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(54) APPARATUS AND METHOD FOR THE DRYING/CURING OF CHEMICAL PRODUCTS

(57)  Apparatus (100, 200) for photopolymeriz-
ing/drying a coating applied to pieces (10) wherein said
pieces (10)to be dried are conveyed inside aninert tunnel
(30) inside which there is provided a controlled atmos-
phere having a composition different from the earth at-
mosphere, said apparatus comprising:

- a conveyor of said pieces,

- atleast a supplying bar (1, 2, 3, 4, 5, 6) for the controlled
supply of an inert gas,

- said inert tunnel being provided with at least one pho-
topolymerizing/drying lamp (12) for photopolymeriz-
ing/drying said coating applied to said pieces (10),
characterized in that

257

at the inlet and/or outlet of said pieces (10) to be dried,
said tunnel (30) is provided with at least one device, pref-
erably in the form of a hood (31, 32), suitable for gener-
ating an air blade.

In a further feature said tunnel (30) is in a fluidic con-
nection with a fixture (40) inside which there is provided
said lamp (42), said fixture (40) being isolated from the
natural earth atmosphere; said fixture (40) being supplied
with the same inert gas provided through said bars (1, 2,
3,4,5, 6), which gas reaches the inert tunnel (30) through
said fluidic connection in addition and/or alternatively to
the inert gas provided by said supplying bars (1, 2, 3, 4,
5, 6).
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Description

[0001] The present invention relates to an apparatus
and a method for providing a drying oven under controlled
atmosphere for photopolymerizing/drying photopolymer-
izable/dryable chemical products (paints or glue, gener-
ally indicated as coating) through the emission of radia-
tions having a pre-defined wavelength. In particular, the
invention relates to an inert tunnel for the photopolymer-
ization/drying of sundry materials (wood, fibrocement,
glass, plastics, etc.) preferably capable of conferring a
matt (opaque) finishing to pieces (panels or rolls) having
a mainly flat surface, or to three-dimensional pieces.
More particularly, the invention relates to a device suit-
able to prevent the ingress of atmospheric air into the
drying tunnel.

[0002] In a preferred embodiment, the invention re-
lates also to a device that improves the working of a pho-
topolymerizing lamp, preferably an excimer lamp, with
which the drying tunnel is provided.

[0003] Indicatively, the mainly flat panels to be dried
after painting are provided with dimensions ranging
200x400x4 mm to 1300x3000x50 mm.

[0004] Materials providedinrolls can be dried too, said
rolls being provided with dimensions ranging 300 mm in
width and 0.5 mm of thickness, up to 1300 mm in width
e 6 mm of thickness.

[0005] Three-dimensional pieces are pieces wherein
the three dimensions of the piece are comparable. Indic-
atively, said three-dimensional pieces are provided with
dimensions ranging 200x400x100 mm a 1300x3000x200
mm.

[0006] It is known that the surface finish of furniture
belongs to two main families:

- Glossy finish, wherein the surface reflects light; in
the most extreme cases the glossy finish is reflecting
and a mirroring effect occurs;

- Mattfinish, wherein the surface does not reflect light;
usually suchfinishis due to the presence of a plurality
of microdepressions on the surface of the painted
panel, which capture light preventing its reflection
like in a mirror.

[0007] The degree of opacity of finish is usually eval-
uated with a numeric index ranging 1-100, wherein the
panels with glossy finish score around 100, while the pan-
els with matt finish score around 2-5. In the art, a matt
finish can have a score up to 30-40, while the finishes
having an index of 50-60 are indicated as semi-glossy.
[0008] In the art, industrial methods for obtaining such
matt finish are known. One of the documents disclosing
such a method is e.g. EP2198981B1 of IOT Innovative
Oberflachentechnologien GMBH. Such document dis-
closes a method wherein a panel coated with monomers
and/or oligomers of acrylate and methacrylate under-
goes atreatmentwith axenon and/or argon excimer emit-
ter and a medium pressure mercury emitter, under an
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inert gas.

[0009] Itis known that the excimer treatment for being
successful must occur in an inert atmosphere, i.e. an
oxygen-free atmosphere. The content of oxygen in the
natural earth atmosphere is around 21%. Typically, when
working in an oxygen-free atmosphere is necessary, ox-
ygen can be replaced with nitrogen (N,), carbon dioxide
(CO,) or argon (Ar). In the following, reference will be
made to nitrogen, which is a harmless gas, widely used
in industry, without for this losing generality.

[0010] It is known that, in order to obtain perfect final
results, inside the inert tunnel the concentration of oxy-
gen must be at a minimum, and perfectly uniform in the
point wherein the polymerization reaction occurs, that s,
in correspondence of the polymerizing/excimer lamp. In
fact, the oxygen molecules in the site of reaction (i.e. in
correspondence to the polymerizing lamp) cause defects
in the final surface of the panel. It is also known that the
concentration of oxygen tends to be higher in corre-
spondence of the ingress and egress points of the pieces
to be dried into/from the inert tunnel.

[0011] Moreover, it is known that such polymerizing
lamps, and in particular excimer lamps, develop heatand
must be cooled in order to maintain the efficiency of the
lamps themselves and of the process.

[0012] In the art, painted panels to be dried/finished
are conveyed through closed belt conveyors inside a tun-
nel containing said inert atmosphere. Typically, two roll-
ers actuate the closed belt; usually one of them is mo-
torized, while the other is an idle roller. In lateral view,
the closed belt assumes an oval shape, with its two long
sides parallel to each other. Panels are carried by the
upper outward section, while the lower section is the re-
turn section.

