(43) International Publication Date

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

(19) World Intellectual Property
Organization
International Bureau

—~
é

\\

(10) International Publication Number

WO 2017/111689 A1l

29 June 2017 (29.06.2017) WIPO I PCT
(51) International Patent Classification: DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
B32B 38/14 (2006.01) B32B 27/10 (2006.01) HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KH, KN,
B27M 3/04 (2006.01) B32B 29/00 (2006.01) KP, KR, KW, KZ, LA, LC, LK, LR, LS, LU, LY, MA,
B32B 37/12 (2006.01) EO04F 15/02 (2006.01) MD, ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG,
B32B 21/06 (2006.01) B44C 5/04 (2006.01) NI, NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS,
B32B 21/08 (2006.01) RU, RW, SA, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY,
i L TH, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN,
(21) International Application Number: ZA,IM, ZW.
PCT/SE2016/051294
i . ] (84) Designated States (unless otherwise indicated, for every
(22) International Filing Date: kind of regional protection available): ARIPO (BW, GH,
20 December 2016 (20.12.2016) GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
(25) Filing Language: English TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
L. ) TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
(26) Publication Language: English DK, EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
(30) Priority Data: LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SL SK,
1551683-4 21 December 2015 (21.12.2015) SE E}I;/IV El{v)[ ?A?P{\A(EF&ELS ;F»T CDG»T% CM, GA, GN, GQ,
(71) Applicant: VALINGE INNOVATION AB [SE/SEJ; T
Préistaviigen 513, SE-263 65 Viken (SE). Declarations under Rule 4.17:
(72) Inventors: PERSSON, Hans; Fiirgareviigen 7, SE-284 33~ % tfnflzzgfe"j’ ;72’17)[)”16’”6”’ to apply for and be granted a
Perstorp (SE). BERGELIN, Marcus; Lerbergets Byavig p ’
78, SE-263 52 Lerberget (SE). Published:
(74) Agent: WESTEMAN, Maria; Vilinge Innovation AB, —  with international search report (Art. 21(3))
Prastavagen 513, SE-263 65 Viken (SE). —  before the expiration of the time limit for amending the
(81) Designated States (unless otherwise indicated, for every claims and to be vepublished in the event of receipt of

kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DJ, DK, DM,

amendments (Rule 48.2(h))

2017/111689 A1 I 000 10 00O OO0 00

"\,

34

(54) Title: A METHOD TO PRODUCE A BUILDING PANEL AND A SEMI-FINISHED PRODUCT

8

««« @ZI (XTCX)

‘

O

EPERN

\.

FIG. 1

(57) Abstract: The present disclosure relates to a method to produce a building panel (10), comprising: providing a substrate (1), ap-
plying a thermosetting binder in dry form on the substrate (1) for forming a sub-layer (4), applying a sheet (6) on the sub-layer (4),
and pressing the substrate (1), the sub-layer (4) and the sheet (6) together to form a building panel (10), thereby the thermosetting

o binder of the sub-layer (4) impregnates the sheet (6) from below. The disclosure also relates to a semi-finished product.
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A METHOD TO PRODUCE A BUILDING PANEL AND A SEMI-FINISHED PRODUCT

Field of the invention
The present invention relates to methods to produce a building panel and a

semi-finished product.

Technical background

Recently, digital printing has offered new possibilities to the flooring industry
to customize decorative patterns for flooring applications and to print small
guantities of décor layers. By digital printing is conventionally meant printing by
means of non-contact printing, for example using a Drop-on-Demand (DOD)
technique. A drop of ink is placed with great accuracy on a paper or wood surface.
Examples of DOD techniques are piezoelectric DOD inkjet and thermal DOD inkjet. In
a piezoelectric DOD inkjet printer, the piezoelectric material changes shape when a
voltage is applied. The change of shape of the piezoelectric material generates a
pressure pulse in the fluid, thereby ejecting a droplet of ink from the nozzle. In a
thermal DOD inkjet printer, ink drops are ejected by forming an ink vapour bubble
by heating the ink.

Different kind of inks may be used for digital printing, such as UV curable
inks, solvent based inks and aqueous inks (also called waterborne or water based
inks).

For laminate floorings, comprising at least one resin impregnated paper
sheet, digital printing on resin impregnated paper sheets has involved some
difficulties and resulted in poor printing quality. Resin impregnated paper sheets
have shown poor ink receptive properties, which may result in bleeding during
printing. During pressing, a décor printed on an impregnated paper bleeds even
further due to flowing of the resin during pressing. One solution to this problem is
disclosed in EP 1 749 676, wherein the paper sheet is impregnated with liquid resin
that does not completely penetrate the paper sheet, so that the other side of the
paper sheet remains at least substantially free of resin. The paper sheet is printed by
digital printing on the side of the paper sheet remaining at least substantially free of
resin. However, it may be difficult to secure that a uniform unimpregnated layer for
receiving the print is obtained by the method. Further, the print side of the paper
remains unimpregnated.
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W02013/032387 discloses a method to impregnate a paper sheet from

below by means of a powder based sub-layer comprising wood fibres and a
thermosetting resin. US2010/0239820 discloses applying a layer of liquid glue on a
plate made of fibre or particle material, and pressing a decorative layer not
impregnated with resin onto the layer of glue. US2010/0307677 discloses fastening
a paper to a core, printing a decoration on the paper, and attaching a curable cover

layer on the printed decoration, and curing the curable layers.

Summary

It is an object of at least embodiments of the present invention to provide an
improvement over the above described techniques and known art.

A further object of at least embodiments of the present invention is to
improve the printing quality when digital printing on sheets for laminate floorings
compared to printing on impregnated sheets.

A further object of at least embodiments of the present invention is to
facilitate printing on sheet such as a paper sheet.

A further object of at least embodiments of the present invention is to
facilitate digital printing on a sheet when attached to a substrate, for example for
coordinating the print with an embossed structure.

At least some of these and other objects and advantages that will be
apparent from the description have been achieved by a method to produce a
building panel according to a first aspect of the invention. The method comprises

- providing a substrate,

- applying a thermosetting binder in dry form on the substrate for forming a
sub-layer,

- applying a sheet on the sub-layer, and

- pressing the substrate, the sub-layer and the sheet together to form a
building panel, thereby the thermosetting binder of the sub-layer impregnates the
sheet from below.

The thermosetting binder may be in dry powder form.

The sheet may be or comprise one or more of a paper sheet, a non-woven, a
woven fibre sheet, or a fibre sheet.

The sub-layer may substantially consist of the thermosetting binder. By
substantially consisting of a thermosetting binder is meant that the sub-layer
comprises at least 90 wt% of the thermosetting binder, such as at least 95 wt% of
the thermosetting binder. Preferably, the sub-layer is filler-free, or preferably at

least free from fillers absorbing moisture, and thereby not absorbing the
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thermosetting binder. Preferably, the fillers may absorb at least less moisture, and
thereby thermosetting binder, than wood fibres. The sub-layer may comprise inert
fillers such as non-absorbing fillers.

According to one aspect of the invention, the sub-layer comprises the
thermosetting binder and non-absorbing fillers. The non-absorbing fillers may be
glass fibres, barium sulphate, calcium carbonate, talc, etc. The non-absorbing fillers
have a function of reinforcing the layer and/or cover the colour of the substrate. The
non-absorbing filler may be a non-porous filler. The filler may be an inorganic filler.

An advantage of at least embodiment of the present invention is that a
conventional paper for laminate flooring may be used. No specialized print paper for
inkjet printing is required in order to obtain the desired print quality. As a
consequence, the cost is reduced compared to using a specialized inkjet print paper.
Further, it is not required that the sheet has a comparable strength as required
when the sheet is adapted to be impregnated in a conventional impregnation
process.

A further advantage of printing on a sheet already adhered to the substrate
by means of the sub-layer is that no positioning and difficult matching of the printed
sheet to the substrate has to take place. Due to the adherence to the sub-layer, the
sheet moves less during printing. The sheet will swell less during printing, and less
consideration to swelling of the sheet during printing has to be taken. Coordinating
the print with an embossed structure of a press plate is therefore facilitated in order
to obtain a décor with an embossed structure in register with the décor.

By impregnating the sheet from below during pressing, a sheet such as a
paper adapted to reduce flowing of ink into the paper can be used. Such a paper is
difficult to impregnated from above during pressing, since the properties of the
paper reducing flowing of ink into paper also reduce flowing of thermosetting binder
into the paper during pressing, such that an inferior impregnation of the paper is
obtained.

An advantage of not including absorbing fillers, such as wood fibres, in the
sub-layer is that less thermosetting binder is required to impregnate the sheet.
There are no absorbing fillers in the sub-layer that the thermosetting binder has to
impregnate in addition to the sheet, which is intended to be impregnated. Further,
when including absorbing fillers in the sub-layer, a pre-pressing step may be
required in order to adhere the sheet to the sub-layer.

Compared to using a liquid binder, more thermosetting binder may be
applied without risking fibre swelling of the substrate. Furthermore, using a liquid

binder also requires long drying zones.
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The sheet may be unimpregnated, or at least substantially unimpregnated,
when applied on the sub-layer. An advantage is that the sheet, or at least an upper
surface of the sheet facing away from the sub-layer, remains unimpregnated and
substantially resin-free when arranged on the substrate. Thereby, it is possible to
print on an unimpregnated surface of the sheet, while the sheet is arranged on the
substrate. By printing on an unimpregnated surface of the sheet, for example, by
means of digital printing, such as inkjet printing, the print is improved and an
improved printing result is obtained. For example, bleeding is reduced. By bleeding
is meant that ink drops do not stay on the intended position but bleeds into adjacent
print dots before drying and being absorbed into the sheet. Bleeding reduces the
print quality.

