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Description
Technical Field

[0001] The presentinvention relates to the field of writ-
ing systems. More specifically, the present invention re-
lates to writing systems comprising writing surfaces
color-adjustable by humidity.

Background

[0002] Typical writing instruments comprise pigments
or dyes as colorants. By switching between writing in-
struments comprising different colorants, a user can pro-
duce drawings with varying colors. Switching between
writing instruments can be a nuisance to a user. Further,
once atypical writing substrate, such as paper, is colored
with a pigment or dye, the pigment or dye can hardly or
notatall be removed. The paper is therefore a disposable
product.

[0003] In nature structural coloration is observed. For
example, the feather of peacocks or the fur of golden
moles exhibit structural coloration. Structural coloration
occurs when microscopically structured surfaces inter-
fere with visible light. Surfaces may appear in different
colors depending on the spatial configuration of the sur-
face without the need for pigments and/or dyes. In the
case of peacock feathers the feathers further show iri-
descence due to the structural coloration. Iridescence is
a visual effect wherein certain surfaces appear to grad-
ually change color with changing angle of view or illumi-
nation. Iridescence is rarely observed in images created
by typical writing instrument comprising pigments or
dyes.

[0004] The present disclosure aims to provide a novel
writing system allowing the provision of different colors
with a single writing instrument.

Summary

[0005] In a first aspect, the present disclosure relates
to a writing system comprising a writing instrument. The
writing instrument comprises a liquid reservoir compris-
ing a hygroscopic liquid and/or water and a writing sur-
face comprising a writing surface film. The writing surface
film comprises a plurality of layers. Further, the writing
surface film is configured to display different colors de-
pending on a water content in the writing surface film.
[0006] In some embodiments the plurality of layers
may comprise at least a first type of layer and a second
type of layer.

[0007] Insome embodiments the first type of layer may
exhibit a thickness between about 15 nm to about 75 nm,
more specifically between about 25 nm to about 65 nm
and in particular between about 35 nm to about 55 nm.
[0008] In some embodiments the second type of layer
may exhibit a thickness between about 50 nm to about
300 nm, more specifically between about 80 nm to about
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250 nm and in particular between about 100 nm to about
165 nm.

[0009] Insome embodiments the first type of layer and
second type of layer may be arranged in an alternating
order.

[0010] In some embodiments the plurality of layers
may comprise at least 4 layers, more specifically at least
6 layers and in particular at least 8 layers.

[0011] In some embodiments the writing surface may
have a local resolution between about 15 wm and about
200 pwm, more specifically between about 30 um and
about 100 pm and in particular between about 50 pm
and about 70 pm.

[0012] In some embodiments the thickness of the sec-
ond type of layer may be configured to be adjustable.
[0013] In some embodiments the second type of layer
may be configured to absorb water, wherein the absorp-
tion of water leads to an increase in thickness.

[0014] In some embodiments the writing surface may
be configured to display different colors depending upon
the water content of the second type of layer.

[0015] In some embodiments the distance between
consecutive layers of first type of layers may depend on
the water content in the writing surface film.

[0016] In some embodiments the distance between
consecutive layers of first type of layers may depend on
the water content in the second type of layer.

[0017] Insome embodiments the first type of layer and
second type of layer may form one or more photonic crys-
tals.

[0018] In some embodiments the plurality of layers
may comprise a block copolymer.

[0019] Insomeembodimentsthe block copolymer may
comprise a first type block moiety and a second type
block moiety.

[0020] Insomeembodiments the firsttype block moiety
and the second type block moiety may form separate
phases.

[0021] Insomeembodiments the first type of layer may
comprise at least 90 %, more specifically, at least 95 %
and in particular at least 98 % of the first type block moi-
ety.

[0022] In some embodiments the second type of layer
may comprise at least 90 %, more specifically, at least
95 % and in particular at least 98 % of the second type
block moiety.

[0023] In some embodiments the plurality of layers
may comprise a dopant, more specifically a metal salt
and in particular copper chloride.

[0024] In some embodiments the second type of layer
may comprise the dopant.

[0025] Insomeembodiments the firsttype block moiety
may be hydrophobic and the second type block moiety
is hydrophilic.

[0026] Insomeembodimentsthe block copolymer may
comprise a 1D block copolymer, more specifically a self-
assembled 1D block copolymer and in particular polysty-
rene-b-poly(2-vinylpyridine) or poly(2-vinylpyridine)-b-



3 EP 4 209 357 A1 4

polystyrene-b-poly(2-vinylpyridine).

[0027] Insomeembodiments the block copolymer may
comprise a bottlebrush block copolymer, in particular pol-
ystyrene/hexanoate brush-coil copolymers, polylac-
tide/polystyrene brush copolymers and/or polylac-
tide/poly(n-butylacrylate) bottlebrush-copolymers.
[0028] Insomeembodiments the block copolymer may
comprise an AB block copolymer, in particular poly(me-
thyl methacrylate)-block-polystyrene.

[0029] In some embodiments the writing surface film
may comprise a hydrogel, more specifically a cross-
linked hydrogel, in particular a cross-linked interpenetrat-
ed hydrogel network.

[0030] In some embodiments the second type of layer
may comprise the hydrogel.

[0031] In some embodiments the hydrogel may com-
prise a protein based, a synthetic and/or a polysaccha-
ride based hydrogel.

[0032] In some embodiments the polysaccharide
based hydrogel may comprise chitosan, alginate and/or
starch.

