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Cholesteric multi-layers

Field of invention

The present invention is in the field of special pigments for
coating compositions, in particular for security document print-
ing inks. It addresses a new type of cholesteric liquid crystal
polymer layers and the thereof resulting pigments, which allow
for a higher degree of variation of the spectral reflection
characteristics, noteworthy the reflection colour and the angle-

dependent colour variation.

Background of the art

Films and pigments made from cholesteric liquid crystal polymers
(CLCP) are known in the art. Reference is made to US 5,211,877
(Andrejewski et al.); US 5,362,315 (Miller-Rees et al.); and US
6,423,246 (Kasch et al.), which disclose compositions and tech-

nology for producing such materials.

Cholesteric liquid crystal polymers show a molecular order in
the form of helically arranged molecular stacks. This order is
at the origin of a periodic refractive index modulation through-
out the liquid crystal material, which in turn results in a se-
lective transmission / reflection of determined wavelengths of
light (interference filter effect). The particular situation of
the helical molecular arrangement in CLCPs causes the reflected
light to be circularly polarized, left-handed or right-handed,

depending on the sense of rotation of the molecular helices.

The range of wavelengths reflected by a CLCP is determined by
the geometry of its periodic refractive index modulation, i.e.
the pitch of the molecular helices, as known to the skilled man.
For a given cholesteric liquid crystal precursor material, said
pitch depends on a series of selectable factors, among them the

temperature, as well as the gquantitative presence of solvents
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and determined chirality-inducing additives; the wavelength of
maximum reflection can thus be determined by the chosen manufac-
turing process. The pitch of the material can finally be frozen
by a cross-linking (polymerization) reaction, such that the col-
our of the resulting cholesteric liquid crystal polymer (CLCP)

is no longer depending on external factors.

To achieve this, the monomeric or oligomeric cholesteric liquid
crystal material is made to contain reactive groups, such as
acrylate and/or methacrylate residues, which can undergo a
crosslinking reaction under the influence of UV radiation in the
presence of a suitable photoinitiator. Thus, the freezing of the
pitch of the suitable oriented CLCP precursor can be simply per-

formed by an exposure to UV-light (UV-curing).

In addition to a determined reflection colour, the cholesteric
liquid crystal polymer (CLCP) shows also a more or less pro-
nounced viewing-angle dependent colour variation (‘colour
shift’). Films and pigments made of CLCP are for this reason
used as security elements on value and identity documents, be-
cause the said colour-shifting effect cannot be reproduced by
photocopying machines. The reflection band of CLCP materials is

relatively narrow and its angle-dependency 1s given by

lrefl. = l’l*p*COS (o)

wherein A.er1. is the wavelength of maximum reflection; n is the
mean refractive index of the material (of the order of 1.5); p
is the pitch of the molecular helices; and O is the viewing an-
gle (Eberle et al., Lig. Cryst. 1989, Vol. 5, No 3, 807-916). It
is inferred from this formula that increasing the viewing angle
causes the reflection wavelength to shift towards shorter wave-

lengths.
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A number of different reflection colours can be realized with a
same given CLCP precursor material through appropriately choos-
ing the manufacturing conditions. Further to this, the handiness
(left- or right-handed) of the reflection can be chosen as well
through the appropriate choice of the chirality inducing addi-
tive at the time of manufacturing the material. However, in the
field of pigments for security printing, an increase of the num-
ber of physically realizable characteristics is perceived as be-
ing an advantage, in view of serving a high number of different

security document applications.

The number of realizable different optical responses, i.e. ‘col-
ours’ and ‘colour-shifts’, can be substantially increased if
different CLCP pigment types, having different optical re-
sponses, are combined with each other in a same ink. The produc-
tion of a security element in such case depends on the avail-
ability of two or more different pigments, which are mixed to-
gether in the appropriate ratios for serving a determined secu-

rity document application.

It was perceived that the security level of the CLCP material
could be further increased, i1f the different optical responses
could be combined into a same physical pigment, because it is
much easier to make up an ink comprising a mixture of a few
modular pigments having basic optical responses (i.e. to combine
letters of an alphabet), than to manufacture a single pigment
which combines optical basic responses into a more complex re-
sponse (i.e. to find a determined word). Whereas the former can
essentially be done in any printer’s shop, if the basic pigments
are available, the latter can only be performed at the pigment
manufacturing facility, and enables therefore a perfect control

of the pigment supply chain.
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Cholesteric polymeric multilayers, composed from laminated
monolayers, have been previously described by Dobrusskin et al.
in WO 95/08786. This document discloses a coloured material com-
prising an aligned chiral liquid crystal polymer (CLCP) lamina
of a first kind, and an aligned chiral ligquid crystal polymer
(CLCP) lamina of a second kind, each lamina being reflective for
light in a respective wavelength band when viewed at a given an-

gle, and being solid at room temperature.

To prepare the coloured material of WO 95/08786, the CLCP pre-
cursor of a first layer L1 is mixed with a photoinitiator and
spread over a flexible carrier sheet S at a first temperature
Tl, allowing the CLCP precursor to align to form a first colour.
The CLCP precursor 1is then crosslinked by exposing the layer to
UV-radiation at said first temperature Tl. A second layer L2 is
prepared in the same way and spread over the first layer L1 at a
second temperature T2, allowing the CLCP precursor to align to
form a second colour, and the CLCP precursor is crosslinked by
exposing the layer to UV-radiation at said second temperature
T2. An embodiment with a first layer shifting from infrared to
red, and a second layer shifting from blue to ultraviolet, is
disclosed, resulting in a device whose colour shifts from blue

to red when going from orthogonal to grazing view.

The double-layer material of WO 95/08786 has, however, the im-
portant shortcoming that it cannot be milled down to a pigment.
The manufacturing of CLCP pigment comprises the detachment of
the polymerized cholesteric layer from the carrier sheet, fol-
lowed by milling it down to pigment size, suitable for use in
inks and coating compositions, using methods known to the
skilled man. The double-layer material of WO 95/08786 does not
withstand the milling process, thereby decomposing (delamina-

ting) into its individual layers upon detaching it from the car-
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rier sheet, or at latest under the influence of the high energy
input in the jet mill, rather than behaving as a single, solid

layer throughout the whole process. Using the process and mate-
rials disclosed in WO 95/08786, it is therefore not possible to
prepare pigments having specific optical properties from choles-

teric multi-layers.

In US 2005/266158, liquid crystal bodies such as optical films
or reflective polarisers are described. Pigments are not contem-
plated in the said reference. The said optical films are made to
contain up to three different optical layers physically gener-
ated from a single coating on a substrate, through subjecting
the coating to a sequence of solvent-evaporation- and UV-curing
steps. Because of the need for solvent evaporation, the process
of US 2005/266158 is however not very suited for the industrial

production, due to health, safety and environment concerns.