By substantially unimpregnated is meant that the sheet may have been
impregnated by a fluid comprising less than 20 wt% of a thermosetting binder,
preferably comprising less than 10 wt% of a thermosetting binder. By substantially
unimpregnated is meant that the surface of the sheet is still permeable. By the sheet
still being permeable, the sheet may still absorb ink during printing, such that
bleeding of the print is reduced.

The sheet may be adhered to the substrate by means of the sub-layer.

The method may further comprise printing, preferably by digital printing, a
décor on the sheet when arranged on the sub-layer. Preferably, the sheet is adhered
to the sub-layer when printing. The printing may be performed by a digital printing
technique. The digital printing technique may be any non-contact printing method,
such as using a Drop-on-Demand (DOD) technique. Examples of DOD techniques are
piezoelectric DOD inkjet and thermal DOD inkjet. The ink used may be curable inks
such as UV curable inks, solvent based inks, and aqueous inks (also called
waterborne or water based inks). The sheet may alternatively be printed by a
contact print technique.

The sheet may be adhered to the sub-layer prior to printing.

Alternatively, the décor may already be printed on the sheet when arranged
on the sub-layer. The décor may be printed on the sheet by conventional printing
techniques, such as rotogravure.

The substrate may be a wood-based board. The substrate may be a wood-
fibre based board, a Wood Plastic Composite (WPC), a thermoplastic board, a
mineral board, a plasterboard, a phenolic paper, or a HPL.

The sheet may be a paper sheet, a non-woven, a woven fibre sheet such as
textile, or a fibre sheet. The sheet may be fibre reinforced. The fibres may be

cellulose fibres and/or cotton fibres. The sheet may include pigments and fillers.
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The thermosetting binder may be an amino resin.

The thermosetting binder may comprise melamine formaldehyde resin, urea
formaldehyde resin, phenol formaldehyde resin, or a combination thereof.

The method may further comprise applying moisture to the thermosetting
binder, the sub-layer, the sheet, and/or the substrate prior to pressing. By applying
moisture, the thermosetting binder of the sub-layer becomes sticky and thereby
adheres the sheet to the sub-layer. Moisture may be applied by applying a liquid
and/or applying steam.

The method may further comprise controlling moisture content of the sub-
layer. By controlling moisture content of the sub-layer, adhesion of the sheet to the
sub-layer can be controlled. Further, flowing of the thermosetting binder of the sub-
layer can be controlled such that the thermosetting binder does not impregnate the
sheet prior to pressing, or at least does not completely impregnate the sheet prior
to pressing. By maintaining a low moisture content of the sub-layer, such that less
than 30 wt%, flowing of the thermosetting binder can be reduced such that the
amount of the thermosetting binder flowing to the upper surface of the sheet can
be reduced. By keeping the amount of thermosetting binder in the upper surface of
the sheet low, printing quality is improved compared to printing on sheet having a
higher content of thermosetting binder, and drying can be excluded or reduced.
Furthermore, by having a low moisture content in the sub-layer, fibre swelling can
be avoided or at least reduced.

The moisture content of the sub-layer may be controlled by applying
moisture and/or drying the thermosetting binder, the sub-layer, the sheet and/or
the substrate.

By applying moisture to the sheet, flowing of the thermosetting binder of the
sub-layer may be restricted, due to the higher moisture content of the sheet
compared to the moisture content of the sub-layer.

A moisture content of the sub-layer may be 5-35 wt%, preferably 15-25 wt%,
when arranged on the substrate prior to pressing. Thereby the sub-layer adheres the
sheet to the substrate. Having a moisture content in the range of 5-35 wt%,
preferably 15-25 wt%, avoids or at least reduces fibre swelling and flowing of the
thermosetting binder to the upper surface of the sheet. In the embodiment wherein
moisture is applied to the sub-layer by means of the sheet, the moisture content of
the sub-layer is to be measured when the sheet is arranged on the sub-layer.

The sheet may be adhered to the sub-layer prior to pressing. By the sub-layer

having a certain moisture content, for example 5-35 wt%, preferably 15-25 wt%, the
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thermosetting binder gets sticky and adheres the sheet to the sub-layer and thereby

to the substrate.

The method may further comprise controlling reactivity and/or flowing of the
sub-layer. The reactivity and/or flowing of the thermosetting binder of the sub-layer
can be controlled, for example, by the moisture content of the sub-layer, the type of
thermosetting binder and/or additives added to the thermosetting binder.

In one embodiment, the sub-layer is in dry form when the sheet is applied.

It is also contemplated that a layer of a thermosetting binder in liquid form
may be applied on the surface of the substrate prior to applying the sub-layer. In this
embodiment, the thermosetting binder in dry form is applied on the thermosetting
binder in liquid form.

According to a second aspect of the invention, a method to produce a
building panel is provided. The method comprises

- providing a substrate,

- controlling relative humidity (RH) of ambient air enclosing an application
device adapted to apply a thermosetting binder in dry form,

- applying a thermosetting binder in dry form on the substrate by said
application device for forming a sub-layer,

- applying a sheet on the sub-layer, and

- pressing the substrate, the sub-layer, and the sheet together to form a
building panel, thereby the thermosetting binder of the sub-layer impregnates the
sheet from below.

The thermosetting binder may be in dry powder form.

The sheet may be or comprise one or more of a paper sheet, a non-woven, a
woven fibre sheet, or a fibre sheet.

An advantage of at least embodiments of the invention is that by controlling
the relative humidity (RH) of the ambient air enclosing the application device, it is
possible to handle and apply, for example, by scattering, a thermosetting binder in
dry form, without problems with, or at least with reduced problems associated with
the thermosetting binder getting sticky and adhering to the application device. By
the relative humidity being in the range of, for example, 35-60% RH, preferably 40-
55% RH, it is possible to apply a thermosetting binder in dry form without the
thermosetting binder getting sticky.

It is an advantage that the relative humidity is less than 60% RH in order to
get a uniform distribution of the sub-layer and facilitate uniform application of the
sub-layer. Further, in order to avoid forming of static electricity, it is an advantage
that the relative humidity is more than 35% RH.
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As described above, an advantage of at least embodiment of the present
invention is that a conventional paper for laminate flooring may be used. No
specialized print paper for inkjet printing is required in order to obtain the desired
print quality. As a consequence, the cost is reduced compared to using a specialized
inkjet print paper.

A further advantage of printing on a sheet already adhered to the substrate
by means of the sub-layer is that no positioning and difficult matching of the printed
sheet to the substrate has to take place. Due to the adherence to the sub-layer, the
sheet moves less during printing. The sheet will swell less during printing, and less
consideration to swelling of the sheet during printing has to be taken. Coordinating
the print with an embossed structure of a press plate is therefore facilitated in order
to obtain a décor with an embossed structure in register with the décor.

By impregnating the sheet from below during pressing, a sheet such as a
paper adapted to reduce flowing of ink into the paper can be used. Such a paper is
difficult to impregnated from above during pressing, since the properties of the
paper reducing flowing of ink into paper also reduce flowing of thermosetting binder
into the paper during pressing, such that an inferior impregnation of the paper is
obtained.

Compared to using a liquid binder, more thermosetting binder may be
applied without risking fibre swelling of the substrate. Furthermore, using a liquid
binder also requires long drying zones.

The relative humidity (RH) may be 35-60% RH, preferably 40-55% RH.

The sheet may be adhered to the substrate by means of the sub-layer.

The sheet may be unimpregnated, or at least substantially unimpregnated,
when applied on the sub-layer. An advantage is that the sheet, or at least an upper
surface of the sheet facing away from the sub-layer, remains unimpregnated and
substantially resin-free when arranged on the substrate. Thereby, it is possible to
print on an unimpregnated surface of the sheet, while the sheet is arranged on the
substrate. By printing on an unimpregnated surface of the sheet, for example, by
means of digital printing, such as inkjet printing, the print is improved and an
improved printing result is obtained. For example, bleeding is reduced. By bleeding
is meant that ink drops do not stay on the intended position but bleeds into adjacent
print dots before drying and being absorbed into the sheet. Bleeding reduces the
print quality.

By substantially unimpregnated is meant that the sheet may have been
impregnated by a fluid comprising less than 20 wt% of a thermosetting binder,

preferably comprising less than 10 wt% of a thermosetting binder. By substantially
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unimpregnated is meant that the surface of the sheet is still permeable. By the sheet
still being permeable, the sheet may still absorb ink during printing, such that
bleeding of the print is reduced.

The sub-layer may substantially consist of the thermosetting binder. By
substantially consisting of a thermosetting binder is meant that the sub-layer
comprises at least 90 wt% of the thermosetting binder, such as at least 95 wt% of
the thermosetting binder. Preferably, the sub-layer is filler-free, or preferably at
least free from fillers absorbing moisture, and thereby not absorbs the
thermosetting binder. Preferably, the fillers may absorb at least less moisture, and
thereby thermosetting binder, than wood fibres. The sub-layer may comprise inert
fillers such as non-absorbing fillers. An advantage of not including absorbing fillers,
such as wood fibres, in the sub-layer is that less thermosetting binder is required to
impregnate the sheet. There are no absorbing fillers in the sub-layer that the
thermosetting binder has to impregnate in addition to the sheet, which is intended
to be impregnated. Further, when including absorbing fillers in the sub-layer, a pre-
pressing step may be required in order to adhere the sheet to the sub-layer.

The sub-layer may comprise the thermosetting binder and non-absorbing
filler such as glass fibres, barium sulphate, calcium carbonate, talc, etc. The non-
absorbing fillers have a function of reinforcing the layer and/or cover the colour of
the substrate. By non-absorbing filler may be a non-porous filler. The filler may be
an inorganic filler.

The method may further comprise printing, preferably by digital printing, a
décor on the sheet when arranged on the sub-layer. The printing may be performed
by a digital printing technique. The digital printing technique may be any non-
contact printing method, such as using a Drop-on-Demand (DOD) technique.
Examples of DOD techniques are piezoelectric DOD inkjet and thermal DOD inkjet.
The ink used may be curable inks such as UV curable inks, solvent based inks, and
aqueous inks (also called waterborne or water based inks). The sheet may
alternatively be printed by a contact print technique.