[0033] In some embodiments the hydrogel may com-
prise poly(ethylene glycol) diacrylate.

[0034] Insome embodiments the block copolymer and
the hydrogel may form a cross-linked interpenetrating
hydrogel network.

[0035] In some embodiments the second type block
moieties and the hydrogel may form a cross-linked inter-
penetrating hydrogel network.

[0036] In some embodiments the writing surface film
may have a thickness between about 200 nm to about
1200 nm, more specifically between about 250 nm to
about 1100 nm and in particular between about 300 nm
to about 1000 nm.

[0037] In some embodiments the second layer may
comprise the hygroscopic liquid.

[0038] In some embodiments the hygroscopic liquid
may comprise an ionic liquid.

[0039] Insomeembodiments the ionic liquid may com-
prise a salt derived from 1-methylimidazole, more spe-
cifically a salt of an 1-alkyl-3methylimidazolium and in
particular a salt of 1-ethyl-3-methyl-imidazolium, 1-butyl-
3-methylimidazolium, 1-methyl-3-octyl-imidazolium, 1-
decyl-3-methylimidazolium, 1-dodecyl-3-methyl-doce-
cylimidazolium.

[0040] Insome embodiments the ionic liquid may com-
prise a bis(trifluoromethylsulfonyl)amine lithium salt.
[0041] Insomeembodiments, the ionicliquid may com-
prise an imidazolium cation, N-heterocyclic cations de-
rived from pyridine, quarternary ammonium cations,
phosphonium cations, tetrafluoroborate, hexaflurophos-
phate, bis-trifluromethanesulfonimide, trifluorometh-
anesulfonate, dicyanamide, a protic ionic liquid and/or
poly(ionic liquid)s.

[0042] In some embodiments the writing system may
comprise a water reservoir.

[0043] In some embodiments the writing system may
comprise the water reservoir within a water dispensing
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unit.

[0044] In some embodiments the writing instrument
may comprise the water dispensing unit.

[0045] In some embodiments the writing instrument
may comprise a control element configured to control a
rate of water dispersion.

[0046] In some embodiments the rate of water disper-
sion may be adjusted between about 0.01 L/h to 0.5 L/h.
[0047] Insome embodiments the control element may
comprise a selection ring, a slider button and/or a touch
sensor strip.

[0048] In some embodiments the control element may
comprise a color identification, in particular a gradually
colored strip.

[0049] Insome embodiments the water dispersion unit
may comprise a water atomizer, wherein the water at-
omizer may comprise a piezoelectric element, a mesh
disc connected to the piezoelectric element, and a water
outlet.

[0050] In some embodiments the piezoelectric ele-
ment may be configured to oscillate when supplied with
an electric frequency.

[0051] In some embodiments the piezoelectric ele-
ment may be configured to oscillate with a frequency be-
tween about 1 kHz to about 20 MHz, more specifically
between about 5 kHz to about 10 MHz and in particular
between about 20 kHz to about 5 MHz.

[0052] Insome embodiments the control element may
be configured to control the electric frequency.

[0053] Insome embodiments the mesh disc may com-
prise a mesh with an average mesh diameter between
about 3 pum to about 30 um.

[0054] In some embodiments the writing instrument
may comprise a mixing chamber, wherein the mixing
chamber may be configured to receive hygroscopic liquid
and water.

[0055] Insome embodiments writing system may com-
prise a curing agent dispenser.

[0056] In some embodiments the curing agent dis-
penser may comprise a curing agent.

[0057] In some embodiments the curing agent dis-
penser may be configured to dispense the curing agent
on the writing surface.

[0058] In some embodiments the curing agent dis-
penser may be configured to dispense the curing agent
into the mixing chamber.

[0059] Insome embodiments the curing agent may be
avarnish, in particular violin, an alkyd resin, spar varnish,
a drying oil, polyurethane, lacquer, an acrylic resin, an
epoxy resin, a two part epoxy resin.

[0060] In some embodiments the curing agent may
comprise a solvent.

[0061] In some embodiments the curing agent may
comprise tannic acid, alum, chrome alum, sodium chlo-
ride, aluminium salts, chromium, copper, iron, iodine, po-
tassium, sodium, tungsten and/or tin.

[0062] In some embodiments the writing instrument
may comprise a nib, a felt tip and/or a roller ball.
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[0063] In some embodiments the writing instrument
may comprise a writing orifice.

[0064] In some embodiments the writing instrument
may comprise a hygroscopic liquid orifice, a water orifice
and/or a curing agent orifice.

[0065] In a second aspect, the present disclosure re-
lates to a writing instrument comprising a liquid reservoir
comprising a hygroscopic liquid, a water reservoir com-
prising water, and a curing agent reservoir comprising a
curing agent.

[0066] In a third aspect, the present disclosure relates
to a writing surface comprising a writing surface film,
wherein the writing surface film comprises a plurality of
layers. Further, the writing surface film is configured to
display different colors depending on a water content in
the writing surface film.

[0067] Inafourthaspect, the presentdisclosurerelates
to a water dispersion unit comprising a water atomizer.
The water atomizer comprises a piezoelectric element,
a mesh disc connected to the piezoelectric element, and
a water outlet.

Detailed Description

[0068] Hereinafter, a detailed description will be given
of the present disclosure. The terms or words used in the
description and the aspects of the present disclosure are
not to be construed limitedly as only having common-
language or dictionary meanings and should, unless spe-
cifically defined otherwise in the following description, be
interpreted as having their ordinary technical meaning
as established in the relevant technical field. The detailed
description will refer to specific embodiments to better
illustrate the present disclosure, however, it should be
understood that the presented disclosure is not limited
to these specific embodiments.

