, Strandvejen 70, 2900 Hellerup, Danmark
(54) Benaevnelse: FREMGANGSMADE OG ANORDNING TIL TGRRING AF PLADER

(56) Fremdragne publikationer:
EP-A1- 0 127 761
WO-A1-2004/109003
WO-A1-2014/168559
DE-A1-2613 512
DE-C1- 4 447 311
US-A- 2 722 752
US-A- 4 255 870



DK/EP 3717851 T3



DK/EP 3717851 T3

DESCRIPTION

FIELD OF THE INVENTION

[0001] The present invention relates to a method for drying articles to be dried, in particular
sheet materials such as plasterboard; and a corresponding arrangement for drying articles to
be dried.

BACKGROUND OF THE INVENTION

[0002] In the manufacture of sheet materials such as plasterboard, board drying constitutes a
large part of the energy costs. In order to reduce these costs, the amount of water used for the
board manufacturing is often reduced to a minimum. Even then, drying costs typically form a
significant portion of the total manufacturing costs.

[0003] A further measure to reduce drying costs is by improving the efficiency of the drying
process. Patent application DE 26 13 512 describes a two-stage method for drying
plasterboard, wherein heat from the first stage is recovered and used for heating the boards in
the second stage. Although this method allows for reducing the primary energy needed (i.e.
energy needed for warming the drying air), the low temperature in the second stage requires a
large mass flow, leading to a high consumption of secondary energy (i.e. energy needed for air
circulation). Therefore, patent US 5,659,975 proposes a two-stage method wherein heat from
the exhaust drying air from the first stage is recovered and used for pre-heating the drying air
in the second stage. The drying air in the second stage is further heated using a burner. In this
way, a higher temperature in the second stage is obtained.

[0004] There remains a need for methods for drying plasterboard with reduced energy
consumption.

SUMMARY OF THE INVENTION

[0005] It is an object of the present application to provide methods and arrangements for
drying sheet materials such as plasterboard, having a low energy consumption.

[0006] The present inventors found that the use of relatively low drying temperatures in
combination with a plurality of warm drying zones can allow for a significant reduction in the
primary energy consumption, wherein the use of a plurality of warm zones can ensure that the
increase in secondary energy consumption does not nullify the reduction of the primary energy
consumption. Further improvements could be obtained by using scrubbers and/or air/liquid
heat exchangers for heat recovery, and by using impinging jet nozzles.
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[0007] The independent and dependent claims set out particular and preferred features of the
invention. Features from the dependent claims may be combined with features of the
independent or other dependent claims, and/or with features set out in the description above
and/or hereinafter as appropriate.

[0008] The above and other characteristics, features and advantages of the present invention
will become apparent from the following detailed description which illustrates, by way of
example, the principles of the invention. This description is given for the sake of example only,
without limiting the scope of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] The accompanying Figures are provided by way of example only and should not be
considered to limit the scope of the present invention.

Fig. 1
Schematic illustration of a particular embodiment of an arrangement for drying sheets as
described herein.

Fig. 2
Schematic illustration of a particular embodiment of an arrangement for drying sheets as
described herein.

[0010] In the Figures, the following numbering is used:

1 - conveyor; 2 - sealing zone; 3 - hot zone; 4 - warm zone; 5 - fresh first drying medium; 6 -
burner; 7 - exhaust conduit; 8 - heat exchanger; 9a, 9b - heat exchanger; 10 - fresh second
drying medium; 11 - conduit; 12 - start-up phase burner; 13 - shutdown phase burner; 14 -
heat exchanger; 15 - closed circuit.

DETAILED DESCRIPTION

[0011] The present invention will be described with respect to particular embodiments.

[0012] It is to be noticed that the term "comprising”, used in the claims, should not be
interpreted as being restricted to the means listed thereafter; it does not exclude other
elements or steps. It is thus to be interpreted as specifying the presence of the stated features,
steps or components as referred to, but does not preclude the presence or addition of one or
more other features, steps or components, or groups thereof. Thus, the scope of the
expression "a device comprising means A and B" should not be limited to devices consisting
only of components A and B. It means that with respect to the present invention, the only
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relevant components of the device are A and B.

[0013] Throughout this specification, reference to "one embodiment” or "an embodiment" are
made. Such references indicate that a particular feature, described in relation to the
embodiment is included in at least one embodiment of the present invention. Thus,
appearances of the phrases "in one embodiment” or "in an embodiment” in various places
throughout this specification are not necessarily all referring to the same embodiment, though
they could. Furthermore, the particular features or characteristics may be combined in any
suitable manner in one or more embodiments, as would be apparent to one of ordinary skill in
the art. The following terms are provided solely to aid in the understanding of the invention.

