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Decorative foil, method for producing a decorative foil and method for

decorating a target substrate

The invention relates to a decorative foil, in particular a laminating foil, hot
stamping foil and/or cold stamping foil, a method for producing a decora-
tive foil as well as a method for decorating a target substrate with a deco-

rative foil.

It is known to use decorative foils to apply an all-over varnish layer to se-
curity documents for example, such as passports, credit cards or bank-
notes. In particular, laminating foils, hot stamping foils and/or cold stamp-
ing foils are used for this. In the process, an all-over varnish layer of the
decorative foil is transferred to a target substrate and then the carrier film
of the decorative foil is detached. In the case of such a transfer of the all-
over varnish layer of a decorative foil from a carrier film onto a target sub-
strate, the all-over varnish layer is torn along a boundary line which de-
fines the partial region of the all-over varnish layer to be transferred. This
partial region can be defined in particular by an adhesive layer applied to
the target substrate, which joins the all-over varnish layer to the target
substrate. The applied adhesive layer is in particular applied only partially
and can for example be designed patterned. Ideally, the decorative foll
tears at the outer edge of the adhesive layer. However, depending on the
structure and composition of the decorative foil, it can lead for example to
undefined tears of the all-over varnish layer away from the outer edge of

the adhesive layer, which results in a scruffy decoration.

A transfer film, with a carrier film and a transfer ply detachable from the
carrier film, which can be used in a cold transfer method is known from
EP 2172 347 A2.

A method for producing a security element and a transfer film is known
from DE 10 2015 121 849 A1.
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The object of the invention is now to specify an improved decorative foil,
an improved method for producing a decorative foil as well as an im-

proved method for decorating a target substrate.

The object is achieved by a decorative foil, in particular a laminating foil,

cold stamping foil or hot stamping foil according to claim 1.

This object is further achieved by a method for producing a decorative foll

according to claim 16.

It is preferably provided that at least one partial region of the at least one
region is arranged on at least one surface of the at least one surfaces of
the carrier film, wherein it covers at least one surface of the at least one

surfaces of the carrier film at least partially.

Furthermore, this object is achieved by a method for decorating a target

substrate according to claim 19.

It is preferably provided that at least one partial region of the at least one
region is arranged on at least one surface of the at least one surfaces of
the target substrate, wherein it covers at least one surface of the at least

one surfaces of the target substrate at least partially.

It has surprisingly been shown in tests that with the present invention an
improved covering power and a cleaner stamping of the decoration is
achieved compared with conventional decorative foils, as the cracking
force and the tear-off force are reduced because of the reduced carrier
film thickness, and these are decisive for a high-quality decoration of the
target substrate. When the carrier film is peeled off the all-over varnish
layer, the carrier film is bent, with the result that stresses result, in particu-

lar over the entire cross section of the decorative foil. Due to the reduced
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carrier film thickness, these stresses can be reduced and the resulting
cracking force and tear-off force are likewise reduced. Further, the fluc-
tuations in the force amplitude of the tear-off force decrease significantly,
which further improves the detachment behavior and promotes a clean

decoration.

Furthermore, through a decorative foil with a carrier film thickness in the
range of from 3.0 um to 10.0 um, the amount of plastic waste is reduced

compared with conventional decorative foils.

In addition, the advantage further results that longer foil webs can be
rolled up with constant foil roll diameter. This is advantageous in particular

in terms of logistics and during transport.

Advantageous embodiment examples of the invention are described in

the dependent claims.

It is according to the invention that the all-over varnish layer has a thick-
ness in the range of from 1.0 um to 2.5 um. It has been shown that in the
case of such a layer thickness the all-over varnish layer break particularly
well at the predefined edges, which are defined by the outer edge of the
adhesive layer. A clean decoration of the decorative foil on the target

substrate can thus be achieved.

The ratio of the carrier film thickness to the all-over varnish layer thick-
ness preferably lies in a range of from 1.8:1 to 7.0:1, preferably of from
2.5:1 to 5.8:1, wherein the carrier film has a thickness in a range of from
more than or equal to 3 um to less than or equal to 7 pm and/or the ratio
of the carrier film thickness to the all-over varnish layer thickness lies in a
range of from 4.1:1 to 10.0:1, preferably of from 4.4:1 to 8.3:1, wherein
the carrier film has a thickness in a range of from more than or equal to

7 um to less than or equal to 10 ym. Such ratios promote a good detach-
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ment behavior of the carrier film from the all-over varnish layer. This is
because, with such ratios, smaller stresses occur when the carrier film is
peeled off the all-over varnish layer than in the case of conventional deco-

rative foils. This also improves the quality of the decoration.

When a decorative foil with the specified ratios of carrier film thickness to
all-over varnish layer thickness is used, it has been shown in particular
that the stamping quality and the stamping performance are greatly im-
proved compared with decorative foils which have a ratio of the carrier
film thickness to the all-over varnish layer thickness outside the specified

range.

In particular, the carrier film comprises a material or a combination of ma-
terials selected from: PET, PMMA, PC, PE, PVC, PS, ABS, PU, PBS,
PLA, PAN and/or glass.

It is provided in particular that the all-over varnish layer has at least one
detachment layer and/or at least one protective varnish layer and/or at
least one primer layer and/or at least one adhesive layer and/or at least

one color layer.

At least one detachment layer of the at least one detachment layers pref-
erably comprises a material or a combination of materials selected from:
waxes, silicones, polyurethanes and/or polymers, preferably acrylate co-
polymer, polyester copolymers, polystyrene copolymers, polycarbonate

copolymers.

The tear-off force indicates the force which is to be applied in order to de-
tach two layers from each other; there is a positive correlation between
the force for tearing a first layer off a second layer and the adhesion be-

tween the first and the second layer.
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The adhesion of at least one color layer of the at least one color layers to
at least one region of the all-over varnish layer of the decorative foil,
which have been transferred to a target substrate, was determined imme-
diately after the printing and one day after the printing by means of the
following adhesive tape test at room temperature:

A test specimen in the form of a target substrate with the all-over varnish
layer applied thereto and a printing of at least one color layer onto at least
one region of the all-over varnish layer was arranged in a materials test-
ing machine of the Z005 type from ZwickRoell GmbH & Co. KG. A strip of
tesa-brand adhesive tape 13 to 16 cm long of the 4104 type with a width
of 19 mm was stuck on the test specimen, so that approximately 5 cm to
7 cm of the adhesive tape protrudes beyond the edge of the substrate.
The adhesive tape was then pressed on with a thumb three to four times
and finally peeled off the test specimen at a peel angle of 90° at a speed
of 500 mm/min and in the process the force which was necessary in order
to detach the at least one color layer of the at least one color layers from
the all-over varnish layer was measured. The test was regarded as having
been passed when 90% of the printing ink remained on the test specimen

or the test specimen itself was torn.

Printings on an all-over varnish layer with conventional printing inks, in
particular with the UV-curing printing inks, UV-curing varnishes, hybrid
inks or hybrid varnishes and/or oxidatively curing printing inks and/or low-
migration inks (LMI) already named above, adhered to the transfer ply
very well, with the result that the test could be assessed as having been

passed very well.

It is preferably provided that the all-over varnish layer has at least one
color layer on at least one surface, wherein the adhesive force between at
least one color layer of the at least one color layers and the all-over var-

nish layer is at least 25 cN, preferably at least 30 cN.
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At least one detachment layer of the at least one detachment layers pref-
erably has a thickness in the range of from 0.01 um to 0.50 um, prefera-
bly of from 0.10 um to 0.30 um. This comparatively small thickness of the
detachment layer allows a sharp-edged and clean detachment of the all-
over varnish layer from the carrier film. The accuracy achievable here and
the resolution achievable here can correspond comparatively accurately
to the layout of the partially applied, preferably to the target substrate, at
least one adhesive layer of the at least one adhesive layers, without devi-
ating significantly therefrom, as a result of which a high register accuracy
of the foil layout relative to a possibly present print layout consisting of

conventional printing inks is achievable.

By register or registration, or register accuracy or registration accuracy, is
preferably meant a positional accuracy of two or more elements and/or

layers.

The register accuracy is to range within a predefined tolerance which is to
be as low as possible. At the same time, the register accuracy of several
elements, layers, partial regions relative to each other is an important fea-

ture in order to increase the process reliability.

The positionally accurate positioning is effected in particular by means of
markings, in particular by means of sensorially, preferably optically de-
tectable registration marks or register marks. These markings, in particu-
lar registration marks or register marks, preferably either represent specif-
ic separate elements or regions or layers or are preferably themselves

part of the elements or regions or layers to be positioned.

During this sharp-edged partial detachment, due to the small thickness of
the detachment layer, only very small and very few so-called flakes form,
thus small layer residues of the all-over varnish layer of the decorative

foil, which can be disruptive in subsequent process steps and/or can dis-
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rupt the optical appearance of the coated target substrate. Due to the
comparatively small thickness of the detachment layer, resolutions which

lie below the resolving power of the human eye are achievable.

In particular, it is advantageous if at least one detachment layer of the at
least one detachment layers is formed transparent and/or translucent
and/or opaque and/or dyed and/or at least partially dyed and/or crystal

clear.