[0013] When the materials to be dried are in the form
of rolls of materials and/or continuous films, the closed
band conveying system can be spared. In fact, itis known
feeding the drying oven by unwinding the roll through a
suitable device, while the progressively unwound tract of
material is slid on rollers provided in the inert tunnel,
which can be motorized or idle rollers.

[0014] According to the kind of production, increasing
the conveying speed of the pieces to be dried in said inert
tunnel may be necessary, wherein said pieces undergo
treatment through an excimer lamp, or anyway through
a lamp suitable for polymerizing the coating applied to
the pieces to be dried. Generally, the higher the speed
of the system conveying the material to be dried, the high-
er the quantity of gas needed to keep the tunnel saturated
with nitrogen. Indicatively, the conveying speed of the
material inside said tunnel ranges 5 m/min to 30 m/min;
in some cases, a speed 50 m/min can be reached.
[0015] In the art, using mechanical blades is known in
order to prevent the flow of nitrogen from the inside of
the inert tunnel to the surrounding earth atmosphere, and
especially the flow of earth atmosphere toward the inside
of the inert tunnel. Nonetheless, when the conveying
speed is very high, and/or the pieces to be dried show a



3 EP 4 067 797 A1 4

wide variability, said mechanical blades show their limits.
[0016] Aim ofthe presentinventionis providing aninert
tunnel (in absence of oxygen), inside which a device
emits radiations of a pre-set wavelength for polymeriz-
ing/drying a coating applied to said pieces, allowing to
minimize the quantity of inert gas needed to saturate the
drying tunnel.

[0017] A further aim of the present invention is provid-
ing an inert tunnel (without oxygen), inside which a spe-
cial fixture provided for the polymerizing lamp emitting
radiations of a pre-set wavelength for photopolymeriz-
ing/drying painted materials, allowing to minimize the
quantity of inert gas needed to saturate the inert tunnel
and obtain final results free of defects.

[0018] This object is achieved by an apparatus and a
method having the features of the independent claims.
Advantageous embodiments and refinements are spec-
ified in claims dependent thereon.

[0019] Bothdevices, the one for preventing the ingress
of atmospheric air into the drying tunnel, and the special
fixture provided for the polymerizing lamp, concur to the
aim of lowering the concentration of oxygen inside the
drying tunnel, and therefore cooperate to obtain polym-
erized pieces with excellent quality, minimizing the
number of pieces that have to be discarded.

[0020] The apparatus according to the present inven-
tion is provided with a barrier device allowing to minimize
the flow of gases between the inside and the outside of
the tunnel. In particular, the device provides an air blade
at the ingress and egress ends of the pieces to be dried
of said inert tunnel.

[0021] The atmospheric air provided by the air blade
injected at the inlet and outlet of pieces can be provided
with a vertical direction, parallel to the transversal section
of the inert tunnel.

[0022] Alternatively, the air blade can be slanting with
respect to the direction of conveying of pieces. At the
inlet of the pieces, the air blade is directed in a direction
contrary to the conveying direction of pieces, while at the
outlet the air blade is directed in the same direction as
the conveying of pieces. Indicatively, the angle of the air
blade does not exceed about 45° with respect to the ver-
tical direction, i.e. to the transversal section of the inert
tunnel.

[0023] Should the air blade be directed toward the in-
side of the tunnel, it should be provided with a pressure
equal to orinferior to that of the nitrogen tending to escape
from said tunnel, without which the inside of the tunnel
would tend to be polluted in the working area of the po-
lymerizing lamp.

[0024] Moreover, said air blade must be provided with
an intensity and a distribution of air that are perfectly uni-
form on the whole section of the inlet/outlet of pieces.
[0025] Being slightly lighter than air, the gaseous ni-
trogen contained in said tunnel tends to expand upwards,
both inside the tunnel (higher concentration upwards),
and immediately after escaping out from the tunnel. In
fact, it is known that atmospheric air comprises about
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80% of nitrogen but also other gases, and especially that
its specific weightvaries according to the humidity degree
of the atmospheric air. The airflow coming from said air
blade presses down nitrogen, slowing down its outflow.
For these reason, directing the air blade from top to bot-
tom is convenient.

[0026] Inuse, the flow of the air blade must be adjusted
according to the conveying speed of pieces in the inert
tunnel and to the quantity of nitrogen injected into the
tunnel itself; due the difference in the molecular weight
between nitrogen and air, at the same pressure level,
nitrogen is much faster than air.

[0027] The present invention is provided with different
embodiments.

[0028] Concerning the inlet of pieces, there are provid-
ed three alternative possibilities:

- The supplying air blade is vertical, parallel to the
transversal section of the inert tunnel;

- Thesupplying airblade is slanting, with a tilting angle
variable between the vertical direction and about 45°
with respect to the vertical direction, i.e. to the trans-
versal section of the inert tunnel; the air blade is tilted
in a direction opposed to the conveying direction of
the pieces to be dried;

- The air blade is vertical, but works suctioning, i.e.
the atmospheric air at the ingress of the pieces to be
dried is suctioned and directed upwards.

[0029] Concerning the outlet of pieces, there are pro-
vided three alternative possibilities:

- The supplying air blade is vertical, parallel to the
transversal section of the inert tunnel;

- Thesupplying airblade is slanting, with a tilting angle
variable between the vertical direction and about 45°
with respect to the vertical direction, i.e. to the trans-
versal section of the inert tunnel; the air blade is tilted
in the same conveying direction of the pieces to be
dried;

- The air blade is vertical, but works suctioning, i.e.
the atmospheric air at the egress of the pieces to be
dried is suctioned and directed upwards.