It was the object of the present invention to overcome the
shortcomings of the prior art and to provide pigments having

specific, hitherto not available optical properties.

Summary of the invention

The above object has been solved according to the present inven-
tion by a multilayer of cholesteric liquid crystal polymer,
wherein at least two layers of cholesteric liquid crystal poly-
mer differing in at least one optical property are arranged on
top of each other, characterized in that said at least two lay-
ers are chemically inter-layer cross-linked through the polymer
network, such as to form a mechanically unigue solid body which
can be comminuted to pigment without deterioration of its inner

structure and which has an abrupt change of cholesteric liquid
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crystal pitch at the interface between said at least two layers

of cholesteric liquid crystal polymer.

According to the present invention, it was found that such a

multilayer stack can be comminuted to pigments without any dete-
rioration of its inner structure, thereby enabling the prepara-
tion of pigments having advantageous, hitherto not available op-

tical properties.

According to the present invention there are thus provided new
cholesteric multilayer materials, as well as pigments produced
thereof, said materials being capable of exhibiting advanta-
geous, hitherto not available optical properties, such as high
brilliance and viewing-angle dependent colour change (colour-
flip effect), as well as particular reflection properties, such
as a colour change from a short-wavelength to a long-wavelength
colour in going from orthogonal to oblique view, or an extremely
long travel in colour space in response to a changing viewing
angle. According to the present invention, said optical proper-

ties can be tuned very precisely.

According to the present invention, it was found that the above-
described CLCP multilayer pigments can be obtained through a
particular choice of the process conditions during the manufac-
turing of a multilayer material, providing resistance to me-

chanical delamination.

To avoid a mechanical delamination of the composite pigment made
up of individual layers, it has been found a mandatory regquire-
ment to provide for a sufficient amount of chemical crosslinking
between said individual layers (inter-layer crosslinking). The
materials of the prior art, e.g. the one manufactured according
to WO 95/08786 do not have sufficient inter-layer crosslinking,

because the reactive functionalities in each individual layer of
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said material are completely polymerized out before the next

layer is deposited on top of it. Therefore, in the materials of
WO 95/08786, the inter-layer adhesion is only provided through
mechanical and Van-der-Waals forces, rather than through chemi-

cal bonding.

The differing optical property is preferably a wavelength of
maximal reflection and/or a circular polarization state. It may,
however, also comprise optical absorption or luminescence prop-
erties, such as can be obtained through the admixture of dyes,
pigments or luminescent compounds to one of the CLCP layers of

the multilayer.

Furthermore, the multilayer may contain additives having non-
optical properties, such as magnetic particles, radio-freguency

resonant particles or forensic markers.

According to a first embodiment of the present invention, the
inter-layer crosslinking is achieved through a staggered curing
(polymerization), as outlined in the following:

- A first layer L1 is applied onto a flexible carrier foil as
known to the skilled man, but the applied film is only par-
tially cured. Typically, the layer is sufficiently cured to
freeze the pitch of the CLCP material, while still main-
taining a fraction of the originally present reactive
groups sufficient for subsequent cross-linking with the
second layer L2 applied on top thereof. Said partial curing
may be achieved through a metered low-dose UV irradiation,
and/or, preferably, through the use of a smaller than re-
quired amount of photoinitiator in the precursor composi-
tion of layer L1.

- In a second pass, a second layer L2 is applied on top of
layer L1, and the whole assembly is now thoroughly cured.

Thorough curing may be achieved by exhaustive UV irradia-
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tion, preferably in conjunction with the use of a higher
than required amount of photoinitiator in the precursor
composition of layer LZ2.

- If required, optional passes, for depositing additional
layers of the first, partially cured type coating (Lla,
Llb, Llc,..}), may be inserted before applying the layer L2.

The product resulting out of this process behaves mechanically
as a single solid polymer layer (unique solid body), which opti-
cally shows the combined reflection characteristics of all of
the individual layers of which it is composed (as will be out-
lined below in more detail with respect to the preferred embodi-

ment of Fig. 6).

The resulting product is furthermore characterized in that it
has an abrupt change of cholesteric liquid crystal pitch at the
interface between the individual layers having differing optical
properties. This abrupt change is a distinctive feature of the
products according to the present invention, and is seen at the
evolution of the cholesteric liquid crystal pitch across the
multilayer (as will be outlined below in more detail with re-
spect to the preferred embodiment of Fig. 3); the said pitch,
which is responsible for the optical interference properties
(reflection wavelength) of the cholesteric material, noteworthy
changes abruptly at the layer interface of the present products.
For example, in the preferred embodiment of Fig. 3, there is a
first pitch of about 200 nanometers in the left part of the
layer, and a second pitch of about 130 nanometers in the right
part of the layer. The change from the said first to the said
second pitch takes place within less than one pitch height, so

that no intermediate pitch is observed.

Therefore, according to the present invention, the term “abrupt

change of cholesteric liguid crystal pitch” is defined as a
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change of the cholesteric liquid crystal pitch at the interface
between the individual optical layers of the body of the present
invention, from a first value of cholesteric ligquid crystal
pitch which is constant throughout a first optical layer at said
interface, to a second value of cholesteric liquid crystal pitch
which is constant throughout a second optical layer at said in-
terface, said change taking place within less than one pitch

height, so that no intermediate pitch is observed.

The constancy of the cholesteric pitch throughout an optical
layer can, e.g. be statistically determined from the absence of
a slope in the linear regression of the pitch height p against
the pitch number n, according to p = a*n + b. If the experimen-
tally determined slope (a) is higher than three times its stan-
dard deviation sigma (a), then it is 99.7% sure that it is not
zero, i1.e. that the pitch is not constant. Otherwise the pitch

may be assumed constant.

This abrupt, stepwise change of liguid crystal pitch at the op-
tical layer boundary is a consequence of the particular manufac-
turing process resulting in the products of the present inven-
tion, and is in contrast to the products of US 2005/0266158 Al,
which are made to contain up to three different optical layers
physically generated from a single coating on a substrate,
through subjecting the coating to a sequence of solvent-
evaporation- and UV-curing steps. Said process is noteworthy not
capable of producing abrupt pitch variations. Rather, a more or
less gradual pitch variation across the liquid crystal polymer
layer is obtained, which is easily visualized by a scanning

electron micrograph.

As a consequence of the manufacturing, the cholesteric texture

of the products of the present invention has a constant first
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pitch value (within statistical fluctuations), corresponding to
a first reflection wavelength, throughout the whole thickness of
a first optical layer, followed by a constant second pitch wvalue
(within statistical fluctuations), corresponding to a second re-
flection wavelength, throughout the whole thickness of a second
optical layer, etc. There are defined, step-type levels of the
cholesteric pitch value, and there is no gliding variation as in

the products according to US 2005/0266158.