At least one protective varnish layer of the at least one protective varnish
layers preferably comprises a material or a combination of materials se-
lected from: polymers, in particular acrylate copolymers, polyester copol-
ymers, polystyrene copolymers, polycarbonate copolymers and/or SMA

copolymers (SMA = styrene maleic anhydride).

To achieve a high covering power, it is advantageous in particular if the
layers of the all-over varnish layer contain long-chain, in particular high-
molecular-weight, polymers. However, to achieve a clean stamping, it is
preferably advantageous if the layers of the all-over varnish layer contain
short-chain, in particular low-molecular-weight, polymers. In order to
combine the two advantages with each other, it is provided in particular
that the polymers, in particular acrylate copolymers, polyester copoly-
mers, polycarbonate copolymers, polystyrene copolymers and/or SMA
copolymers and/or combinations thereof, of the all-over varnish layer
have a molar mass in the range of from 1,000 g/mol to 100,000 g/mol,

preferably of from 3,000 g/mol to 35,000 g/mol.

The covering power is a measure of the number of defects in a target
substrate decorated with a continuous solid surface. In the case of a
100% covering power, therefore, no defects or holes occur inside this sol-
id surface on the decorated target substrate. The defects can appear mi-

croscopically, thus not able to be resolved by the human eye, or macro-
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scopically, thus able to be resolved by the human eye. A low and homo-
geneous tear-off force makes a high covering power of the decoration

possible.

At least one protective varnish layer of the at least one protective varnish
layers preferably has a thickness in the range of from 0.5 um to 3 um, in

particular of from 0.8 um to 1.3 um.

The protective varnish layer provides in particular a protection against
mechanical and/or chemical stress of the all-over varnish layer on a target

substrate.

It is preferably possible for at least one protective varnish layer of the at
least one protective varnish layers to be formed transparent and/or trans-
lucent and/or opaque and/or dyed and/or at least partially dyed and/or

crystal clear.

It is provided in particular that at least one decorative layer of the at least
one decorative layers comprises at least one metallic layer and/or at least

one dielectric layer.

According to the invention, at least one decorative layer of the at least
one decorative layers has a thickness in the range of from 8 nm to 500
nm. In order, when a UV adhesive is used as cold glue, to achieve the
desired high UV transmissibility of the decorative foil also in the case of a
decorative layer in the form of a metallic layer, it is particularly preferred if
the metallic layer has only a layer thickness in the range of from 8 nm to
60 nm, preferably in the range of from 10 nm to 30 nm. Thus, a good visi-
bility and decorative effect of the metallic layer in combination with a high
transmissibility for UV radiation are achieved (OD = optical density, ap-

prox. 1.2).
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In order to achieve a sufficient curing of a UV adhesive, it is provided in
particular that the decorative foil has a transmissibility for UV radiation in
the wavelength range of from 250 nm to 400 nm in the range of from 5%
to 70%, in particular of from 10% to 40%. A particularly rapid and in par-
ticular sufficient curing of a cold glue based on a glue that crosslinks un-
der UV irradiation on the target substrate thereby becomes possible, as a
result of which the adhesion of the all-over varnish layer to the target sub-
strate is improved still further. This is because only when the irradiation
quantity is high enough is the glue that crosslinks under UV irradiation
completely crosslinked and fully cured and achieves a high adhesive
force, with the result that a detachment of the all-over varnish layer re-
gions transferred to the target substrate from the target substrate is relia-
bly prevented. A determining factor for the UV transmissibility of a decora-
tive foil here is the layer of a decorative foil which has the lowest UV

transmissibility of all layers present.

It is provided in particular that at least one metallic layer of the at least
one metallic layers comprises a material or a combination of materials
selected from: aluminum, silver, gold, copper, nickel, chromium and/or an

alloy comprising at least two of these metals.

At least one dielectric layer of the at least one dielectric layers preferably
comprises a material or a combination of materials selected from: metal
oxide, polymer, varnish and/or HRI material (HRI = High Refractive In-
dex), in particular MgO, TiOn, Al20s, ZnO, ZnS and/or SiOn, wherein the
variable n preferably lies in the range of from more than or equal to O to

less than or equal to 3.

It is provided in particular that at least one decorative layer of the at least
one decorative layers is also formed from an HRI material (HRI = High

Refractive Index) which is transmissible for radiation in particular at least
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for partial regions of the spectrum in the UV region, such as CdSe, CeTe,
Ge, HfO2, PbTe, Si, Te, TiCl or ZnTe.

It has proved worthwhile if a decorative layer has a diffractive and/or re-
fractive relief structure for generating optically variable effects and/or a
macrostructure for generating three-dimensional effects or depth effects.
Through diffractive and/or refractive relief structures, which are formed in
particular in a transparent varnish layer or replication varnish layer, differ-
ent optical effects, so-called optically variable effects, can be achieved
depending on the viewing angle, such as holograms, three-dimensional

representations with kinematic effect dependent on the viewing angle, etc.

In order to improve the visibility of relief structures, these are usually ar-
ranged adjoining a strongly reflective metallic layer and/or dielectric HRI
layer (HRI = High Refractive Index) with a comparatively high to very high
refractive index, in particular consisting of a metal oxide. Such a highly

reflective layer is preferably formed over the whole surface or patterned.

It is therefore provided in particular that at least one decorative layer of
the at least one decorative layers has at least one replication varnish lay-
er with a surface structure molded into at least one replication varnish
layer of the at least one replication varnish layers, in particular selected
from: diffractive surface structure, refractive surface structure, lens struc-

ture, matte structure and/or blazed grating.

In particular, it is further possible for at least one decorative layer of the at
least one decorative layers to have at least one layer generating an opti-

cally variable effect.

At least one decorative layer of the at least one decorative layers prefera-
bly has at least one reflective layer, in particular at least one reflective

layer formed patterned in the form of a first item of information.
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It is also preferably possible for at least one decorative layer of the at
least one decorative layers to have at least one color layer formed pat-

terned in the form of a second item of information.

In particular, at least one decorative layer of the at least one decorative
layers has at least one thin-film layer element for generating a color shift

effect dependent on the viewing angle.

Furthermore, it is also preferably provided that at least one decorative
layer of the at least one decorative layers with optically variable pigments,
luminescent substances, magnetic or electrically conductive substances,
a colored varnish layer, a thin-film stack with interference color effect de-
pendent on the viewing angle, a liquid-crystal layer, or also a combination
of the above-named layers comprising metallic layers, dielectric layers
etc., is designed as at least one decorative layer of the at least one deco-

rative layers.

It is preferably provided that at least one primer layer of the at least one
primer layers has a thickness in the range of from 0.1 um to 2 um, prefer-

ably of from 0.2 ym to 0.8 um.

In particular, at least one primer layer of the at least one primer layers is
formed transparent and/or translucent and/or opaque and/or dyed and/or
at least partially dyed and/or crystal clear. In particular if at least one pri-
mer layer of the at least one primer layers is formed dyed at least partially
or dyed, the contrast to the target substrate is increased and a particularly

high-quality optical impression or effect is achieved.

It is further preferably provided that at least one primer layer of the at
least one primer layers has a surface roughness in the range of from 100

nm to 200 nm, preferably of from 120 nm to 160 nm. The surface rough-
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ness is determined among other things by the method of deposition and
the formulation of the primer layer. It has been established that a smaller
surface roughness, but surprisingly also a greater surface roughness, of
the primer layer leads to a reduction of the adhesion achievable between
a cold glue and the transfer ply or all-over varnish layer. The surface
roughness of the primer layer was determined by means of an interfer-

ence microscopy.

In addition, it is possible for example for the all-over varnish layer to com-
prise several primer layers, which are different in terms of their chemical
and/or physical properties, with the result that the optimum adhesion to
the adjoining layers is formed. Thus, it is possible for example to achieve,
on the one hand, an optimum adhesion towards at least one decorative
layer of the at least one decorative layers and, on the other hand, an op-
timum adhesion towards at least one adhesive layer of the at least one

adhesive layers.

In particular, an adhesion of adhesive-tape strength (adhesive tape test,
see above) between the transfer ply and the substrate is achieved,
wherein, when a conventionally drying cold glue was used, the adhesive
tape test could already be assessed as having been passed after a few
minutes and, when a UV adhesive was used, the adhesive tape test could
be assessed as having been passed immediately after the irradiation with
UV light. More than 90% of the transfer ply remained on the target sub-

strate.

It is provided in particular that at least one adhesive layer of the at least
one adhesive layers covers at least one first region of the all-over varnish

layer at least partially or over the whole surface.

At least one adhesive layer of the at least one adhesive layers preferably

does not cover at least one second region of the all-over varnish layer, in
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particular wherein at least one second region of the at least one second
regions does not overlap at least one first region of the at least one first

regions or overlaps it at least partially or over the whole surface.

It is preferably provided that at least one first region of the at least one
first regions and/or at least one second region of the at least one second
regions comprises at least one of the following design elements or a
combination of the following design elements: alphanumeric character,
character, symbol, microprint, image, photo, logo, portrait, pictogram, pat-
tern, in particular endless pattern, grid, in particular periodic grid, ampli-

tude-modulated grid, dot grid, line grid, motif.