[0069] It has been surprisingly found that a writing sur-
face film comprising a plurality of layers may display dif-
ferent colors depending on a water content in the writing
surface film. This color-changing effect allows drawing
and/or the writing on a writing surface film with water or
a composition comprising water to create images and to
adjust the color of these images by controlling the water
content.

[0070] In principle, there are two not necessarily mu-
tually exclusive ways of adjusting the color of the writing
surface film:

The water content of the writing surface film may be ad-
justed by first writing with a writing instrument which dis-
penses a hygroscopic liquid to the writing surface. Then,
water is added to the drawing or water is absorbed from
surrounding air to adjust the color of the writing surface
film.

[0071] In the second way of adjusting the color, the
hygroscopic liquid may be infused into parts or all of the
writing surface film prior to the drawing action. Subse-
quently, water or a composition comprising water may
be dispensed from a writing instrument to create a color-

10

15

20

25

30

35

40

45

50

55

ed writing or drawing on the writing surface.

[0072] Figure 1 shows a writing surface film comprising
a hygroscopic liquid, more specifically the lithium salt of
bis(trifluoromethylsulfonyl)amine. With increasing hu-
midity, for example in the ambient air, the writing surface
film absorbs more water, in particularin layers comprising
the hygroscopic liquid. Due to the absorption of water,
the width of the layers comprising the hygroscopic liquid
increases. The width increase may, without wishing to
be bound by theory, adjust the color of the writing surface
film, more specifically adjust the color reflected by the
writing surface film, for example from blue to red.
[0073] Accordingly, in a first aspect, the present dis-
closure relates to a writing system comprising a writing
instrument. The writing instrument comprises a liquid res-
ervoir comprising a hygroscopic liquid and/or water and
a writing surface comprising a writing surface film. The
writing surface film comprises a plurality of layers. Fur-
ther, the writing surface film is configured to display dif-
ferent colors depending on a water content in the writing
surface film.

[0074] Without wishing to be bound by theory, the
color-changing effect may rely on structural coloration.
In particular, the color-changing effect may rely on the
writing surface film comprising the plurality of layers,
which may form one or more one-dimensional photonic
crystals. The term "one-dimensional photonic crystal"
within this disclosure i.a. refers to its common meaning
in the art. Additionally or alternatively the term "one-di-
mensional photonic crystal" may refer to a plurality of
layers affecting the motion of light (photons), in particular
a plurality of layers affecting the motion of light (photons)
exhibiting a periodicity. Additionally or alternatively the
term "one-dimensional photonic crystal" may refer to a
plurality of layers having a photonic band-gap in at least
one dimension. Additionally or alternatively the term
"one-dimensional photonic crystal" may refer to a plural-
ity of layers, wherein a first type of layer has a higher
dielectric constant compared to a second type of layer,
in particular wherein the first and second layer alternate.
Again, without wishing to be bound by theory, one-di-
mensional photonic crystals may affect the motion of pho-
tons, in particular one-dimensional photonic crystals may
affect the motion of photons by exhibiting a photonic
band-gap. The photonic band-gap allows light with a
wavelength outside the photonic band-gap range to prop-
agate through the plurality of layers, while light with a
wavelength in the range of the photonic band-gap range
cannot propagate. For light to be diffracted, the periodic-
ity of the plurality of layers must correspond approximate-
ly to half of the wavelength of the light. The photonic
band-gap may therefore depend upon the periodicity of
the layers. Again, without wishing to be bound by theory,
when the writing surface film absorbs water, at least one
of the layers of the plurality of layers may increase in
thickness, thereby changing the periodicity of layers,
which in turn changes the photonic band-gap, which fi-
nally changes the color the writing surface film displays.
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[0075] The colors displayed by the writing surface film
may furthermore be iridescent. Iridescent colors may be
appealing to auser. Furthermore, the writing surface may
be reusable, as water may evaporate from the writing
surface film, returning it to a uniform color.

Writing Surface Film

[0076] In some embodiments the plurality of layers
may comprise at least a first type of layer and a second
type of layer. As mentioned above, the plurality of layers
may comprise a firsttype and second type of layer having
different dielectric constants, thereby forming one or
more photonic crystal(s).

[0077] Insome embodiments the first type of layer may
exhibit a thickness between about 15 nm to about 75 nm,
more specifically between about 25 nm to about 65 nm
and in particular between about 35 nm to about 55 nm.
[0078] In some embodiments the second type of layer
may exhibit a thickness between about 50 nm to about
300 nm, more specifically between about 80 nm to about
250 nm and in particular between about 100 nm to about
165 nm.

[0079] The thickness of the first type of layer and/or
second type of layer may influence the periodicity of the
plurality of layers, which in turn may influence the phot-
onic band-gap.

[0080] In some embodiments the first type of layer and
second type of layer may be arranged in an alternating
order. A plurality of layers comprising a first type of layer
and a second type of layer may exhibit a periodicity.
[0081] In some embodiments the plurality of layers
may comprise at least 4 layers, more specifically at least
6 layers and in particular at least 8 layers. More layers
may lead to a more intense coloration of the writing sur-
face film.