The sheet may be adhered to the sub-layer prior to printing.

Alternatively, the décor may already be printed on the sheet when arranged
on the sub-layer. The décor may be printed on the sheet by conventional printing
techniques, such as rotogravure.

The substrate may be a wood-based board. The substrate may be a wood-
fibre based board, a Wood Plastic Composite (WPC), a thermoplastic board, a

mineral board, a plasterboard, a phenolic paper, or a HPL.
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The sheet may be a paper sheet, a non-woven, a woven fibre sheet such as
textile, or a fibre sheet. The sheet may be fibre reinforced. The fibres may be
cellulose fibres and/or cotton fibres. The sheet may include pigments and fillers.

The thermosetting binder may be an amino resin.

The thermosetting binder may comprise melamine formaldehyde resin, urea
formaldehyde resin, phenol formaldehyde resin, or a combination thereof.

The method may further comprise comprising applying moisture to the
thermosetting binder, the sub-layer, the sheet, and/or the substrate prior to
pressing. By applying moisture, the thermosetting binder of the sub-layer becomes
sticky and thereby adheres the sheet to the sub-layer. Moisture may be applied by
applying a liquid and/or applying steam.

The method may further comprise controlling moisture content of the sub-
layer. By controlling moisture content of the sub-layer, adhesion of the sheet to the
sub-layer can be controlled. Further, flowing of the thermosetting binder of the sub-
layer can be controlled such that the thermosetting binder does not impregnate the
sheet prior to pressing, or at least does not completely impregnate the sheet prior
to pressing. By maintaining a low moisture content of the sub-layer, such that less
than 30 wt%, flowing of the thermosetting binder can be reduced such that the
amount of the thermosetting binder flowing to the upper surface of the sheet can
be reduced. By keeping the amount of thermosetting binder in the upper surface of
the sheet low, printing quality is improved compared to printing on sheet having a
higher content of thermosetting binder, and drying can be excluded or reduced.
Furthermore, by having a low moisture content in the sub-layer, fibre swelling can
be avoided or at least reduced.

The moisture content of the sub-layer may be controlled by applying
moisture and/or drying the thermosetting binder, the sub-layer, the sheet, and/or
the substrate prior to pressing.

A moisture content of the sub-layer may be 5-35 wt%, preferably 15-25 wt%,
when arranged on the substrate prior to printing. Thereby the sub-layer adheres the
sheet to the sub-layer. Having a moisture content in the range of 5-35 wt%,
preferably 15-25 wt%, avoids or at least reduces fibre swelling and flowing of the
thermosetting binder to the upper surface of the sheet. In the embodiment wherein
moisture is applied to the sub-layer by means of the sheet, the moisture content of
the sub-layer is to be measured when the sheet is arranged on the sub-layer.

The sheet may be adhered to the sub-layer prior to pressing. By the sub-layer
having a certain moisture content, for example 5-35 wt%, preferably 15-25 wt%, the

thermosetting binder gets sticky and adheres the sheet to the sub-layer.
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The method may further comprise controlling reactivity and/flowing of the
sub-layer. The reactivity and/or flowing of the thermosetting binder of the sub-layer
can be controlled, for example, by the moisture content of the sub-layer, the type of
thermosetting binder and/or additives added to the sub-layer.

In one embodiment, the sub-layer is in dry form when the sheet is applied.

It is also contemplated that a layer of a thermosetting binder in liquid form is
applied on the surface of the substrate prior to applying the sub-layer. In this
embodiment, the thermosetting binder in dry form is applied on the thermosetting
binder in liquid form.

According to a third aspect of the invention, a method to produce a building
panel is provided. The method comprises:

- providing a substrate,

- applying a thermosetting binder in dry form on the substrate for forming a
sub-layer,

- controlling the moisture content of the sub-layer when arranged on the
substrate,

- applying a sheet on the sub-layer, and

- pressing the substrate, the sub-layer and the sheet together to form a
building panel, thereby the thermosetting binder of the sub-layer impregnates the
sheet from below.

The thermosetting binder may be in dry powder form.

An advantage of controlling the moisture content of the sub-layer when
arranged on the substrate is that it is possible to control flowing of the
thermosetting binder of the sub-layer. By keeping a low moisture content of the
sub-layer, such as in the range of 5-35 wt%, preferably 15-25 wt%, it is possible to
prevent, or at least reduce, flowing of the thermosetting binder into and through the
sheet arranged on the sub-layer. A low moisture content results in a thermosetting
binder with low flowability. By reducing the amount of thermosetting binder on the
upper surface of the sheet, which is intended to be printed, an improved print
guality may be achieved.

By controlling moisture content of the sub-layer, adhesion of the sheet to the
sub-layer can be controlled. Further, flowing of the thermosetting binder of the sub-
layer can be controlled such that the thermosetting binder does not impregnate the
sheet prior to pressing, or at least does not completely impregnate the sheet prior
to pressing. By maintaining a low moisture content of the sub-layer, such that less
than 30 wt%, flowing of the thermosetting binder can be reduced such that the

amount of the thermosetting binder flowing to the upper surface of the sheet can
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be reduced. By keeping the amount of thermosetting binder in the upper surface of
the sheet low, printing quality is improved compared to printing on sheet having a
higher content of thermosetting binder, and drying can be excluded or reduced.
Furthermore, by having a low moisture content in the sub-layer, fibre swelling can
be avoided or at least reduced.

By applying moisture to the sheet, flowing of the thermosetting binder of the
sub-layer may be restricted, due to the higher moisture content of the sheet
compared to the moisture content of the sub-layer.

By impregnating the sheet from below during pressing, a sheet such as a
paper adapted to reduce flowing of ink into the paper can be used. Such a paper is
difficult to impregnated from above during pressing, since the properties of the
paper reducing flowing of ink into paper also reduce flowing of thermosetting binder
into the paper during pressing, such that an inferior impregnation of the paper is
obtained.

Controlling the moisture content may comprise comprising applying moisture
to and/or drying the thermosetting binder, the sub-layer, the sheet, and/or the
substrate prior to pressing.

The step of controlling the moisture content of the sub-layer may comprise
one or more of the following:

- applying steam on the substrate prior to applying the sub-layer,

- applying steam on the sub-layer when arranged on the substrate,

- applying steam on the thermosetting binder during application of the
thermosetting binder,

- applying steam on the sheet prior to being applied on the sub-layer or when
being arranged on the sub-layer,

- applying liquid on the substrate prior to applying the sub-layer,

- applying liquid on the sub-layer when arranged on the substrate,

- applying liquid on the thermosetting binder during application of the
thermosetting binder,

- applying liquid on the sheet prior to being applied on the sub-layer or when
being arranged on the sub-layer, and/or

- drying the sub-layer when arranged on the substrate.

Controlling the moisture content may also comprise applying moist fillers on
the sub-layer and/or on the substrate.

The moisture content of the sub-layer may be 5-35 wt%, preferably 15-25
wt%, when arranged on the substrate prior to pressing. Thereby the sub-layer

adheres the sheet to the sub-layer and thereby to the substrate. Having a moisture
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content in the range of 5-35 wt%, preferably 15-25 wt%, avoids or at least reduces
fibre swelling and flowing of the thermosetting binder to the upper surface of the
sheet. In the embodiment wherein moisture is applied to the sub-layer by means of
the sheet, the moisture content of the sub-layer is to be measured when the sheet is
arranged on the sub-layer.

The sheet may be adhered to the sub-layer prior to pressing. By the sub-layer
having a certain moisture content, for example 5-35 wt%, preferably 15-25 wt%, the
thermosetting binder gets sticky and adheres the sheet to the sub-layer.

By applying moisture to the sheet, flowing of the thermosetting binder of the
sub-layer may be restricted, due to the higher moisture content of the sheet
compared to the moisture content of the sub-layer.

The sheet may be adhered to the substrate by means of the sub-layer.

The sheet may be unimpregnated, or at least substantially unimpregnated,
when applied on the sub-layer. An advantage is that the sheet, or at least an upper
surface of the sheet facing away from the sub-layer, remains unimpregnated and
substantially resin-free when arranged on the substrate. Thereby, it is possible to
print on an unimpregnated surface of the sheet, while the sheet is arranged on the
substrate. By printing on an unimpregnated surface of the sheet, for example, by
means of digital printing, such as inkjet printing, the print is improved and an
improved printing result is obtained. For example, bleeding is reduced. By bleeding
is meant that ink drops do not stay on the intended position but bleeds into adjacent
print dots before drying and being absorbed into the sheet. Bleeding reduces the
print quality.

By substantially unimpregnated is meant that the sheet may have been
impregnated by a fluid comprising less than 20 wt% of a thermosetting binder,
preferably comprising less than 10 wt% of a thermosetting binder. By substantially
unimpregnated is meant that the surface of the sheet is still permeable. By the sheet
still being permeable, the sheet may still absorb ink during printing, such that
bleeding of the print is reduced.

The sub-layer may substantially consist of the thermosetting binder. By
substantially consisting of a thermosetting binder is meant that the sub-layer
comprises at least 90 wt% of the thermosetting binder, such as at least 95 wt% of
the thermosetting binder. Preferably, the sub-layer is filler-free, or preferably at
least free from fillers absorbing moisture, and thereby not absorbs the
thermosetting binder. Preferably, the fillers may absorb at least less moisture, and
thereby thermosetting binder, than wood fibres. The sub-layer may comprise inert

fillers such as non-absorbing fillers. An advantage of not including absorbing fillers,



WO 2017/111689 PCT/SE2016/051294

10

15

20

25

30

35

13

such as wood fibres, in the sub-layer is that less thermosetting binder is required to
impregnate the sheet. There are no absorbing fillers in the sub-layer that the
thermosetting binder has to impregnate in addition to the sheet, which is intended
to be impregnated. Further, when including absorbing fillers in the sub-layer, a pre-
pressing step may be required in order to adhere the sheet to the sub-layer.

