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(54) A method of manufacturing a panel

(57) A method of manufacturing a panel (1) compris-
es the steps of supplying a substrate (4, 9), applying a
sublimable agent (7) on at least one side of substrate (4,
9), supplying a receptive layer (3) for receiving the sub-
limable agent (7) upon subliming, attaching the substrate

(4, 9) and the receptive layer (3) to each other, and sub-
liming the sublimable agent (7) towards the receptive lay-
er (3) so as to form a panel (1) which comprises the sub-
strate (4, 9) and the receptive layer (3) including the sub-
limable agent (7). The sublimable agent (7) is applied as
a separate substance directly onto the substrate (4, 9).

St == o == _—4

: =—3

42

— — m— 0
Fig.1

Printed by Jouve, 75001 PARIS (FR)



1 EP 2708 374 A1 2

Description

[0001] The present invention pertains to a method of
manufacturing a panel comprising the steps of supplying
a substrate, applying a sublimable agent on at least one
side of the substrate, supplying a receptive layer for re-
ceiving the sublimable agent upon subliming, attaching
the substrate and the receptive layer to each other, and
subliming the sublimable agent towards the receptive lay-
er so as to form a panel which comprises the substrate
and the receptive layer including the sublimable agent.

[0002] Such a method is known in the prior art. In the
known method the substrate is fixed to the receptive layer
before the sublimable agent is applied on the substrate.
The sublimable agent is carried by a transfer sheet and
applied on the substrate by placing the transfer sheet
onto the substrate at the side thereof which is opposite
to the side which is fixed to the receptive layer. Then, the
transfer sheet is heated such that the sublimable agent
sublimes to the receptive layer. This means that the sub-
limable agent evaporates and penetrates through the
substrate into the receptive layer. After the sublimation
process the transfer sheet can be removed from the sub-
strate.

[0003] It is an object of the invention to provide an ef-
ficient method of manufacturing a panel.

[0004] Thisis achieved by the method according to the
invention, wherein the sublimable agent is applied as a
separate substance directly onto the substrate.

[0005] An advantage of the method according to the
invention is that a transfer sheet can be omitted. It is
noted that the steps of the method according to the in-
vention are not necessarily performed chronologically.
Certain steps may be performed in reverse order with
respect to the sequence as described hereinbefore. Fur-
thermore, certain steps may be performed at the same
time, or additional steps or intermediate steps may be
performed.

[0006] The sublimable agentcanbe applied inthe form
of a decoration pattern. During the step of subliming, the
sublimable agent pattern is transferred towards the re-
ceptive layer. Numerous patterns are conceivable, for
example wood patterns, stone patterns, or the like, pos-
sibly having varying colours. A subliming process ap-
pears to result in attractive decoration patterns in the re-
sulting panel, since any non-regular pattern in the subli-
mable agent on the substrate, forexample due to afailure
in the process of applying the sublimable agent, will be
smoothened during the step of subliming. This is caused
by the fact that the sublimable agent slightly diverges
during travelling upon the step of subliming. If the subli-
mable agent is applied by means of a controlled nozzle,
a failing nozzle may create a disturbed pattern of the
sublimable agent on the substrate, but the disturbance
may be eliminated after subliming.

[0007] The sublimable agent may be a water-based,
solvent-based or a material comprising a UV curable
agent. The water-based agent is advantageous in terms
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of costs of the agent as well as required technology for
applying it to the substrate. The solvent-based agent is
beneficial for adhering to certain materials of the sub-
strate, for example substrates made of polymer, for ex-
ample acrylate, PVC, or the like. The sublimable agent
may be a sublimable colouring agent (ink or dye) com-
prising a resin binder and a dyestuff which is generally
referred to as a disperse dye. The disperse dye can be
an organic dyestuff such as disazo dyes, anthraquinone
dyes and methine dyestuffs.

[0008] The resulting panel may be rigid or flexible and
can be an end product or an intermediate product. For
example, the resulting panel can be a foil which should
still be fixed to arigid layer by means of laminating, gluing
or the like. The foil may be rolled-up and transported or
stored, for example. In case when the substrate and the
receptive layer are already attached to each other prior
to applying the sublimable agent, the resulting panel may
be alarge board which has to be cut into separate pieces
after the step of subliming. In such a case the supplied
substrate and receptive layer may already be fixed to one
or more layers so as to form a rigid board before applying
the sublimable agent. The separate pieces may be pro-
vided with locking means such as tongue and grooves
so as to be able to fix the pieces to each other, such as
known from prior art floor panels. Alternatively, the re-
sulting panels are already provided with locking means
and are ready for use after the step of subliming. In such
a case the supplied substrate and the receptive layer
may already be fixed to one or more layers, and provided
with locking means before applying the sublimable agent;
the substrate may then be smaller than the board as men-
tioned hereinbefore.

[0009] The resulting panel may be a floor panel, a wall
panel, a ceiling panel, a panel for furniture, packaging,
skirting or the like and be suitable for interior and/or ex-
terior use. It may be made of wood-based material like
MDF, HDF, WPC, or vinyl, metal, glass, stone, ceramic,
polymeric composite or the like.