[0014] The term "about" as used herein when referring to a measurable value such as a
parameter, an amount, a temporal duration, and the like, is meant to encompass variations of
+/-10% or less, preferably +/-5% or less, more preferably +/-1% or less, and still more
preferably +/-0.1 % or less of and from the specified value, insofar such variations are
appropriate to perform in the disclosed invention. It is to be understood that the value to which
the modifier "about" refers is itself also specifically, and preferably, disclosed.

[0015] Provided herein is a method for drying articles to be dried, in particular sheet materials.
The term "drying" as used herein refers to the process of reducing the water content of the
articles to be dried. It does not necessarily mean that all water is removed from the articles,
although typically most of the unbound water will be removed; e.g. at least 95% of the unbound
water, preferably at least 99%. The term "unbound water" refers to water which is not part of
the chemical structure of the articles to be dried. For example, gypsum (CaS0O4.2H50) contains

water molecules which are part of gypsum's chemical structure; and which therefore are not
meant to be removed upon drying.

[0016] The method described herein comprises a main phase, and optionally further
comprises a start-up phase (preceding the main phase) and/or shutdown phase (following the
main phase). Unless stated otherwise, the present description applies to the main phase and
the start-up phase.

[0017] In the method described herein, the articles to be dried are advanced along a path
along at least one hot drying zone (also referred to herein as "hot zone") and a plurality of
warm drying zones (also referred to herein as "warm zones") downstream of the hot drying
zone(s); i.e. along their path, the articles to be dried enter the hot zone(s) prior to entering the
warm zones.

[0018] The term "zone" as used herein refers to a drying chamber which can be individually
aerated and heated. Accordingly, each zone can be individually set to a particular temperature
independently of the other zones. In the present method, the hot drying zone(s) have a higher
temperature than the warm drying zones.

[0019] The one or more hot drying zones are preferably kept at a temperature above 140°C.
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This is done by heating a first drying medium to a temperature above 140°C via heating
means; followed by directing the heated first drying medium to the articles to be dried in the hot
drying zone(s). The heated first drying medium is fed to the hot drying zone(s) and exhaust
first drying medium is removed from the hot drying zone(s) in a continuous way as is known in
the art. The exhaust first drying medium has a lower temperature compared to the heated first
drying medium entering the hot drying zone(s), but still contains sufficient heat energy (also
referred to herein as "heat") for the warm drying zones. The skilled person will understand that
the heat energy provided to the first drying medium should be sufficient for the partial drying of
the articles in the hot drying zone(s); and for further drying in the warm drying zones; further
taking into account potential energy losses and the residual heat energy in the exhaust second
drying medium.

[0020] In the present method, heat is recovered from the exhaust drying medium of the hot
drying zone(s) via a series of two or more heat recovery means. The recovered heat is then
used for heating a second drying medium to a temperature below the temperature of the first
drying medium, thus obtaining a heated second drying medium; followed by directing the
heated second drying medium to the articles to be dried in the warm drying zones. During the
main phase of the present method, only heat recovered from the exhaust first drying medium
is used for heating the second drying medium - i.e. no additional heat from other sources is
provided. In this way, considerable savings can be made on the drying costs. Accordingly, no
additional heating means are used during the main phase. This is in contrast with conventional
drying methods, wherein the recovered heat is typically used for pre-heating combustion air.

[0021] Accordingly, provided herein is a method for drying articles to be dried, comprising at
least a main phase comprising:

+ advancing articles to be dried along a path;

» heating a first drying medium to a temperature above 140°C via first heating means, and
directing the heated first drying medium to said sheets in a hot drying zone;

e recovering heat from exhaust drying medium of said hot drying zone via a series of two
or more heat recovery means and using the recovered heat for heating a second drying
medium to a temperature below the temperature of said first drying medium without
additional heating means, and directing the heated second drying medium to said sheets
in a plurality of warm drying zones downstream of said hot drying zone wherein:

o the cooled exhaust drying medium from upstream heat recovery means is passed
over neighboring downstream recovery means; and

o for each of said two or more heat recovery means, the recovered heat is directed
to one or more warm drying zones associated with that heat recovery means.

[0022] This will be explained further herein below.