It is preferably also possible for at least one adhesive layer of the at least
one adhesive layers to be formed of a hot glue and/or a thermoplastic
adhesive and/or a cold glue and/or a radiation-curable adhesive, in par-
ticular an adhesive that can be cured by means of electromagnetic radia-
tion and/or electron beam radiation and/or by means of UV radiation,
and/or an oxidatively curing adhesive and/or a low-migration adhesive

(LMI adhesives, LMI = low migration ink).

As already set out in the state of the art, the all-over varnish layer ideally
tears at the outer edge, in particular at the front edge in the feed direction,
of at least one adhesive layer of the at least one adhesive layers. The
force which has to be applied to crack the all-over varnish layer is called
the cracking force. The force which has to be applied to tear the all-over
varnish layer at the back edge, in the feed direction, of at least one adhe-

sive layer of the at least one adhesive layers is called the tearing force.

After the all-over varnish layer has been torn or broken at the predefined
points, the decoration of the desired surface area is then effected by de-
taching the all-over varnish layer from the carrier film. The force required

for this is called the tear-off force. The tear-off force is thus the force
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which is required in order to separate the all-over varnish layer from the
carrier film or, analogously to this, to separate the carrier film from the all-
over varnish layer adhering to at least one adhesive layer of the at least
one adhesive layers. A low and homogeneous tear-off force over the en-
tire surface area or region to be decorated makes a high covering power

and a clean stamping possible.

As a result, it is provided in particular that the force for tearing the all-over

varnish layer off the carrier film lies in a range of from 2 cN to 8 cN.

As a rule, the tear-off force is constant on average, but irregularities in the
layer structure of the all-over varnish layer can lead to fluctuations in the
tear-off force. It is necessary to keep these fluctuations in the force ampli-
tude of the tear-off force as small as possible, so that it can be said that
there is a homogeneous tear-off force and a high covering power can be
achieved. For this reason, it is expedient in particular if the tear-off force
has fluctuations in the force amplitude around its average in a range of

from more than or equal to -0.5 cN to less than or equal to 0.5 cN.

Further, the quality of the decoration can be improved by a low and ho-
mogeneous tear-off force. Point perception is also mentioned here. The
point perception is preferably an indicator of a pinpoint foil decoration for
individually applied adhesive dots. Pinpoint means in this connection that
the decoration covers the entire adhesive dot and does not protrude be-
yond the adhesive dot. As a result, it is preferred if the all-over varnish
layer has a covering power of more than or equal to 99.5%, preferably of
100%, in the case of a decoration of a continuous solid surface and a
decoration or point perception of more than or equal to 99.5%, preferably
of 100%, in the case of a decoration of a 10% halftone area. In the case
of a 10% halftone area, an arbitrary surface area of a target substrate is
provided with adhesive dots such that 10% of the arbitrary surface area of

the target substrate is covered with adhesive dots. The adhesive dots are
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preferably arranged equidistant, patterned, gridded and/or spaced apart

from each other.

For the method for producing a decorative foil, it is provided in particular
that the ratio of the thickness of the carrier film to the thickness of the all-
over varnish layer lies in a range of from 1.8:1 to 7.0:1, preferably of from
2.5:1 to 5.8:1, wherein the carrier film has a thickness in a range of from
more than or equal to 3 um to less than or equal to 7 um and/or that the
ratio of the thickness of the carrier film to the thickness of the all-over var-
nish lies in a range of from 4.1:1 to 10.0:1, preferably of from 4.4:1 to
8.3:1, wherein the carrier film has a thickness in a range of from more

than or equal to 7 um to less than or equal to 10 pm.

It is according to the invention that the all-over varnish layer in step b) has

a thickness in the range of from 1.0 ym to 2.5 um.

Further, it is preferably provided that the all-over varnish layer in step b)
has at least one detachment layer and/or at least one protective varnish
layer and/or at least one primer layer and/or at least one adhesive layer

and/or at least one color layer.

In step b) at least one detachment layer of the at least one detachment
layers and/or at least one protective varnish layer of the at least one pro-
tective varnish layers and/or at least one decorative layer of the at least
one decorative layers and/or at least one primer layer of the at least one
primer layers and/or at least one adhesive layer of the at least one adhe-
sive layers and/or at least one color layer of the at least one color layers
is preferably applied by means of gravure printing and/or screen printing
and/or relief printing and/or pad printing and/or inkjet printing and/or offset

printing and/or flexographic printing and/or casting techniques.
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Further, it is preferably provided that in step b) the at least one adhesive
layer is applied as a hot glue, a thermoplastic adhesive, a cold glue, a
radiation-curable adhesive, in particular an adhesive that can be cured by
means of electromagnetic radiation and/or electron beam radiation and/or
by means of UV radiation, or an oxidatively curing adhesive and/or a low-

migration adhesive.

It is possible in particular for step b) further to comprise the following step
and/or for the following step further to be carried out after step b):

c) applying at least one adhesive layer of the at least one adhesive layers
such that at least one adhesive layer of the at least one adhesive layers
covers at least one first region of the all-over varnish layer at least partial-
ly or over the whole surface and/or does not cover a second region of the
all-over varnish layer, in particular wherein at least one second region of
the at least one second regions does not overlap at least one first region
of the at least one first regions or overlaps it at least partially or over the

whole surface.

For example, the regions not covered with the adhesive layer are then not
decorated by the decorative foil. Thus, for example, negative fonts and/or

negative patterns can be generated.

In particular, at least one first region of the at least one first regions and/or
at least one second region of the at least one second regions comprises
at least one of the following design elements or a combination of the fol-
lowing design elements: alphanumeric character, character, symbol, mi-
croprint, image, photo, logo, portrait, pictogram, pattern, in particular end-
less pattern, grid, in particular periodic grid, amplitude-modulated grid, dot

grid, line grid, motif.
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With respect to the method for decorating a target substrate, it is pre-
ferred if the method comprises the following steps, which are carried out

in particular in the following sequence:

d) providing a decorative foll,
e) providing a target substrate,
f) applying the decorative foil to the target substrate.

Further, it is provided in particular that the following step is carried out

before step f):

Q) applying at least one adhesive layer to the decorative foil such that
at least one adhesive layer of the at least one adhesive layers co-
vers at least one first region of the all-over varnish layer at least
partially or over the whole surface and/or does not cover at least
one second region of the all-over varnish layer, in particular where-
in at least one second region of the at least one second regions
does not overlap at least one first region of the at least one first re-
gions or overlaps it at least partially or over the whole surface,
and/or applying at least one adhesive layer to the target substrate
such that at least one adhesive layer of the at least one adhesive
layers covers at least one third region of the target substrate at
least partially or over the whole surface and/or does not cover at
least one fourth region of the target substrate, in particular wherein
at least one fourth region of the at least one fourth regions does not
overlap at least one third region of the at least one third regions or

overlaps it at least partially or over the whole surface.

The first and second regions are preferably located in a plane spanned by
the all-over varnish layer. It is provided in particular that the spanned
plane comprises at least one surface of the all-over varnish layer. The
third and fourth regions are preferably located in a plane spanned by the
target substrate. It is provided in particular that the spanned plane com-

prises at least one surface of the target substrate.
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The first and second regions can preferably be arranged next to each
other, spaced apart next to each other, partially overlapping each other
and/or overlapping each other over the whole surface. Furthermore, it is
also provided in particular that the third and fourth regions are arranged
next to each other, spaced apart next to each other, partially overlapping

each other and/or overlapping each other over the whole surface.

Further, it is provided in particular that at least one first and/or third region
of the at least one first and/or third regions and/or at least one second
and/or fourth region of the at least one second and/or fourth regions com-
prises at least one of the following design elements or a combination of
the following design elements: alphanumeric character, character, sym-
bol, microprint, image, photo, logo, portrait, pictogram, pattern, in particu-
lar endless pattern, grid, in particular periodic grid, amplitude-modulated

grid, dot grid, line grid, motif.

At least one adhesive layer of the at least one adhesive layers in step Q)
is preferably formed of a hot glue, a thermoplastic adhesive, a cold glue, a
radiation-curable adhesive, in particular an adhesive that can be cured by
means of electromagnetic radiation and/or electron beam radiation and/or
by means of UV radiation, and/or an oxidatively curing adhesive and/or a

low-migration adhesive.

In step Q) at least one adhesive layer of the at least one adhesive layers
is preferably applied by means of gravure printing and/or screen printing
and/or relief printing and/or pad printing and/or inkjet printing and/or offset

printing and/or flexographic printing and/or casting techniques.

It is possible in particular for at least one first and/or third region of the at
least one first and/or third regions to be decorated by the all-over varnish

layer and/or for at least one second and/or fourth region of the at least
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one second and/or fourth regions not to be decorated by the all-over var-

nish layer.

Further, it is preferably possible for at least one first and/or third region of
the at least one first and/or third regions, which is covered by the at least
one adhesive layer of the at least one adhesive layers at least partially or

over the whole surface, to be decorated by the all-over varnish layer.

It is advantageously preferably possible for at least one color layer to be
applied to at least one surface of the all-over varnish layer after step f),
with the result that the adhesive force between at least one color layer of
the at least one color layers and the all-over varnish layer is at least

25 cN, preferably of at least 30 cN.

It is preferably provided that the all-over varnish layer after step f) has a
covering power of more than or equal to 99.5%, preferably of 100%, in the
case of decoration of a continuous solid surface and a decoration or point
perception of more than or equal to 99.5%, preferably of 100%, in the

case of decoration of a 10% halftone area.