The sub-layer may comprise the thermosetting binder and non-absorbing
filler such as glass fibres, barium sulphate, calcium carbonate, talc, etc. The non-
absorbing fillers have a function of reinforcing the layer and/or cover the colour of
the substrate. The non-absorbing filler may be a non-porous filler. The filler may be
an inorganic filler.

Compared to using a liquid binder, more thermosetting binder may be
applied without risking fibre swelling of the substrate. Furthermore, using a liquid
binder also requires long drying zones.

The method may further comprise printing, preferably by digital printing, a
décor on the sheet when arranged on the sub-layer. The printing may be performed
by a digital printing technique. The digital printing technique may be any non-
contact printing method, such as using a Drop-on-Demand (DOD) technique.
Examples of DOD techniques are piezoelectric DOD inkjet and thermal DOD inkjet.
The ink used may be curable inks such as UV curable inks, solvent based inks, and
aqueous inks (also called waterborne or water based inks). The sheet may
alternatively be printed by a contact print technique.

The sheet may be adhered to the sub-layer prior to printing.

Alternatively, the décor may already be printed on the sheet when arranged
on the sub-layer. The décor may be printed on the sheet by conventional printing
techniques, such as rotogravure.

The substrate may be a wood-based board. The substrate may be a wood-
fibre based board, a Wood Plastic Composite (WPC), a thermoplastic board, a
mineral board, a plasterboard, a phenolic paper, or a HPL.

The sheet may be a paper sheet, a non-woven, a woven fibre sheet such as
textile, or a fibre sheet. The sheet may be fibre reinforced. The fibres may be
cellulose fibres and/or cotton fibres. The sheet may include pigments and fillers.

The thermosetting binder may be an amino resin.

The thermosetting binder may comprise melamine formaldehyde resin, urea
formaldehyde resin, phenol formaldehyde resin, or a combination thereof.

The method may further comprise controlling reactivity and/or flowing of the

sub-layer. The reactivity and/or flowing of the thermosetting binder of the sub-layer
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can be controlled, for example, by the moisture content of the sub-layer, the type of
thermosetting binder and/or additives added to the sub-layer.

In one embodiment, the sub-layer is in dry form when the sheet is applied.

It is also contemplated that a layer of a thermosetting binder in liquid form is
applied on the surface of the substrate prior to applying the sub-layer. In this
embodiment, the thermosetting binder in dry form is applied on the thermosetting
binder in liquid form.

According to a fourth aspect of the invention, a method to produce a building
panel is provided. The method comprises:

- providing a substrate,

- applying at least one thermosetting binder on the substrate,

- controlling reactivity of said at least one thermosetting binder by applying
different types and/or forms of thermosetting binders on the substrate,

- applying a sheet on said at least one thermosetting binder, and

- pressing the substrate, said at least one thermosetting binder and the sheet
together to form a building panel, thereby the thermosetting binder impregnates
the sheet from below.

The sheet may be or comprise one or more of a paper sheet, a non-woven, a
woven fibre sheet, or a fibre sheet.

By different types of thermosetting binders are meant different
thermosetting binders, such as melamine formaldehyde resin and urea melamine
formaldehyde resin.

By different forms of thermosetting binders are meant, for example,
different forms such as in dry form and in liquid form.

Flow of said at least one thermosetting binder may be controlled by
controlling reactivity of said at least one thermosetting binder.

An advantage of controlling the flow of the thermosetting binder is that it is
possible to control the distribution of the thermosetting binder. A thermosetting
binder with high reactivity may be applied on the substrate. During pressing, the
thermosetting binder with high reactivity prevents flowing of any other
thermosetting binder with lower reactivity into the substrate since the
thermosetting binder with high reactivity cures faster than the other thermosetting
binder with lower reactivity applied thereon. Thereby, the other thermosetting
binder with lower reactivity will instead flow into the sheet and impregnate the
sheet. Examples of thermosetting binders with higher reactivity may be
thermosetting binders in liquid form, and/or certain types of thermosetting binders

such as urea formaldehyde resin, compared to thermosetting binders with lower
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reactivity, such as thermosetting binders in dry form, and/or certain types of
thermosetting binders such as melamine formaldehyde resin.

As an alternative, a thermosetting binder with low reactivity may be applied
on the substrate, and a thermosetting binder with comparable faster reactivity may
be applied on the thermosetting binder with low reactivity.

Controlling reactivity of said at least one thermosetting binder may comprise
applying a first thermosetting binder in liquid form and applying a second
thermosetting binder in dry form on the first thermosetting binder.

Controlling reactivity of said at least one thermosetting binder may comprise
applying a urea formaldehyde resin, preferably in liquid form, and applying a
melamine formaldehyde resin, preferably, in dry form, on the urea formaldehyde
resin.

The layer comprising said at least one thermosetting binder may substantially
consist of the thermosetting binder/binders. By substantially consisting of a
thermosetting binder is meant that the sub-layer comprises at least 90 wt% of the
thermosetting binder, such as at least 95 wt% of the thermosetting binder.
Preferably, the sub-layer is filler-free, or preferably at least free from fillers
absorbing moisture, and thereby not absorbs the thermosetting binder. Preferably,
the fillers may absorb at least less moisture, and thereby thermosetting binder, than
wood fibres. The sub-layer may comprise inert fillers such as non-absorbing fillers.

An advantage of not including absorbing fillers, such as wood fibres, in the
sub-layer is that less thermosetting binder is required to impregnate the sheet.
There are no absorbing fillers in the sub-layer that the thermosetting binder has to
impregnate in addition to the sheet, which is intended to be impregnated. Further,
when including absorbing fillers in the sub-layer, a pre-pressing step may be
required in order to adhere the sheet to the sub-layer.

The sub-layer may comprise the thermosetting binder and non-absorbing
filler such as glass fibres, barium sulphate, calcium carbonate, talc, etc. The non-
absorbing fillers have a function of reinforcing the layer and/or cover the colour of
the substrate. The non-absorbing filler may be a non-porous filler. The filler may be
an inorganic filler.

The method may further comprise printing, preferably by digital printing, a
décor on the sheet when arranged on the sub-layer. The printing may be performed
by a digital printing technique. The digital printing technique may be any non-
contact printing method, such as using a Drop-on-Demand (DOD) technique.
Examples of DOD techniques are piezoelectric DOD inkjet and thermal DOD inkjet.

The ink used may be curable inks such as UV curable inks, solvent based inks, and
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aqueous inks (also called waterborne or water based inks). The sheet may
alternatively be printed by a contact print technique.

Preferably, the sheet is adhered to the sub-layer prior to printing.

Alternatively, the décor may already be printed on the sheet when arranged
on the sub-layer. The décor may be printed on the sheet by conventional printing
techniques, such as rotogravure.

The substrate may be a wood-based board. The substrate may be a wood-
fibre based board, a Wood Plastic Composite (WPC), a thermoplastic board, a
mineral board, a plasterboard, a phenolic paper, or a HPL.

The sheet may be a paper sheet, a non-woven, a woven fibre sheet such as
textile, or a fibre sheet. The sheet may be fibre reinforced. The fibres may be
cellulose fibres and/or cotton fibres. The sheet may include pigments and fillers.

The thermosetting binder may be an amino resin.

The thermosetting binder may comprise melamine formaldehyde resin, urea
formaldehyde resin, phenol formaldehyde resin, or a combination thereof.

The sheet may be adhered to the substrate by means of the sub-layer.

The sheet may be unimpregnated when applied on the sub-layer. An
advantage is that the sheet, or at least an upper surface of the sheet facing away
from the sub-layer, remains unimpregnated and substantially resin-free when
arranged on the substrate. Thereby, it is possible to print on an unimpregnated
surface of the sheet, while the sheet is arranged on the substrate. By printing on an
unimpregnated surface of the sheet, for example, by means of digital printing, such
as inkjet printing, the print is improved and an improved printing result is obtained.
For example, bleeding is reduced.

In one embodiment, the sheet may be substantially unimpregnated. By
substantially unimpregnated is meant that the sheet may have been impregnated by
a fluid comprising less than 20 wt% of a thermosetting binder, preferably comprising
less than 10 wt% of a thermosetting binder. By substantially unimpregnated is
meant that the surface of the sheet is still permeable. By the sheet still being
permeable, the sheet may still absorb ink during printing, such that bleeding of the
print is reduced.

In one embodiment, the sub-layer is in dry form when the sheet is applied.

According to a fifth aspect of the invention, a semi-finished product adapted
to form, or form part of, a building panel is provided. The semi-finished product
comprises a substrate, a sub-layer arranged on the substrate, wherein the sub-layer

substantially consists of a thermosetting binder, a sheet arranged on the sub-layer,
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wherein the moisture content of the sub-layer is 5-35 wt%, preferably 15-25 wt%,
such that the sheet is adhered to the sub-layer.

The sheet may be or comprise one or more of a paper sheet, a non-woven, a
woven fibre sheet, or a fibre sheet.

The sub-layer may substantially consist of the thermosetting binder. By
substantially consisting of a thermosetting binder is meant that the sub-layer
comprises at least 90 wt% of the thermosetting binder, such as at least 95 wt% of
the thermosetting binder. Preferably, the sub-layer is filler-free, or preferably at
least free from fillers absorbing moisture, and thereby not absorbs the
thermosetting binder. Preferably, the fillers may absorb at least less moisture, and
thereby thermosetting binder, than wood fibres. The sub-layer may comprise inert
fillers such as non-absorbing fillers.