In the present invention, the first polymerization step(s) is
(are) conducted so as to leave enough reactive groups, which can
undergo crosslinking reactions with the neighbour layers during
the following polymerization steps. The result is an entirely
crosslinked polymer film, in which there is not present any

phase boundary.

In an alternative way to realize the double- or multi-layer
structure of the invention, sequential coatings of corresponding
cholesteric liquid crystal precursor compositions are applied in
a single pass onto a flexible carrier foil. The compositions are
applied to the carrier in the molten state via in-line coating
stations, and the respectively applied coating is immediately
cooled down, in order to freeze the liquid crystal mixture in
place and to avoid its mixing with the next coating layer, ap-
plied on top of it. The orienting and curing (polymerization) of
the whole composite coating is done at once (joint curing) at a
final curing station. Individual layer thicknesses are as in the

first embodiment and will be described in more detail below.

In a variant of the given embodiments of staggered and joint
curing, the coating is performed using solutions of the CLCP
monomer precursor materials in an organic solvent or solvent
mixture (wet coating), whereby the solvent is evaporated (dried)

subsequent to each coating operation.
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In another variant of the given embodiments, a continuous belt
of thermally resistant material (e.g. steel, aluminum, etc.) is
used as the carrier for the coating. This enables the processing
of CLCP precursors having their ligquid crystalline phase at tem-

peratures ranging up to 400°C.

The deposited CLCP precursors in any of the given embodiments
can be protected by a cover foil of PET or any other suitable
material, in order to exclude air oxygen during the curing step.
The cover foil must be sufficiently thin and of appropriate ma-

terial, such as not to absorb the UV-radiation used for curing.

The curing of the polymer can be performed under inert condi-
tions (i.e. under an inert gas such as nitrogen, carbon dioxide
or argon); this is particularly required in the case of electron
beam curing, to prevent oxidation reactions. In the case of in-
ert conditions, a cover foil is no longer needed for the exclu-

sion of oxygen.

Thus, the processes according to the present invention for mak-
ing the above CLCP multilayer involve a sequential deposition of
at least two coating layers of CLCP monomer precursor material
comprising cross-linkable groups, on top of each other onto a
flexible carrier substrate, followed by thorough curing of the
whole assembly, so as to substantially cross-1link all of the
cross-linkable groups throughout the coating such as to form a
mechanically unigue solid body which has an abrupt change of
cholesteric liquid crystal pitch at the interface between said
at least two layers of cholesteric liquid crystal polymer. The
alternative processes differ in that according to the first
variant each CLCP coating layer, after deposition, is oriented

and partially cured so as to leave an amount of cross-linkable
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groups in the layer which is sufficient for chemical cross-
linking with the adjacent coating layer such as to form a me-
chanically unique solid body and which has an abrupt change of
cholesteric liquid crystal pitch at the interface between said
at least two layers of cholesteric liquid crystal polymer. On
the other hand, according to the second variant, each CLCP coat-
ing layer, after deposition, is frozen or evaporation-dried. Ac-
cording to the second variant, orientation of the CLCP coating
layers is carried out after deposition of all coating layers by
tempering the whole assembly before the step of thoroughly cur-
ing the whole assembly.

In addition to the different colours and colour shifts, a vari-
ety of other optical characteristics can be produced in the CLCP
material of the present invention, which are invisible to the
unaided human eye, and which can only be evidenced with the help

of an appropriate instrument:

Narrow-band spectral reflection is an intrinsic characteristic
of CLCP materials with highly regular pitch, and much effort has
been dedicated in the prior art to enlarge the spectral reflec-
tion bandwidth of CLCP pigments, in order to obtain more bril-
liant reflection colours, and thus a more attractive pigment.
The bandwidth of spectral reflection of CLCP materials can be
enlarged by introducing a random or a progressive pitch varia-
tion through appropriate manipulations during the manufacturing
process. This has become possible for the first time by the

teaching of the present invention.

The process and the materials of the present invention allow for
a more accurate production of a determined CLCP’s spectral re-
flection profile, because said profile can now be precisely com-
posed by superposing an appropriate numbers of layers having

each its characteristic narrow band reflection profile at a pre-
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set wavelength. This noteworthy allows coding a pigment with an
invisible, narrow-band spectral feature, which does not show up
as a visible appearance, but which can be evidenced with the

help of a spectrometer or of a particular optical filter device.

The fact that the reflected light of a CLCP is circularly polar-
ized can be used as a further security element. The sense of
this circular polarization is noteworthy determined through the
manufacturing process. The circular polarization handiness can
be chosen individually for each layer of the multilayer CLCP of
the present invention, and this polarization handiness can be
evidenced with the help of a corresponding polarization filter.
It is thus possible to give any layer of the multilayer CLCP an
individual narrow-band reflection colour, and individual polari-

zation handiness.

The multilayer foil according to the invention can be used for
many kinds of security and decorative applications. It is
preferably used as a laminate for security threads, or in the
form of a foil security element, similar to a hologram or a
Kinegram®, for protecting banknotes, certificates or other

value- or identity documents.

Most preferred, the multilayer foil of the present invention is
worked up into a pigment for use in inks and coating composi-
tions, for all kind of security and decorative coating applica-
tions, such as security inks for value- and identity documents,
inks for artistic and commercial printing applications, paints
for decorative coatings, as well as cosmetic articles (nail lac-
quers, make-up, etc.) of all kind. Further to this, the pigment
can be incorporated into the mass of plastic articles of all

kind.

Detailed description
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The multi-layer stack of the present invention is made up from

CLCP compositions which are generally known to the skilled man.

The preferred compositions of the CLCP of the present invention
comprise (weight percents (wt %) refer to the total solid con-

tents)

Ay 20 - 99.5 wt%, preferably 60 - 9% wt% of at least one or sev-
eral three-dimensionally crosslinkable compounds of the mean

general formula (1)

yi-at-mt-p%-v? (1)

v, y? are equal or different, and represent polymerizable
groups such as acrylate, methacrylate, epoxy, isocy-

anate, hydroxy, vinyl ether, or vinyl residues;

Al, A’ are equal or different residues of the general for-
mula CpH.y, wherein n is en integer between 0 and 20,
and wherein one or several methylene groups may be

replaced by an oxygen atom;

M! has the general formula ~R'-x'-R?-X?-R7-x’-R'-;

wherein

R' to R* are equal or different bivalent residues
chosen from the group consisting of -0-, -
coo-, -COHN-, -CO-, -S5-, -C=C-, -CH=CH-, -
N=N-, -N=N(0)-, and a C-C bond; and wherein
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R*-X*-R’ or R*-X? or R*-X*-R’-X’ may as well
be a C-C bond;