Further, it is provided in particular that the following step is further carried
out after step f):

peeling the carrier film off the all-over varnish layer, wherein the peel an-
gle between the carrier film and the all-over varnish layer lies in a range of

from 0° to 120°, preferably of from 0° to 90°.

In particular, it is possible for the following step further to be carried out in
step f) and/or after step f):
h) pressing on the decorative foil with at least one pressure stamp and/or

at least one pressure roller.
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Furthermore, it is preferably provided that at least one pressure stamp of
the at least one pressure stamps and/or at least one pressure roller of the
at least one pressure rollers in step h) is designed as a heated planar
and/or forming stamp and/or a heated roller, wherein this activates at
least one adhesive layer of the at least one adhesive layers at least par-
tially and/or in at least one first and/or third region of the at least one first

and/or third regions and joins the decorative foil to the target substrate.

In the following the invention is explained by way of example with refer-
ence to several embodiment examples utilizing the attached drawings.

The embodiment examples shown are therefore not to be understood as

limitative.

Fig. 1 shows a sectional representation of a decorative foll

Fig. 2 shows a further sectional representation of a decorative foil

Fig. 3 shows a sectional representation of a target substrate,
wherein at least one adhesive layer is applied to the target
substrate

Fig. 4 shows a sectional representation of a decorated target sub-
strate

Fig. 5 shows a further sectional representation of a decorated tar-
get substrate

Fig. 6 shows a schematic representation of a method for producing
a decorative foil

Fig. 7 shows a schematic representation of a method for decorat-

ing a target substrate
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Fig. 9a

Fig. 9b

Fig. 10a

Fig. 10b

Fig. 11a

Fig. 11b

21

shows a schematic representation of a method for decorat-

ing a target substrate

shows the tear-off force measurement for a decorative foil

with a carrier film thickness of 5.7 um

shows the tear-off force measurement for a decorative foil

with a carrier film thickness of 12 um

shows the decorated 10% halftone area of a decorative foil

with a carrier film thickness of 5.7 um

shows the decorated 10% halftone area of a decorative foil

with a carrier film thickness of 12 um

shows a schematic representation of a decorative foil with a
carrier film thickness of 5.7 uym, wherein a neutral fiber is

drawn in

shows a schematic representation of a decorative foil with a
carrier film thickness of 12 ym, wherein a neutral fiber is

drawn in

Fig. 1 shows a sectional representation of a decorative foil 40, in particu-

lar a laminating foil, cold stamping foil or hot stamping foil, comprising a

carrier film 42 and an all-over varnish layer 41, wherein the carrier film

has a thickness in the range of from 3.0 um to 10.0 um.

It is possible in particular for the all-over varnish layer 41 to have a thick-

ness in the range of from 1.0 ym to 2.5 ym, in particular of from 1.0 um to

1.7 pm.
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In this embodiment variant the all-over varnish layer 41 comprises a de-
tachment layer 43, a protective varnish layer 44, a decorative layer 45
and a primer layer 46. In an alternative embodiment variant it is preferably
provided that the all-over varnish layer 41 has at least one detachment
layer 43 and/or at least one protective varnish layer 44 and/or at least one
decorative layer 45 and/or at least one primer layer 46 and/or at least one

adhesive layer 47 and/or at least one color layer.

It is preferred that the ratio of the carrier film thickness to the all-over var-
nish layer thickness lies in a range of from 1.8:1 to 7.0:1, preferably of
from 2.5:1 to 5.8:1, wherein the carrier film 42 has a thickness in a range
of from more than or equal to 3 um to less than or equal to 7 um and/or
that the ratio of the carrier film thickness to the all-over varnish layer
thickness in a range of from 4.1:1 to 10.0:1, preferably of from 4.4:1 to
8.3:1, wherein the carrier film 42 has a thickness in a range of from more

than or equal to 7 um to less than or equal to 10 pm.

It is advantageous in particular if the decorative foil 40 has a transmissibil-
ity for UV radiation in the wavelength range of from 250 nm to 400 nm in

the range of from 5% to 70%, in particular of from 10% to 40%.

The carrier film 42 preferably comprises a material or a combination of
materials selected from: PET, PMMA, PC, PE, PVC, PS, ABS, PU, PBS,
PLA, PAN and/or glass.

At least one detachment layer 43 of the at least one detachment layers 43
preferably has a thickness in the range of from 0.01 um to 0.50 um, pref-

erably of from 0.10 um to 0.30 pm.

At least one detachment layer 43 of the at least one detachment layers 43

preferably comprises a material or a combination of materials selected
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from: waxes, silicones, polyurethanes and/or polymers, preferably acry-
late copolymer, polyester copolymer, polycarbonate copolymer, polysty-

rene copolymer.

At least one detachment layer 43 of the at least one detachment layers 43
is preferably formed transparent and/or translucent and/or opaque and/or

dyed and/or at least partially dyed and/or crystal clear.

The protective varnish layer 44 is an optional layer which serves in partic-
ular to protect the decorative layer 45 from mechanical and/or chemical
stress. The protective varnish layer 44 is in particular a varnish layer
based on nitrocellulose and acrylate polymers, polyester copolymer, poly-

carbonate copolymer, polystyrene copolymer and/or SMA copolymers.

At least one protective varnish layer 44 of the at least one protective var-
nish layers 44 preferably has a thickness in the range of from 0.5 ym to 3

pm, in particular of from 0.8 um to 1.3 pm.

At least one protective varnish layer 44 of the at least one protective var-
nish layers 44 is preferably formed transparent and/or translucent and/or

opaque and/or dyed and/or at least partially dyed and/or crystal clear.

It is preferably possible for at least one protective varnish layer 44 of the
at least one protective varnish layers 44 to comprise a material or a com-
bination of materials selected from: polymers, in particular acrylate copol-
ymers, polyester copolymers, polystyrene copolymers, polycarbonate co-

polymers and/or SMA copolymers.

The polymers, in particular acrylate copolymers and/or SMA copolymers,
polyester copolymer, polycarbonate copolymer, polystyrene copolymer or

combinations thereof, of the all-over varnish layer 41 preferably have a
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molar mass in the range of from 1,000 g/mol to 100,000 g/mol, preferably
of from 3,000 g/mol to 35,000 g/mol.

It is provided that at least one decorative layer 45 of the at least one dec-
orative layers 45 comprises at least one metallic layer and/or at least one

dielectric layer.

Further, it is provided in particular that at least one metallic layer of the at
least one metallic layers comprises a material or a combination of materi-
als selected from: aluminum, silver, gold, copper, nickel, chromium and/or

an alloy comprising at least two of these metals.

It is preferably possible for at least one dielectric layer of the at least one
dielectric layers to comprise a material or a combination of materials se-
lected from: metal oxide, polymer, varnish and/or HRI material, in particu-
lar MgO, TiOn, Al203, ZnO, ZnS and/or SiOn, wherein the variable n pref-
erably lies in the range of from more than or equal to O to less than or

equal to 3.

It is preferably provided that at least one decorative layer 45 of the at
least one decorative layers 45 has a thickness in the range of from 8 nm
to 500 nm, preferably of from 8 nm to 60 nm, in particular preferably of
from 10 nm to 30 nm. In particular, at least one metallic layer of the at
least one metallic layers has a thickness in the range of from 8 nm to
60 nm, preferably of from 10 nm to 30 nm. This layer thickness guaran-
tees that a high level of transmissibility for UV radiation is achieved for at
least one metallic layer of the at least one metallic layers. This is of inter-
est in particular when a cold glue and/or an adhesive that can be cured by
means of electromagnetic radiation, particularly preferably an adhesive
that can be cured by means of UV radiation, is used, as it can thus be
guaranteed that the UV radiation of a light source emitting UV radiation

penetrates in particular at least one metallic layer of the at least one me-
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tallic layers and thus the UV adhesive located underneath can be cured.
At the same time, a good visibility and decorative effect of at least one

metallic layer of the at least one metallic layers is achieved.

In particular, it is possible for at least one decorative layer 45 of the at
least one decorative layers 45 to have at least one layer generating an
optically variable effect. Particularly high-quality optical properties of the
decorative foil 40 can thereby be achieved. Furthermore, it is possible for

these to be security elements which are preferably forgery-proof.

Furthermore, it is preferred that at least one decorative layer 45 of the at
least one decorative layers 45 has at least one replication varnish layer
with a surface structure molded into at least one replication varnish layer
of the at least one replication varnish layers, in particular selected from:
diffractive surface structure, refractive surface structure, lens structure,

matte structure and/or blazed grating.

In particular, it is advantageous if at least one decorative layer 45 of the at
least one decorative layers 45 has at least one reflective layer, in particu-
lar has at least one reflective layer formed patterned in the form of a first

item of information.

It is further preferably provided that at least one decorative layer 45 of the
at least one decorative layers 45 has at least one color layer formed pat-

terned in the form of a second item of information.

It is possible in particular for at least one decorative layer 45 of the at
least one decorative layers 45 to have at least one thin-film layer element

for generating a color shift effect dependent on the viewing angle.
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Further, it is provided in particular that at least one primer layer 46 of the
at least one primer layers 46 has a thickness in the range of from 0.1 um

to 2 um, in particular preferably of from 0.2 um to 0.8 um.