The sub-layer may comprise the thermosetting binder and non-absorbing
fillers. The non-absorbing fillers may be glass fibres, barium sulphate, calcium
carbonate, talc, etc. The non-absorbing fillers have a function of reinforcing the layer
and/or cover the colour of the substrate. The non-absorbing filler may be a non-
porous filler. The filler may be an inorganic filler.

In one embodiment, the thermosetting binder may be a B-stage
thermosetting binder. The thermosetting binder may be in dry form.

In one embodiment, the thermosetting binder may be in A-stage and in B-
stage.

By a B-stage thermosetting binder is meant a thermosetting binder close to
the gel point, i.e. semi-cured. Thermosetting binders may be classified as A-, B-, and
C-stage according to their extent of reaction compared to the extent of reaction at
gelation. In an A-stage thermosetting binder, the extent of reaction is less than the
extent of reaction at gelation, i.e. uncured. A B-stage thermosetting binder is close
to the gel point, i.e. semi-cured. A C-stage thermosetting binder is well past the gel
point, i.e. cured. The A-stage thermosetting binder is soluble and fusible. The B-
stage thermosetting resin is still fusible but is barely soluble. The C-stage
thermosetting binder is highly crosslinked and both infusible insoluble. (Principles of
Polymerization, George Odian, 3rd edition).

An advantage of at least embodiments of the fifth aspect of the invention is
that a semi-finished product suitable for digital printing is provided. A further
advantage of printing on a sheet already adhered to the substrate by means of the
sub-layer is that no positioning and difficult matching of the printed sheet to the
substrate has to take place. Due to the adherence to the sub-layer, the sheet moves

less during pressing. The sheet will swell less during printing, and less consideration
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to swelling of the sheet during printing has to be taken. Coordinating the print with
an embossed structure of a press plate is therefore facilitated in order to obtain a
décor with an embossed structure in register with the décor.

The sheet may be unimpregnated, or at least substantially unimpregnated.
An advantage is that the sheet, or at least an upper surface of the sheet facing away
from the sub-layer, remains unimpregnated and substantially resin-free when
arranged on the substrate. Thereby, it is possible to print on an unimpregnated
surface of the sheet, while the sheet is arranged on the substrate. By printing on an
unimpregnated surface of the sheet, for example, by means of digital printing, such
as inkjet printing, the print is improved and an improved printing result is obtained.
For example, bleeding is reduced. By bleeding is meant that ink drops do not stay on
the intended position but bleeds into adjacent print dots before drying and being
absorbed into the sheet. Bleeding reduces the print quality.

By substantially unimpregnated is meant that the sheet may have been
impregnated by a fluid comprising less than 20 wt% of a thermosetting binder,
preferably comprising less than 10 wt% of a thermosetting binder. By substantially
unimpregnated is meant that the surface of the sheet is still permeable. By the sheet
still being permeable, the sheet may still absorb ink during printing, such that
bleeding of the print is reduced.

The sub-layer may have impregnated less than half the thickness of the sheet
paper.

The substrate may be a wood-based board. The substrate may be a wood-
fibre based board, a Wood Plastic Composite (WPC), a thermoplastic board, a
mineral board, a plasterboard, a phenolic paper, or a HPL.

The sheet may be a paper sheet, a non-woven, a woven fibre sheet such as
textile, or a fibre sheet. The sheet may be fibre reinforced. The fibres may be
cellulose fibres and/or cotton fibres. The sheet may include pigments and fillers.

The thermosetting binder may be an amino resin.

The thermosetting binder may comprise melamine formaldehyde resin, urea

formaldehyde resin, phenol formaldehyde resin, or a combination thereof.

Brief description of the drawings

The present invention will by way of example be described in more detail
with reference to the appended schematic drawings, which show embodiments of
the present invention.

Fig. 1 shows an embodiment of a method to produce a building panel.

Fig. 2 shows an embodiment of a semi-finished product.
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Fig. 3 shows an embodiment of a method to produce a building panel.

Fig. 4 shows an embodiment of a semi-finished product.

Detailed description

An embodiment of a method to produce a building panel 10 will now be
described with reference to fig. 1. In fig. 1, a substrate 1 is provided. The substrate 1
may be a wood-based board. The substrate 1 may be a wood-fibre based board such
as MDF, HDF, particleboard, OSB, etc. The substrate 1 may also be a WPC (Wood
Plastic Composite) or other type of substrate comprising a thermoplastic material,
optionally with fillers. The substrate may be a mineral board or a plasterboard. The
substrate may be a phenolic paper or HPL.

The substrate 1 is conveyed, for example be a conveyor belt 2 or similar,
under an application device 3. The application device 3 applies, preferably scatters, a
dry powder material on an upper surface of the substrate 1 such that a sub-layer 4 is
formed on the substrate 1. The dry powder material may substantially consist of a
thermosetting binder.

The sub-layer 4 thereby formed may substantially consist of the
thermosetting binder. The thermosetting binder may be in dry form, preferably dry
powder form, when applied on the substrate 1. By substantially consisting of a
thermosetting binder is meant that the sub-layer 4 comprises at least 90 wt% of the
thermosetting binder, such as at least 95 wt% of the thermosetting binder.
Preferably, the sub-layer 4 is filler-free, or preferably at least free from fillers
absorbing moisture and thereby not absorbs the thermosetting binder, such as free
from wood fibres. Preferably, the fillers may absorb at least less moisture, and
thereby thermosetting binder, than wood fibres. The sub-layer 4 may comprise
additives such as wetting agents, anti-stat agents, release agents, catalysts, etc. The
sub-layer 4 may also comprise pigment. Further, the sub-layer 4 may comprise inert
fillers, such as fillers not absorbing moisture, and thereby not absorbs the
thermosetting binder. In one embodiment, the sub-layer 4 comprises the
thermosetting binder and non-absorbing filler such as glass fibres, barium sulphate,
calcium carbonate, talc, etc. The non-absorbing filler may be a non-porous filler. The
filler may be an inorganic filler. Such non-absorbing filers and/or pigments may
cover the colour of the substrate and provide a desired colour of the sub-layer.

The thermosetting binder may be an amino resin. The thermosetting binder
may be melamine formaldehyde resin, urea formaldehyde resin, phenol
formaldehyde resin, or a combination thereof. The thermosetting binder may be

spray-dried.
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The thermosetting binder is applied in an amount of 50-200 g/m?2.

The relative humidity (RH) of the ambient air enclosing the application device
3 may be controlled. The relative humidity of the ambient air enclosing the
application device 3 may be 35-60% RH, preferably 40-55% RH. The application
device 3 may be enclosed by a housing 34 such that the relative humidity (RH) of the
ambient air can be controlled.

By controlling the relative humidity (RH) of the ambient air, it is possible to
apply the thermosetting binder in dry form without the thermosetting binder getting
sticky and adheres to the application device 3, or at least reducing the difficulties
involved with applying, such as scattering, a powder material having a high
concentration of thermosetting binder without any fillers absorbing the moisture.
When applying a mix comprising both thermosetting binder and absorbing fillers,
the fillers may absorb the moisture without the thermosetting binder getting too
sticky. When applying a thermosetting binder without any absorbing fillers,
problems associated therewith can be at least reduced by controlling the relative
humidity (RH) of the ambient air enclosing the applying device 3.

In order to get the thermosetting binder of the sub-layer 4 sticky enough to
obtain adherence to a sheet 6, moisture 5 may be applied. The moisture content
may be controlled such that desired properties, such as reactivity, adherence, etc.,
are obtained.

It is desired that the moisture content of the sub-layer 4 when arranged on
the substrate 1 is in the range of 5-35 wt%, preferably 15-25 wt%. The desired
moisture content may be controlled by applying moisture 5 on the substrate prior to
applying the sub-layer 4, on the sub-layer 4, and/or on the sheet 6. For example,
moisture 5 may be applied and/or may be controlled by one or more of the
following:

- applying steam on the substrate 1 prior to applying the sub-layer 4,

- applying steam on the sub-layer 4 when arranged on the substrate 1,

- applying steam on the sheet 6 prior to being applied on the substrate 1,

- applying steam on the sheet 6 when being arranged on the substrate 1,

- applying liquid on the substrate 1 prior to applying the sub-layer 4,

- applying liquid on the sub-layer 4 when arranged on the substrate 1,

- applying liquid on the sheet 6 prior to being applied on the substrate 1,

- applying liquid on the sheet 6 when being arranged on the substrate 1,

- drying the sheet 4, and/or

- drying the sub-layer 4 when arranged on the substrate 1.
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In the embodiment shown in fig. 1, moisture 5 is applied on the sub-layer 4
when arranged on the substrate 1.

In the embodiment wherein moisture is applied to the sub-layer 4 by means
of the sheet 6, the moisture content of the sub-layer 4 is to be measured when the
sheet 6 is arranged on the sub-layer 4.

In one embodiment, moisture is applied by applying moist fillers on the sub-
layer 4 and/or on the substrate 1.

When the sub-layer 4 is arranged on the substrate, the thermosetting binder
of the sub-layer is substantially in B-stage.

The sub-layer 4 adheres to an upper surface of the substrate.

A sheet 6 is applied on the sub-layer 4. The sheet may be a paper sheet, a
non-woven, a woven fibre sheet such as textile, or a fibre sheet. The sheet may be
fibre reinforced. The fibres may be cellulose fibres and/or cotton fibres. The sheet
may include pigments and fillers.

The sheet 6 may be a conventional paper intended for laminate flooring,
such as a paper intended to be used for rotogravure. The sheet may be an overlay
paper. The sheet may be a paper adapted for ink jet printing.

The weight of the sheet 6 may for instance be 20-120 g/m2, preferably 45-80
g/m?2, such as about 80 g/m2. The sheet 6 may be provided as separate sheets or as
a continuous web. The weight of the sheet may depend on the amount of ink
printed. If less ink is applied, the weight of the sheet can be reduced.