X' to ¥x° are equal or different residues chosen from
the group consisting of 1, 4-phenylene;
1,4-cyclohexylene; hetercarylenes having 6
to 10 atoms in the aryl core and 1 to 3
hetercatoms from the group consisting of O,
N and S, and carrying substituents B', B
and/or B®; cycloalkylenes having 3 to 10
carbon atoms and carrying substituents B,

B? and/or B°;

wherein

B' to B’ are equal or different substitu-
ents chosen from the group con-
sisting of hydrogen, C;-Csp-alkyl,
C1-Cyo-alkoxy, C1-Coe-alkylthio,
C1-Cso-alkylcarbonyl, C1-Cyp-
alkoxycarbonyl, C;-Cyp-
alkylthiocarbonyl, -OH, -F, -Cl1,
-Br, -I, -CN, -NO;, Formyl, Ace-
tyl, as well as alkyl-, alkoxy-,
or alkylthio-residues with 1 to
20 carbon atoms having a chain
interrupted by ether oxygen,

thioether sulfur or ester groups;

B) 0.5 to 80 wt%, preferably 3 to 40 wt% of at least one chiral

compound of the mean general formula (2)

Vi-At-Wl-7-W2-n2-v? (2)
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wherein

v, v?

16

are equal or different and represent a residue of the
following: acrylate, methacrylate, epoxy, vinyl
ether, wvinyl, isocyanate, Ci1-Cyy-alkyl, Ci-Csp-alkoxy,
C1—-Cyo—alkylthio, Ci-Cyp-alkylcarbonyl, Ci1-Cyg-
alkoxycarbonyl, Ci1-Cyp-alkylthiocarbonyl, -OH, -F, -
cl, -Br, -I, -CN, -NO;, Formyl, Acetyl, as well as
alkyl-, alkoxy-, or alkylthio-residues with 1 to 20
carbon atoms having a chain interrupted by ether oxy-
gen, thioether sulfur or ester groups, or a choles-

terol residue;

are as indicated above;

have the general formula -R'-X'-R?-X*-R°-,

wherein

R!', R?>, R® are as indicated above, and wherein R® or

R*-X? or X'-R?’-X’-R”’ may also be a C-C bond;

X1, x? are as indicated above;

7z is a divalent chiral residue chosen from
the group consisting of dianhydrohexites
(as e.g. iso-sorbide or iso-mannide), hex-
oses, pentoses, binaphthyl derivatives,
biphenyl derivatives, derivatives of tar-
taric acid, and optically active glycols,
and a C-C bond in the case where V' or vV’

is a cholesterol residue.
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Those compositions are already known and described in the art
along with methods for their manufacture, e.g. in EP 1 149 823
or in EP 1 046 692.

According to the present invention, especially preferred liquid

crystal (LC) mixtures are based on the following components:

As component A): a nematic principal component hydroguinone-bis-

[4- (4-acryloylbutoxy) ~benzoate], (obtained according to Broer,

D.J., Mol, G.N., Challa, G.; Makromol. Chem. 1991, 192, 59).

As component B): one of the following chiral components:

a) DiABIm (Di-2,5-[(4’-acryloyloxy)-benzoyl]-isomannid, obtained
according to EP 1 149 823, example 13)

b) AnARIs (2-[4-(acryloyloxy)-benzoyl]-5-(4-methoxybenzoyl) -
isosorbid, obtained according to EP 1 046 692, example 3)

c) DiABIs (Di-2,5-[4-(acryloloxy)-benzoyl]-isosorbid, obtained
according to EP 1 046 692, example 4)
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A further preferred component B is methacrylic acid cholesterol
ester (obtained according to De Visser et al., J. Polym. Sci., A

1(9), 1893 (1971)).

The sense of circular polarization of the CLCP can be chosen
through an appropriate selection of the optically active compo-
nent B) mentioned above, noteworthy the divalent chiral residue
7z which is chosen from the group consisting of dianhydrohexites
as e€.g. iso-sorbide or iso-mannide), hexoses, pentoses,
binaphthyl derivatives, biphenyl derivatives, derivatives of
tartaric acid, and optically active glycols, and a C-C bond in
the case where V' or V? is a cholesterol residue. whereas, e.g.
the use of an iso-sorbide derivative yields an exclusively right
circular polarized reflection, the use of cholesterol-containing
derivatives or iso-mannide leads to an exclusively left circular

polarized reflection.

Preferred divalent residues according to the present invention

are:

a) Iso-sorbide:

b) Iso-mannide:
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H bH

The different realizable compositions are distinguished from
each other essentially by a different content in component B),
by whose concentration the colour of maximum reflection of the

CLCP (i.e. the cholesteric pitch) can be set.

With varying content of component B), the optimal concentration
of the photoinitiator required for polymerisation varies as
well; the useful concentrations being between 0.00% to 5%, pref-
erably between 0.25% to 2% for the first irradiation step with
low UV dose, and between 0.5% and 7%, preferably between 1% and

4% for the second irradiation step with high UV dose.

The concentration ranges of the photoinitiator in the individual
layers, as well as the respective doses of the curing agent (UV-
radiation, electron beam etc.) may differ to a certain extent
from the values herein disclosed; the skilled man will, however,
preserve the general principle of the present invention, i.e. to
provide for a sufficient amount of unreacted (living) groups in
each layer, which can undergo the required inter-layer
crosslinking reactions in a subsequent or in the final curing
step. From the industrial perspective, the curing by UV-

radiation has turned out to be the most practical ocption.

The process for making a multilayer of cholesteric liquid crys-
tal polymer (CLCP), wherein at least two layers of CLCP, differ-
ing in at least one optical property, are arranged on top of

each other, comprises the steps of
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a) depositing a first coating layer I, of CLCP monomer precur-
sor material, comprising cross-linkable groups, onto a
flexible carrier substrate;

b) orienting the CLCP coating;

c) partially curing the oriented layer of step a), so as to
leave a significant amount of cross-linkable groups in the
layer;

d) optionally repeating steps a) to ¢) a chosen number of
times, to deposit, orient and partially cure additional
layers L;..Ly-1 of CLCP monomer precursor material compris-
ing cross-linkable groups on top of the previous coating;

e) depositing a last coating layer L, of CLCP monomer precur-
sor material, comprising cross-linkable groups, on top of
the previous coating;

f) orienting the CLCP coating;

g} thoroughly curing the whole assembly, so as to essentially
cross-1link all of the cross-linkable groups throughout the
coating;

said cholesteric liguid crystal polymer (CLCP) being character-
ized in that said at least two layers are chemically cross-
linked together through the polymer network, such as to form a
mechanically unigue solid body which can be comminuted to pig-
ment without deterioration of its inner structure, i.e. without
delamination, and which has an abrupt change of cholesteric lig-
uid crystal pitch at the interface between said at least two

layers of cholesteric liquid crystal polymer.