It is preferably possible for at least one primer layer 46 of the at least one
primer layers 46 to be formed transparent and/or translucent and/or
opaque and/or dyed and/or at least partially dyed and/or crystal clear. In
particular if at least one primer layer 46 of the at least one primer layers
46 is dyed at least partially and/or dyed, the advantage results that the
contrast to the target substrate 10 is increased and this achieves a partic-

ularly high-quality optical impression or effect.

It is preferred that at least one primer layer 46 of the at least one primer
layers 46 has a surface roughness in the range of from 100 nm to 200

nm, preferably of from 120 nm to 160 nm.

In addition, it is possible for example for the all-over varnish layer 41 to
comprise several primer layers 46, which are different in terms of their
chemical and/or physical properties, with the result that the optimum ad-
hesion to the adjoining layers is formed. Thus, it is possible for example to
achieve, on the one hand, an optimum adhesion towards at least one
decorative layer 45 of the at least one decorative layers 45 and, on the
other hand, an optimum adhesion towards at least one adhesive layer 47

of the at least one adhesive layers 47.

The decorative foil 40 is represented in Fig. 2 with the same structure as
shown in Fig. 1, except that an adhesive layer 47 covers a surface of the
all-over varnish layer 41 in the first regions 21 and does not cover it in the

second regions 22.



10

15

20

25

30

27

It is provided in particular that at least one adhesive layer 47 of the at
least one adhesive layers 47 covers at least one first region 21 of the all-

over varnish layer 41 at least partially or over the whole surface.

It is furthermore also provided that at least one adhesive layer 47 of the at
least one adhesive layers 47 does not cover at least one second region
22 of the all-over varnish layer 41, in particular wherein at least one sec-
ond region 22 of the at least one second regions 22 does not overlap at
least one first region 21 of the at least one first regions 21 or overlaps it at

least partially or over the whole surface.

In particular, it is possible for at least one first region 21 of the at least one
first regions 21 and/or at least one second region 22 of the at least one
second regions 22 to comprise at least one of the following design ele-
ments or a combination of the following design elements: alphanumeric
character, character, symbol, microprint, image, photo, logo, portrait, pic-
togram, pattern, in particular endless pattern, grid, in particular periodic
grid, amplitude-modulated grid, dot grid, line grid, motif. Individual design
possibilities can thus be implemented which produce a particularly high-

quality impression for the observer.

Further, it is preferably possible for at least one adhesive layer 47 of the
at least one adhesive layers 47 to be formed of a hot glue and/or a ther-
moplastic adhesive and/or a cold glue and/or a radiation-curable adhe-
sive, in particular an adhesive that can be cured by means of electromag-
netic radiation and/or electron beam radiation and/or by means of UV ra-
diation, and/or an oxidatively curing adhesive and/or a low-migration ad-
hesive. The decorative foil 40 can hereby be applied to the target sub-
strate 10 by means of cold stamping for example when a cold glue and/or
an adhesive that can be cured by means of UV radiation is used or ap-
plied to the target substrate by means of hot stamping for example when

a thermoplastic adhesive is used, by activating the at least one adhesive
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layer 47 of the at least one adhesive layers 47, which comprises a ther-
moplastic adhesive, by means of a heated pressure stamp and/or a pres-

sure roller.

A sectional representation of the target substrate 10 is represented in Fig.
3, wherein a surface of the target substrate 10 is covered with at least one
adhesive layer 47 in the third regions 23 and not covered in the fourth
regions 24. It is provided in particular that, before the application of the
decorative foil 40 to the target substrate 10, at least one adhesive layer
47 of the at least one adhesive layers 47 is deposited in at least one third
region 23 of the at least one third regions 23 and is not deposited in a

fourth region 24 of the at least one fourth regions 24.

It is also possible for at least one adhesive layer 47 of the at least one
adhesive layers 47 to cover at least one surface of the target substrate 10

over the whole surface.

For this embodiment variant, a sectional representation of a decorated
target substrate is represented in Fig. 4. In particular, at least one adhe-
sive layer 47 of the at least one adhesive layers 47 is arranged on a tar-
get substrate 10 such that it covers a surface of the target substrate 10
over the whole surface. Further, the decorated target substrate comprises
an all-over varnish layer 41 of the decorative foil 40, wherein the carrier
42 has already been peeled off the decorative foil 40. It can preferably

also be provided that the carrier 42 remains on the decorative foil 40.

In the embodiment shown the detachment layer 43 is also transferred to
the target substrate 10 and does not remain or only partially remains on
the carrier film 42. In an alternative embodiment, not represented in more
detail, it is also possible for the detachment layer 43 to remain on the
peeled-off carrier film 42 or for only very few regions of the detachment

layer 43 to also be transferred to the target substrate 10.
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A sectional representation of a further alternative for a decorated target
substrate is shown in Fig. 5. Here, at least one third region 23 of the at
least one third regions 23 is decorated by the all-over varnish layer 41
and at least one fourth region 24 of the at least one fourth regions 24 is

not decorated by the all-over varnish layer 41.

However, it is also possible for at least one first and/or third region 21, 23
of the at least one first and/or third regions 21, 23 to be decorated by the
all-over varnish layer 41 and/or at least one second and/or fourth region
22, 24 of the at least one second and/or fourth regions 22, 24 not to be

decorated by the all-over varnish layer 41.

It is provided in particular that the all-over varnish layer 41 has at least
one color layer on at least one surface, wherein the adhesive force be-
tween at least one color layer of the at least one color layers and the all-

over varnish layer 41 is at least 25 cN, preferably at least 30 cN.

A schematic representation of a method for producing a decorative foil 40

is shown in Fig. 6, wherein the method comprises the following steps,

which are carried out in particular in the following sequence:

a) providing a carrier film 42, wherein the carrier film 42 has a thick-
ness in the range of from 3.0 um to 10.0 um,

b) applying an all-over varnish layer 41 to at least one region of at
least one surface of the carrier film 42, wherein a decorative foil 40

is formed.

It is preferably possible for the all-over varnish layer 41 in step b) to have
a thickness in the range of from 1.0 um to 2.5 ym, preferably of from

1.0 umto 1.7 pm.
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In particular, it is provided here that the ratio of the carrier film thickness
to the all-over varnish layer thickness lies in a range of from 1.8:1 to 7.0:1,
preferably of from 2.5:1 to 5.8:1, wherein the carrier film 42 has a thick-
ness in a range of from more than or equal to 3 um to less than or equal
to 7 um and/or that the ratio of the carrier film thickness to the all-over
varnish layer thickness in a range of from 4.1:1 to 10.0:1, preferably of
from 4.4:1 to 8.3:1, wherein the carrier film 42 has a thickness in a range

of from more than or equal to 7 um to less than or equal to 10 um.

Further, it is preferably provided that the all-over varnish layer in step b)
has at least one detachment layer 43 and/or at least one protective var-
nish layer 44 and/or at least one decorative layer 45 and/or at least one
primer layer 46 and/or at least one adhesive layer 47 and/or at least one

color layer.

It is in particular also possible for at least one detachment layer 43 of the
at least one detachment layers 43 and/or at least one protective varnish
layer 44 of the at least one protective varnish layers 44 and/or at least
one decorative layer 45 of the at least one decorative layers 45 and/or at
least one primer layer 46 of the at least one primer layers and/or at least
one adhesive layer 47 of the at least one adhesive layers 47 and/or at
least one color layer of the at least one color layers to be applied by
means of gravure printing and/or screen printing and/or relief printing
and/or pad printing and/or inkjet printing and/or offset printing and/or flex-

ographic printing and/or casting techniques.

It is in particular provided that in step b) the at least one adhesive layer 47
is applied as a hot glue, a thermoplastic adhesive, a cold glue, a radia-
tion-curable adhesive, in particular an adhesive that can be cured by
means of electromagnetic radiation and/or electron beam radiation and/or

by means of UV radiation, or an oxidatively curing adhesive and/or a low-
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migration adhesive. It is further also possible for the adhesive layer 47 to

be applied to a surface of the all-over varnish layer 41 at least partially.

It is in particular also possible for step b) further to comprise the following

step and/or for the following step further to be carried out after step b):
c) applying at least one adhesive layer 47 of the at least one adhe-
sive layers 47 such that at least one adhesive layer 47 of the at
least one adhesive layers 47 covers at least one first region 21 of
the all-over varnish layer 41 at least partially or over the whole sur-
face and/or does not cover a second region 22 of the all-over var-
nish layer 41, in particular wherein at least one second region 22 of
the at least one second regions 22 does not overlap at least one
first region 21 of the at least one first regions 21 or overlaps it at

least partially or over the whole surface.

In particular, it is also possible for at least one first region 21 of the at
least one first regions 21 and/or at least one second region 22 of the at
least one second regions 22 to comprise at least one of the following de-
sign elements or a combination of the following design elements: alpha-
numeric character, character, symbol, microprint, image, photo, logo, por-
trait, pictogram, pattern, in particular endless pattern, grid, in particular

periodic grid, amplitude-modulated grid, dot grid, line grid, motif.

A method for decorating a target substrate 10 is represented schematical-
ly in Fig. 7, wherein the method comprises the following steps, which are
carried out in particular in the following sequence:

d) providing a decorative foil 40,

e) providing a target substrate 10,

f) applying the decorative foil 40 to the target substrate 10.