[0023] The articles to be dried (also referred to herein as "articles") in the method described
herein are preferably sheet materials. Examples of typical sheet materials requiring drying
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during manufacture are building boards such as plasterboard and/or fiber cement boards. The
method described herein is particularly suitable for the drying of plasterboard during the
manufacture thereof. Thus, in particularly preferred embodiments, the articles are
plasterboard. The term "plasterboard" as used herein refers to a panel or board comprising a
gypsum core, obtainable from a plaster slurry as known in the art. More particularly, the term
"plasterboard" refers to a board or panel which is obtainable via the setting (hydration) of
plaster. The term "board" or "panel” as used herein refers to any type of wall, ceiling or floor
component of any required size.

[0024] The articles to be dried are advanced along a path. This can be done via a conveying
device known in the art. The method described herein is particularly suitable for continuous
processes, wherein the articles are continuously moving along the path. In the case of sheet
materials, the articles may be stacked in multiple layers or levels (preferably with some space
between the sheets, e.g. stacked on a rack) in order to increase the capacity. Additionally or
alternatively, a plurality of stacked conveyors may be provided.

[0025] The main phase of the method described herein contains two main stages, more
particularly a hot stage and a warm stage. In the hot stage, the articles are brought into one or
more drying chambers at a relatively high temperature. In the warm stage, which follows the
hot stage, the articles are brought in a series of drying chambers at a lower temperature
compared to the hot drying chamber(s). The drying chambers of the hot stage are also
referred to herein as "hot drying zones. Similarly, the drying chambers of the warm stage are
also referred herein as "warm drying zones". The use of a two-stage drying process as such is
well known for drying sheet materials such as plasterboard, for example from US Patent
5,659,975.

[0026] The one or more hot drying zones are provided with a first drying medium which is
heated via a heating means. The first drying medium is typically air. The skilled person will
understand that the term "air" as used herein also includes combustion fumes obtained by
combustion of a mixture of air and fuel. In particular, combustion air and the resulting
combustion fumes are both referred to herein as "first drying medium". Typically, in each of the
one or more hot drying zones, the temperature of the first drying medium is between 140°C
and 350°C. In preferred embodiments, the temperature of the first drying medium is above
150°C. More preferably, the temperature ranges from 200°C to 300°C. This temperature range
is particularly useful for drying sheet materials such as plasterboard. The type of heating
means is not critical. Conventional heating means include burners, wherein air as drying
medium is mixed with a fuel, followed by fuel combustion.

[0027] The heated first drying medium is directed, typically by means of fans, to the articles
present in the hot drying zone. In this way, the articles are heated and the water present in the
articles at least partially evaporates; whereas the temperature of the first drying medium
decreases and the humidity of the first drying medium increases. In order to keep the process
going, fresh heated first drying medium is continuously provided to the hot drying zone, and
exhaust first drying medium is continuously removed from the hot drying zone. In preferred
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embodiments, a circulation process is used, wherein a large part of the drying medium is
recirculated, and only a small part of the drying medium is discharged as exhaust drying
medium. The use of such recirculation process as such is known in the art.

[0028] The exhaust first drying medium typically has a temperature well above 100°C and is
relatively humid, and thus contains a considerable amount of (sensible and latent) heat energy.
In the present method, heat from the exhaust first drying medium is recovered for (directly or
indirectly) heating a second drying medium, which is used for heating the articles in the warm
stage. The second drying medium is typically air.

[0029] The heat from the first drying medium is recovered via a series of two or more heat
recovery means. Suitable heat recovery means include, but are not limited to heat exchangers,
heat pumps, scrubbers, or combinations thereof.

[0030] In particular embodiments, the heat recovery means comprise one or more heat
exchangers. In a heat exchanger (HE), heat from the exhaust first drying medium is
transferred to another medium (heat sink), which can be the second drying medium or an
intermediate medium.

[0031] In particular embodiments, the HE may be a gas/gas HE. In such embodiments, the first
gas will typically be the exhaust first drying medium, whereas the second gas is the second
drying medium.

[0032] In certain embodiments, the HE may be a gas/liquid HE. In those embodiments, the gas
will typically be the exhaust first drying medium, whereas the liquid is an intermediate medium.
Heat from the intermediate medium is then typically transferred to the second drying medium
via one or more other HEs. Advantageously, a closed circuit may be used for the liquid medium
(see further in the discussion of Fig. 2).