[0010] The resulting panel comprises at least the sub-
strate and the receptive layer, but it may also comprise
one or more additional layers, for example a core, where-
in the receptive layer is sandwiched between the sub-
strate and the core. Hence, the supplied substrate may
already be fixed to other layers before applying the sub-
limable agent.

[0011] The receptive layer may comprise a foil or film,
a resin impregnated sheet, for example a resin impreg-
nated paper or non-woven sheet or web, a UV laquer
layer, a water-based or solvent-based laquer layer. The
receptive layer can have absorbance properties for ab-
sorbing sublimable agent. However, it is also possible
that the sublimed agent penetrates through the substrate
and stops at the surface of the receptive layer such that
the sublimed agent partly or entirely will be present on
the receptive layer. Preferably, the properties are such
that spread of sublimable agent in lateral direction of the
travelling path towards and/or into the receptive layer is
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minimized. The receptive layer may form a white back-
ground before applying the sublimable agent. Since the
receptive layer can be applied for manufacturing panels
with different decoration patterns it can be used in large
amounts thereby reducing costs.

[0012] The receptive layer may be attached to a core
which is substantially impermeable to the sublimable
agent. This means that the sublimed agent does not pen-
etrate into the core after the step of subliming, for exam-
ple in case of a receptive layer that absorbs the sublimed
agent.

[0013] The step of subliming can be performed by
means of providing heat such that the sublimable agent
evaporates. It is conceivable to concentrate the heat to
the subimable agent, but alternatively the substrate
and/or the receptive layer are heated, as well. During the
step of subliming, the substrate including the sublimable
agent may be covered by means of a cover member so
as to force the sublimable agent to travel away from the
cover member towards the receptive layer. The cover
member may be a sheet or a plate which can be heated.
Besides, the cover member may exert a pressure onto
the substrate during the step of subliming. The cover
member may comprise a heated press plate having a
textured surface or a heated engraved press cylinder or
a relatively thin textured release layer on a flat heated
press plate such that the step of subliming is combined
with a step of embossing the substrate, possibly in reg-
ister with the pattern of the sublimable agent, for example
a wood nerve pattern. Embossing-in-register in this case
can be performed more accurately than in conventional
laminating processes in which a resin-impregnated pa-
per sheet is provided with a decoration pattern, since the
position of the pattern on the paper sheet varies due to
the impregnation in practice. Furthermore, the step of
subliming may be combined with a step of laminating by
using a hot press plate, and possibly also combined with
embossing.

[0014] Heat can be concentrated to the sublimable
agent, for example by means of applying laser technol-
ogy. Furthermore, it is conceivable to use the laser tech-
nology for creating a textured surface of the panel, as
well. The substrate may have a textured surface before
applying the sublimable agent. In that case the sublima-
ble agent can be printed in register with the textured sur-
face such that the resulting panel obtains embossment
in register with the sublimed agent.

[0015] It is noted that in case of hot pressing during
the step of subliming it is possible to apply a release layer
between a press plate and the substrate including the
sublimable agent in order to facilitate releasing the press
plate and the resulting product with respect to each other
after hot pressing.

[0016] The method according to the invention is also
advantageous in cases in which a substrate surface has
limited adherence properties forinks or dyes, for example
substrates made of certain polymers. Conventionally,
such surfaces must be pre-treated by means of a primer,
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corona treatment, plasma treatment or the like before
printing an ink or dye on it in order to fix the ink or dye
sufficiently to the substrate. Since the method according
to the invention transfers the sublimable agent away from
the substrate surface the requirements of the adherence
properties are limited. Therefore, pre-treatments of the
substrate surface may be minimized. It is known, for ex-
ample, that directly applying a certain sublimable agent
onto a surface of a polypropylene sheet may be difficult.
In such a case a top layer may be applied onto the poly-
propylene sheet after which the sublimable agent is ap-
plied onto the top layer. During the step of subliming the
sublimable agent is transferred towards the polypropyl-
ene sheet and may be such that the sublimed agent is
caught between the polypropylene sheet and the top lay-
er. In this case the substrate is formed by the top layer,
and the receptive layer is formed by the polypropylene
sheet. Upon the step of subliming the sublimed agent
penetrates into the substrate and travels towards the re-
ceptive layer. In this case, but also in general, the recep-
tive layer may receive the sublimed agent without ab-
sorbing the sublimed agent in the receptive layer. Be-
sides, the sublimed agent may partly remain in the sub-
strate after the step of subliming. In the example above
the method according to the invention provides the op-
portunity to apply a decoration pattern onto the polypro-
pylene sheetwithout the typical printing and conventional
adherence problems of inks or the like to the polypropyl-
ene sheet.

[0017] The substrate may be provided with a fixing ma-
terial to fix the sublimable agent to the substrate tempo-
rarily, i.e. in the period between the step of applying the
sublimable agent on the substrate and the step of sub-
liming. In practice the sublimable agentand the substrate
will be selected on the basis of their mutual compatibility.
The substrate preferably comprises a print receptive
coating, for example an inkjet receptive coating, which
is suitable for receiving a sublimable agent, for example
a water-based or solvent-based ink or a material com-
prising UV curable ink. The sublimable agent may have
viscosity and drying properties such that flow of the sub-
limable agent on the substrate is limited and that it dries
soon after being applied on the substrate.