As represented schematically in Fig. 8, it is in particular also provided that

the following step is carried out before step f):
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g) applying at least one adhesive layer 47 to the decorative foil 40 such
that at least one adhesive layer 47 of the at least one adhesive layers
47 covers at least one first region 21 of the all-over varnish layer 41 at
least partially or over the whole surface and/or does not cover at least
one second region 22 of the all-over varnish layer 41, in particular
wherein at least one second region 22 of the at least one second re-
gions 22 does not overlap at least one first region 21 of the at least
one first regions 21 or overlaps it at least partially or over the whole
surface, and/or applying at least one adhesive layer 47 to the target
substrate 10 such that at least one adhesive layer 47 of the at least
one adhesive layers 47 covers at least one third region 23 of the target
substrate 10 at least partially or over the whole surface and/or does
not cover at least one fourth region 24 of the target substrate 10, in
particular wherein at least one fourth region 24 of the at least one
fourth regions 24 does not overlap at least one third region 23 of the at
least one third regions 23 or overlaps it at least partially or over the

whole surface.

It is furthermore also provided that at least one first and/or third region 21,
23 of the at least one first and/or third regions 21, 23 and/or at least one
second and/or fourth region 22, 24 of the at least one second and/or
fourth regions 22, 24 comprises at least one of the following design ele-
ments or a combination of the following design elements: alphanumeric
character, character, symbol, microprint, image, photo, logo, portrait, pic-
togram, pattern, in particular endless pattern, grid, in particular periodic

grid, amplitude-modulated grid, dot grid, line grid, motif.

At least one adhesive layer 47 of the at least one adhesive layers 47 in
step g) is preferably formed of a hot glue, a thermoplastic adhesive, a
cold glue, a radiation-curable adhesive, in particular an adhesive that can

be cured by means of electromagnetic radiation and/or electron beam
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radiation and/or by means of UV radiation, and/or an oxidatively curing

adhesive and/or a low-migration adhesive.

It is further provided in particular that in step g) at least one adhesive lay-
er 47 of the at least one adhesive layers 47 is applied by means of gra-
vure printing and/or screen printing and/or relief printing and/or pad print-
ing and/or inkjet printing and/or offset printing and/or flexographic printing

and/or casting techniques.

It is also possible for at least one first and/or third region 21, 23 of the at
least one first and/or third regions 21, 23, which is covered by the at least
one adhesive layer 47 of the at least one adhesive layers 47 at least par-
tially or over the whole surface, to be decorated by the all-over varnish

layer 41.

Furthermore, it is advantageous if at least one color layer is applied to at
least one surface of the all-over varnish layer 41 after step f), with the re-
sult that the adhesive force between at least one color layer of the at least
one color layers and the all-over varnish layer 41 is at least 25 cN, prefer-

ably of at least 30 cN.

It is also advantageous if the all-over varnish layer 41 after step f) has a
covering power of more than or equal to 99.5%, preferably of 100%, in the
case of a decoration of a continuous solid surface and a decoration or
point perception of more than or equal to 99.5%, preferably of 100%, in

the case of a decoration of a 10% halftone area.

It is also preferably conceivable that the following step is further carried
out in step f) and/or after step f):
h) pressing on the decorative foil 40 with at least one pressure stamp

and/or at least one pressure roller.
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Further, it is preferably also possible for at least one pressure stamp of
the at least one pressure stamps and/or at least one pressure roller of the
at least one pressure rollers in step h) to be designed as a heated planar
and/or forming stamp and/or a heated roller, wherein this activates at
least one adhesive layer 47 of the at least one adhesive layers 47 at least
partially and/or in at least one first and/or third region 21, 23 of the at least
one first and/or third regions 21, 23 and joins the decorative foil 40 to the

target substrate 10.

It is in particular also possible for the following step further to be carried
out after step f):

peeling the carrier film 42 off the all-over varnish layer 41, wherein the
peel angle between the carrier film 42 and the all-over varnish layer 41

lies in a range of from 0° to 120°, preferably of from 0° to 90°.

When the carrier film 42 is peeled off the all-over varnish layer 41, it is
provided in particular that at least one adhesive layer 47 of the at least
one adhesive layers 47 is applied to at least one first and/or third region
21, 23 of the at least one and/or third regions 21, 23 and a decoration
takes place in this region. In order that a decoration only takes place in
the named region, the so-called cracking force must be overcome. The
cracking force is the force which has to be overcome during the transfer
to a surface area to be decorated or region to be decorated, in order that
defined local breaks in the all-over varnish layer 41 of the decorative foil
40 occur and a sharp-edged decoration of the surface area to be decorat-

ed or region to be decorated is made possible.

The outer edge, in particular the front edge in the feed direction, of at
least one adhesive layer 47 of the at least one adhesive layers 47 is
called the cracking edge. It is provided in particular that the all-over var-
nish layer 41 breaks exactly and in a defined manner at this cracking

edge, with the result that at least one adhesive layer 47 of the at least one



10

15

20

25

30

35

adhesive layers 47, which is applied in at least one first and/or third region
21, 23 of the at least one first and/or third regions 21, 23, predefines the

decoration.

The outer back edge, in the feed direction, of the adhesive layer 47 is
called the tearing edge. It is provided in particular that the all-over varnish
layer 41 breaks exactly and in a defined manner also at this tearing edge,
with the result that at least one adhesive layer 47 of the at least one ad-
hesive layers 47, which is applied in at least one first and/or third region
21, 23 of the at least one first and/or third regions 21, 23, predefines the

decoration.

After the cracking of the all-over varnish layer 41 has taken place, the
decoration of the surface area to be decorated or of the region to be dec-
orated is effected by detachment of the all-over varnish layer 41 from the
carrier film 42. The force required for this is called the tear-off force and it
is as a rule smaller than the cracking force as the all-over varnish layer 41
does not need to be broken through. In general it is true that a small and
homogeneous tear-off force over the entire region to be decorated guar-
antees a high covering power, and the number of decoration defects is

reduced.

By way of example, the force curves of the tear-off force for a decorative
foil 40 according to the invention with a thickness of the carrier film 42 of
5.7 um (Fig. 9a) and a decorative foil 40 according to the state of the art
(Fig. 9b) with a thickness of the carrier film 42 of 12 um are shown in Figs.
9a and 9b, wherein the tear-off force is indicated in cN over the distance
in mm. The two decorative foils 40 tested have identical layer structures
and identical material compositions, except that the carrier film thickness-

es are different.
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A materials testing machine of the Z005 type from ZwickRoell GmbH &
Co. KG was used to record the measured values. The carrier film 42 to be
peeled off has a width of 13.5 mm and a length of 41 mm in both tests.
The detachment of the carrier film 42 is effected in the longitudinal direc-

tion at a speed of 100 mm/min.

The average of the tear-off force for a decorative foil 40 with a carrier film
thickness of 5.7 um is approximately 2.75 cN (see Fig. 9a), whereas the
average of the tear-off force for a decorative foil 40 with a carrier film

thickness of 12 um is approx. 4.5 cN (see Fig. 9b).

The fluctuations in the force amplitude, wherein by this is meant in par-
ticular the fluctuation in the tear-off force around its average, turn out to
be smaller for a decorative foil 40 with a carrier film thickness of 5.7 um
(Fig. 9a) than for a decorative foil 40 with a carrier film thickness of 12 um
(Fig. 9b). The fluctuations in the force amplitude, regarded absolutely, are
smaller than + 0.5 cN for a decorative foil 40 with a carrier film thickness
of 5.7 um, whereas fluctuations in the force amplitude of up to £1 cN
around the average occur in the case of a decorative foil 40 with a carrier

film thickness of 12 um.

Overall, it can thus be said both that the absolute tear-off force in the case
of a decorative foil 40 with a carrier film thickness of 5.7 um is smaller
than in the case of a decorative foil 40 with a carrier film thickness of
12 um and that the fluctuations in the force amplitude around its average
are much smaller in the case of a decorative foil 40 with a carrier film
thickness of 5.7 um than in the case of a decorative foil 40 with a carrier
film thickness of 12 um. With a decorative foil 40 the carrier film 42 of
which has a thickness in the range of from 3 ym to 10 um, the tear-off
force behaves particularly homogeneously, whereby an improved decora-

tion and an improved covering power result.
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A further series of tests proves the advantages set out above. Firstly,
several similar target substrates 10 are prepared, wherein an adhesive
layer 47 is applied to the target substrates 10 in a halftone area with 10%
surface coverage, i.e. 10% of the surface area of the target substrate 10
is covered with adhesive dots. The 10% halftone area has a resolution of
100 Ipi (Ipi = “lines per inch”), is amplitude-modulated and has an angula-
tion of the grid dots of 45°.

To determine the maximum adhesive dots per target substrate 10, a tar-
get substrate 10 without decorative foil 40 is scanned in with a scanner
with a resolution of 1,200 dpi and the number of adhesive dots is counted.

The image forming is also called the adhesive image.