[0030] In each of the above-indicated cases, said air
blade is generated by a hood, whose details will be ex-
plained further on with the help of Figures. The hood gen-
erating the air blade must be produced so as to generate
a laminar flow provided of an adjustable direction.
[0031] Indicatively, the speed of the inert gas, meas-
ured at the egress point of the pieces, is 0.1-0.5 m/s,
while the speed of the vertical supply air blade is roughly
double, i.e. 0.2-1 m/s. For the suctioning air blade, a
speed of the air blade of 0.1-1 m/sec is sufficient, the
specific speed being a consequence of the parameters
of the machine placed upstream the inert oven.

[0032] In one of its preferred embodiments, the appa-
ratus according to the present invention further compris-
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es a fixture inside which said polymerizing or excimer
lamp is mounted; said fixture is supplied with an inert gas
for two reasons:

- Cooling the polymerizing/excimer lamp;

- Providing an area pressurized with inert gas in the
very point where the treatment of the painted surface
occurs, so improving the distribution of the inert gas
and therefore the quality of final pieces.

[0033] Such fixture, in fluid communication with the in-
ert tunnel, but sealed with respect to the external envi-
ronment, pours the inert gas used for its cooling directly
inside the inert tunnel, and in particular on the piece to
be dried at the moment and in the point where the pho-
topolymerization occurs, triggered by the irradiation by
the polymerizing/excimer lamp.

[0034] The pressurization is obtained by injecting the
inert gas inside a wide chamber: the expansion of the
gas allows it to diffuse over the whole surface to be treat-
ed in a perfectly uniform way, by the injection through a
plurality of calibrated holes.

[0035] In a most preferred embodiment, immediately
upstream and downstream the fixture, but independent
from it, there are provided other two bars supplying inert
gas, which contribute to the supply of inert gas in the area
irradiated by the polymerizing/excimer lamp where the
polymerizing reaction occurs.

[0036] A first advantage of the present invention is the
possibility of obtaining an inert atmosphere in the inert
tunnel while optimizing the quantity of inert gas, with a
noteworthy saving in the quantity of inert gas that has to
be provided in order to obtain a suitably inert atmosphere.
Experimental tests showed that for an inert tunnel having
a transversal section of about 30x1450 mm according to
the known art, 140 m3/h of inert gas must be provided.
Conveying speed being equal, with the inert tunnel ac-
cording to the present invention, 90 m3/h of inert gas
must be provided. In other words, the consumption of
inert gas decreases by 30%.

[0037] A second advantage of the present invention is
that mechanical barriers at the inlet and outlet are not
necessary, therefore the pieces can be treated while
passing, allowing speeds of the production line otherwise
impossible. In particular, it is known that systems using
mechanical barriers that must be opened and closed al-
low a conveying speed of about 5 m/min, while with the
present invention there are no limits to the conveying
speed of pieces. It was experimentally verified that con-
veying speeds of 50 m/min, and even up to 100 m/min
can be provided.

[0038] A third advantage is linked to the flexibility of
the inert oven according to the present invention, which
can be used to dry pieces of any shape and dimension:
from materials in rolls to pieces loaded side by side on
the band conveyor in a casual way, so maximizing the
hourly manufacturing capability. This would not be pos-
sible with mechanical closing systems.
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[0039] Initspreferred embodiment, a fourth advantage
of the present invention is that the inert gas is injected in
the points of the inert tunnel and at the moment where it
is especially necessary, i.e. at the moment when the po-
lymerization reaction is triggered by the radiations emit-
ted by the polymerizing/excimer lamp.

[0040] In its preferred embodiment, a further advan-
tage is that in the apparatuses according to the known
art, the cooling of the polymerizing or excimer lamp is
performed with a circuit supplied with cool water. This
entails relevant dimensions of the fixture comprising the
lamps, which does not allow to inject the inert gas directly
in the irradiation area.

[0041] Further advantages and properties of the
present invention are disclosed in the following descrip-
tion, in which exemplary embodiments of the present in-
vention are explained in detail on the basis of the draw-
ings:
Figure 1 Longitudinal section of the apparatus
according to a first embodiment of the
present invention;

Longitudinal section of the apparatus
according to a second embodiment of
the present invention;

Front view of the hood generating the
air blade;

Lateral sections of the hood;

Figure 2

Figure 3

Figures 4A, 4B

Figure 5 Axonometric view of the hood in an
exploded view.

Figure 6 Longitudinal section of the overall ap-
paratus;

Figure 7A, 7B Front and axonometric view of the fix-
ture;

Figure 8 Transversal section of the fixture;

Figure 9A, 9B Axonometric views of the fixture ob-
served from bottom, in an assembled
and in an exploded view;

Figure 10 Magnified detail of the exploded ax-
onometric view of the fixture observed
from bottom.

[0042] Figure 1 shows a first embodiment of the

presentinvention, in a longitudinal section: an apparatus
100, comprising an inert tunnel 30. In this first embodi-
ment, the inert oven 100 comprises a first hood 32, in its
turn comprising a fan 8 for suctioning air at the inlet of
pieces, and a second hood 31, in its turn comprising a
fan 9 for supplying air at the outlet of pieces. The Figure
is aschematized view, wherein the walls of the oven were
removed for better clarity. The bold arrow shows the con-
veying direction of pieces.

[0043] Said apparatus 100 comprises a belt conveyor
20, actuated by at least two rollers; a motorized roller 21,
placed at the exit of the apparatus 100, while an idle roller
22 is placed atthe entry of the apparatus 100. Said closed
band belt conveyor 20 is provided with an upper outward
section 23 and a lower return section 24. The pieces 10
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to be dried are conveyed on the upper outward section
23; in the case represented in this Figure, panels are
shown. The bottom main side of pieces 10 is supported
on the surface of the outward section 23.