[0018] Furthermore, conventional processing steps
such as printing a decoration pattern on a paper sheet,
impregnating the paper sheet with a resin and laminating
the impregnated paper sheet to a core can be omitted.
[0019] Another advantage of the method according to
the invention is that a balancing layer may be omitted.
Conventional laminates which have a resin impregnated
paper sheet as a decoration layer on top of a core require
a balancing layer at the bottom of the core. Leaving out
aresin impregnated decoration sheet means that a bal-
ancing layer may be eliminated or made relatively thin.
[0020] In a preferred embodiment the sublimable
agent is printed onto the substrate by a digital printer.
Using a digital printer provides a great flexibility in the
pattern to be printed. This makes production of relatively
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small product batches with different decoration patterns
efficient. Production series can be made unique and/or
client-specific and obsolete stocks can be avoided. Al-
ternative embodiments of contact printing or non-contact
printing of the sublimable agent are conceivable, for ex-
ample by means of roller coating. When the sublimable
agent is printed onto the substrate it may have a velocity
of 5-10 m/s, but a higher or lower velocity is conceivable.
[0021] The side of the substrate on which the sublima-
ble agent is applied may have a textured surface, or for
example grooves, bevelled edges, or the like. It is pos-
sible that the substrate was already provided with a tex-
tured surface before attaching the substrate and the re-
ceptive layer to each other.

[0022] The substrate and the receptive layer may be
attached to each other before applying the sublimable
agent. In this case the substrate and the receptive layer
are supplied as an integral unit after which the sublimable
agent is applied on the substrate. The unit may be an
intermediate panel comprising a plurality of layers, for
example the substrate, the receptive layer and a core
wherein the receptive layer is sandwiched between the
substrate and the core. The core may be substantially
impermeable to the sublimable agent. This means that
during the step of subliming the sublimable agent pene-
trates the substrate and possibly the receptive layer, if it
absorbs the sublimed agent, but the sublimed agent is
not transferred further than the receptive layer. The core
may be rigid or flexible such that the resulting panel is
rigid or flexible, respectively. It may be made of wood-
based material like MDF, HDF, WPC, or vinyl, metal,
glass, stone, ceramic, textile, non-woven fabric, polymer-
ic composite or the like. As described hereinbefore, the
resulting panel may be ready for use or require further
treatment, for example cutting into pieces, providing lock-
ing means and the like, and possible other post treat-
ments such as applying additional layers or the like.
[0023] The substrate may comprise a protective layer
including anti-wear particles. This means that the unit of
the substrate and the receptive layer can be prepared as
anintermediate panel which is already provided with anti-
wear properties, but which still lacks a decoration pattern.
For example, the receptive layer is a white layer or com-
prises a background colour. During the step of subliming,
the sublimable agent can be transferred through the pro-
tective layer and penetrate into the receptive layer or re-
main substantially between the protective layer and the
receptive layer. The anti-wear particles may be corun-
dum particles, glass beads, silica or the like. The size of
the particles may be selected such that the influence
thereof on the process of sublimation is minimized. Al-
ternatively, the protective layer does notinclude particles,
for example the protective layer comprises an ionomer
such as abcite or Surlyn™. A combination of an ionomer
and particles is also conceivable.

[0024] In an alternative embodiment a further layer is
applied to the substrate after applying the sublimable
agent. The substrate may comprise an intermediate pro-
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tective layer, which is primarily intended to protect the
intermediate panel during storage between the step of
attaching the substrate and the receptive layer and the
step of applying the sublimable agent. Additionally, after
applying the further layer to the substrate and after the
step of subliming, the sublimed agent will be present at
a greater distance from the outer surface of the resulting
panel than in case of omitting the further layer. It is noted
that more than one further layer may be applied. Each
further layer may have different properties, for example
having anti-scratch properties, UV resistance, colour sta-
bility, and the like.

[0025] The substrate may comprise an intermediate
protective layer and the further layer may comprise a
protective layer including anti-wear particles. The inter-
mediate protective layer may also have anti-wear parti-
cles. In this case the size of the particles in the protective
layer may deviate from the size of the particles in the
intermediate protective layer. For example, the particles
in the intermediate protective layer are smaller than the
particles in the protective layer. The intermediate protec-
tive layeris atransparentlayer so as to keep the receptive
layer visible.

[0026] The protective layer and/or the intermediate
protective layer may be made of resins such as mela-
mine, melamine blends, phenol, polyester, ionomers,
polyurethane, acrylate, or the like. In more general terms
the substrate and/or the receptive layer and/or any further
layers may comprise resins such as melamine, melamine
blends, phenol, polyester, ionomers, polyurethane, acr-
ylate, or the like. The resins may be impregnated in a
sheet, such as a paper sheet or the like. Particularly, a
polyester comprising layer appears to be advantageous,
since it has good sublimation characteristics and is suit-
able for a lamination process. Of course, the polyester
comprising layer may be a blend of polyester and other
acrylates or resins.

[0027] It is noted in general that resin layers through
which a sublimed agent should travel may be partly
cured, since a fully cured resin layer may hinder travelling
of the sublimed agent towards the receptive layer. During
or after subliming, the curing process may be completed
in order to fix the sublimed agent to the resin containing
layer.