[0082] In some embodiments the writing surface may
have a local resolution between about 15 wm and about
200 pwm, more specifically between about 30 um and
about 100 pwm and in particular between about 50 pum
and about 70 pum. A higher resolution may result in an
image with sharper contours when drawing.

[0083] In some embodiments the thickness of the sec-
ond type of layer may be configured to be adjustable.
[0084] In some embodiments the second type of layer
may be configured to absorb water, wherein the absorp-
tion of water leads to an increase in thickness.

[0085] In some embodiments the writing surface may
be configured to display different colors depending upon
the water content of the second type of layer.

[0086] In some embodiments the distance between
consecutive layers of first type of layers may depend on
the water content in the writing surface film.

[0087] In some embodiments the distance between
consecutive layers of first type of layers may depend on
the water content in the second type of layer.

[0088] As previously described, again without wishing
to be bound by theory, the periodicity of the plurality of
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layers may influence the color shown by the writing sur-
face, in particular as the periodicity of the layers may
influence the photonic band-gap in the material. The pe-
riodicity of the material may be altered by increasing the
water contentin atleastone of the layers, e.g. the second
type of layer, thereby leading to a change of color dis-
played by the writing surface. An increase of thickness
the second type of layer may, e.g. when the first and
second type of layer alternate, lead to an increase in the
distance between two layers of the first type of layer.
[0089] Insome embodiments the first type of layer and
second type of layer may form one or more photonic crys-
tals.

[0090] In some embodiments the plurality of layers
may comprise a block copolymer.

[0091] Insomeembodimentsthe block copolymer may
comprise a first type block moiety and a second type
block moiety.

[0092] Insomeembodiments the firsttype block moiety
and the second type block moiety may form separate
phases. In some embodiments, some block copolymers
may comprise a first type block moiety and second type
block moiety exhibiting different properties. For example,
the first type block moiety and the second type block moi-
ety may exhibit different electrostatic properties. Without
wishing to be bound by theory, the plurality of layers may
form by e.g. self-assembly because the electrostatic
properties may lead to an energy minimum when block
moieties of the first type interact with other block moieties
of the first type and block moieties of the second type
interact with other block moieties of the second type. As
a result, some block copolymers may spontaneously
form separate phases, which in turn may form a plurality
of phases. The plurality of phases may form a plurality
of layers comprising a first type of layer and second type
of layer.

[0093] Insomeembodiments the first type of layer may
comprise at least 90 %, more specifically, at least 95 %
and in particular at least 98 % of the first type block moi-
ety.

[0094] In some embodiments the second type of layer
may comprise at least 90 %, more specifically, at least
95 % and in particular at least 98 % of the second type
block moiety.

[0095] In some embodiments the plurality of layers
may comprise a dopant, more specifically a metal salt
and in particular copper chloride. Dopants may improve
the formation of separate phases by the block copolymer
and hence the formation of a plurality of phases.

[0096] In some embodiments the second type of layer
may comprise the dopant.

[0097] Insomeembodiments the firsttype block moiety
may be hydrophobic and the second type block moiety
is hydrophilic.

[0098] Insomeembodimentsthe block copolymer may
comprise a 1D block copolymer, more specifically a self-
assembled 1D block copolymer and in particular polysty-
rene-b-poly(2-vinylpyridine) or poly(2-vinylpyridine)-b-
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polystyrene-b-poly(2-vinylpyridine).

[0099] Insomeembodiments the block copolymer may
comprise a bottlebrush block copolymer, in particular pol-
ystyrene/hexanoate brush-coil copolymers, polylac-
tide/polystyrene brush copolymers and/or polylac-
tide/poly(n-butylacrylate) bottlebrush-copolymers.
[0100] Insomeembodiments the block copolymer may
comprise an AB block copolymer, in particular poly(me-
thyl methacrylate)-block-polystyrene.

[0101] In some embodiments the writing surface film
may comprise a hydrogel, more specifically a cross-
linked hydrogel, in particular a cross-linked interpenetrat-
ed hydrogel network.

[0102] In some embodiments the second type of layer
may comprise the hydrogel.

[0103] The hydrogel may increase the water absorp-
tion rate and/or water absorption capacity of the plurality
of layers, in particular the second type of layer. This may
increase the speed at which the color may be changed
and/or increase the achievable color range.

[0104] In some embodiments the hydrogel may com-
prise a protein based, a synthetic and/or a polysaccha-
ride based hydrogel.

[0105] In some embodiments the polysaccharide
based hydrogel may comprise chitosan, alginate and/or
starch.

[0106] In some embodiments the hydrogel may com-
prise poly(ethylene glycol) diacrylate.

[0107] Insome embodiments the block copolymer and
the hydrogel may form a cross-linked interpenetrating
hydrogel network.

[0108] In some embodiments the second type block
moieties and the hydrogel may form a cross-linked inter-
penetrating hydrogel network. A cross-linked interpene-
trating hydrogel network may provide an increased water
absorption capacity. Further, the cross-linked interpen-
etrating hydrogel may increase the mechanical proper-
ties of layers formed by the second type block moieties
and therefore the mechanical properties of the writing
surface film.

[0109] In some embodiments the writing surface film
may have a thickness between about 200 nm to about
1200 nm, more specifically between about 250 nm to
about 1100 nm and in particular between about 300 nm
to about 1000 nm.

lonic Liquid

[0110] In some embodiments the second layer may
comprise the hygroscopic liquid. As mentioned above,
the hygroscopic liquid may be infused into the writing
surface, instead of being added during the writing and/or
drawing action.