In one embodiment, the sheet 6 may be unimpregnated, or at least
substantially unimpregnated. By unimpregnated is meant that the sheet 6 is
substantially resin-free. By substantially unimpregnated is meant that the sheet may
have been impregnated by a fluid comprising less than 20 wt% of a thermosetting
binder, preferably comprising less than 10 wt% of a thermosetting binder. By
substantially unimpregnated is meant that the surface of the sheet is still
permeable. By the sheet still being permeable, the sheet may still absorb ink during
printing, such that bleeding of the print is reduced. The sheet may have passed an
impregnation bath comprising an impregnating fluid comprising less than 20 wt% of
a thermosetting binder, preferably comprising less than 10 wt% of a thermosetting
binder. The side of the sheet adapted to face the substrate may have passed the
impregnation bath. The sheet may thereafter be dried, preferably from the side of
the sheet adapted to be printed, i.e. the side of the sheet adapted to be facing away
from the substrate. In this embodiment, the sheet 6 may contain a small amount of

thermosetting binder.
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The sheet 6 may be steamed, or liquid may be applied, prior to being applied

on the sub-layer 4, in order to swell the sheet and in order to avoid that wrinkles are
formed in the sheet 6 when arranged on the sub-layer 4. In this manner, moisture 5
may be applied also on the sub-layer 4. The sheet 6 may also be stretched by a roller
(not shown) prior to being applied to the sub-layer 4. In this embodiment, wherein
moisture is applied to the sheet 6, the sub-layer may be applied in dry form, such as
having a moisture content of less than 10% when being applied.

The sheet 6 is applied on the sub-layer 4 by a roller 15. The roller 15 may be a
flexible roller. If the sub-layer and/or the substrate has an uneven surface, a flexible
roller follows any variation in thickness such that variations in pressure are reduced.
Variations in pressure may otherwise result in poor printing quality in portions being
subjected to high pressure.

It is desired that the moisture content of the sub-layer 4 when the sheet is
applied is in the range of 5-35 wt%, preferably 15-25 wt%.

By the moisture 5 applied, the thermosetting binder of the sub-layer 4 gets
sticky such that the sheet 6 is adhered to the sub-layer 4. Thereby, the sheet 6 is
adhered to the substrate 2 by means of the sub-layer 4. However, the upper side of
the sheet 6 facing away from the sub-layer 4 remains unimpregnated by the
thermosetting binder of the sub-layer 4 and substantially from the thermosetting
binder of the sub-layer 4.

Thereby, a semi-finished product 11 is obtained, which is shown in more
detail in fig. 2. The semi-finished product 11 is a pre-preg for a building panel
suitable for printing on the upper surface of the sheet 6. The thermosetting binder,
forms the sub-layer 4 arranged on the substrate 1. In the semi-finished product 11,
the thermosetting binder of the sub-layer 4 is substantially in B-stage. The moisture
content is preferably in the range of 5-35 wt%, preferably 15-25 wt%. Due to the
moisture, the thermosetting binder of the sub-layer 4 gets sticky such that the sub-
layer 4 adheres to the substrate 1 and to the sheet 6. The semi-finished product 11
may therefore be handled and stored, for example, for a printing step performed
later on.

When the sheet 6 is adhered to the sub-layer 4, the upper surface of the
sheet 6, facing away from the sub-layer 4 may be printed. A décor may be printed on
the upper surface of the sheet 6 by digital printing. The printer 7 may be an inkjet
printer. The digital printing technique may be any non-contact printing method, such
as using a Drop-on-Demand (DOD) technique. Examples of DOD techniques are

piezoelectric DOD inkjet and thermal DOD inkjet. The ink used may be curable inks
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such as UV curable inks, solvent based inks, and aqueous inks (also called
waterborne or water based inks).

If the sheet 6 is provided in form of a continuous web, the web may be cut
into separate sheets prior to printing.

Prior to pressing, the printed décor may be dried by means of IR, NIR, hot air,
etc. (not shown).

Prior to pressing, the printed décor may be dried by means of IR, NIR, hot air,
etc. (not shown).

Prior to pressing, a protective layer (not shown) may be applied on the sheet
6 provided with the décor. The protective layer may be any kind of protective layer,
such as a resin impregnated overlay paper with wear resistant particles, a powder
overlay comprising a thermosetting binder applied in dry form with wear resistant
particles, and/or a protective layer comprising a thermoplastic material.

The substrate 1, the sub-layer 4, the sheet 6, and any optional protective
layer (not shown) are thereafter pressed together such that a building panel 10 is
formed. The press 8 may be a static or continuous press. Preferably, both heat and
pressure is applied. Pressing may take place during 8-35 seconds at 140-210°C at
about 40 bar. During pressing, the thermosetting binder of the sub-layer 4
impregnates the sheet 6 such that an impregnated décor sheet of the building panel
10 is formed. After pressing, the thermosetting binder/binders is substantially in its
C-stage. During pressing, the sheet 6 provided with the décor may be embossed,
preferably in register with the printed décor.

As an alternative or complement to applying a protective layer prior to
pressing, a protective coating (not shown), such as a radiation curing coating, may
be applied to the impregnated décor sheet after pressing.

The building panel 10 may be provided with mechanical locking system for
joining with an adjacent building panel. The mechanical locking system may be of
the type described in WO 2007/015669, WO 2008/004960, WO 2009/116926, or
WO 2010/087752, the entire contents of each is expressly incorporated by reference
herein.

The building panel 10 may be a floor panel, a ceiling panel, a wall panel, a
door panel, a worktop, a furniture component, etc. The printed sheet 6 forms a
décor layer of the building panel 10.

An embodiment of a method to produce a building panel 10 will now be
described with reference to fig. 3. In fig. 3, a substrate 1 is provided. The substrate 1
may be a wood-based board. The substrate 1 may be a wood-fibre based board such
as MDF, HDF, particleboard, OSB, etc. The substrate 1 may also be a WPC (Wood
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Plastic Composite) or other type of substrate comprising a thermoplastic material,
optionally with fillers. The substrate may be a mineral board or a plasterboard.

The substrate 1 is conveyed, for example be a conveyor belt 2 or similar,
under an application device. The application device 3 applies thermosetting
binder/binders on an upper surface of the substrate 1. In the embodiment shown in
fig. 3, the application device 3 comprises a first application device 31 and a second
application device 32.

The first application device 31 applies a first thermosetting binder in a first
step such that a first layer 12 comprising the first thermosetting binder is formed. In
a second step, the second application device 32 applies a second thermosetting
binder on the first layer 12 such that a second layer is formed 13. The first layer and
the second layer together form a sub-layer. Preferably, the first thermosetting
binder has a higher reactivity compared to the second thermosetting binder. In one
embodiment, the first thermosetting binder may be urea formaldehyde resin and
the second thermosetting binder may be melamine formaldehyde resin. In one
embodiment, the first and second thermosetting binders may be of the same type
but may be applied in different forms, for example, a first thermosetting binder
applied in liquid form and a second thermosetting binder applied in dry form. As a
further example, the first thermosetting binder may be urea formaldehyde resin
applied in liquid form, and the second thermosetting binder may be melamine
formaldehyde resin applied in dry form. As an example, the first thermosetting
binder may have moisture content exceeding 55 wt% and the second thermosetting
binder may have moisture content of less than 30 wt%.

The first and/or the second thermosetting binder may be an amino resin. The
first and/or the second thermosetting binder may be melamine formaldehyde resin,
urea formaldehyde resin, phenol formaldehyde resin, or a combination thereof.
Additives such as wetting agents, anti-stat agents, release agents, catalysts, etc.,
may be added the first and/or the second thermosetting binder.

Thereby, by combining different thermosetting binders and/or different
forms of thermosetting binders, such as liquid and dry, reactivity may be controlled.
By applying the first layer 12 of a thermosetting binder having high reactivity on the
substrate 1, during pressing, the thermosetting binder with high reactivity prevents
flowing of any other thermosetting binder with lower reactivity into the substrate
since the thermosetting binder with high reactivity cures faster than the other
thermosetting binder with lower reactivity applied thereon. Thereby, the other
thermosetting binder with lower reactivity will instead flow into the sheet and

impregnate the sheet.
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The first and the second layers 12, 13 formed may substantially consist of the
first thermosetting binder and the second thermosetting binder, respectively. By
substantially consisting is meant that the first and/or second layers comprises at
least 90 wt% of the thermosetting binder, such as at least 95 wt% of the
thermosetting binder. Preferably, the first and the second layers 12, 13 are filler-
free, or preferably at least free from fillers absorbing moisture and thereby not
absorbs the thermosetting binder, such as free from wood fibres. Preferably, the
fillers may absorb at least less moisture, and thereby thermosetting binder, than
wood fibres. The first and the second layers 12, 13 may comprise additives such as
wetting agents, anti-stat agents, release agents, catalysts, etc. The first and the
second layers 12, 13 may also comprise pigment. Further, the first and the second
layers 12, 13 may comprise inert fillers, such as fillers not absorbing moisture and
thereby not absorbs the thermosetting binder. In one embodiment, the first and
second layers 12, 13 comprise the thermosetting binder and non-absorbing filler
such as glass fibres, barium sulphate, calcium carbonate, talc, etc. The non-
absorbing filler may be a non-porous filler. The filler may be an inorganic filler. Such
non-absorbing filers and/or pigments may cover the colour of the substrate and
provide a desired colour of the first and second layers 12, 13.

As described above, the relative humidity (RH) of the ambient air enclosing
the application device 3 may be controlled. Especially, the ambient air enclosing the
second application device 32 applying the second thermosetting binder may be
controlled, especially if the second thermosetting binder is applied in powder form.

The relative humidity of the ambient air enclosing the application device, or
at least the second application device 32 applying a thermosetting binder in powder
form, may be 35-60% RH, preferably 40-55% RH. The second application device 32
may be enclosed by a housing 33 such that the relative humidity (RH) of the ambient
air can be controlled.