[0033] The liquid is typically selected based on the temperatures involved, and is preferably
selected from oil, water, propylene glycol, or mixtures thereof. The use of a gas/liquid HE may
reduce the consumption of secondary energy compared to a gas/gas HE, as the circulation of
the liquid medium typically requires narrower pipes compared to gaseous media. The narrow
pipes also require a smaller investment in insulation. The present inventors further found that
the use of liquid media can allow for a better temperature control in the warm zones.

[0034] In particular embodiments, the heat recovery means may include a scrubber, in
particular a wet scrubber. Scrubbers are typically used for removing pollutants or the like from
industrial exhaust streams, but can also be used for heat recovery from hot gases. In the
method described herein, scrubbers can perform the dual function of heat recovery from
exhaust first drying medium, as well as removing pollutants from the exhaust first drying
medium.

[0035] In particular embodiments, a wet scrubber may be used wherein the exhaust first drying
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medium is contacted with a scrubbing solution, which is often water-based. Heat (and
pollutants) from the first drying medium are then transferred to the scrubbing solution, which
acts as an intermediate medium. Heat from the scrubbing solution can then be transferred to
the second drying medium via one or more other HEs. Various types of (wet) scrubbers known
in the art may be used in the context of the present invention. A particularly efficient heat
transfer may be realized using the device described in patent application WO 2016/071648. In
particular embodiments, a plurality of serially arranged scrubbers may be used.

[0036] In particular embodiments, the heat recovery means may include one or more heat
pumps. Heat pumps can go further than the spontaneous heat transfer as occurring in a HE or
scrubber, and therefore allow for recovering more heat from the exhaust first drying medium. A
disadvantage is that external power is required to accomplish the work of transferring the
energy.

[0037] In the present method, a plurality of warm drying zones is used. Compared to a single
large warm drying zone, a plurality of smaller warm drying zones require less energy for air
circulation, thus reducing the total energy demand of the method. In particular embodiments,
at least three warm drying zones are used, preferably at least five. In certain embodiments, ten
or more warm drying zones are used. The plurality of warm drying zones are provided in a
serial configuration along the path followed by the articles to be dried, i.e. the articles following
the path will consecutively pass through each warm drying zone.

[0038] In the warm drying zones, the second drying medium which is heated using heat
recovered from the exhaust first drying medium is directed to the articles to be dried. The
temperature of the second drying medium in the warm zones is lower than the temperature of
the first drying medium in the hot drying zone(s). The temperature in the various warm zones
may be the same or different, and may be changed depending on certain parameters
measured during the process, such as the temperature and humidity of the exhaust drying
medium in each warm drying zone. In preferred embodiments, in each of the warm drying
zones, the temperature of the second drying medium may independently range from 60°C to
140°C, preferably from 60°C to 130°C. In further embodiments, the temperature may range
between 60°C and 120°C. In yet further embodiments, the temperature may range between
65° to 100°C, preferably between 90°C and 100°C, and more particularly between 95°C and
100°C. In particular when heat exchangers or scrubbers are used as heat exchangers, the use
of such low temperatures for the second drying medium allows for recovering both latent heat
(from condensation) as sensible heat (from cooling) from the exhaust first drying medium,
whereas at higher temperatures the recovered heat is almost exclusively sensible heat.

[0039] In particular embodiments, at least one of the heat recovery means used for recovering
heat from the exhaust first drying medium, is associated with two or more warm drying zones.
In other words, at least one of the heat recovery means recovers heat from the exhaust first
drying medium, wherein the recovered heat is used for heating a second drying medium used
in at least two of the warm drying zones. In preferred embodiments, at least one of the heat
recovery means is associated with at least three, five, or even ten warm drying zones.
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[0040] The temperature in each warm drying zone can still be regulated via the relative flow of
heated second drying medium (or intermediate medium) to the warm drying zones. The use of
a single heat recovery means for providing heat to a plurality of warm drying zones allows for
an efficient heat transfer. In this way, less secondary energy is used.

[0041] The exhaust first drying medium is passed over a series of two or more heat recovery
means, wherein:

» the cooled exhaust drying medium from upstream heat recovery means is passed over
neighboring downstream recovery means; and

o for each of said one or more heat recovery means, the recovered heat is directed to one
or more warm drying zones associated with that heat recovery means.

[0042] Accordingly, there is a cascade of heat recovery means. If the heat recovery means are
heat exchangers or scrubbers, each heat recovery means will typically heat the second drying
medium (or intermediate medium) to a lower temperature than the previous one. The use of
heat pumps can overcome this limitation.