[0111] In some embodiments the hygroscopic liquid
may comprise an ionic liquid. lonic liquids may be com-
patible with the second type of layer, in particular ionic
liquids may be soluble in the second type of layer. Fur-
ther, ionic liquids may be non-volatile and therefore re-
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main in the second type of layer during for example stor-
age. Furthermore, ionic liquids may exhibit strong hygro-
scopic properties increasing the rate and capacity of wa-
ter absorption.

[0112] Insome embodiments the ionic liquid may com-
prise a salt derived from 1-methylimidazole, more spe-
cifically a salt of an 1-alkyl-3methylimidazolium and in
particular a salt of 1-ethyl-3-methyl-imidazolium, 1-butyl-
3-methylimidazolium, 1-methyl-3-octyl-imidazolium, 1-
decyl-3-methylimidazolium, 1-dodecyl-3-methyl-doce-
cylimidazolium.

[0113] Insome embodiments the ionic liquid may com-
prise a bis(trifluoromethylsulfonyl)amine lithium salt.
[0114] Insomeembodiments,theionicliquid may com-
prise an imidazolium cation, N-heterocyclic cations de-
rived from pyridine, quarternary ammonium cations,
phosphonium cations, tetrafluoroborate, hexaflurophos-
phate, bis-trifluromethanesulfonimide, trifluorometh-
anesulfonate, dicyanamide, a protic ionic liquid and/or
poly(ionic liquid)s.

Water Dispenser

[0115] In some embodiments the writing system may
comprise a water reservoir.

[0116] In some embodiments the writing system may
comprise the water reservoir within a water dispensing
unit.

[0117] As mentioned above, the water may be applied
as a liquid, e.g. by a pen comprising water. Alternatively
or additionally, the humidity of the ambient air may be
adjusted. Adjusting the humidity of the ambient air may
be advantageous when the image was drawn using the
hygroscopic liquid.

[0118] In some embodiments the writing instrument
may comprise the water dispensing unit.

[0119] In some embodiments the writing instrument
may comprise a control element configured to control a
rate of water dispersion. Adjusting the rate of water dis-
persion may allow controlling the color the writing surface
is set to.

[0120] In some embodiments the rate of water disper-
sion may be adjusted between about 0.01 L/h to 0.5 L/h.
[0121] In some embodiments the control element may
comprise a selection ring, a slider button and/or a touch
sensor strip.

[0122] In some embodiments the control element may
comprise a color identification, in particular a gradually
colored strip. The gradually colored strip may allow iden-
tifying which color is set by the control element, as the
selected color on the strip may match the color produced
during the writing action.

Atomiser
[0123] Insome embodiments the water dispersion unit

may comprise a water atomizer, wherein the water at-
omizer may comprise a piezoelectric element, a mesh
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disc connected to the piezoelectric element, and a water
outlet. The water atomizer may allow adjusting the air
humidity of the surrounding air. For example, the water
atomizer may be used to set the air humidity of air coming
out of the water outlet to a certain level. The water atom-
izer may then be dragged over writing surface film to set
the color of the writing and/or drawing which has been
previously produced with the writing instrument using the
ionic liquid. Alternatively or additionally, the water atom-
izer may be used to write and/or draw itself, in particular
if the writing surface film already comprises the ionic lig-
uid.

[0124] Alternatively or additionally, the water atomizer
may be attached to a movable mount, wherein the mov-
able mount is configured to move the atomizer across at
least part of the writing surface film at a predefined speed.
User’'s may hold the water atomizer over writing and/or
drawing for a too long or too short period of time to
achieve the desired color. By using a movable mount
moving the water atomizer over the writing surface film
at a predetermined speed, the desired color may be
achieved more consistently.

[0125] In some embodiments the piezoelectric ele-
ment may be configured to oscillate when supplied with
an electric frequency. The oscillation of the piezoelectric
element may in turn lead to oscillation of the attached
mesh disc. Oscillation of the mesh disc may draw water
from the water dispersion unit, e.g. the water reservoir,
and disperse the water into fine droplets, depending on
the average mesh diameter. The fine droplets may be
absorbed by ambient air, which in turn adjusts the air
humidity. Alternatively or additionally, the fine droplets
may be observed by the writing surface film.

[0126] In some embodiments the piezoelectric ele-
ment may be configured to oscillate with a frequency be-
tween about 1 kHz to about 20 MHz, more specifically
between about 5 kHz to about 10 MHz and in particular
between about 20 kHz to about 5 MHz.

[0127] In some embodiments the control element may
be configured to control the electric frequency.

[0128] In some embodiments the mesh disc may com-
prise a mesh with an average mesh diameter between
about 3 wm to about 30 um.

Mixing Chamber

[0129] In some embodiments the writing instrument
may comprise a mixing chamber, wherein the mixing
chamber may be configured to receive hygroscopic liquid
and water. A writing instrument comprising a mixing
chamber may be preferable as it may allow setting the
color before application of the water. As the dispersion
of ink per area by for example ballpoint pens is relatively
constant, the desired amount of absorbed water can be
setby adjusting the proportion of water in the hygroscopic
liquid and applying both at the same time.
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Curing Dispenser

[0130] Insomeembodiments writing system may com-
prise a curing agent dispenser. The curing agent may be
preferably applied after water has been added to the writ-
ing surface film to prohibit subsequent evaporation of the
water out of the writing surface film, which in turn would
change the color. Hence, the curing agent may be used
to seal the writing surface film to preserve writing and/or
drawings.