[0028] The substrate and the further layer may be at-
tached to each other synchronously to the step of sub-
liming. For example, the further layer may comprise a
resin impregnated overlay sheet which is attached to the
substrate by hot pressing, under which conditions the
step of subliming occurs, as well. In fact, this is a com-
bination of alaminating process and a subliming process.
Additionally, more than one further layer may be laminat-
ed during this process. Itis also possible to combine lam-
ination and sublimation with embossing of the further lay-
er, for example by using a heated press plate with a tex-
tured surface or a heated engraved press cylinder. Pos-
sibly, embossing is performed in register with the pattern
of the sublimable agent, for example a wood nerve pat-
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tern or the like.

[0029] Itisalso possible to combine the laminating and
embossing process whereas the step of subliming is per-
formed afterwards. Alternatively, itis possible to combine
the step of applying the sublimable agent on the substrate
and the step of embossing, whereas the step of subliming
is performed afterwards. In the latter case, the substrate
may be textured by means of a textured roller, for exam-
ple, which roller applies the sublimable ink on the surface
at the same time.

[0030] In an alternative embodiment the substrate and
the receptive layer are attached to each other after ap-
plying the sublimable agent. In this case the sublimable
agent is first applied to the substrate and then the sub-
strate including the sublimable agent is fixed to the re-
ceptive layer. In fact, the substrate including the subli-
mable agent can be compared to a conventional transfer
sheet including a sublimable agent, but in this case the
substrate is fixed to the receptive layer, whereas the con-
ventional transfer sheet is removed after the step of sub-
liming. It is noted, that the receptive layer may be part of
an intermediate panel comprising a receptive layer, a
core and possibly a balancing layer and/or further layers.
Depending on the side of the substrate onto which the
sublimable agent is printed and the side of the substrate
which faces the receptive layer, the sublimable agent
may travel through the substrate upon travelling towards
the receptive layer.

[0031] Itisadvantageous to perform the step of attach-
ing the substrate and the receptive layer and the step of
subliming synchronously, since this provides a rapid
manufacturing process.

[0032] The steps of attaching and subliming may be
performed in a lamination process under elevated tem-
perature and pressure, i.e. by means of hot pressing. For
example, the substrate comprises a resin impregnated
sheet of paper or non-woven, for example, to which a
sublimable agent is printed. The resin impregnated sheet
may be dry but the resin is not fully cured yet; the sheet
may be in the so-called b-stage. The sheet is positioned
onto a receptive layer and the stack of the receptive layer
and the impregnated sheet are placed in a heated press.
During hot pressing the resin will melt and flow to the
receptive layer, whereas the sublimable agent will evap-
orate and travel towards the receptive layer and possibly
penetrate into the receptive layer. Printing onto a resin
impregnated sheet, for example a paper sheet impreg-
nated with polyester, or a resin mix of melamine and pol-
yester, or the like, is advantageous since the absorbance
speed is limited and a resin is suitable for receiving nu-
merous sublimable inks or dyes. In an alternative em-
bodiment the substrate comprises a sheet onto which
the sublimable agent is printed prior to impregnating the
sheet with resin. In the latter case the substrate may be
partly cured, for example by means of near infrared ra-
diation in order to avoid premature sublimation of the
sublimable agent and to create a smoother surface than
using conventional drying processes, which creates a
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better printable surface. During impregnation the curing
process is controlled such that the sheet s not fully cured
inthe impregnation process. In a similar way as described
hereinbefore, the step of subliming may be performed at
the same time as attaching the resin impregnated sheet
to the receptive layer.

[0033] Furthermore, the substrate may be provided
with anti-wear particles. For example in case of a resin
impregnated sheet, the resin may contain anti-wear par-
ticles.

[0034] Additionally, in the same lamination process
one or more layers may be laminated to the substrate
and the receptive layer such as in conventional laminat-
ing techniques, for example in the field of laminated floor
panels.

[0035] Furthermore, the protective layer or any further
layer positioned on top of the resulting panel may be pro-
vided with a textured surface during the lamination proc-
ess. In case of embossment in register it may be advan-
tageous if the resin impregnated sheet to which the sub-
limable agent is printed, is impregnated before the print-
ing step since expansion of the sheet due toimpregnation
has already been occurred in that case such that a better
alignment is possible between the sublimed pattern and
the textured press member.

[0036] Preferably, the side of the substrate on which
the sublimable agent is applied faces the receptive layer,
since during the step of subliming the sublimable agent
can penetrate directly into the receptive layer instead of
first travelling through the substrate. In case of a lamina-
tion process the sublimable agent is applied on the sub-
strate and the substrate may then be turned upside down
and positioned onto the receptive layer. The lamination
process and the sublimation process may be adjusted in
such a way that the sublimation process is faster in order
to avoid that the resin flow adversely affects the sublima-
tion process.

[0037] Itis also possible to provide anti-wear particles
at the side of the substrate which is facing the receptive
layer in order to minimize the risk of damaging the press
member during the lamination process. On the other
hand the anti-wear particles may be provided at the op-
posite side of the substrate in order to avoid that the sub-
limable agent is hindered by the particles during sublim-
ing. It is also possible to apply the anti-wear particles at
opposite sides of the substrate.

[0038] When the substrate or any further layer com-
prises a resin impregnated sheet a relatively thin balanc-
ing sheet may be used. It is even possible to omit the
balancing sheet or replace it by a lacquer coating or the
like.