The same procedure is also carried out for decorated target substrates
10, wherein beforehand a target substrate 10 is decorated with a decora-
tive foil 40 with a carrier film thickness of 5.7 um (A) and a target sub-
strate 10 is decorated with a decorative foil 40 with a carrier film thickness
of 12 ym (B) and the carrier film 42 is detached from the all-over varnish

layer 41 after the curing of the adhesive layer 47.
This process is likewise also carried out for several target substrates 10,
in which the adhesive layer 47 is applied in a full-tone area, thus with a

100% surface coverage.

The result of this series of tests is represented in the following table:

10% grid (number | relative proportion (of | covering power of
of decorated dots) 8240 determined dots | the full-tone area
from adhesive image) | in %

in %

A (5.7 um) | 8240 100 100

B(12um) | 5116 62 99
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In the 10% grid, all 8240 adhesive dots are decorated by a decorative foll
40 with a carrier film thickness of 5.7 um; this is also represented in Fig.
10a. In contrast, merely only 62% of the adhesive dots are decorated with
a decorative foil 40 with a carrier film thickness of 12 um, as is also to be
seen in Fig. 10b. Thus, for a decorative foil 40 with a carrier film thickness
of 5.7 um it can be said that there is a clean stamping or a high point per-
ception, this is because 100% of the adhesive dots are decorated and
thus the all-over varnish layer 41 optimally breaks at the cracking edge

and/or at the tearing edge.

Further, a covering power of the full-tone area of 100% is achieved with a
decorative foil 40 with a carrier film thickness of 5.7 um, whereas a cover-
ing power of the full-tone area of 99% is achieved with a decorative foil 40

with a carrier film thickness of 12 pm.

The advantages of a clean stamping and a very high covering power
therefore result for a decorative foil 40 with a carrier film thickness in the

range of from 3 um to 10 pm.

By way of explanation, Figures 11a and 11b are further mentioned, in
which in each case a neutral fiber 50 is drawn in for a decorative foil 40
with a carrier film thickness of 5.7 um (Fig. 11a) and for a decorative foil
40 with a carrier film thickness of 12 um (Fig. 11b). The neutral fiber 50
runs along the geometric center plane or center line of the decorative foil
40. The neutral fiber 50 is the fiber the length of which does not change
when twisted and/or bent, i.e. no tensile stresses or pressure stresses act
on the neutral fiber 50. Further, the distance x from the neutral fiber to the
all-over varnish layer 41 is represented. The smaller the carrier film thick-
ness of the decorative foil 40, the smaller the distance x. With a shrinking
distance x, the normal stress of the all-over varnish layer 41 as a result of

bending is then also reduced. The reduced normal stress of the all-over
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varnish layer 41 in the case of a decorative foil 40 with a carrier film thick-
ness in the range of from 3 um to 10 um ensures that undefined and/or
random local breaks in the all-over varnish layer 41 do not already occur
before the detachment of the carrier film. A clean stamping or a very high

point perception can thus be achieved.

It is provided in particular that the tear-off force has fluctuations in the
force amplitude around its average in a range of from more than or equal

to -0.5 cN to less than or equal to 0.5 cN.

Further, it is preferably provided that the all-over varnish layer 41 has a
covering power of more than or equal to 99.5%, preferably of 100%, in the
case of a decoration of a continuous solid surface and a decoration or
point perception of more than or equal to 99.5%, preferably of 100%, in

the case of a decoration of a 10% halftone area.

It is possible in particular for the force for tearing the all-over varnish layer

41 off the carrier film 42 to lie in a range of from 2 cN to 8 cN.
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PATENTTIVAATIMUKSET

1. Koristekalvo (40), erityisesti laminointi-
kalvo, kylmdleimauskalvo tai kuumaleimauskalvo, Jjoka
kasittaa kantokalvon (42) Jja kokonaislakkakerroksen
(41),

tunnettu siits,

etta kantokalvolla (42) on paksuus alueella
3,0 pm - 10,0 pm,

Ja ettd kokonaislakkakerroksella (41) on pak-
suus alueella 1,0 uym — 2,5 um,

ja etta kokonaislakkakerroksessa (41) on ai-
nakin yksi koristekerros,

ja ettda ainakin vyhdella koristekerroksella
(45) mainitusta ainakin vhdesta koristekerroksesta
(45) on paksuus alueella 8 nm - 500 nm.

2. Edeltavan patenttivaatimuksista mukainen
koristekalvo,

tunnettu siits,

etta kokonaislakkakerroksella (41) on paksuus
alueella 1,0 pm - 1,7 pm, ja/tai

ettad kantokalvon paksuuden suhde kokonaislak-
kakerroksen paksuuteen on alueella 1,8:1 - 7,0:1,
edullisesti 2,5:1 - 5,8:1, Jjossa kantokalvolla (42) on
paksuus alueella suurempi tai vyvhta suuri kuin 3 pm -
pienempi tai yhtad suuri kuin 7 pm, ja/tai ettd kanto-
kalvon paksuuden suhde kokonaislakkakerroksen paksuu-
teen on alueella 4,1:1 - 10,0:1, edullisesti 4,4:1 -
8,3:1, Jossa kantokalvolla (42) on paksuus alueella
suurempi tai yhtd suuri kuin 7 upm - pienempi tai yhta
suuri kuin 10 pm.

3. Jonkin edeltavistd patenttivaatimuksista
mukainen koristekalvo,

tunnettu siits,

etta koristekalvolla (40) on aallonpituusalu-

eella 250 nm - 400 nm olevalle UV-sadteilylle 1&-
paisevyys, Joka on alueella 5 % - 70 %, erityisesti 10

% - 40 3.
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4. Jonkin edeltavistd patenttivaatimuksista
mukainen koristekalvo,

tunnettu siits,

etta repaisyvoimassa on voima-amplitudin
poikkeamia keskiarvostaan alueella suurempi tai vyhta
suuri kuin -0,5 cN - pienempi tai yhtd suuri kuin 0,5
cN, ja/tai

ettda kokonaislakkakerroksella (41) on ainakin
yvhdella pinnalla ainakin yksi varikerros, Jjossa pito-
voima ainakin vyhden varikerroksen mainituista ainakin
vhdesta varikerroksesta ja kokonaislakkakerroksen (41)
valilla on wvahintaan 25 c¢N, edullisesti wvahintaan 30
CcN.

5. Jonkin edeltavistd patenttivaatimuksista
mukainen koristekalvo,

tunnettu siits,

etta kokonaislakkakerroksella (41) on yhte-
naisen kokopinnan koristelussa peittovoima, Jjoka on
suurempi tai yhtad suuri kuin 99,5 %, edullisesti 100
%, Ja 10 % -rasterisavykentan koristelussa koristelu
tai pistehavainto (Point Perception), joka on suurempi
tai yhtd suuri kuin 99,5 %, edullisesti 100 %.

6. Jonkin edeltavista patenttivaatimuksista
mukainen koristekalvo,

tunnettu siits,

ettda kokonaislakkakerroksessa (41) on ainakin
vksi dirrotuskerros (43) ja/tai ainakin yksi suojalak-
kakerros (44) Jja/tai ainakin vyksi koristekerros (45)
ja/tal ainakin vksi pohjakerros (46) Jja/tai ainakin
vksi liimakerros (47) ja/tai ainakin vksi varikerros.

7. Patenttivaatimuksen 6 mukainen koristekal-
VO,

tunnettu siits,

ettd ainakin vyksi dirrotuskerros (43) maini-
tuista ainakin vyhdestad irrotuskerroksesta (43) kasit-
t4ad materiaalia tai materiaaliyhdistelmaa, joka on va-

littu seuraavista:
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vaha, silikoni, polyuretaani ja/tai polymee-
rit, edullisesti akrylaattikopolymeeri, polyesteriko-
polymeerit, polystyrolikopolymeerit, polykarbonaatti-
kopolymeerit, ja/tai

ettd ainakin vyhdellada irrotuskerroksella (43)
mainituista ainakin vhdesta irrotuskerroksesta (43) on
paksuus alueella 0,01 pm - 0,50 um, edullisesti 0,10
pm - 0,30 pm, Jja/tail

ettd ainakin vyksi dirrotuskerros (43) maini-
tuista ainakin vyhdestd irrotuskerroksesta (43) on 1la-
pinakyva ja/tal valoa lapaiseva ja/tail opaakki ja/tai
varjatty ja/tail ainakin osittain varjatty ja/tai la-
sinkirkas.

8. Patenttivaatimuksen 6 tai 7 mukainen ko-
ristekalvo,

tunnettu siits,

ettd ainakin yksi suojalakkakerros (44) mai-
nituista ainakin vyhdestad suojalakkakerroksesta (44)
kasittaad materiaalia tai materiaalivhdistelmaa, Jjoka
on valittu seuraavista: polymeerit, erityisesti akry-
laattikopolymeerit, polyesterikopolymeerit, polystyro-
likopolymeerit, polykarbonaattikopolymeerit ja/tai
SMA-kopolymeerit.

9. Patenttivaatimuksen 7 tai 8 mukainen ko-
ristekalvo,

tunnettu siits,

ettda kokonaislakkakerroksen (41) polymeereil-
la, erityisesti akrylaattikopolymeereilld, polyesteri-
kopolymeereilld, polystyrolikopolymeereilla, polykar-
bonaattikopolymeereilla ja/tai SMA-kopolymeereilla tai
niiden yhdistelmilld on moolimassa alueella 1000 g/mol
- 100000 g/mol, edullisesti 3000 g/mol - 35000 g/mol.