[0043] In particular embodiments, not all of the heat recovered from the exhaust first drying
medium is used for heating the second drying medium. Indeed, optionally, a part of the heat of
the exhaust first drying medium may also be recovered for pre-heating fresh first drying air
prior to combustion. In particular embodiments, a dedicated heat recovery means such as a
heat exchanger, scrubber, or heat pump, may be used for this. Further heat of the exhaust first
drying medium may then be recovered via two or more other heat recovery means as
described above, for heating the second drying medium.

[0044] In particular embodiments, the articles to be dried enter a sealing zone wherein the
articles are preheated prior to entering the hot drying zone(s). Accordingly, the sealing zone is
provided upstream of the hot drying zone(s). In addition to preheating the articles, the sealing
zone functions as a pressure buffer between the hot drying zone and the outside atmosphere.
As such, the use of sealing zones is known in the art. The temperature in the sealing zone is
lower than the temperature of the hot drying zone(s) and is preferably similar to the
temperature of the warm drying zones. In particular embodiments, the heat recovered from the
exhaust first drying medium by the heat recovery means as described above, may be partially
used for providing heat energy to articles in the sealing zone.

[0045] As described above, the present method is particularly suitable for continuous
processes. However, when starting the process, no articles to be dried are typically present in
the hot drying zone(s). The first drying medium is typically not being heated until the articles
reach the hot zone(s), such that it is not possible to heat the sealing zone using recovered
heat. Therefore, the present inventors found that a second heating means may be provided for
heating the articles in the sealing zone, until the recovered heat is sufficient for heating the
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sealing zone. In this way, incomplete drying of the articles can be prevented. The second
heating means is not used in the main phase, but only during a start-up phase preceding the
main phase. Accordingly, in particular embodiments, the heat recovered from the exhaust first
drying medium may be used partially for providing heat energy to the articles to be dried in a
sealing zone upstream of the one or more hot drying zones; wherein the main phase is
preceded by a start-up phase, wherein:

« further heat energy is provided to the sheets in the sealing zone via additional heating
means such as a burner; and

« said second heating means are turned off when said heated second drying medium
provides sufficient heat for reaching a target temperature in said sealing zone. Typically,
the second heating means are not turned off abruptly. Instead, the heating power of the
second heating means can be reduced gradually during the start-up phase.

[0046] All features described herein for the main phase (including but not limited to the
advancing of the sheets along a path; the heating of the first drying medium via heating
means; and the recovery of heat from exhaust drying medium of the hot zone) are, mutatis
mutandis, applicable to the start-up phase; with the exception that in the start-up phase,
additional heating means are used for the further heating of that part of the second drying
medium which is directed to the sealing zone.

[0047] As described above, the method described herein is particularly useful for continuous
drying processes. A special phase of such processes is the shutdown phase, wherein the last
articles to be dried move along the path, followed by shutdown of the process. At one point in
this phase, no articles will be present anymore in the hot drying zones, whereas articles are still
present in the warm drying zones. As fewer articles are present in the hot drying zone(s), the
heating power of the heating means associated with the hot drying zone(s) will typically be
reduced in order to save energy; and the heating means may be turned off entirely when the
last articles exit the hot zone(s). As fewer articles are being dried in the hot zone(s), also the
humidity of the exhaust first drying medium starts to reduce. Accordingly, the second drying
medium can no longer be heated well using recovered (latent and sensible) heat of exhaust
first drying medium. Therefore, additional heating means such as a burner may be provided for
heating the second drying medium, either directly or via an intermediate medium, during a
shutdown phase of the method. In this way, incomplete drying of the articles can be prevented.
In particular, the main phase may be followed by a shutdown phase, wherein:

» the first heating means are shut down; and
« said second drying medium directed to said warm drying zones is heated using
additional heating means.

[0048] In particular embodiments, further heat may be recovered from the exhaust second
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drying medium from the warm drying zones. This may be done in all phases of the method
described herein. In particular, recovery of the latent heat through condensation of the water
vapor allows for further heat recovery. The recovered heat may be used for preheating the first
drying medium, the second drying medium, and/or an intermediate medium. In particular
embodiments, the recovered heat is used for heating the first drying medium. The
condensation of the water vapor can also allow for liquid water recovery, which is particularly
relevant when carrying out the method in regions where water is scarce.