[0131] In some embodiments the curing agent dis-
penser may comprise a curing agent.

[0132] In some embodiments the curing agent dis-
penser may be configured to dispense the curing agent
on the writing surface film.

[0133] In some embodiments the curing agent dis-
penser may be configured to dispense the curing agent
into the mixing chamber. It may be preferable to dispense
the curing agent together with the water or water and
ionic liquid. When the curing agent or water and ionic
liquid are dispensed simultaneously the water or water
and ionic liquid may absorb into the writing surface film,
while the curing agent cures to seal the writing surface
film, which in turn may allow easier control of the set color
and reduce the amounts of steps required to produce a
drawing and/or writing on the writing surface film.
[0134] Insome embodiments the curing agent may be
avarnish, in particular violin, an alkyd resin, spar varnish,
a drying oil, polyurethane, lacquer, an acrylic resin, an
epoxy resin, a two part epoxy resin.

[0135] In some embodiments the curing agent may
comprise a solvent. The solvent may prohibit preemptive
curing and may evaporate when the curing is dispensed
on the writing surface film.

[0136] In some embodiments, the curing agent may
comprise a curing accelerator. In some embodiments the
curing agent may comprise tannic acid, alum, chrome
alum, sodium chloride, aluminium salts, chromium, cop-
per, iron, iodine, potassium, sodium, tungsten and/or tin.
The aforementioned substances may increase the rate
of curing.

Pen

[0137] In some embodiments the writing instrument
may comprise a nib, a felt tip and/or a roller ball.

[0138] In some embodiments the writing instrument
may comprise a writing orifice.

[0139] In some embodiments the writing instrument
may comprise a hygroscopic liquid orifice, a water orifice
and/or a curing agent orifice.

Components

[0140] In a second aspect, the present disclosure re-
lates to a writing instrument comprising a liquid reservoir
comprising a hygroscopic liquid, a water reservoir com-
prising water, and a curing agent reservoir comprising a
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curing agent.

[0141] In a third aspect, the present disclosure relates
to a writing surface comprising a writing surface film,
wherein the writing surface film comprises a plurality of
layers. Further, the writing surface film is configured to
display different colors depending on a water content in
the writing surface film.

[0142] Inafourthaspect, the presentdisclosurerelates
to a water dispersion unit comprising a water atomizer.
The water atomizer comprises a piezoelectric element,
a mesh disc connected to the piezoelectric element, and
a water outlet.

[0143] The presentdisclosure further relates to the fol-
lowing aspects.

Aspects
[0144]

1. A writing system comprising:
a writing instrument comprising:

a liquid reservoir comprising a hygroscopic lig-
uid and/or water;

a writing surface comprising a writing surface
film, wherein the writing surface film comprises:

a plurality of layers;

wherein the writing surface film is config-
ured to display different colors depending
on awater contentin the writing surface film.

2. The writing system according to aspect 1, wherein
the plurality of layers comprises at least a first type
of layer and a second type of layer.

3. The writing system according to any preceding
aspect, wherein the first type of layer exhibits a thick-
ness between about 15 nm to about 75 nm, more
specifically between about 25 nm to about 65 nm
and in particular between about 35 nm to about 55
nm.

4. The writing system according to any preceding
aspect, wherein the second type of layer exhibits a
thickness between about 50 nm to about 300 nm,
more specifically between about 80 nm to about 250
nm and in particular between about 100 nm to about
165 nm.

5. The writing system according to any preceding
aspect, wherein the first type of layer and second
type of layer are arranged in an alternating order.

6. The writing system according to any preceding
aspect, wherein the plurality of layers comprises at
least 4 layers, more specifically at least 6 layers and
in particular at least 8 layers.
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7. The writing system according to any preceding
aspect, wherein the writing surface has a local res-
olution between about 15 uwm and about 200 pm,
more specifically between about 30 pm and about
100 pm and in particular between about 50 pm and
about 70 pm.

8. The writing system according to any preceding
aspect, wherein the thickness of the second type of
layer is configured to be adjustable.

9. The writing system according to any preceding
aspect, wherein the second type of layer is config-
ured to absorb water, wherein the absorption of wa-
ter leads to an increase in thickness.

10. The writing system according to any preceding
aspect, wherein the writing surface is configured to
display different colors depending upon the water
content of the second type of layer.

11. The writing system according to any preceding
aspect, wherein the distance between consecutive
layers of first type of layers depends on the water
content in the writing surface film.

12. The writing system according to any preceding
aspect, wherein the distance between consecutive
layers of first type of layers depends on the water
content in the second type of layer.

13. The writing system according to any preceding
aspect, wherein the first type of layer and second
type of layer form one or more photonic crystals.

14. The writing system according to any preceding
aspect, wherein the plurality of layers comprises a
block copolymer.

15. The writing system according to any preceding
aspect, wherein the block copolymer comprises a
first type block moiety and a second type block moi-
ety.

16. The writing system according to any preceding
aspect, wherein the first type block moiety and the
second type block moiety form separate phases.

17. The writing system according to any preceding
aspect, wherein the first type of layer comprises at
least 90 %, more specifically, at least 95 % and in
particular at least 98 % of the first type block moiety.

18. The writing system according to any preceding
aspect, wherein the second type of layer comprises
at least 90 %, more specifically, at least 95 % and in
particular at least 98 % of the second type block moi-
ety.
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19. The writing system according to any preceding
aspect, wherein the plurality of layers comprises a
dopant, more specifically a metal salt and in partic-
ular copper chloride.