By controlling the relative humidity (RH) of the ambient air, it is possible to
apply the thermosetting binder in powder form without the thermosetting binder
getting sticky and adhere to the second application device 32, or at least reducing
the difficulties involved with applying, such as scattering, a powder material having a
high concentration of thermosetting binder without any fillers absorbing the
moisture.

In order to get the thermosetting binder of the second layer 13 sticky enough
to obtain adherence to a sheet 6, moisture 5 may be applied. The moisture content
may be controlled such that desired properties, such as reactivity, adherence, etc.,

are obtained.
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It is desired that the moisture content of the second layer 13 is in the range
of 5-35 wt%, preferably 15-25 wt%. The desired moisture content may be controlled
by applying moisture 5 on the substrate 1, on the first layer 12 of the first
thermosetting binder, on the second layer 13 of the second thermosetting binder,
and/or on the sheet 6. Sufficient amount of moisture 5 may also be achieved by
applying the first thermosetting binder in liquid form. For example, moisture 5 may
be applied and/or may be controlled by one or more of the following:

- applying steam on the substrate 1 prior to applying the first layer 12 of the
first thermosetting material,

- applying steam on the second layer 13 of the second thermosetting binder,

- applying steam on the sheet 6 prior to being applied on the substrate 1,

- applying steam on the sheet 6 when being arranged on the substrate 1,

- applying liquid on the substrate 1 prior to applying the first layer 12 of the
first thermosetting material,

- applying liquid on the second layer 13 of the second thermosetting binder

- applying liquid on the sheet 6 prior to being applied on the substrate 1,

- applying liquid on the sheet 6 when being arranged on the substrate 1,
and/or

- drying the any of the first and/or second layers 12, 13 when arranged on
the substrate.

In the embodiment shown in fig. 3, moisture 5 is applied on the second layer
13.

When arranged on the substrate 1, the first thermosetting binder may be
substantially in A-stage and the second thermosetting binder may be substantially in
B-stage.

The sub-layer 14 formed by the first and second layers 12, 13 adheres to the
substrate 1.

A sheet 6 is applied on the second layer 13. The sheet 6 may be a paper
sheet, a non-woven, woven fibre sheet such as textile, or a fibre sheet. The sheet
may be fibre reinforced. The fibres may be cellulose fibres and/or cotton fibres. The
sheet may include pigments and fillers.

The sheet 6 may be a conventional paper intended for laminate flooring,
such as a paper intended for rotogravure. The sheet may be an overlay paper. The
sheet may be a paper adapted for ink jet printing.

The weight of the sheet 6 may for instance be 20-120 g/m2, preferably 45-80

g/m?2, such as about 80 g/m2. The sheet 6 may be provided as separate sheets or as



WO 2017/111689 PCT/SE2016/051294

10

15

20

25

30

35

27

a continuous web. The weight of the sheet may depend on the amount of ink
printed. If less ink is applied, the weight of the sheet can be reduced.

In one embodiment, the sheet 6 may be unimpregnated, or at least
substantially unimpregnated. By unimpregnated is meant that the sheet 6 is
substantially resin-free. By substantially unimpregnated is meant that the sheet may
have been impregnated by a fluid comprising less than 20 wt% of a thermosetting
binder, preferably comprising less than 10 wt% of a thermosetting binder. By
substantially unimpregnated is meant that the surface of the sheet is still
permeable. By the sheet still being permeable, the sheet may still absorb ink during
printing, such that bleeding of the print is reduced. The sheet may have passed an
impregnation bath comprising an impregnating fluid comprising less than 20 wt% of
a thermosetting binder, preferably comprising less than 10 wt% of a thermosetting
binder. The side of the sheet adapted to face the substrate may have passed the
impregnation bath. The sheet may thereafter be dried, preferably from the side of
the sheet adapted to be printed, i.e. the side of the sheet adapted to be facing away
from the substrate. In this embodiment, the sheet 6 may contain a small amount of
thermosetting binder.

The sheet 6 may be steamed, or liquid may be applied, prior to being applied
on the sub-layer 14, in order to swell the sheet and in order to avoid that wrinkles
are formed in the sheet 6 when arranged on the sub-layer 14. In this manner,
moisture 5 may be applied also on the sub-layer 14. The sheet 6 may also be
stretched by a roller (not shown) prior to being applied to the sub-layer 14.

The sheet 6 is applied on the sub-layer 14 by a roller 15. The roller 15 may be
a flexible roller. If the sub-layer 14 and/or the substrate 1 have an uneven surface, a
flexible roller follows any variation in thickness such that variations in pressure are
reduced. Variations in pressure may otherwise result in poor printing quality in
portions being subjected to high pressure.

When applying the sheet 6, it is desired that the second layer 13 has a
moisture content the range of 5-35 wt%, preferably 15-25 wt%.

By the moisture 5 applied, the thermosetting binder of the second layer 13
gets sticky such that the sheet 6 is adhered to the second layer 13. Thereby, the
sheet 6 adheres to the substrate 1 by means of the first and the second layers 12,
13. However, the upper side of the sheet 13 facing away from the sub-layer remains
unimpregnated by the thermosetting binder of the second layer 13 and substantially
free from the thermosetting binders of the second layer 13.

Thereby, a semi-finished 21 product is obtained, which is shown in more

detail in fig. 4. The semi-finished product 21 is a pre-preg for a building panel
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suitable for printing on the upper surface of the sheet 6. The first and the second
layers 12, 13 form the sub-layer 14, which may substantially consist of thermosetting
binders. By substantially consisting of a thermosetting binder is meant that the sub-
layer comprises at least 90 wt% of the thermosetting binder, such as at least 95 wt%
of the thermosetting binder. Preferably, the sub-layer is filler-free, or preferably at
least free from fillers absorbing moisture, and thereby not absorbing the
thermosetting binder. Preferably, the fillers may absorb at least less moisture, and
thereby thermosetting binder, than wood fibres. The sub-layer may comprise inert
fillers such as non-absorbing fillers. In one embodiment, the sub-layer 4 comprises
the thermosetting binder and non-absorbing filler such as glass fibres, barium
sulphate, calcium carbonate, talc, etc. The non-absorbing filler may be meant a non-
porous filler. The filler may be an inorganic filler. Such non-absorbing filers and/or
pigments may cover the colour of the substrate and provide a desired colour of the
sub-layer.

In the semi-finished product 21, the thermosetting binder/binders is
substantially in A-stage and in B-stage. The first thermosetting binder may be in A-
stage. The second thermosetting binder may be in B-stage. The moisture content of
the second layer 13 is preferably in the range of 5-35 wt%, preferably 15-25 wt%.
Due to the moisture, the thermosetting binder of the second layer 13 gets sticky
such that the first and second layers 12, 13 adheres to the substrate 1 and to the
sheet 6. The semi-finished product may therefore be handled and stored, for
example, for a printing step performed later on.

When the sheet 6 is adhered to the second layer 13, the upper surface of the
sheet 6, facing away from the second layer 13, may be printed. A décor may be
printed on the upper surface of the sheet 6 by digital printing. The printer 7 may be
an inkjet printer. The digital printing technique may be any non-contact printing
method, such as using a Drop-on-Demand (DOD) technique. Examples of DOD
techniques are piezoelectric DOD inkjet and thermal DOD inkjet. The ink used may
be curable inks such as UV curable inks, solvent based inks, and aqueous inks (also
called waterborne or water based inks).

If the sheet 6 is provided in form of a continuous web, the web may be cut
into separate sheets prior to printing.

Prior to printing, the printed décor may be dried by means of IR, NIR, hot air,
etc. (not shown).

Prior to pressing, the printed décor may be dried by means of IR, NIR, hot air,

etc. (not shown).
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Prior to pressing, a protective layer (not shown) may be applied on the sheet
6 provided with the décor. The protective layer may be any kind of protective layer,
such as a resin impregnated overlay paper with wear resistant particles, a powder
overlay comprising a thermosetting binder applied in dry form with wear resistant
particles, and/or a protective layer comprising a thermoplastic material.

The substrate 1, the sub-layer 14 formed by the first and the second layers
12, 13, the sheet 6, and any optional protective layer (not shown) are thereafter
pressed together such that a building panel 10 is formed. The press 8 may be a static
or continuous press. Preferably, both heat and pressure is applied. Pressing may
take place during 8-35 seconds at 140-210°C at about 40 bar. During pressing, the
thermosetting binder of at least the second layer 13 impregnates the sheet 6 such
that an impregnated décor sheet of the building panel 10 is formed. The first layer
12 of the first thermosetting binder having higher reactivity compared the second
thermosetting binder prevents, or at least reduce, flowing of the second
thermosetting binder into the substrate 1, since the first thermosetting binder cures
faster than the second thermosetting binder. Thereby, the flowing of the second
thermosetting binder can be controlled to flow into the sheet to impregnate the
sheet. During pressing, the sheet 6 provided with the décor may be embossed,
preferably in register with the printed décor. After pressing, the thermosetting
binder/binders is substantially in its C-stage.

As an alternative or complement to applying a protective layer prior to
pressing, a protective coating (not shown), such as a radiation curing coating, may
be applied to the impregnated décor sheet after pressing.

The building panel 10 may be provided with mechanical locking system for
joining with an adjacent building panel. The mechanical locking system may be of
the type described in WO 2007/015669, WO 2008/004960, WO 2009/116926, or
WO 2010/087752, the entire contents of each is expressly incorporated by reference
herein.

The building panel 10 may be a floor panel, a ceiling panel, a wall panel, a
door panel, a worktop, a furniture component, etc. The printed sheet forms a décor
layer of the building panel 10.