[0049] Due to the relatively low temperature of the warm drying zones in the present method,
the articles to be dried will typically require a longer drying time compared to drying methods
using higher temperatures. For example, for plasterboard about 60 to 80 minutes would be
needed instead of 40 minutes. Therefore, the articles to be dried will typically move slower
along the path and/or the path followed by the articles will be longer compared to other drying
methods. Preferably, the path is made longer, such that the amount of articles dried per unit
remains unchanged.

[0050] The hot drying zone(s), warm drying zones, and sealing zone may be independently
selected among various types of drying chambers known in the art. A characteristic feature of
different types of construction of drying zones is the type of air guiding over the material to be
dried. Typically, the air is guided onto the material in the form of cross aeration, longitudinal
aeration, or impingement jet aeration.

[0051] In the case of cross aeration, the drying medium (such as air) is guided over the articles
to be dried from the side, transversely to the direction of the path followed by the articles. In
the case of longitudinal aeration, the drying medium flows over the articles to be dried in the
direction of the path, or in the opposite direction. In the case of impingement jet aeration, the
drying medium is fed from the side of the drying chamber in air lines, in so-called nozzle boxes,
and, via air-exit nozzles, is blown perpendicularly onto the surface of the material to be dried.
From there, the air typically flows to the opposite side of the drying chamber. The use of
impingement jet aeration is particularly advantageous for the drying of sheet materials such as
plasterboard. Examples of suitable impinging jet aeration dryers are provided in patent
application US 2012/0246966.

[0052] In particular embodiments, the hot and/or warm drying zones may dry the articles via
impinging jet aeration. Accordingly, the hot and/or warm drying zones may comprise impinging
jet nozzles. In preferred embodiments, all of the hot and warm drying zones dry the articles via
impinging jet aeration.

[0053] Further provided herein is an arrangement for drying articles, which is adapted for
carrying out the method described herein. More particularly, provided herein is an arrangement
for drying articles, in particular sheet materials such as plasterboard, comprising:

+ means for advancing articles to be dried, in particular sheets, along a path in a travel
direction;
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» one or more hot drying zones at an upstream portion of said path, comprising means for
heating a first drying medium to a temperature of at least 140°C; and associated means
configured for conveying the heated first drying medium towards sheets on said path;

= a series of two or more heat recovery means configured for recovering heat from
exhaust drying medium of said hot drying zone and for heating a second drying medium
using the recovered heat wherein said heat recovery means are configured for passing
the cooled exhaust drying medium from upstream heat recovery means over
downstream recovery means and for each of said two or more heat recovery means
directing the recovered heat to one or more warm drying zones associated with that heat
recovery means; and

¢ a plurality of warm drying zones downstream of said hot drying zone, comprising means
configured for conveying a heated second drying medium towards sheets on said path.

[0054] The means for advancing articles may comprise a conveying device such as a roller
conveyor or belt conveyor. In particular the conveying device may comprise a stack of
conveying devices as described above; e.g. a multilayer roller conveyor or multilayer conveyor
belt.

[0055] The heating means of the hot drying zone(s) typically are burners as described above.
The means for conveying the heated first drying medium such as air may be one or more fans
or the like. The relative position of the burner and fan are not critical. The present inventors
found that when the fan is positioned after the burner, a better mixing can be obtained;
whereas a configuration wherein the burner is positioned after the fan generally requires less
fan maintenance.

[0056] The plurality of warm drying zones is typically provided in a serial configuration as
described above. Again, the means for conveying the heated second drying medium such as
air may be one or more fans or the like.

[0057] The heat recovery means may comprise one or more heat exchangers, scrubbers,
and/or heat pumps as described above. The heat recovery means may transfer the heat
directly to the second drying medium, or via an intermediate medium as described above. In
preferred embodiments, the heat recovery means comprise one or more air/liquid heat
exchangers as described above.

[0058] In particular embodiments, at least one of the two or more heat recovery means may
be associated with two or more warm drying zones, as described above.

[0059] The arrangement comprises a series of two or more heat recovery means for
recovering heat from exhaust drying medium of the hot drying zone; configured for:

» passing the cooled exhaust drying medium from upstream heat recovery means over
downstream recovery means; and
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» for each of said two or more heat recovery means, directing the recovered heat to one
or more hot drying zones associated with that heat recovery means. The term "cooled
exhaust drying medium" as used herein means the exhaust drying medium from which
heat is recovered. The skilled person will understand that the term "cooled" does not
mean that no further heat can be recovered from the drying medium by a further heat
recovery means.

[0060] In preferred embodiments, the hot and warm drying zones are adapted for drying the
articles via impinging jet aeration, as described above. Accordingly, the hot and warm drying
zones may comprise impinging jet nozzles.