An alternative process for making a multilayer of cholesteric
liquid crystal polymer (CLCP), wherein at least two layers of
CLCP, differing in at least one optical property, are arranged
on top of each other, comprises the steps of
a) depositing a first coating layer I, of CLCP monomer precur-
sor material, comprising cross-linkable groups, onto a

flexible carrier substrate;
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b) freezing or evaporation-drying the CLCP coating;

c) optionally repeating steps a) and b) a chosen number of
times, to deposit additional layers L.,..Ly; of CLCP monomer
precursor material comprising cross-linkable groups on top
of the previous coating;

d) depositing a last coating layer L, of CLCP monomer precur-
sor material, comprising cross-linkable groups, on top of
the previous coating;

e) freezing or drying the CLCP coating;

f) tempering the whole assembly to orient the deposited CLCP
layers

g} thoroughly curing the whole assembly, so as to essentially
cross-1link all of the cross-linkable groups throughout the
coating;

said cholesteric liguid crystal polymer (CLCP) being character-
ized in that said at least two layers are chemically cross-
linked together through the polymer network, such as to form a
mechanically unigue solid body which can be comminuted to pig-
ment without deterioration of its inner structure, i.e. without
delamination, and which has an abrupt change of cholesteric lig-
uid crystal pitch at the interface between said at least two

layers of cholesteric liquid crystal polymer.

The coatings can noteworthy herein either be applied from the
molten state or from solutions. The curing can be performed by
UV-radiation, preferably by UV/A radiation. The dose of UV ra-
diation can be chosen lower for the first layer and higher for
the last layer. The amount of photoinitiator can be chosen lower
in the first layer and higher in the last layer. The curing can

alternatively be performed by electron beam radiation.

In the context of the present invention, the curing of the poly-
mer precursors is preferably performed by UV-radiation, but

other curing processes known to the skilled man, such as elec-
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tron beam curing, ultrasonic curing, etc. might advantageously
replace the UV-curing in determined applications. Typical UV
doses lie between 0.07 and 0.5 J/cm® of UV/A (as measured with
the radiometer UV-Powerpuk of the company Eltosch, Hamburg, Ger-

many) .

According to a first embodiment, and using coating processes
known to the skilled man, such as doctor blade coating or roller
coating, a flexible carrier, e.g. a PET film or a continuous
rubber, plastic, or metal belt, is coated with a first layer of
a cholesteric precursor mixture, set up to yield a predetermined
first optical property, preferably a reflection colour (spectral
reflection maximum). The cholesteric precursor mixture comprises
a low amount of photoinitiator (in the range of 0 to 0.5%, pref-
erably in the range of 0 to 0.25%). The subsequent polymeriza-
tion is carried out using a low dose of UV-radiation (0.03 to
0.3 J/cm?, preferably 0.05 to 0.15 J/cm?), and leads to a poly-
meric cholesteric film which still contains reactive (‘living’)
groups, but which has stable colour properties (frozen pitch).
The mean thickness of the first coating is between 0.5 and 20

micrometer, preferably between 1 and 10 micrometer.

If required, additional intermediate layers of the same type as
the first layer, with individually chosen optical properties,
may be applied on top of the so obtained and hardened coating;
for each intermediate layer, the amount of photoinitiator and
the dose of curing UV-radiation are kept low, as indicated for
the first layer. The mean thickness of these coatings is between

0.5 and 20 micrometer, preferably between 1 and 10 micrometer.

In a final step, a final layer of cholesteric monomer precursor
mixture, set up to yield a predetermined optical property, pref-

erably a reflection colour, whose spectral reflection maximum
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preferably differs at least by 10 to 80 nm, preferably by 30 to
50 nm in wavelength, from that of the first coating, is applied
on top of the already deposited coating(s). The final coating
comprises a high amount of photoinitiator (in the range of 0.2

to 3%, preferably 1.75%), and the polymerization is carried out
using a comparatively high dose of UV-radiation (0.1 to 0.5
J/cm’) . The mean thickness of the last coating is between 0.5 and

20 micrometer, preferably between 1 and 10 micrometer.

The resulting CLCP film is absolutely resistant against delami-
nation and behaves mechanically like a single layer; i.e. in the
subsequent detachment and comminuting processes to make the pig-
ment, no separation of the first and the second layer has been
observed. This is confirmed by scanning electron micrographs,
which do not show any sign of a phase border throughout the
thickness of the composite film. The transition from the first
to the second layer can only be inferred through the varying,

slightly visible pitch of the cholesteric structure.

In a second embodiment, a flexible carrier, e.g. a PET foil (or
other suitable carrier), is sequentially coated with different
liquid crystal melts, in a way that a first layer of a first
melt is applied to the carrier by a first coating station A
(which may be a doctor blade, a spray, or a roller coater). The
coating is thermally guenched (i.e. rapidly cooled below the so-
lidifying or glass transition point of the liguid crystal
phase), and a second coating, set up to exhibit an optical prop-
erty, preferably a reflection maximum which preferably differs
at least by 20 nm in wavelength from the reflection maximum of
the first coating, is applied on top of the first coating in the
same pass, 1.e. without crosslinking the previously applied
layer, by a second coating station B (which may be a doctor

blade, a spray, or a roller coater). The second coating is ther-



WO 2008/000755 PCT/EP2007/056394
24

mally quenched as indicated above, and further coatings may be
applied, 1f required, by further coating stations C, D, etc. in

the same pass.

The so obtained multiple coating is eventually covered with a
second PET foil (or other suitable cover foil) during the same
pass, and passes into a tempering zone, with T chosen between
30°C and 140°C, more preferably between 90°C and 120°C, depend-
ing on the materials used, where it is brought back into the
liquid crystalline state, and where all of the previously ap-
plied coating layers adopt their specific, pre-programmed
pitches. The whole coating is then thoroughly crosslinked (po-
lymerized) at once, by applying an appropriate amount of UV-
radiation (or electron beam radiation, or other curing processes

known to the skilled man).

Said PET cover foil, analogue to the PET substrate foil, is used
to suppress the influence of air oxygen during the oxygen-
sensitive UV-polymerization reaction. The cover foil is applied
on top of the CLCP-coating, immediately after the application of
the last CLCP-layer, and before the UV-polymerization stage.

The aim of using a cover foil is twofold: on one hand the cover
foil helps the exclusion of the polymerization-inhibiting oxy-
gen, and on the other hand, it serves to homogenize and orient

the coating.

The polymerized CLCP film is detached from the carrier and the
cover foil through a peeling, scratching, brushing or other op-
eration, as known to the skilled man. The resulting, coarse CLCP
flakes are worked up into pigment using known comminuting opera-
tions, such as milling with hammer-, impact-, ball-, or jet-
mills, and classified by known separation methods such as triage

and sieving, in order to obtain a pigment with specified parti-
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cle size, having a db0-value in an application-specified range

between 5 and 5000 micrometer.