It is also contemplated the décor may already be printed on the sheet 6
when arranged on the sub-layer 4 or on the second layer 13 of the above described
type. The décor may be printed on the sheet 6 by conventional printing techniques,
such as rotogravure. In this embodiment, the sub-layer 4 or the second layer 13

adheres the sheet 6 to the substrate 1. During pressing, the printed sheet 6 is
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of the underlying second layer 13.

It is contemplated that there are numerous modifications of the
embodiments described herein, which are still within the scope of the invention as
defined by the appended claims. For example, it is contemplated that more than one
wear resistant foil may be arranged on a core for forming a building panel.

It is also contemplated that in embodiments, for example when the substrate
is a phenolic paper or HPL, the substrate, the sub-layer and the sheet may be
attached to a board, for example, by an adhesive, in a separate process after

pressing.

EXAMPLE

150 g/m?2 of a spray dried melamine formaldehyde resin powder was applied
on a HDF board. 20 g/m2 of water was sprayed on the melamine formaldehyde resin
layer. Steam is applied on an unimpregnated paper adapted for inkjet printer. The
unimpregnated paper is applied on the melamine formaldehyde resin layer by a
roller. A décor is printed on the unimpregnated paper by an inkjet printer with
aqueous inks when the paper is arranged on the melamine formaldehyde resin
layer. An overlay paper is arranged on the unimpregnated paper after printing. The

assembly is pressed during 15 seconds at 175°C and 40 bar.
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CLAIMS

1. A method to produce a building panel (10), comprising

- providing a substrate (1),

- applying a thermosetting binder in dry form on the substrate (1) for forming
a sub-layer (4),

- controlling the moisture content of the sub-layer (4) when arranged on the
substrate (1),

- applying a sheet (6) on the sub-layer (4), wherein the sheet comprises one
or more of a paper sheet, a non-woven, a woven fibre sheet, or a fibre sheet, and

- pressing the substrate (1), the sub-layer (4) and the sheet (6) together to
form a building panel (10), thereby the thermosetting binder of the sub-layer (4)
impregnates the sheet (6) .

2. The method according to claim 1, wherein controlling the moisture
content of the sub-layer (4) comprises one or more of the following:

- applying steam on the substrate (1) prior to applying the sub-layer (4),

- applying steam on the sub-layer (4) when arranged on the substrate (1),

- applying steam on the sheet (6),

- applying liquid on the substrate (1) prior to applying the sub-layer (4),

- applying liquid on the sub-layer (4) when arranged on the substrate (1),

- applying liquid on the sheet (6), and/or

- drying the sub-layer (4) and/or the sheet (6).

3. The method according to claim 1 or 2, wherein the moisture content
of the sub-layer (4) when arranged on the substrate (1) is 5-35 wt%, preferably 15-
25 wt%.

4, The method according to any one of the preceding claims, wherein

the sheet (6) is at least substantially unimpregnated when applied on the sub-layer

(4).

5. The method according to any one of the preceding claims, wherein
the sub-layer (4) substantially consists of the thermosetting binder, preferably at
least 90 wt% of the thermosetting binder, more preferably at least 95 wt% of the

thermosetting binder.
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6. The method according to any one of the preceding claims, further
comprising printing, preferably by digital printing, a décor on the sheet (6) when

arranged on the sub-layer (4).

7. The method according to claim 6, wherein the sheet (6) is adhered to

the sub-layer (4) prior to printing.

8. A method to produce a building panel (10), comprising

- providing a substrate (1),

- controlling relative humidity (RH) of ambient air enclosing an application
device (3) adapted to apply a thermosetting binder in dry form,

- applying a thermosetting binder in dry form on the substrate (1) by said
application device (3) for forming a sub-layer (4),

- applying a sheet (6) on the sub-layer (4), and

- pressing the substrate (1), the sub-layer (4) and the sheet (6) together to
form a building panel (10), thereby the thermosetting binder of the sub-layer (4)
impregnates the sheet (6).

9. The method according to claim 8, wherein the relative humidity (RH)
is 35-60% RH, preferably 40-55% RH.

10. The method according to claim 8 or 9, wherein the sheet (6) is at least

substantially unimpregnated when applied on the sub-layer (4).

11. The method according to any one of claims 8-10, wherein the sheet
comprises one or more of a paper sheet, a non-woven, a woven fibre sheet, or a
fibre sheet.

12. The method according to any one of claims 8-11, wherein the sub-
layer (4) substantially consists of the thermosetting binder, preferably at least 90
wt% of the thermosetting binder, more preferably at least 95 wt% of the

thermosetting binder.

13. The method according to any one of claims 8-12, further comprising
printing, preferably by digital printing, a décor on the sheet (6) when arranged on
the sub-layer (4).
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14. The method according to claim 13, wherein the sheet (6) is adhered

to the sub-layer (4) prior to printing.

15. The method according to any one of claims 8-14, further comprising
applying moisture to the thermosetting binder, the sub-layer (4), the sheet (6),

and/or the substrate (1) prior to pressing.

16. The method according to any one of claims 8-15, wherein a moisture
content of the sub-layer (4) when arranged on the substrate (1) is 5-35 wt%,
preferably 15-25 wt%.

17. A method to produce a building panel (10), comprising

- providing a substrate (1),

- applying at least one thermosetting binder on the substrate (1),

- controlling reactivity of said at least one thermosetting binder by applying
different types and/or forms of thermosetting binders on the substrate (1),

- applying a sheet (6) on said at least one thermosetting binder, wherein the
sheet comprises one or more of a paper sheet, a non-woven, a woven fibre sheet, or
a fibre sheet, and

- pressing the substrate (1), said at least one thermosetting binder and the
sheet (6) together to form a building panel (10), thereby said at least one

thermosetting binder impregnates the sheet (6).

18. The method according to claim 17, wherein controlling reactivity of
said at least one thermosetting binder comprises applying a first thermosetting
binder in liquid form and applying a second thermosetting binder in powder form on

the first thermosetting binder.

19. The method according to claim 17 or 18, wherein the sheet (6) is at
least substantially unimpregnated when applied on said at least one thermosetting
binder.

20. A method to produce a building panel (10), comprising

- providing a substrate (1),

- applying a thermosetting binder in dry form on the substrate (1) for forming
a sub-layer (4),

- applying a sheet (6) on the sub-layer (4), wherein the sheet comprises one
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or more of a paper sheet, a non-woven, a woven fibre sheet, or a fibre sheet, and

- pressing the substrate (1), the sub-layer (4) and the sheet (6) together to
form a building panel (10), thereby the thermosetting binder of the sub-layer (4)
impregnates the sheet (6).

21. The method according to claim 20, wherein the sheet (6) is at least

substantially unimpregnated when applied on the sub-layer (4).

22. The method according to claim 20 or 21, wherein the sub-layer (4)
substantially consists of the thermosetting binder, preferably at least 90 wt% of the

thermosetting binder, more preferably at least 95 wt% of the thermosetting binder.

23. The method according to claim 20 or 21, wherein the sub-layer (4)

comprises the thermosetting binder and non-absorbing fillers.

24, The method according to any one of claims 20-23, further comprising
applying moisture to the thermosetting binder, the sub-layer (4), the sheet (6),

and/or the substrate (1) prior to pressing.

25. The method according to any one of claims 20-24, wherein a moisture
content of the sub-layer (4) when arranged on the substrate (1) is 5-35 wt%,
preferably 15-25 wt%.

26. The method according to any one of claims 20-25, further comprising
printing, preferably by digital printing, a décor on the sheet (6) when arranged on
the sub-layer (4).

27. The method according to claim 26, wherein the sheet (6) is adhered
to the sub-layer (4) prior to printing.

28. A semi-finished product (11; 21) adapted to form, or form part of, a
building panel (10), comprising

a substrate (1),

a sub-layer (4; 14) arranged on the substrate (1),

a sheet (6) arranged on the sub-layer (4; 14), wherein the sheet comprises
one or more of a paper sheet, a non-woven, a woven fibre sheet, or a fibre sheet,

and
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wherein the moisture content of the sub-layer (4; 14) is 5-35 wt%, preferably
15-25 wt%, such that the sheet (6) is adhered to the sub-layer (4; 14).

29.  The method according to claim 28, wherein the sub-layer (4; 14)
substantially consists of the thermosetting binder, preferably at least 90 wt% of the

thermosetting binder, more preferably at least 95 wt% of the thermosetting binder.

30. The method according to claim 28, wherein the sub-layer (4; 14)

comprises the thermosetting binder and non-absorbing fillers.

31. The semi-finished product according to any one of claims 28-30,

wherein the thermosetting binder is a B-stage thermosetting binder.

32. The semi-finished product according to any one of claims 28-30,

wherein the thermosetting binder is in A-stage and B-stage.

33. The semi-finished product according to any one of claims 28-32,
wherein the sub-layer (4; 14) has impregnated less than half the thickness of the
sheet.
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Box No. II Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

L |:| Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. |:| Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. |:| Claims Nos.:

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No.III  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

The following separate inventions were identified:

1: Claims 1-16 and 20-33 directed to method for producing a building panel and a semi-
finished product. The methods comprise the steps of: applying a thermosetting binder in
dry form on a substrate to form a sub-layer; placing a sheet on the sub-layer; and pressing
the substrate, sub-layer and sheet so that the thermosetting binder impregnates the sheet.
The semi-finished product comprises a substrate, a sub-layer comprising a thermosetting
binder, and a sheet. As the moisture content of the sub-layer is 5-35 wt%, it is assumed
o

1. & As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. |:| As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3. |:| As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. |:| No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest |:| The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

|:| The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

& No protest accompanied the payment of additional search fees.
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that the thermosetting binder is in dry form.

2: Claims 17-19 directed to a method for producing a building panel, the method comprises
the steps of applying a thermosetting binder on a substrate; controlling reactivity of the
thermosetting binder; applying a sheet on the thermosetting binder; and pressing the
substrate, the thermosetting binder and the sheet so that the thermosetting binder
impregnates the sheet.
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