[0044] Saidinertoven 100 comprises a plurality of bars
1, 2, 3, 4, 5, 6 providing an inert gas, in the preferred
embodiment nitrogen. The number of bars is determined
by the designer according to the dimensions of the tunnel
and to the allowed residual percentage of oxygen. The
direction of supply and circulation of nitrogen is shown
by the small curved arrows. Said inert oven further com-
prises a polymerizing lamp 12, in the preferred embodi-
ment an excimer lamp, for polymerizing the coating ap-
plied at least to the top surface of pieces 20. In an em-
bodiment, the inert oven 100 further comprises an oxi-
meter 7 intended to detect the gaseous oxygen percent-
age inside said inert tunnel 30.

[0045] At the inlet of the pieces 10, the apparatus 100
comprises said hood 32, in its turn comprising a fan 8 for
suctioning atmospheric air, and at the outlet of pieces
said hood 31 in its turn comprising a fan 9 for supplying
air. Said hoods 31 and 32 generate each an air blade for
containing nitrogen inside said inert tunnel according to
the present invention.

[0046] In this embodiment, the air blade provided by
the hoods 31 and 32 is perpendicular to the conveying
direction of pieces or parallel to the transversal section
of the inert tunnel 30, thanks to the presence of a wall 11
that is as well perpendicular to the conveying direction
of pieces or parallel to the transversal section of the inert
tunnel 30.

[0047] Figure 2 shows a second embodiment of the
present invention, in a longitudinal section: an apparatus
200, comprising an inert tunnel 30. In this second em-
bodiment, the inert oven 200 comprises a first hood 31,
and a second hood 31; both hoods are provided with a
fan 9 for supplying air. The Figure is a schematized view,
wherein the walls of the oven were removed for better
clarity. The bold arrow shows the conveying direction of
pieces.

[0048] In this embodiment, the air blade provided by
said hoods 31 is perpendicular to the conveying direction
of pieces or parallel to the transversal section of the inert
tunnel 30, thanks to the presence of a wall 11 that is as
well perpendicular to the conveying direction of pieces
or parallel to the transversal section of the inert tunnel 30.
[0049] Said apparatus 200 comprises a belt conveyor
20, actuated by at least two rollers; a motorized roller 21,
placed at the exit of the apparatus 200, while anidle roller
22 is placed at the entry of the apparatus 200. Said belt
conveyor is provided with an upper outward section 23
and a lower return section 24. The pieces 10 to be dried
are conveyed on the upper outward section 23; in the
case represented in this Figure, panels are shown. The
bottom prevailing side of pieces 10 is supported on the
surface of the outward section 23.

[0050] Inthe case said apparatus 100,200 is used only
to dry materials provided in rolls or continuous films, the
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closed band conveying system 20 is not provided, but is
replaced by a (not shown) conveying system which pro-
gressively unwinds the roll, while the unwound tract of
material is slid inside said inert tunnel 30, by sliding it
over motorized or idle rollers.

[0051] Saidinertoven 200 comprises a plurality of bars
1, 2, 3, 4, 5, 6 providing an inert gas, in the preferred
embodiment nitrogen. The number of bars is determined
by the designer according to the dimensions of the tunnel
and to the allowed residual percentage of oxygen. The
direction of supply and circulation of nitrogen is shown
by the small curved arrows. Said inert oven further com-
prises a polymerizing lamp 12, in the preferred embodi-
ment an excimer lamp, for polymerizing the coating ap-
plied at least to the top surface of pieces 20. In an em-
bodiment, the inert oven 200 comprises further an oxi-
meter 7 intended to detect the gaseous oxygen percent-
age inside side inert tunnel 30.

[0052] The apparatus 200 comprises two hoods 31,
each provided with a fan 9 for supplying atmospheric air,
said first hood 31 being placed at the inlet of the pieces
10, and second hood 31 being placed at the outlet of
pieces 10. Said two hoods 31 generate an air blade for
containing nitrogen inside said inert tunnel according to
the present invention. Said two hoods 31 are substan-
tially identical, and are placed symmetrically with respect
to the central point of the inert tunnel 30.

[0053] In this embodiment, the air blade provided by
the hoods 31 is perpendicular to the conveying direction
of pieces or parallel to the transversal section of the inert
tunnel 30, thanks to the presence of a wall 11 that is as
well perpendicular to the conveying direction of pieces
or parallel to the transversal section of the inert tunnel 30.
[0054] Figure 3 shows a detail of said hood 31 in afront
view. Said hood 31 comprises substantially an external
housing 33 in the form of a box, and a fan 9 for supplying
air allowing to generate said air blade. Moreover, said
housing is provided with a tilting wall 11, whose tilting
can be adjusted from perpendicular to the ground up to
a tilting of about 45° toward the exterior of said housing.
[0055] Said housing 33 is provided with the shape of
a parallelepiped, whose longitudinal axis is placed per-
pendicularly to the conveying direction of pieces. Said
hood 31 or 32 is placed so that the tilting wall 11 is always
oriented toward the exterior of the apparatus 100 or 200.
In otherwords, the tilting wall 11 tilts in a direction contrary
to the conveying direction of pieces when the hood 31 or
32 is placed at the inlet of the pieces to be dried. The
tilting wall 11 tilts in the same conveying direction of piec-
es when the hood 31 or 32 is placed at the outlet of the
pieces to be dried.