In a variant of this embodiment, solutions of CLCP monomer pre-
cursor materials, set up to yield different optical properties
such as reflection wavelengths, are coated onto a flexible PET
carrier foil (or other suitable carrier), using coating proc-
esses known to the skilled man (such as roller coating, doctor-
blade coating, curtain-coating, etc.), and the solvent is evapo-
rated after each coating step. The eventually resulting ‘sand-
wich’ 1is covered with a second PET foil (or other suitable cover
foil) and is brought back into the liquid crystalline state in a
tempering zone where all of the previously applied coating lay-
ers adopt their specific, pre-programmed pitches. The whole
coating is then thoroughly crosslinked (polymerized) at once by
applying an appropriate amount of UV-radiation (or electron beam
radiation, as well as other curing processes known to the

skilled man).

In still another embodiment, a continuous belt of thermally re-
sistant material (e.g. steel, aluminium, etc.) is multiply
coated with melts or solutions of CLCP precursors, which are set
up to yield optically different properties, such as reflection
wavelengths, polarization, etc. The coatings are processed as

indicated above.

Using a thermally resistant carrier belt allows to process lig-
uid crystal polymer precursors having their liquid crystalline
range at temperatures going up to 400°C. Again, the crosslinking
reaction is performed according to methods known to the skilled
man, such as UV-radiation or electron beam curing. At higher
temperature, inert conditions (exclusion of oxygen) must be cho-

sen, to prevent oxidative deterioration of the reactive func-
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tionalities or of the product. Inert gases such as nitrogen,
carbon dioxide or argon are used to bring down the oxygen con-
centration into a range between 5 ppm to 1%, preferably into a

range between 10 to 100 ppm.

When using inert conditions in the curing step, a cover foil
(second PET foil) is no longer necessary for the exclusion of

oxygen, even in the case of oxygen sensitive materials.

In the case of a carrier belt, the detaching of the CLCP layer
from the substrate can also be performed using high-pressure air

jets, solid CO, jets, brushing processes, etc.

The CLCP multilayer of the present invention is most preferably
worked up into a pigment using a process according to the pre-
sent invention. To this aim, the multilayer is detached from the
carrier with the help of appropriate equipment, such as a peel-
ing unit or a peeling knife, resulting in coarse CLCP flakes.
These flakes are further comminuted CLCP pigment using appropri-
ate tools, such as milling or cutting tools. The CLCP pigment is

eventually classified through triage and sieving operations.

The pigment flake manufactured according to the present inven-
tion has a thickness in the range of 0.1 to 50 micrometers and a
diameter in the range of 10 to 1000 micrometers. Narrower sub-
ranges are chosen within these ranges according to the specific
requirement of each application. Most preferred is a pigment
having a flake thickness in the range between 0.5 and 6 microme-

ters and a flake diameter in the range of 1 to 200 micrometers.

A pigment particle obtained according to the present invention
behaves mechanically as a single solid body, but optically ex-

hibits the combined properties of the individual layers of which
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it is composed. It is thus possible, using the process of the
present invention, to produce CLCP pigment having reflection
and/or other optical properties, which cannot be produced ac-

cording to the prior art.

Noteworthy, an unusual colour shift, e.g. a colour changing from
green to red-violet, can be produced, whereas a conventional

CLCP at most can exhibit a colour travel from green to blue.

Similarly, CLCP multilayers can be produced wherein the individ-
ual layers, having different reflection wavelengths, reflect
light of a different sense of circular polarization. The result-
ing film, as well as the pigments produced from it, display a
first colour to the unaided eye, and different second and third
colours when viewed through left- or right- circular polarizing

filters, respectively.

The product made according to the present invention is recogniz-
able under the scanning electron microscope at its abrupt change
of the cholesteric ligquid crystal pitch across the optical layer
interface (see, for example, the embodiment according Fig. 3
discussed below); the said pitch is noteworthy responsible for
the optical interference properties (reflection wavelength) of
the cholesteric material. With reference to Fig. 3, there is a
first pitch of about 200 nanometers pitch height in the left
part of the layer, and a second pitch of about 130 nanometers

pitch height in the right part of the layer.

The so obtained CLCP pigments are used in printing inks, as well
as in lacquers and for the mass-colouring of plastic materials.
In particular, the pigments according to the present invention
can be formulated into a printing ink for the printing of opti-

cal security markings, e.g. on banknotes, value documents, iden-
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tity documents, tax banderoles, lottery and transportation tick-
ets, product security labels, and the like. The said optical se-
curity markings have the advantage to show, aside the visible
colour shifting effect with changing viewing angle, as well an
invisible circular polarization effect, which can be evidences

with the help of a corresponding instrument.

In a particular embodiment of a security element, a first layer
of the CLCP multilayer reflects a first colour, e.g. green, of
left-circular polarized light, and a second layer of the CLCP
multilayer reflects a second colour, e.g. red, of right-circular
polarized light. There will be a first visible colour displayed
by the security element to the unaided eye, which is composed of
both reflections, e.g. green and red; the resulting appearance
is yellow. Viewed under a left-circular polarizing filter, how-
ever, the same security element will appear green, and viewed
under a right-circular polarizing filter, it will correspond-

ingly appear red.

The pigments of the present invention are preferably used in
printing inks for the silk-screen, flexo, and gravure printing
processes; however, offset, copperplate intaglio and tampog-

raphic printing processes are considered as well.

Further to use in printing inks, the pigments of the present in-
vention can also find application in lacquers for industrial and
automotive coatings, as well as for cosmetic articles and for
the mass-colouring of plastics and master batches for the plas-

tic industry.

The multilayers of cholesteric ligquid crystal polymer (CLCP) ac-

cording to the present invention can be used for applications in
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the field of security documents, in the graphic industry, in

coating compositions, or in cosmetic products.

The flake pigments according to the present invention can be
used for applications in the field of security documents, in the
graphic industry, in coating compositions, for in-mold applica-

tions, or in cosmetic products.

The present invention claims as well any object comprising the
herein disclosed flake pigments. The flake pigments can notewor-
thy be used in printing inks and coating compositions, which may
in particular be used for the protection of security documents,
such as currency, value documents, identity documents, tax ban-
deroles, access cards, transportation tickets or product secu-

rity labels.