20. The writing system according to any preceding
aspect, wherein the second type of layer comprises
the dopant.

21. The writing system according to any preceding
aspect, wherein the first type block moiety is hydro-
phobic and the second type block moiety is hy-
drophilic.

22. The writing system according to any preceding
aspect, wherein the block copolymer comprises a
1D block copolymer, more specifically a self-assem-
bled 1D block copolymer and in particular polysty-
rene-b-poly(2-vinylpyridine) or poly(2-vinylpyrid-
ine)-b-polystyrene-b-poly(2-vinylpyridine).

23. The writing system according to any preceding
aspect, wherein the block copolymer comprises a
bottlebrush block copolymer, in particular polysty-
rene/hexanoate brush-coil copolymers, polylac-
tide/polystyrene brush copolymers and/or polylac-
tide/poly(n-butylacrylate) bottlebrush-copolymers.

24. The writing system according to any preceding
aspect, wherein the block copolymer comprises an
AB block copolymer, in particular poly(methyl meth-
acrylate)-block-polystyrene.

25. The writing system according to any preceding
aspect, wherein the writing surface film comprises a
hydrogel, more specifically a cross-linked hydrogel,
in particular a cross-linked interpenetrated hydrogel
network.

26. The writing system according to any preceding
aspect, wherein the second type of layer comprises
the hydrogel.

27. The writing system according to any preceding
aspect, wherein the hydrogel comprises a protein
based, a synthetic and/or a polysaccharide based
hydrogel.

28. The writing system according to any preceding
aspect, wherein the polysaccharide based hydrogel
comprises chitosan, alginate and/or starch.

29. The writing system according to any preceding
aspect, wherein the hydrogel comprises poly(ethyl-
ene glycol) diacrylate.

30. The writing system according to any preceding
aspect, wherein the block copolymer and the hydro-
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gel form a cross-linked interpenetrating hydrogel
network.

31. The writing system according to any preceding
aspect, wherein the second type block moieties and
the hydrogel form a cross-linked interpenetrating hy-
drogel network.

32. The writing system according to any preceding
aspect, wherein the writing surface film has a thick-
ness between about 200 nm to about 1200 nm, more
specifically between about 250 nm to about 1100 nm
and in particular between about 300 nm to about
1000 nm.

33. The writing system according to any preceding
aspect, wherein the second layer comprises the hy-
groscopic liquid.

34. The writing system according to any preceding
aspect, wherein the hygroscopic liquid comprises an
ionic liquid.

35. The writing system according to any preceding
aspect, wherein the ionic liquid comprises a salt de-
rived from 1-methylimidazole, more specifically a
salt of an 1-alkyl-3methylimidazolium and in partic-
ular a salt of 1-ethyl-3-methyl-imidazolium, 1-butyl-
3-methylimidazolium, 1-methyl-3-octyl-imidazolium,
1-decyl-3-methylimidazolium, 1-dodecyl-3 -methyl-
docecylimidazolium.

36. The writing system according to any preceding
aspect, wherein the ionic liquid comprises a bis(trif-
luoromethylsulfonyl)amine lithium salt.

37. The writing system according to any preceding
aspect, wherein the ionic liquid comprises an imida-
zolium cation, N-heterocyclic cations derived from
pyridine, quarternary ammonium cations, phospho-
nium cations, tetrafluoroborate, hexaflurophos-
phate, bis-trifluromethanesulfonimide, trifluor-
omethanesulfonate, dicyanamide, a protic ionic lig-
uid and/or poly(ionic liquid)s.

38. The writing system according to any preceding
aspect, wherein the writing system comprises a wa-
ter reservoir.

39. The writing system according to any preceding
aspect, wherein the writing system comprises the
water reservoir within a water dispensing unit.

40. The writing system according to any preceding
aspect, wherein the writing instrument comprises the

water dispensing unit.

41. The writing system according to any preceding
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aspect, wherein the writing instrument comprises a
control element configured to control a rate of water
dispersion.

42. The writing system according to any preceding
aspect, wherein the rate of water dispersion may be
adjusted between about 0.01 L/h to 0.5 L/h.

43. The writing system according to any preceding
aspect, wherein the control element comprises a se-
lection ring, a slider button and/or a touch sensor
strip.

44. The writing system according to any preceding
aspect, wherein the control element comprises a
color identification, in particular a gradually colored
strip.

45. The writing system according to any preceding
aspect, wherein the water dispersion unit comprises
a water atomizer, wherein the water atomizer com-
prises:

a piezoelectric element,

a mesh disc connected to the piezoelectric ele-
ment, and

a water outlet.

46. The writing system according to any preceding
aspect, wherein the piezoelectric element is config-
ured to oscillate when supplied with an electric fre-
quency.

47. The writing system according to any preceding
aspect, wherein the piezoelectric element is config-
ured to oscillate with a frequency between about 1
kHz to about 20 MHz, more specifically between
about 5 kHz to about 10 MHz and in particular be-
tween about 20 kHz to about 5 MHz.

48. The writing system according to any preceding
aspect, wherein the control element is configured to
control the electric frequency.

49. The writing system according to any preceding
aspect, wherein the mesh disc comprises a mesh
with an average mesh diameter between about 3 pm
to about 30 pm.

50. The writing system according to any preceding
aspect, wherein the writing instrument comprises a
mixing chamber, wherein the mixing chamberis con-
figured to receive hygroscopic liquid and water.