[0056] Figures 4A and 4B are two transversal sections
of said hood 31, showing the working of the tilting wall
11. Figure 4A shows the tilting wall 11 in its position per-
pendicular to the ground, while Figure 4B shows the tilting
wall 11 in a couple of positions tilted with respect to the
ground

[0057] The tilting wall is manually adjusted at the start
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ofthe apparatus 100, 200 according to the environmental
conditions, or according to the adjustment of the other
machines comprised in the production line and to the
ventilation conditions of the environment. The aim of the
tilting wall 11 is to add a further possibility of adjustment
to the supply or suction of air, which otherwise would be
adjustable acting only on the number of rounds of the fan.
[0058] Figure 5 shows an exploded view of an axono-
metric view of said hood 32. Said hood 32 comprises
said housing 33 made preferably of metal sheet, a wall
11 of which is tiltable. Said hood 32 further comprises a
fan 8 that suctions air from the environment to force it
inside said housing 33. As can be easily understood, in
the case of the hood 31, in lieu of the fan 8, it comprises
a fan 9 for supplying air toward the environment.
[0059] Said hoods 32, 31 further comprise a tubing 35
of a length suitable for tunnelling the air suctioned or sup-
plied by the fan 8, 9 in a symmetrical central point of said
housing 33.

[0060] Said air is then forced through an internal
pierced wall 34 that gives to said air blade a laminar flow,
regular and homogeneous for the whole length of the
hood. Said pierced wall comprises a plurality of small
holes and is placed, slightly tilted, in front of said tubing
35 and wall 11. Indicatively, said pierced wall 34 is pro-
vided with holes having a diameter of about 2 mm; in an
area of 10 cm? there are provided about 100 holes.
[0061] The composition and the working of the hood
32, which suctions air from the inert tunnel and forces it
into the environment, are substantially the same as those
of the hood 31, with the difference that the fan 9 supplies
air instead of suctioning it. In both cases, the tilting of the
tilting wall 11 can be adjusted as desired within an angle
of maximum 45° with respect to a vertical direction.
[0062] The opening of the tilting wall 11 has the effect
of decreasing the speed and the pressure of the suc-
tioned or supplied air of the air blade. Opening the tilting
wall 11 leads to a more sensitive adjustment of the fan
8 or 9 with low volumes of injected inert gas.

[0063] The choice of a hood supplying air 31 or suc-
tioning air 32 is linked to the overall production line. In
fact, when in use, the photopolymerizing oven 100, 200
is a portion of a production line comprising a wide variety
of machines. At the inlet of the tunnel 30, the supplying
hood 31 can be placed when the preceding machine is
provided with a suctioning system that would tend to suc-
tion the nitrogen from said tunnel 30. Alternatively, at the
inlet of the tunnel 30 a suctioning hood 32 can be placed
when the preceding machine is pressurized with an au-
tonomous supply of air: in this case, the excess of sup-
plied air provided by the preceding machine might pollute
the inert tunnel 30 with air coming from the environment.
At the outlet of the inert tunnel 30, in order to prevent the
natural outlet of nitrogen from the tunnel itself, preferably
asupplyinghood 31is placed. Inthis case, too, the choice
of a supplying air hood 31 or suctioning air hood is con-
nected to the machine immediately downstream the ap-
paratus 100 or 200.
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[0064] Of course, said apparatuses 100, 200 are pro-
vided with a PLC allowing to adjust different devices in
known ways, like e.g. the conveying speed of pieces 10
by acting on the motorized roller 21; the quantity of inert
gas providedbybars 1, 2, 3, 4, 5, 6; the quantity ofenergy
emitted by the polymerizing lamp 12; the flow of air pro-
vided by fans 8 or 9, etc. The tilting of the tilting wall 11
can be performed manually or can be automated.
[0065] In a preferred embodiment, said oximeter 7 is
connected to a feedback mechanism. In this way, the
supply of an inert gas by said bars 1, 2, 3, 4, 5, 6 is
automatically adjusted according to the value of oxygen
detected by the oximeter, increasing the supply of inert
gas when the value of the detected oxygen increases in
said inert tunnel 30.

[0066] Figure 6 shows a preferred embodiment of the
presentinvention, in a longitudinal section: an apparatus
100, comprising an inert tunnel 30. In this embodiment,
the inert oven 100 comprises a first hood 32, and a sec-
ond hood 31, which both hinder the gaseous exchanges
between inert tunnel 30 and external environment,
wherein the natural earth atmosphere comprises about
20% of oxygen. The Figure is a schematized view, where-
in the walls of the oven were removed for better clarity.
The bold arrow shows the conveying direction of pieces.
[0067] Said apparatus 100 comprises a closed belt
conveyor 20, actuated by atleast two rollers; a motorized
roller 21, placed at the exit of the apparatus 100, while
an idle roller 22 is placed at the entry of the apparatus
100. Said closed belt conveyor 20 is provided with an
upper outward section 23 and a lower return section 24.
The pieces 10 to be dried are conveyed on the upper
outward section 23; in the case represented in this Figure,
panels 10 are shown. The bottom main side of pieces 10
is supported on the surface of the outward section 23.
[0068] When said apparatus 100 is used only to dry
materials provided in rolls or continuous films, the closed
band conveying system 20 is not provided. It is replaced
by a known (not shown) conveying system which pro-
gressively unwinds the roll, while the unwound tract of
material is slid inside said inert tunnel 30, by sliding it
over motorized or idle rollers.

[0069] Saidinertoven 100 comprises a plurality of bars
1, 2, 3, 4, 5, 6 providing an inert gas, in the preferred
embodiment nitrogen. The number of bars is determined
by the designer according to the dimensions of the tunnel
and to the allowed residual percentage of oxygen.
[0070] Obviously, although not illustrated, also an ap-
paratus 200 can be provided a fixture 40 like the one
described in the following.