[0039] In an alternative embodiment the substrate is
able to receive and hold sublimed agent. In this case the
sublimable agent that is printed as a separate substance
directly onto the substrate will be sublimed into the sub-
strate and travel towards the receptive layer, but will not
or partially reach the receptive layer. Depending on the
subliming process the sublimable agent may penetrate
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into the receptive layer that is attached to the substrate,
as well. In this case the substrate and the receptive layer
together may form an integrated receptive layer.

[0040] In general terms, the invention is also related
to a method of manufacturing a panel comprising the
steps of supplying a substrate comprising a receptive
layer for receiving a sublimable agent, applying a subli-
mable agent on at least one side of the substrate, sub-
liming the sublimable agent into the receptive layer so
as to form a panel, wherein the sublimable agent is ap-
plied as a separate substance directly onto the substrate.
The resulting panel may be flexible or rigid panel, but
may be provided with additional layers to support or cover
the substrate. For example, the substrate comprises a
PET foil, for example having a thickness of 300 wm or
smaller or larger; upon subliming the sublimable agent
penetrates into the substrate, which substrate may be
attached to a background layer.

[0041] Furthermore, other features as described in re-
lation to the embodiments hereinbefore are also applica-
ble to this embodiment, such as a textured surface on
the substrate, synchronously embossing and/or sublim-
ing and/or laminating etc.

[0042] For example, the substrate forms a top layer of
a core which is made of engineered polymer, such as
WPC or the like. The substrate or top layer comprises a
receptive layer and the sublimable agent is applied on
the side of the substrate directed away from the core.
Upon the step of subliming, the sublimed agent will pen-
etrate into the top layer. Between the core and the top
layer there may be a layer which has a contrast colour,
for example white.

[0043] The lamination processes as mentioned in this
document may be performed by means of a continuous
press or a non-continuous press. Besides, the press may
be provided with a textured press member in order to
combine embossing with laminating and/or subliming as
well.

[0044] The invention will hereafter be elucidated with
reference to drawings showing embodiments of the in-
vention very schematically.

Figs. 1-6 are illustrative views of consecutive steps
of an embodiment of the method of manufacturing a
panel according to the invention.

Figs. 7-12 are similar views as Figs. 1-6, showing an
alternative embodiment.

Figs. 13-16 are similar views as Figs. 1-6, showing
another alternative embodiment.

Figs. 17-19 are similar views as Figs. 1-6, showing
still another alternative embodiment.

Fig. 21 is an illustrative view of consecutive steps of
an embodiment of the method according to the in-
vention.

[0045] Figs. 1-6 show consecutive steps of an embod-
iment of a method of manufacturing a panel according
to the invention. Fig. 1 shows an intermediate panel com-
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prising the following layers: a core 2, a base coat 3, a
protective layer 4 and a balancing layer 5. The layers 2-5
are fixed to each other, for example by means of contin-
uous or non-continuous pressing, laminating, calander-
ing, coating, extruding or the like. In the embodiment as
shown the substrate according to the invention is formed
by the protective layer 4 and includes anti-wear particles,
for example corundum, glass beads, silica or the like.
The substrate or protective layer 4 is the upper layer of
the intermediate panel. Fig. 1 also shows a digital printer
6 including a plurality of print heads. The digital printer 6
is able to print a sublimable agent 7 on an upper side of
the protective layer 4. The sublimable agent 7 may be
printed according to any desired decoration pattern. The
resulting condition of the layers 2-5 after printing is illus-
trated in Fig. 2. It is noted that the balancing layer 5 may
be omitted if the core 2 is sufficiently rigid, since the in-
termediate panel does not comprise a resin impregnated
decoration paper like prior art laminates. The material of
the core 2 may be a wood-based material like MDF, HDF,
MFC, or vinyl, metal, glass, stone, ceramic, polymeric
composite or the like.

[0046] Figs.3 and4 llustrate processing stepsinwhich
a heating plate 8 is moved towards and contacts the up-
per side of the protective layer 4. The heating plate 8 may
be pressed onto the intermediate panel in order to im-
prove a proper contact between the heating plate 8 and
the protective layer 4. Fig. 5 shows a condition in which
the heating plate 8 heats and vaporizes the sublimable
agent 7. The base coat 3 comprises a receptive layer for
receiving the sublimable agent 7 upon subliming. Due to
the material properties of the sublimable agent 7 and the
base coat 3 the vaporized agent 7 permeates through
the protective layer 4 into the base coat 3. A resulting
panel 1, which comprises the protective layer 4, the base
coat 3 including the sublimed agent 7, the core 2 and the
balancing layer 5, is shown in Fig. 6. The surface of the
sublimed agent may be larger than the surface of the
sublimable agent since the sublimable agent slightly di-
verges during the step of subliming.

[0047] Inthe embodiment of the intermediate panel as
shown in Figs. 1-5 the protective layer 4 allows the sub-
limable agent 7 to pass through it, and the core 2 avoids
penetration of the sublimable agent 7. As a consequence,
the sublimable agent 7 that is sublimed towards the core
2 remains in the base coat 3. Alternatively, the base coat
3 may be impermeable to the sublimable agent 7 such
that the sublimed agent 7 does not penetrate into the
base coat but remains on its surface, substantially be-
tween the base coat 3 and the substrate 4. In such a case
the sublimable agent travels towards the base coat 3 but
is not absorbed by it.