EXAMPLES

[0061] The following examples are provided for the purpose of illustrating the present invention
and by no means are meant and in no way should be interpreted to limit the scope of the
present invention.

[0062] Fig. 1 is a schematic representation of a particular embodiment of an arrangement for
drying articles as described herein. The arrangement is particularly suitable for drying sheet
materials such as plasterboard.

[0063] The sheet materials (not shown) are positioned on a conveyor (1) represented by a
dotted line, and are transported in the direction of the bold arrows. The conveyor may be a
multilayer (i.e. multi-level) conveyor. The sheets first enter a sealing zone (2) wherein the
sheets are preheated prior to entering a hot zone (3) wherein a first drying step occurs. A
plurality of hot zones in a serial configuration may be provided instead of a single hot zone (3)
as shown in Fig. 1. After the hot zone(s) (3), the sheets enter a series of warm zones (4)
wherein the sheets are dried further. The hot zone (3) and warm zones (4) dry the sheets via
impinging jet aeration.

[0064] Fresh first drying medium (5) such as air at room temperature is heated via a heat
exchanger (8, see further) and a burner (6) to a temperature of about 250°C and subsequently
directed to articles to be dried in the hot zone (3). The first drying medium is recirculated in the
hot zone (3). New heated first drying medium is added and exhaust first drying medium is
discharged from the hot zone (3) in a continuous way. The exhaust first drying medium has a
temperature of about 150°C and is directed via an exhaust conduit (7) to a heat exchanger (8)
where heat from the exhaust first drying medium is transferred to fresh first drying medium (5).
In this way, the fresh first drying medium at room temperature is preheated to a temperature of
about 140°C before being heated further by the burner. The exhaust first drying medium cools
to a temperature of about 110°C and is directed to a series of two heat exchangers (9a and
9b) wherein further heat from the exhaust first drying medium is recovered and used for
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heating fresh second drying medium (10) such as air to a temperature of about 95°C. The final
temperature of the exhaust first drying medium is about 50°C, and its water content has
reduced significantly due to condensation. Accordingly, both latent heat as sensible heat is
recovered.

[0065] The heated second drying medium is directed to the plurality of warm zones (4). The
temperatures of the warm zones (4) can be regulated independently by regulating the flow of
second drying medium through each warm zone (4).

[0066] The heated second drying medium is also directed to the sealing zone (2) via a conduit
(11) and is used for preheating the sheets in the sealing zone (2). During the start-up phase of
the drying process, additional heat can be provided by a start-up phase burner (12) as long as
the second drying medium is not warm enough.

[0067] Likewise, in a shutdown phase (wherein the heating power of the burner (6) of the hot
zone (3) is gradually reduced as fewer sheets are present in the hot zone), the second drying
medium directed to the warm zones (4) can be heated further via a shutdown phase burner
(13) when the second drying medium is not warm enough..

[0068] Optionally, further heat may be recovered from the exhaust drying medium (not shown).
For example, such heat may be used for pre-heating fresh first drying medium (5).

[0069] Fig. 2 is a schematic representation of a particular embodiment of an arrangement for
drying articles as described herein. The arrangement is similar to the arrangement of Fig. 1,
with the difference that the two heat exchanger (9a and 9b) are gas/liquid HE instead of a
gas/gas HE. Accordingly, the heat exchangers (9a and 9b) do not directly heat the second
drying medium, but heat a liquid intermediate medium (e.g. oil, water, propylene glycol, or a
water/propylene glycol mixture), which then heats the second drying medium via additional
heat exchangers (14) in the warm drying zones (4) and the sealing zone (2). The intermediate
medium circulates in a closed circuit (15).
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Patentkrav

1. Fremgangsmade til tgrring af plader, isser gipsplader, omfattende en

hovedfase, idet naevnte hovedfase omfatter:
- at fremfgre plader som skal tgrres langs en bane;

5 - at opvarme et fgrste tgrremedium til en temperatur over 140°C via
et fgrste opvarmningsorgan, og at rette det opvarmede fagrste

torremedium til naevnte plader i en hed tgrrezone (3);

- at genvinde varme fra udkommende tgrremedium fra naevnte hede
torrezone (3) via en serie af to eller flere varmegenvindingsorganer
10 og at anvende den genvundne varme til at opvarme et andet
torremedium til en temperatur under temperaturen af naevnte fgrste
torremedium uden yderligere varmeorgan, og at rette det
opvarmede andet tgrremedium til naevnte plader i en flerhed af

varme tgrrezoner (4) nedstrgms for naevnte hede tgrrezone (3),
15 hvor:

- det afkglede udkommende tgrremedium fra opstrgms

varmegenvindingsorganer fgres over nedstrems genvindingsorgan;

0g

- for hver af naevnte to eller flere varmegenvindingsorganer, rettes
20 den genvundne varme til en eller flere varme tgrrezoner (4)

associeret med det varmegenvindingsorgan.