10. Jonkin patenttivaatimuksista 6-9 mukainen
koristekalvo,

tunnettu siits,

etta ainakin vhdelld suojalakkakerroksella

(44) mainituista ainakin yhdestd suojalakkakerroksesta
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(44) on paksuus alueella 0,5 puym - 3 um, erityisesti
0,8 pym — 1,3 pm, Jja/tai

ettd ainakin yksi suojalakkakerros (44) mai-
nituista ainakin yhdestd suojalakkakerroksesta (44) on
lapinakyva Jja/taili valoa lapaiseva Jja/tail opaakki
ja/tal wvarjatty Jja/tai ainakin osittain varjatty
ja/tai lasinkirkas.

11. Jonkin edeltavista patenttivaatimuksista
mukainen koristekalvo,

tunnettu siits,

etta kokonaislakkakerroksen (41) repaisyvoima
kantokalvosta (42) on alueella 2 cN — 8 cN.

12. Jonkin patenttivaatimuksista 6-11 mukai-
nen koristekalvo,

tunnettu siits,

ettd ainakin vyhdessa koristekerroksessa (45)
mainituista ainakin vhdesta koristekerroksesta (45) on
ainakin vyksi optisesti muuttuvan efektin generoiva
kerros, ja/tai

ettd ainakin vyhdessa koristekerroksessa (45)
mainituista ainakin vhdesta koristekerroksesta (45) on
ainakin vksi replikaatiolakkakerros, jolla on ainakin
vhteen replikaatiolakkakerrokseen mainituista ainakin
vhdesta replikaatiolakkakerroksesta muodostuva pinta-
rakenne, joka on erityisesti wvalittu seuraavista: dif-
fraktiivinen pintarakenne, refraktiivinen pintaraken-
ne, linssirakenne, mattarakenne Jja/tai Dblaze-hila
(blazed grating), ja/tai

ettd ainakin vyhdessa koristekerroksessa (45)
mainituista ainakin vhdesta koristekerroksesta (45) on
heijastuskerros, erityisesti ainakin yksi kuviomaises-
ti ensimmdisen tiedon muotoon muotoiltu heijastusker-
ros.

13. Jonkin patenttivaatimuksista 6-12 mukai-
nen koristekalvo,

tunnettu siits,
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ettd ainakin vyhdessa koristekerroksessa (45)
mainituista ainakin vhdesta koristekerroksesta (45) on
ainakin vksi ohutkalvokerroselementti katsomissuunnas-
ta riippuvan varinmuutosefektin aikaansaamiseksi,
ja/tai

ettd ainakin vyhdessa koristekerroksessa (45)
mainituista ainakin vhdesta koristekerroksesta (45) on
ainakin yksi kuviomaisesti toisen tiedon muotoon muo-
toiltu varikerros, ja/tai

ettd ainakin vyhdessa koristekerroksessa (45)
mainituista ainakin vhdesta koristekerroksesta (45) on
ainakin vksi metallikerros ja/tai ainakin vksi
dielektrinen kerros, ja/tai

ettd ainakin vyhdella koristekerroksella (45)
mainituista ainakin vhdesta koristekerroksesta (45) on
paksuus alueella 8 nm - 500 nm, edullisesti 8 nm - 60
nm, erityisen edullisesti 10 nm - 30 nm.

14. Patenttivaatimuksen 13 mukainen koriste-
kalvo,

tunnettu siits,

ettda ainakin vyksi metallikerros mainituista
ainakin yhdestd metallikerroksesta kasittaa materiaa-
lia tai materiaaliyhdistelm&a, joka on wvalittu seuraa-
vista: alumiini, hopea, kulta, kupari, nikkeli, kromi
ja/tal seos, joka kasittaa ainakin kahta mainituista
metalleista; ja/tai

ettd ainakin yksi dielektrinen kerros maini-
tuista ainakin vyvhdestd dielektrisestd kerroksesta kéa-
sittda materiaalia tai materiaaliyhdistelmda, Jjoka on
valittu seuraavista: metallioksidi, polymeeri, lakka
ja/tai HRI-materiaali, erityisesti MgO, TiO,, Al.0s,
Zzn0, znS Jja/tai S$:0,, Jjossa muuttuja n on edullisesti
alueella suurempi tai yvhtd suuri kuin 0 - pienempi tai
yhtda suuri kuin 3.

15. Jonkin patenttivaatimuksista 6-14 mukai-
nen koristekalvo,

tunnettu siits,
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ettda ainakin vyhdella pohjakerroksella (46)
mainituista ainakin vhdesta pohjakerroksesta (46) on
paksuus alueella 0,1 pm - 2 um, erityisen edullisesti
0,2 pm — 0,8 pm, ja/tai

ettd ainakin yksi pohjakerros (46) mainituis-
ta ainakin vyhdestd pohjakerroksesta (46) on muodostet-
tu lapinakyvaksi Jja/tail valoa lapaisevaksi Ja/tai
opaakiksi Jja/tai wvarjatyvksi Ja/tai ainakin osittain
varjatyvksi ja/tai lasinkirkkaaksi.

16. Menetelma koristekalvon, erityisesti jon-
kin patenttivaatimuksista 1-15 mukaisen koristekalvon
valmistamiseksi, Jossa menetelmd kasittda seuraavat
vaiheet, Jjotka suoritetaan erityisesti seuraavassa
jarjestyksessa:

a) alkaansaadaan kantokalvo (42), Jjossa kan-
tokalvolla on paksuus alueella 3,0 pm - 10,0 pm,

b) levitetaan kokonaislakkakerros (41) kanto-
kalvon (42) ainakin yhden pinnan ainakin vyhdelle alu-
eelle, jolloin muodostuu koristekalvo (40),

ja etta kokonaislakkakerroksella (41) wvai-
heessa b) on paksuus alueella 1,0 pm - 2,5 um,

ja etta kokonaislakkakerroksessa (41) wvai-
heessa b) on ainakin yksi koristekerros ja ettd aina-
kin yvhdella koristekerroksella (45) mainitusta ainakin
vhdesta koristekerroksesta (45) on paksuus alueella 8
nm — 500 nm.

17. Patenttivaatimuksen 16 mukainen menetel-
ma,

tunnettu siits,

etta kokonaislakkakerroksella (41) wvaiheessa
b) on paksuus alueella 1,0 pm - 1,7 pm, ja/tai

etta kantokalvon (42) paksuuden suhde koko-
naislakkakerroksen (41) paksuuteen on alueella 1,8:1 -
7,0:1, edullisesti 2,5:1 - 5,8:1, Jjossa kantokalvolla
(42) on paksuus alueella suurempi tai yhtd suuri kuin
3 pm - pienempi tai yhta suuri kuin 7 pm, ja/tai etta

kantokalvon (42) paksuuden suhde kokonaislakan paksuu-
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teen on alueella 4,1:1 - 10,0:1, edullisesti 4,4:1 -
8,3:1, Jossa kantokalvolla (42) on paksuus alueella
suurempi tai yhta suuri kuin 7 pm - pienempi tai yhta
suuri kuin 10 pm.

18. Patenttivaatimuksen 16 tai 17 mukainen
menetelms,

tunnettu siits,

etta kokonaislakkakerroksessa (41) wvaiheessa
b) on ainakin yksi irrotuskerros (43) Jja/tai ainakin
vksi suojalakkakerros (44) Jja/tai ainakin vksi koris-
tekerros (45) Jja/tai ainakin vksi pohjakerros (46)
ja/tal ainakin vyksi liimakerros (47) Jja/tai ainakin
yvksi varikerros.

19. Menetelmd kohdealustan koristelemiseksi,
jossa menetelmd kasittada seuraavat vaiheet, jotka suo-
ritetaan erityisesti seuraavassa Jjarjestyksessa:

d) ailkaansaadaan Jjonkin patenttivaatimuksista
1-15 mukainen koristekalvo (40),

e) alkaansaadaan kohdealusta (10),

f) levitetaan koristekalvo (40) kohdealustal-

20. Patenttivaatimuksen 19 mukainen menetel-
ma,

tunnettu siita,

kokonaislakkakerroksen (41) ainakin vyhdelle
pinnalle levitetdan wvaiheen £f) Jdlkeen ainakin vyksi
varikerros, Jjotta pitovoima ainakin vhden varikerrok-
sen mainituista ainakin vyhdestd& varikerroksesta ja ko-
konaislakkakerroksen (41) wvalilla on vahintdaan 25 cN,
edullisesti vahintaan 30 cN.

21. Patenttivaatimuksen 19 tai 20 mukainen
menetelms,

tunnettu siita,

ettda kokonaislakkakerroksella (41) on vaiheen
f) jédlkeen yhtenaisen kokopinnan koristelussa peitto-
voima, joka on suurempi tai yhta suuri kuin 99,5 %,

edullisesti 100 %, ja 10 %-rasterisavykentan koriste-
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lussa koristelu tai pistehavainto (Point Perception),
joka on suurempi tai vyhta suuri kuin 99,5 %, edulli-
sesti 100 %.
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Tear-off force measurement 5.7 ym Carrier

Tear-off force in ché

Bistance in mm

Tear-off force measurement 12 ym Carrier

Tear-off force in ch

Distance in mm
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