[0048] There may be a significant time difference be-
tween the moment of manufacturing the unit of layers
2-5, i.e. the intermediate panel, as shown in Fig. 1 and
the step of printing the sublimable agent 7 as illustrated
in Fig. 1. The unit of layers 2-5 may be stored before
applying the sublimable agent 7 onto the protective layer
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4. This means that stored intermediate panels may be
ready for use, but they still lack a decoration pattern. Dur-
ing the step of subliming, the decoration pattern is applied
without substantially affecting other properties of the pan-
el 1. In other words, the protective layer 4 keeps its pro-
tective properties upon decorating the intermediate pan-
el.

[0049] An advantage of the method as illustrated in
Figs. 1-6 is that the sublimable agent 7 is printed as a
separate substance directly onto the intermediate panel.
This means that additional steps of printing the sublima-
ble agent first onto a transfer sheet and removing the
transfer sheet from the resulting panel 1 after the step of
subliming, such as performed in prior art, are omitted.
[0050] The protective layer 4 may have several func-
tions like wear resistance, acoustic properties, anti-static
characteristics, creating light stability, etc. The material
is also selected on the basis of its receptive characteris-
tics in terms of temporarily fixing the sublimable agent
after the printing step.

[0051] Furthermore, the protective layer 4 may have a
textured surface before the printing step or it may be em-
bossed afterwards, for example during the step of sub-
liming. In the latter case the protective layer 4 may com-
prise a hot melting resin and the heating plate 8 may
comprise atextured surface such that during hot pressing
the surface of the protective layer 4 is embossed and the
sublimable agent 7 is evaporated and transferred to-
wards the base coat 3. It is, however, conceivable that
in an alternative embodiment the step of subliming is per-
formed after hot pressing for laminating and possible em-
bossing.

[0052] Figs. 7-12 show consecutive steps of an alter-
native embodiment of the method of manufacturing the
panel 1. In this case the substrate comprises an interme-
diate protective layer 9, which is fixed to the base coat 3
before applying the sublimable agent 7. The substrate
according to the invention is formed by the intermediate
protective layer 9 in this case, and is supported by the
base coat 3, the core 2 and the balancing layer 5, re-
spectively. Fig. 7 illustrates that the digital printer 6 prints
the sublimable agent 7 directly onto the intermediate pro-
tective layer 9. The intermediate protective layer 9 is a
transparent layer. Although in this embodiment the inter-
mediate layer 9 is defined as a protective layer, it is noted
that it may be any other layer that functions as the sub-
strate according to the invention, but which is not intend-
ed for intermediate protection.

[0053] Fig. 8 shows that in this embodiment a protec-
tive layer 10 is applied as a further layer to the interme-
diate protective layer 9 after printing the sublimable agent
7. The projective layer 10 may include anti-wear particles,
whereas the intermediate protective 9 layer may be free
of anti-wear particles. Alternatively, the intermediate pro-
tective layer 9 may also comprise anti-wear particles, for
example having a different size than those contained in
the protective layer 10. Figs. 9-12 show the steps of sub-
liming the sublimable agent 7 to the base coat 3.

10

15

20

25

30

35

40

45

50

55

[0054] In the embodiment as illustrated in Figs. 7-12
the protective layer 10 is attached to the intermediate
protective layer 9 such that the resulting panel 1 includes
the protective layer 10, see Fig. 12. This is achieved by
applying a protective layer 10 which is made of a material
that develops adhering properties upon heating. For ex-
ample, the protective layer is made of a resin impregnat-
ed sheet which adheres to the intermediate protective
layer 9 during hot pressing. Hence, the heating plate 8
does not only affect the subliming process, but also fixes
the protective layer 10 to the intermediate protective layer
9. In other words, the step of attaching the protective
layer 10 to the intermediate protective layer 9 and the
step of subliming are performed synchronously.

[0055] In general, the layers to be laminated should
not only be compatible in terms of fixing to each other
but may also be compatible to each other in relation to
wear resistance and sublimation characteristics. For ex-
ample, the intermediate protective layer 9 may comprise
aresin mix of melamine and polyesterfor good properties
for receiving sublimable agent but less wear resistance,
whereas the protective layer 10 may comprise a mela-
mine for optimal wear resistance.

[0056] Similar to the embodiment as shown in Figs.
1-6 and described hereinbefore, a textured surface can
be applied to the protective layer 10 before, during or
after the step of subliming.

[0057] The intermediate panel as shown in Fig. 7 and
comprising an intermediate protective layer 9, base coat
3, core 2 and balancing layer 5 may be stored before
applying the sublimable agent 7. The intermediate pro-
tective layer 9 functions as a temporary protection during
storage. Therefore, the protective layer 9 may be free of
anti-wear particles. The intermediate protective layer 9
and the protective layer 10 may be made of different ma-
terials, depending on desired functionalities.