2. Fremgangsmaden ifglge krav 1, hvor mindst en af naevnte to eller flere
varmegenvindingsorganer er associeret med to eller flere varme tgrrezoner
25 (4).
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3. Fremgangsmaden ifglge krav 1 eller 2, hvor naevnte forste tgrremedium

varmes op til en temperatur over 200°C.

4. Fremgangsmaden ifglge et hvilket som helst af kravene 1 til 3, hvor i
hver af naevnte varme tgrrezoner (4) er temperaturen af naevnte andet

tgrremedium uafhaengigt i omradet fra 60°C til 130°C.

5. Fremgangsmaden ifglge et hvilket som helst af kravene 1 til 4, hvor

naevnte hede og varme tgrrezoner (3,4) omfatter traeffende straledyser.

6. Fremgangsmaden ifglge et hvilket som helst af kravene 1 til 5, hvor

naevnte to eller flere varmegenvindingsorganer er varmevekslere (9a,9b).

7. Fremgangsmaden ifglge krav 6, hvor naevnte to eller flere
varmegenvindingsorganer omfatter en eller flere luft-/vaeskevarmevekslere
(9a,9b).

8. Fremgangsmaden ifglge et hvilket som helst af kravene 1 til 7, hvor
nzevnte genvundne varme delvis anvendes til at tilvejebringe varmeenergi
til plader i en taetningszone (2) opstrems for naevnte hede tgrrezone (3);

og hvor der fgr naevnte hovedfase er en opstartsfase, hvor:

- yderligere varmeenergi tilvejebringes til pladerne i naevnte

teetningszone (2) via andre varmeorganer sasom en braender (12);

0g

- naevnte andre varmeorganer slukkes, ndr navnte opvarmede
andet torremedium tilvejebringer tilstraekkelig varme til at nd en

maltemperatur i naevnte taetningszone (2).
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9. Fremgangsmaden ifglge et hvilket som helst af kravene 1 til 8,
yderligere omfattende trinnet at genvinde varme fra udkommende andet

tgrremedium.

10. Anordning til tarring af plader, isaer gipsplader, omfattende:

- organ til at fremfgre plader som skal tgrres langs en bane i en

bevaegelsesretning;

- en hed tgrrezone (3) ved en opstrgms del af naevnte bane,
omfattende organ konfigureret til opvarmning af et fgrste
tgrremedium til en temperatur pa mindst 140°C; og associeret organ
konfigureret til at transportere det opvarmede fgrste tgrremedium

mod plader pa nsevnte bane;

- en serie af to eller flere varmegenvindingsorganer konfigureret til
at genvinde varme fra udkommende tgrremedium af naevnte hede
torrezone (3) og til at opvarme et andet tgrremedium under
anvendelse af den genvundne varme for at opna et opvarmet andet
torremedium, hvor naevnte varmegenvindingsorganer er konfigureret
til at fore det afkglede udkommende tgrremedium fra opstrgms
varmegenvindingsorganer over nedstrams genvindingsorgan, og for
hver af naevnte to eller flere varmegenvindingsorganer at rette den
genvundne varme til en eller flere varme tgrrezoner (4) associeret

med det varmegenvindingsorgan;

og

- en flerhed af varme tgrrezoner (4) nedstrgms for naevnte hede
torrezone (3), omfattende organ konfigureret til at transportere

naevnte andet tgrremedium mod plader pa nsevnte bane.

11. Anordningen ifglge krav 10, hvor mindst et af naevnte to eller flere

varmegenvindingsorganer er associeret med to eller flere varme tgrrezoner
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(4).

12. Anordningen ifglge krav 10 eller 11, hvor naevnte hede og varme

tgrrezoner (3,4) omfatter traeffende straledyser.

13. Anordningen ifglge et hvilket som helst af kravene 10 til 12, hvor
naevnte to eller flere varmegenvindingsorganer omfatter en eller flere luft-

/vaeskevarmevekslere (9a,9b).
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