The multilayer cholesteric liquid crystal polymer (CLCP) of the
present invention, and the pigments produced thereof, can fur-
ther be used in a large variety of technical applications, ac-
cording to the following, non-exhaustive list: Automotive
paints, OEM and refinish; Dip coatings (e. g. for candles); Col-
oration of plastics by batching or compounding; In-mold applica-
tions (printing on PC films, which are put on the surface of 3-
dimenional plastic parts); Cosmetic applications such as nail
lacquers, eye shadows, lotions, mascara, make-up, creams, pPow-
ders, gels, hair gels, etc.; Powder coatings; Industrial coat-
ings - water- and solvent borne; Coatings for plastics and met-
als; Gel coats (e. g. for boats and yachts); Printing inks
(Screen inks, flexo, gravure, intaglio etc.); Packaging; Secu-
rity applications such as security threads, markings, product
security labels, seals, hot stamped features etc.; Security fea-
tures on Banknotes, wvouchers, ID documents, certificates,

(transportation) tickets; Paints and coatings for consumer elec-
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tronics; Paints and coatings for sports equipments; Paints and
coatings for furniture; Glass paints; Architectural paints;
Fishing lures; Features for product identification; Aerosol
paints (do it yourself); Traffic signs; Advertisements; Machine
readable security features (colour + polarisation); Recreation
equipment; Vinyls, artificial leather (seats); Decals;

Adircraft coatings.

The invention is now further illustrated with the help of non-

limiting exemplary embodiments and figures:

Fig. 1 shows a scanning electron micrograph of a 2-layer pig-
ment of the present invention; including annotations
as to the typical physical dimensions of the pigment

particles.

Fig. 2 shows a scanning electron micrograph of some typical
fracture zones of a two-layer pigment of the present
invention, with annotated thickness values. No delami-

nation is wvisible at the layer borders.

Fig. 3 shows a scanning electron micrograph of the edge of a
2-layer pigment particle of the present invention, il-
lustrating the facts that a) no phase border (which
would show up as a fracture irregularity) is visible
between the two layers, and b) that two layers with
differing optical properties are present. The helical
pitch of the cholesteric structure is visible as fine
strides across the thickness of the flake. There is a
clearly visible abrupt change of stride density (cor-
responding to a change of the helical pitch; about 200
nanometers in the left part versus about 130 nanome-
ters in the right part of the image) in the middle of
the flake.
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Fig. 4 shows a scanning electron micrograph of a multilayer
pigment flake prepared according to the process of the
prior art (Dobrusskin et al., WO 95/08786); this mate-
rial exhibits clearly defined mechanical phase borders
between the different sub-layers and tends to decom-

pose into its individual laminas at the fracture zone.

Fig. 5 shows a scanning electron micrograph of a closer view
to the fracture zone of the prior art pigment flake of
Fig. 4: a clean rupture at the individual sub-layer
borders is observed, illustrating the easy decay of
the flake into its individual laminas under mechanical
Stress (pigment preparation, incorporation into ink,

printing) .

Fig. 6 shows reflection spectra for a two-layer CLCP accord-
ing to the present invention, similar to example no.
11 of table 1: (a) first layer after application and
partial UV-curing; reflection maximum at about 700nm
wavelength; (b) second layer after application and
partial UV-curing; reflection maximum at about 560 nm
wavelength; (c) second layer on top of first layer,
after thorough UV-curing; reflection maxima at about

550 nm and 725 nm wavelength.

Fig. 7 shows a scanning electron micrograph of the edge of a
3-layer pigment particle made according to the process
of the prior art (US 2005/0266158 Al), illustrating

the gradual pitch variation across the particle.

Fig. 8 shows the transmission spectrum of a 3-layer pigment
particle made according to the process of the prior

art (US 2005/0266158 Al), illustrating the presence of
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three distinct optical layers (the corresponding re-
flection spectrum can be inferred by an inversion of

the curve).

Fig. 9 shows the evolution of the pitch height across the

edge of a pigment particle: a) of a pigment made ac-
cording to the process of the prior art (US
2005/0266158 Al); and b) of a pigment made according

to the present invention.

ExamEles

Starting materials used in examples 1 to 15

In the synthesis of the pigments of examples 1 to 15, the fol-

lowing starting materials were used. In table 1 at the end of

the example section, it is indicated by the bold numbers which

component was used in which example.

i)

ii)

Nematic principal component (Component A in the above for-
mula) :

hydroguinone-bis-[4- (4-acryloylbutoxy)-benzoate], (1), (ob-
tained according to Broer, D.J., Mol, G.N., Challa, G.;
Makromol. Chem. 1991, 192, 59)

Chiral components (Component B in the above formula):
AnABIs, 2-[4-(acryloyloxy)-benzoyl]-5-(4-methoxybenzoyl) -
isosorbid, (2), (obtained according to EP 1 046 692, example
3),

DiABIs, di-2,5-[4-(acryloloxy)-benzoyl]-isosorbid, (3), (ob-
tained according to EP 1 046 692, example 4),

DiABIm, di-2,5-[ (4’ -acryloyloxy)-benzoyl]-isomannid, (4),
(obtained according to EP 1 149 823, example 13), or
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methacrylic acid cholesterol ester (5), (obtained according

to De Visser et al., J. Polym. Sci., A 1(9), 1893 (1971)).
iii) Polymerization stabilizer 2,6-di-t-butyl-4-(dimethylamino-
methyl) -phenol (6) (Ethanox® 703, Ethyl Corp., Baton Rouge,

LA 70801)

iv) photoinitiator (7) Irgacure® 819 (Ciba Specialty Chemicals
GmbH, Lampertsheim)

General synthesis of the pigments of examples 1 to 15

The nematic principal component 1 and the respective chiral com-
pound 2, 3, 4, or 5, and about 300 ppm of the stabilizer 6, were
mixed together, according to the weight ratios given in the ex-
amples (with respect to 100 parts of the principal component),
in a heatable container and melted until a clear liquid re-
sulted. The melt was homogenized with a stirrer and at last, the
photoinitiator 7 was added under stirring. The separate stirring
in of the photoinitiator 7 as the last ingredient, according to
the weight ratios given in the examples, served to prevent a
premature, thermally induced crosslinking of the mixture. The
thus obtained compositions were used as material for the choles-

teric layers to be generated on a substrate.

The amounts of compounds used in the respective examples are

given in table 1.

The LC-mixtures, prepared as indicated above, were coated, ac-
cording to the outlined processes, with the help of a roller
coater onto a pre-tempered flexible polyethylene-terephthalate

(PET) carrier substrate in a layer thickness as indicated in ta-
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ble 1 below. The coating and curing conditions for each example

are also indicated in table 1 below.

Generally, in a two-stage coating process, as outlined above, on
a substrate, a first cholesteric layer was directly applied onto
the PET substrate, and following to this, a second cholesteric
layer was applied onto the first layer. After a determined dif-
fusion time, i.e. dwell time of the two-layer packet in a tem-

pering unit, the whole coating was UV-polymerized.