[0058] Figs. 13-16 show consecutive steps of another
alternative embodiment of the method of manufacturing
the panel 1. In this case the sublimable agent 7 is printed
directly onto the protective layer 4 before the protective
layer 4 is attached to the base coat 3. The substrate ac-
cording to the invention is formed by the separate pro-
tective layer 4 in this case. After the step of printing, the
protective layer 4 including the sublimable agent 7 is
turned upside down as illustrated in Fig. 14. Then, the
protective layer 4 is laid onto the base coat 3 such that
its side to which the sublimable agent 7 is printed faces
the base coat 3. Fig. 15 shows that the base coat 3 is
supported by the core 2 and that the balancing layer 5 is
located below the core 2. The layers 2-5 are still separate
in this situation as illustrated in Fig. 15. The stack of sep-
arate layers 2-5 is pressed under elevated heat such that
the layers 2-5 are laminated to each other and the sub-
limable agent7 is sublimed to the base coat 3 at the same
time. For this reason one or more of the layers to be
laminated may comprise a hot melting resin, for example
comprising melamine formaldehyde, urea formaldehyde,
phenol formaldehyde, or the like. During the step of sub-
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liming the sublimed agent 7 can directly travel towards,
and in this case, into the base coat 3 without travelling
through the protective layer 4. If in an alternative embod-
iment the protective layer 4 is not turned upside down,
the sublimed agent 7 also travels through the protective
layer 4.

[0059] If the protective layer 4 comprises a resin im-
pregnated sheet of paper or non-woven web, for exam-
ple, the sublimable agent 7 may be applied onto the pro-
tective layer 4 before or after the impregnation process.
The resin impregnated sheet may be partially dried and
partially cured to the so-called b-stage before the lami-
nation process during which final curing takes place, as
illustrated in Fig. 16, or already before applying the sub-
limable agent 7, as illustrated in Fig. 13. If the protective
layer 4 is partially dried and cured after applying the sub-
limable agent 7 the drying/curing process should be such
that subliming is not initiated yet. This can be achieved
by using near infrared irradiation of the resinimpregnated
sheet. An advantage of applying the sublimable agent 7
to the protective layer 4 when this is in a b-stage is that
a better alignment of the pattern of the sublimed agent 7
and a textured press plate can be achieved in case of
desired embossment in register, since the pattern of sub-
limable agent is applied on the protective layer 4 after
expansion of the sheet during the impregnation process.
Furthermore, a layer 4 having a b-stage has a relatively
smooth surface having good characteristics for being
printed.

[0060] Inthe embodiment as illustrated in Figs. 13-16
the protective layer 4 and the base coat 3 are fixed to
each other after printing the sublimable agent 7. Itis also
possible that the layers 2, 3, 5 are already fixed to each
other in the situation as shown in Fig. 15, and that in the
hot pressing step only the protective layer 4 has to be
fixed to the base coat 3, whereas the sublimable agent
7 is sublimed to the base coat 3 at the same time.
[0061] Although notshownin Figs. 13-16, itis possible
to provide anti-wear particles to the protective layer 4.
For example the anti-wear particles may be applied at
the side of the substrate which is facing the base coat 3
in order to minimize the risk of damaging a press member
during the lamination process, which press member con-
tacts the protective layer 4. It is also possible to apply
the anti-wear particles at the opposite side of the protec-
tive layer 4 which is directed away from the core 2 in
order to avoid that the sublimable agent 7 is hindered by
the particles during subliming.

[0062] The protective layer 4 may comprise a resinim-
pregnated sheet, for example a paper sheet or non-wo-
ven web. The protective layer 4 itself may comprise a
plurality of sheets or foils. It may also be provided with a
coating forimproving its receptive properties for receiving
the sublimable agent 7. Furthermore, the protective layer
4 may be provided with a textured surface, before or after
applying the sublimable agent 7. If the protective layer 4
is embossed after applying the sublimable agent, it may
be embossed before, during or after the step of subliming.
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As described hereinbefore, it is advantageous to emboss
the protective layer 4, to laminate the protective layer 4
to the base coat 3 and sublime the sublimable agent 7
synchronously.

[0063] Figs. 17-20 show consecutive steps of still an-
other alternative embodiment of the method of manufac-
turing the panel 1. In this case the sublimable agent 7 is
printed directly onto the intermediate protective layer 9.
The substrate according to the invention is formed by the
intermediate protective layer 9 in this case. Then the in-
termediate protective layer 9 including the sublimable
agent 7 is turned upside down as illustrated in Fig. 18.
In a next step a stack of separate layers 5, 2, 3,9, 10 is
made, as seen from bottom to top: balancing layer 5,
core 2, base coat 3, intermediate protective layer 9 in-
cluding the printed sublimable agent 7 and the protective
layer 10. This is illustrated in Fig. 19. The stack of layers
5,2, 3,9, 10 is pressed under elevated heat such that
they are laminated to each other and the sublimable
agent 7 is sublimed to the base coat 3 at the same time.
The intermediate protective layer 9 and/or the protective
layer 10 may comprise resin impregnated sheets. In the
resulting panel 1, the decoration pattern of sublimed
agent 7 lies deeper in the panel 1 than in the previous
embodiment as shown in Fig. 16.

[0064] Similar to the previous embodiment as de-
scribed hereinbefore, printing of the sublimable agent 7
ontothe intermediate protective layer 9 can be performed
before or after the impregnation process if the interme-
diate protective layer 9 comprises a resin impregnated
sheet.