[0071] Said inert oven 100, 200 further comprises a
fixture 40 in its turn comprising a polymerizing lamp 42
(better observable in the Figures 7-10), in the preferred
embodiment an excimer lamp, for polymerizing a coating
applied at least to the top surface of pieces 10. In an
embodiment, the inert oven 100, 200 further comprises
an oximeter 7 intended to detect the gaseous oxygen
percentage inside side inert tunnel 30.



11 EP 4 067 797 A1 12

[0072] At the inlet of the pieces 10, the apparatus 100
comprises said hood 32, in its turn comprising a fan for
suctioning atmospheric air, and at the outlet of pieces
said hood 31 in its turn comprising a fan for supplying
air. Said hoods 31 and 32 generate each an air blade for
containing nitrogen inside said inert tunnel according to
the present invention.

[0073] The fixture 40 is placed adjacent to the inert
tunnel 30, and is provided with a housing 44 insulating it
from the external environment. The connection between
the fixture 40 and the inert tunnel 30 is sealed, so as to
prevent a gas exchange between the earth atmosphere
outside the apparatus 100, 200 and the inert atmosphere
contained in the inert tunnel 30. On the other hand, the
underside of the fixture 40 is in fluidic communication
with the interior of the inert tunnel 30.

[0074] Figures 7A, 7B show the fixture 40 according
to the present invention, in a front and in an axonometric
view from the bottom, respectively. The fixture 40 is pro-
vided with an overall parallelepiped shape, with its lon-
gitudinal axis perpendicular to the conveying direction of
pieces. Over the fixture 40 there is optionally provided
an electrical transformer 41 for supplying the polymeriz-
ing/excimer lamp 42. Said component41 is a commercial
component and is not part of the present invention. On
the top face of said fixture 40 there is provided at least
one, preferably two inlet points 43 for the inert gas.
[0075] Figure 8 shows a transversal section of the fix-
ture 40 according to the lines A-A shown in Figure 7A.
As already mentioned, on the top face of the fixture there
is provided at least one, preferably two inlet points 43 for
the inert gas. The inert gas is optionally supplied by the
same (not shown) source supplying the inert gas bars
1-6 which directly supply the inert tunnel 30, or the fixture
40 can be provided with an autonomous supply, different
from that of the bars 1-6.

[0076] Figures 9A and 9B show two axonometric views
of the fixture 40, Figure 9A in an assembled view and
Figure 9B in exploded view, respectively.

[0077] Figure 10 shows a magnification of the detail B
highlighted in Figure 9B.

[0078] The set of Figures 8, 9A, 9B and 10 allows to
explain the working of the fixture 40.

[0079] Said fixture 40 comprises an expansion cham-
ber 46, which in its portion oriented toward the external
environmentis delimited by a housing 44, while its bottom
portion comprises a reflector 45, inside which there is
placed said polymerizing/excimer lamp 42. The reflector
45 surrounding said polymerizing/excimerlamp42is pro-
vided with a substantially semi-cylindrical shape, with its
longitudinal axis parallel to that of the lamp 42 itself, and
is preferably made of a reflecting material, so as to max-
imize the emission of energy toward the inert tunnel 30.
[0080] Saidinertgas, afterenteringfromitsinlet point/s
43, expands inside said expansion chamber 46 following
the path shown by the small arrows, and outlets from the
fixture 40 entering into the inert tunnel 30 from three main
areas:
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- Afirst row 49 of small calibrated holes placed imme-
diately above the lamp 42;

- A double row of small calibrated holes 47 placed
immediately to the left of the lamp 42;

- A double row of small calibrated holes 48 placed
immediately to the right of the lamp 42.

[0081] In an embodiment, the whole surface of the re-
flector 45 is pierced uniformly.

[0082] Inmostpreferred embodiment, immediately up-
stream and downstream said fixture 40 there are provid-
ed two further bars 5 supplying inert gas, which are in-
dependent from the fixture.

[0083] Indicatively, the flow rate of inert gas injected
into the inert tunnel 30 through the fixture 40 is about
10-40 m3/h. The average speed of the inert gas emitted
by the fixture 40 can range 1-7 m/sec, preferably 2-4
m/sec. Experimentally, the best results were obtained
with the same flow rate of inert gas injected through said
fixture 40 and the bars 1-6 supplying inert gas to the inert
tunnel; e.g. both the fixture 40 and the bars 1-6 adjusted
to emit inert gas with a flow rate of 20 m3/h. As the outlet
section for gas emission of the fixture 40 is smaller than
the outlet section of the bars 1-6 supplying inert gas, the
speed of the inert gas tends to be higher in correspond-
ence of the fixture 40 than in correspondence of the bars
1-6. Consequently, the speed of the inert gas tends to
be higher in correspondence of the polymerizing lamp 42.
[0084] Of course, said apparatus 100 is provided with
aPLC allowing to adjust different devices in known ways,
like e.g.: the conveying speed of pieces 10 by acting on
the motorized roller 21; the flow rate of inert gas provided
by bars 1, 2, 3, 4, 5, 6; the flow rate of inert gas emitted
by said fixture to said holes 47, 48, 49; the quantity of
energy emitted by the polymerizing lamp 12; the flow of
air provided by hood 31, 32, etc.

[0085] The PLC of the apparatus allows to independ-
ently adjust the supply of inert gas through bars 1-6 and
holes 47, 48, 49 provided in the fixture.