51. The writing system according to any preceding
aspect, wherein writing system comprises a curing
agent dispenser.
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52. The writing system according to any preceding
aspect, wherein the curing agent dispenser compris-
es a curing agent.

53. The writing system according to any preceding
aspect, wherein the curing agent dispenser is con-
figured to dispense the curing agent on the writing
surface film.

54. The writing system according to any preceding
aspect, wherein the curing agent dispenser is con-
figured to dispense the curing agent into the mixing
chamber.

55. The writing system according to any preceding
aspect, wherein the curing agentis a varnish, in par-
ticular violin, an alkyd resin, spar varnish, a drying
oil, polyurethane, lacquer, an acrylic resin, an epoxy
resin, a two part epoxy resin.

56. The writing system according to any preceding
aspect, wherein the curing agent comprises a sol-
vent.

57. The writing system according to any preceding
aspect, wherein the curing agent comprises tannic
acid, alum, chrome alum, sodium chloride, alumini-
um salts, chromium, copper, iron, iodine, potassium,
sodium, tungsten and/or tin.

58. The writing system according to any preceding
aspect, wherein the writing instrument comprises a
nib, a felt tip and/or a roller ball.

59. The writing system according to any preceding
aspect, wherein the writing instrument comprises a
writing orifice.

60. The writing system according to any preceding
aspect, wherein the writing instrument comprises a
hygroscopic liquid orifice, a water orifice and/or a
curing agent orifice.

61. A writing instrument comprising:

a liquid reservoir comprising a hygroscopic lig-
uid,

a water reservoir comprising water,

and a curing agent reservoir comprising a curing
agent.

62. A writing surface comprising a writing surface
film, wherein the writing surface film comprises:

a plurality of layers;

wherein the writing surface film is configured to
display different colors depending on a water
content in the writing surface film.
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63. A water dispersion unit comprising a water at-
omizer, wherein the water atomizer comprises:

a piezoelectric element,

a mesh disc connected to the piezoelectric ele-
ment, and

a water outlet.

Claims

A writing system comprising:
a writing instrument comprising:

a liquid reservoir comprising a hygroscopic lig-
uid and/or water;

a writing surface comprising a writing surface
film, wherein the writing surface film comprises:
a plurality of layers;

wherein the writing surface film is configured to
display different colors depending on a water
content in the writing surface film.

The writing system according to claim 1, wherein the
plurality of layers comprises at least a first type of
layer and a second type of layer.

The writing system according to any preceding claim,
wherein the first type of layer exhibits a thickness
between about 15 nm to about 75 nm, more specif-
ically between about 25 nm to about 65 nm and in
particular between about 35 nm to about 55 nm.

The writing system according to any preceding claim,
wherein the second type of layer exhibits a thickness
between about 50 nm to about 300 nm, more spe-
cifically between about 80 nm to about 250 nm and
in particular between about 100 nm to about 165 nm.

The writing system according to any preceding claim,
wherein the first type of layer and second type of
layer are arranged in an alternating order.

The writing system according to any preceding claim,
wherein the thickness of the second type of layer is
configured to be adjustable.

The writing system according to any preceding claim,
wherein the plurality of layers comprises a block co-
polymer.

The writing system according to any preceding claim,
wherein the block copolymer comprises a first type
block moiety and a second type block moiety.

The writing system according to any preceding claim,
wherein the first type block moiety is hydrophobic
and the second type block moiety is hydrophilic.

(]

10

15

20

25

30

35

40

45

50

55

1"

10.

1.

12.

13.

14.

15.

20

The writing system according to any preceding claim,
wherein the block copolymer comprises a 1D block
copolymer, more specifically a self-assembled 1D
block copolymer and in particular polystyrene-b-po-
ly(2-vinylpyridine) or poly(2-vinylpyridine)-b-polysty-
rene-b-poly(2-vinylpyridine).

The writing system according to any preceding claim,
wherein the block copolymer comprises an AB block
copolymer, in particular poly(methyl methacr-
ylate)-block-polystyrene.

The writing system according to any preceding claim,
wherein the writing surface film comprises a hydro-
gel, more specifically a cross-linked hydrogel, in par-
ticular a cross-linked interpenetrated hydrogel net-
work; and/or wherein the second type of layer com-
prises the hydrogel.

A writing instrument comprising:

a liquid reservoir comprising a hygroscopic lig-
uid,

a water reservoir comprising water,

and a curing agent reservoir comprising a curing
agent.

A writing surface comprising a writing surface film,
wherein the writing surface film comprises:

a plurality of layers;

wherein the writing surface film is configured to
display different colors depending on a water
content in the writing surface film.

A water dispersion unit comprising a water atomizer,
wherein the water atomizer comprises:

a piezoelectric element,

a mesh disc connected to the piezoelectric ele-
ment, and

a water outlet.
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Claim 1 relates to a writing system comprising:

a writing instrument comprising:

a liquid reservoir comprising a hygroscopic liquid and/or
water;

a writing surface comprising a writing surface film, wherein
the writing surface film comprises:

a plurality of layers;

wherein the writing surface film is configured to display
different colors depending on a water content in the writing
surface film.

Claim 13 relates to the writing instrument and claim 14 to
the writing surface.

2. claim: 15

Claim 15 relates to a water dispersion unit comprising a
water atomizer, wherein the water atomizer comprises: a
piezoelectric element, a mesh disc connected to the
piezoelectric element, and a water outlet.
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