[0065] In this embodiment anti-wear particles may be
provided to the intermediate protective layer 9 and/or the
protective layer 10.

[0066] Fig. 21 illustrates a manufacturing process in
which the step of printing a sublimable agent 7 on an
intermediate protective layer 9, the step of applying a
second intermediate protective layer 11, the step of ap-
plying the protective layer 10, and the step of laminating
are shown.

[0067] Anintermediate panelis supplied to a conveyor
belt 12, as shown at the right side of Fig. 21. Similar to
the embodiment as shown in Fig. 7, the intermediate pan-
el comprises the intermediate protective layer 9, the base
coat 3, the core 2 and the balancing layer 5, as seen from
the top to the bottom of the intermediate panel. The sub-
limable agent 7 is printed on the intermediate protective
layer 9 by means of the digital printer 6. Then, the second
intermediate protective layer 11 is applied on top of the
printed intermediate protective layer 9 by means of ap-
plying a protective coating. In a next step a powder mix-
ture of corundum and ionomer is spread on top of the
second intermediate protective layer 11 by means of a
powdering device 13, hence creating the protective layer
10. The intermediate panel including the added layers
are transferred to a heated press 14. During hot pressing
the sublimable agent 7 is sublimed to the base coat 3,
the second intermediate protective layer 11 is fixed to
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the intermediate protective layer 9 and the protective lay-
er 10, and the ionomer powder of the protective layer 10
is melted such that the corundum particles are embedded
in the ionomer layer.

[0068] From the foregoing it will be apparent that the
invention provides an efficient method of manufacturing
a panel.

[0069] The invention is not restricted to the above-de-
scribed embodiments as shown in the drawings, which
can be varied in several ways without departing from the
scope of the invention. For example, separate layers that
are fixed to each other by means of hot pressing may be
pressed by means of a continuous pressing process, for
example by means of calandering. Similarly, the step of
subliming may be performed by means of a continuous
process. The press plate may be provided with a textured
surface or a textured release sheet may be present be-
tween the press plate and the stack to be laminated.

Claims

1. A method of manufacturing a panel (1) comprising
the steps of:

supplying a substrate (4, 9),

applying a sublimable agent (7) on at least one
side of the substrate (4, 9),

supplying a receptive layer (3) for receiving the
sublimable agent (7) upon subliming,

attaching the substrate (4, 9) and the receptive
layer (3) to each other,

subliming the sublimable agent (7) towards the
receptive layer (3) so as toform a panel (1) which
comprises the substrate (4, 9) and the receptive
layer (3) including the sublimable agent (7),
wherein the sublimable agent (7) is applied as
a separate substance directly onto the substrate
4, 9).

2. A method according to claim 1, wherein the sublima-
ble agent (7) is printed onto the substrate (4, 9) by
a digital printer (6).

3. A method according to claim 1 or 2, wherein the sub-
strate (4, 9) and the receptive layer (3) are attached
to each other before applying the sublimable agent
(7), hence forming an integral unit before applying
the sublimable agent (7).

4. A method according to one of the preceding claims,
wherein the substrate comprises a protective layer
(4) including anti-wear particles.

5. A method according to claim 3, wherein a further
layer (10) is applied to the substrate (9) after applying
the sublimable agent (7), wherein the substrate (9)
and the further layer (10) may comprise resin im-
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10.

1.

12.

13.

14.

15.

pregnated sheets which resins of the substrate (9)
and the further layer (10) are compatible to each oth-
er.

A method according to claim 5, wherein the substrate
comprises an intermediate protective layer (9) and
the further layer (10) comprises a protective layer
including anti-wear particles, wherein preferably the
intermediate protective layer (9) is a transparent lay-
er.

A method according to claim 5 or 6, wherein the sub-
strate (9) and the further layer (10) are attached to
each other synchronously to the step of subliming.

A method according to claim 7, wherein the further
layer (10) comprises a resin impregnated overlay
sheet which is attached to the substrate (9) by hot
pressing, under which conditions the step of sublim-
ing occurs.

A method according to claim 1 or 2, wherein the sub-
strate (4, 9) and the receptive layer (3) are attached
to each other after applying the sublimable agent (7).

A method according to claim 9, wherein the step of
attaching the substrate (4, 9) and the receptive layer
(3) and the step of subliming are performed synchro-
nously.

A method according to claim 10, wherein the steps
of attaching and subliming are performed in a lami-
nation process under elevated temperature and
pressure.

A method accordingtoclaim 11, wherein one or more
layers (2, 5, 10) are laminated to the substrate (9)
and the receptive layer (3).

A method according to one of the claims 9-12, where-
in the side of the substrate (4, 9) on which the sub-
limable agent is applied faces the receptive layer (3)
or is directed away from the receptive layer (3).

A method according to one of the preceding claims,
wherein the receptive layer (3) is attached to a core
(2) which is substantially impermeable to the subli-
mable agent (7).

A method of manufacturing a panel (1) comprising
the steps of:

supplying a substrate (4) comprising a receptive
layer (3) for receiving a sublimable agent (7),
applying a sublimable agent (7) on at least one
side of the substrate (4),

subliming the sublimable agent (7) into the re-
ceptive layer (3) so as to form a panel (1),
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wherein the sublimable agent (7) is applied as
a separate substance directly onto the substrate

(4).
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