[0086] In a preferred embodiment, said oximeter 7 is
connected to a feedback mechanism. In this way, the
supply of an inert gas by said bars 1, 2, 3, 4, 5, 6 is
automatically adjusted according to the value of oxygen
detected by the oximeter, increasing the supply of inert
gas when the value of the detected oxygen increases in
said inert tunnel 30.

bar supplying an inert gas
bar supplying an inert gas
bar supplying an inert gas
bar supplying an inert gas
bar supplying an inert gas
bar supplying an inert gas
oximeter

fan for supplying air

fan for suctioning air
piece

tilting wall

S 2 0O N0 WN -
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12 polymerizing lamp
20 closed band

21 motorized roller

22 idle roller

23 outward section

24 return section

30 inert tunnel

31 supplying hood

32 suctioning hood

33 hood housing

34 pierced wall

35 tubing

40 fixture

41 transformer

42 polymerizing lamp
43 inlet point of inert gas
44 housing

45 reflector

46 expansion chamber
47 holes

48 holes

49 holes

100 inert oven

200 inert oven

Claims

1. Apparatus (100, 200) for photopolymerizing/drying

a coating applied to pieces (10) wherein said pieces
(10) to be dried are conveyed inside an inert tunnel
(30) inside which there is provided a controlled at-
mosphere having a composition different from the
earth atmosphere, said apparatus comprising:

- a conveyor of said pieces,

- at least a supplying bar (1, 2, 3, 4, 5, 6) for the
controlled supply of an inert gas,

- said inert tunnel being provided with at least
one photopolymerizing/drying lamp (12) for pho-
topolymerizing/drying said coating applied to
said pieces (10),

- at the inlet and/or outlet of said pieces (10) to
be dried, said tunnel (30) being provided with at
least one device, preferably in the form of a hood
(31, 32), suitable for generating an air blade,

characterized in that
said air blade is generated by said hood (31, 32)
comprising:

- Aboxed housing (33), preferably made of metal
sheet, provided with the shape of a parallelepi-
ped, whose longitudinal axis is placed perpen-
dicularly to the conveying direction of the pieces
to be dried;

- Said boxed housing (33) being provided with
atiltingwall (11), always oriented toward the out-
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side of the apparatus (100, 200);

- A fan (9) for supplying air, or a fan (8) for suc-
tioning air;

- Said fan (8 or 9) being connected to a tubing
(35) connecting the external environment to a
central point of said boxed housing (33);

- A pierced wall (34), placed about perpendicu-
larly to the conveying direction of the pieces to
be dried.

Apparatus (100, 200) for photopolymerizing/drying
a coating applied to pieces (10) according to claim
1, wherein said air blade is oriented with at least a
directional component perpendicular to the convey-
ing direction of pieces, or at least a directional com-
ponent parallel to the conveying direction of pieces.

Apparatus (100, 200) for photopolymerizing/drying
a coating applied to pieces (10) according to claim
1, wherein the direction of said air blade is alterna-
tively:

- vertical, i.e. itis perpendicular to the conveying
direction of the pieces; or

- slanting, i.e. is tilted with respect to the ground
with an angle ranging 0° - 45°.

Apparatus (100, 200) for photopolymerizing/drying
a coating applied to pieces (10) according to one or
more of claims 1-3, wherein, when placed at the inlet
and/or outlet of pieces said air blade works according
to one of the following three alternatives:

- Said air blade supplies air and is vertical, par-
allel to the transversal section of the inert tunnel;
- Said air blade supplies air and is slanting, pro-
vided with a tilting angle ranging between a ver-
tical direction and about 45° with respect to a
vertical direction or to the transversal section of
the inert tunnel, said air blade being tilted in the
same direction when placed at the outlet orin a
direction opposite when placed at the inlet, with
respect to the conveying direction of the pieces
to be dried;

- Said air blade is vertical and suctions air, i.e.
atmospheric air is suctioned and directed up-
wards.

Apparatus (100, 200) for photopolymerizing/drying
a coating applied to pieces (10) according to one or
more of the preceding claims, wherein the flow of
said air blade is directed from top to bottom.

Apparatus (100, 200) for photopolymerizing/drying
a coating applied to pieces (10) according to one or
more of the preceding claims, wherein said pieces
(10) to be dried are:



10.

15 EP 4 067 797 A1 16

- mainly flat panels provided with dimensions
ranging 200x400x4 mm to 1300x3000x50 mm
and/or

- materials in rolls provided with a width ranging
300 mm - 1300 mm and a thickness ranging 0.5
- 6 mm and/or

- three-dimensional pieces provided with dimen-
sions ranging 200x400x100 mm up to a
1300x3000x200 mm.

Apparatus (100, 200) for photopolymerizing/drying
a coating applied to pieces (10) according to one or
more of the preceding claims, further comprising an
oximeter (7); preferably said apparatus being con-
figured to work with a feedback device allowing to
adjust the quantity of inert gas according to the value
of oxygen detected by said oximeter.

Method for the treatment of coatings applied to piec-
es (10) making use of the apparatus (100, 200) ac-
cording to one or more of claims 1 - 7, wherein the
keeping of an inert atmosphere inside said inert tun-
nel (30) for drying pieces is obtained through the
generation of an air blade at the inlet and/or outlet
of said tunnel (30), said air blade being oriented in
a direction with at least a directional component per-
pendicular to the conveying direction of pieces
and/or to the longitudinal extension of said channel
(30), or at least with a directional component parallel
to the conveying direction of pieces and/or to the
longitudinal extension of said tunnel (30), the quan-
tity of air provided through said air blade being varied
through tiltable organs (11) deflecting the air flow of
said air blade with respect to the conveying direction
of pieces and/or to the longitudinal extension of said
tunnel (30), said tiltable organs (11) consisting in a
tilting wall always oriented toward the outside of said
channel of a boxed body of a hood housing (33) hav-
ing its longitudinal axis perpendicular to the pieces
to be dried, said air blade being generated by a fan
(9) for supplying air or a fan (8) for suctioning air and
through a pierced wall (34), said pierced wall being
also placed about perpendicularly to the conveying
direction of the pieces to be dried.

Method for the treatment of coatings applied to piec-
es (10) making use of the apparatus (100, 200) ac-
cording claim 8, wherein the quantity of inert gas
supplied by said bar/s (1, 2, 3, 4, 5, 6) is feedback
-adjustable according to the quantity of oxygen in-
side said inert tunnel (30) detected by said oximeter

).

Apparatus (100) for photopolymerizing/drying a
coating applied to pieces (10) according to one or
more of the preceding claims 1 to 7 in which said
tunnel (30) being in a fluidic connection with a fixture
(40) inside which there is provided said lamp (42),
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1.

12.

13.

14.

said fixture (40) being isolated from the natural earth
atmosphere;

said fixture (40) being supplied with the same inert
gas provided through said bars (1, 2, 3, 4, 5, 6), which
gas reaches the inert tunnel (30) through said fluidic
connectionin addition and/or alternatively to the inert
gas provided by said supplying bars (1, 2, 3, 4, 5, 6)
and in which said fixture (40) comprises:

- A sealed external housing (44);

- A gas expansion chamber (46);

- A reflector (45), preferably made of a reflecting
material.

- in particular said lamp (42) being a photopoly-
merizing lamp emitting a suitable wavelength,
optionally an excimer lamp.

Apparatus (100) for photopolymerizing/drying a
coating applied to pieces (10) according to claim 10,
wherein said fluidic connection between said fixture
(40) and said inert tunnel (30) occurs through the
flowing out of said inert gas from said fixture (40)
through one or a combination of features taken from
the following list:

- At least one row of small calibrated holes (49)
placed in a reflector (45) surrounding said lamp
(42), said row being placed vertically over the
lamp (42);

- At least one row of small calibrated holes (47)
placed immediately on the left of the lamp (42);
- At least one row of small calibrated holes (48)
placed immediately on the right of the lamp (42).

Apparatus (100) for photopolymerizing/drying a
coating applied to pieces (10) according to one of
claims 10 or 11, wherein said fixture (40) is provided
with one, preferably two points (43) of inlet of the
inert gas; the supply of the inert gas being the same,
or alternatively being independent from the supply
of the bars (1, 2, 3, 4, 5, 6) supplying the inert gas
to said inert tunnel (30) and optionally supplying the
said gas at the same pressure.

Apparatus (100) for photopolymerizing/drying a
coating applied to pieces (10) according to one or
more of the preceding claims, wherein said lamp (42)
is a photopolymerizing lamp emitting a suitable
wavelength, preferably an excimer lamp.

Method for the treatment of coatings applied to piec-
es (10) making use of the apparatus (100, 200) ac-
cording to one or more of claims 1 to 13,
characterized in that

it provides the generation of an area pressurized with
inert gas at the point where and at the momentwhen
the polymerizing reaction is triggered through said
lamp (42), through a localized supply of said inert
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16.

17.
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gas inside said tunnel and on the piece (10) through
the fixture (40) supporting said lamp (42), said inert
gas at the same time cooling said lamp (42) and in
which optionally flow rate of inert gas is supplied by
a couple of bars (5) placed immediately upstream
and downstream said fixture (40), while preferably
both the fixture (40) and the supplying bars (1, 2, 3,
4, 5, 6) supply inert gas at the same pressure.

Apparatus (100) for photopolymerizing/drying a
coating applied to pieces (10) wherein said pieces
(10) to be dried are transported inside an inert tunnel
(30) inside which there is provided a controlled at-
mosphere having a composition different from the
earth atmosphere through the supply of an inert gas
by at least a supplying bar (1, 2, 3, 4, 5, 6), said inert
tunnel being provided with at least one photopolym-
erizing/drying lamp (42) for photopolymerizing/dry-
ing said coating applied to said pieces (10),

said tunnel (30) being in a fluidic connection with
a fixture (40) inside which there is provided said
lamp (42), said fixture (40) being isolated from
the natural earth atmosphere; said fixture (40)
being supplied with the same inert gas provided
through said bars (1, 2, 3, 4, 5, 6), which gas
reaches the inert tunnel (30) through said fluidic
connection in addition and/or alternatively to the
inert gas provided by said supplying bars (1, 2,
3,4,5,6),

characterized in that

said fixture (40) comprises:

- A sealed external housing (44);

- A gas expansion chamber (46);

- A reflector (45), preferably made of a re-
flecting material.

Apparatus (100) for photopolymerizing/drying a
coating applied to pieces (10) according to claim 15
characterized in that itis provided with one or more
of the features of claims 1 to 7 and 10 to 13.

Method for the treatment of coatings applied to piec-
es (10) making use of the apparatus (100, 200) ac-
cording to claim 14,

characterized in that

it provides the generation of an area pressurized
with inert gas at the point where and at the mo-
ment when the polymerizing reaction is trig-
gered through said lamp (42), through a local-
ized supply of said inert gas inside said tunnel
and on the piece (10) through the fixture (40)
supporting said lamp (42), said inert gas at the
same time cooling said lamp (42)

and wherein optionally a further flow rate of inert
gas is supplied by a couple of bars (5) placed
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10

immediately upstream and downstream said fix-
ture (40), while preferably both the fixture (40)
and the supplying bars (1, 2, 3, 4, 5, 6) supply
inert gas at the same pressure.

18. Method according to claim 17 which method further

comprises one or more of the steps of the method
according to one or more of claims 8, 9, or 14.
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