The layer thickness of all applied layers was each controlled on
the basis of the used quantity of LC-mixture per coated area.
After the coating was finished, the layer thickness was cross-
checked with the help of the layer thickness measurement instru-
ment Supramess (Mahr GmbH, D-37073 Gottingen). The wavelengths
of maximum reflection were obtained from the transmission spec-
tra of the individual layers, with the help of a UV/VIS spec-
trometer (Model Lambda 19 of Perkin Elmer, Ueberlingen, Ger-

many) . The obtained values are summarized in table 1 below.

To suppress the influence of air oxygen during the oxygen-
sensitive UV-polymerization reaction, a PET cover foil, analogue
to the PET substrate foil, was used. The cover foil was applied
on top of the CLCP-coating, immediately after the application of
the last CLCP-layer, and before the UV-polymerization stage.

After application of each layer, the CLCP-coated and PET-foil-
covered substrate passed a tempering / orienting tunnel, where
it was exposed to a temperature in the range of between 90°C and
125°C, usually about 110°C. Due to the constant length of this
tunnel, the time for orientation of the liquid crystal coating

is determined by the passing speed. At the end of the tunnel,



WO 2008/000755 PCT/EP2007/056394
35

the oriented liquid crystalline layer was polymerized by a mer-

cury UV lamp (doses in the range of 0.07 to 0.5 J/cm® of UV/A).

The first layer was not completely cross-linked, by using a re-
duced dose of UV radiation and a lower concentration of
photoinitiator. The cover foil was removed, and the solidified
first coating on the PET foil substrate was coated with a second
layer of LC-mixture, having a reflection wavelength differing at

least by 20 nm from that of the first layer.

After the second coating operation and the corresponding appli-
cation of a cover foil, the whole coating (i.e. the resulting
multilayer) was subjected to a second UV-polymerization, using a

UV dose in the range of 0.07 to 0.5 J/cm? of UV/A.

Following to this, the resulting ‘sandwich’ of substrate, CLCP-
double-layer and cover foil was separated, and the CLCP-double-
layer was stripped from the PET foil (substrate and/or cover
foil) with the help of a knife. The stripped CLCP-material, pre-
sent in the form of coarse flakes, was worked up to pigment by
milling on an air-jet mill (of the company Hokosawa-Alpine,
Augsburg, Germany), followed by triage / sieving, to yield an
CLCP-pigment having a particle size db50 between 18 and 35 mi-
crometers. The particle size was determined with the particle
size analyzer HELOS (dispersion measurement in water) of the
company Sympatec GmbH, Clausthal-Zellerfeld. Figures 1, 2 and 3

show electron micrographs of such resulting pigment.

The scanning electron micrograph of the broken edge of a 2-layer
CLCP film according to the present invention (Fig. 2), illus-
trates the facts that a) no mechanical phase border (which would
show up as a fracture kink) is visible between the two layers,
and b) that two layers with differing optical properties are

present. The helical pitch of the cholesteric structure is note-
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worthy visible in the electron micrograph as fine strides across
the thickness of the film. There is a clearly visible abrupt
change of stride density (corresponding to a change of the heli-
cal pitch) in the middle of the film (Fig. 3: about 200 nanome-
ters in the left part versus about 130 nanometers in the right
part of the image). The present materials are characterized by
an abrupt change of the said helical pitch at the interface of
optical layers of different properties; the pitch changing from
a first to a second value within a single pitch height, so that

no zone of intermediate pitch is observed.

The electron-microscopically visible strides, corresponding to
the cholesteric texture, are not a mechanical layer structure,
in the sense that there would be layers along which the flake
could be cleaved; indeed, no such cleaving has ever been ob-
served in the present materials. The observed strides are due to
a differential electronic charging effect of the ordered choles-
teric material, which can be produced using determined experi-

mental conditions in taking the SEM picture.

For comparison, the multilayer pigment prepared according to the
process of the prior art (WO 95/08786) exhibits clearly defined
mechanical phase borders between the different sub-layers and
tends to decompose into its individual laminas at these precon-

figured fracture zones, as shown by Fig. 4 and 5.

Figure 6 shows reflection spectra of two individual CLCP layers
differing in their reflection maxima (a, b), and a reflection

spectrum of a corresponding double-layer CLCP (c¢) according to
the present invention, exhibiting both reflection maxima of (a)

and (b).



WO 2008/000755 PCT/EP2007/056394
37

To evidence the difference between the product made according to
the process of the present invention and the product made ac-
cording to the process of the prior art (US 2005/0266158 Al,
Pokorny et al.), for comparison a cholesteric multilayer was
produced according to Pokorny et al., through the application of
a thick, single liquid layer comprising CLC-polymers, CLC-
monomers and solvent. The so applied layer was sequentially sub-
jected to 1) a first, partial evaporation-drying, 1ii) a first,
partial UV-curing, 1iii) a second, thorough evaporation drying,

and iv) a second, thorough UV-curing.

Fig. 7 shows an electron micrograph of a cross-section of the
resulting, eight micrometer thick CLCP layer. There is no abrupt
change of the cholesteric ligquid crystal pitch, but a gradual
increase of the pitch, from the bottom to the top, followed by a
Steeper, but also gradual decrease of the pitch. The cholesteric
pitch evolves smoothly across the layer; there are no pronounced

steps.

Fig. 8 shows the resulting transmission spectrum, which is simi-
lar to the spectra reported by Pokorny et al. (Fig. 16, 17 of US
2005/0266158 Al), and which indicates the presence of three dis-

tinct optical layers.

To illustrate the observed difference, the individual pitch
heights across the multilayer were measured in the SEM images
for the prior art (Fig. 7) and for the present invention (Fig.

3).

Fig. 9a shows the gradual increase and decrease of the pitch
height across the multilayer made according to Pokorny et al.,
Fig. 9b shows the abrupt decrease of the pitch height across the

multilayer made according to the present invention. The change
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from the said first to the said second pitch substantially oc-
curs within a single pitch height, so that no zone of intermedi-

ate pitch height is observed.

From a thermodynamic point of view it is evident that a partial
evaporation process, such as is used in the process of Pokorny
et al., must produce a gradual variation of the pitch height,
because the conditions are not homogeneous across the choles-
teric layer, if evaporation at the surface is involved. In the
process according to the present invention, no evaporation of
volatile components is involved, and layers of predetermined
properties are applied on top of each other, which yields an

abrupt change of properties at the layer boundaries.
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Table 1:

Resulting CLCP-Pigments | Composition of coatings 1 and 2
- l -
O ®© - ] ] o] T
~ B 0 O S o
P on @ @ Q T + - 3
P £ c o) © < 1o}
. 54y oo c — A — 0} - O o,
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© oL n~ | v ox w g > E i © = op |o g0 -
P A4 9AaQq9o 0 © O=! = > CeE| &= |E 0% c
3] > 0,0 0o Mg M B = = ] L — [STRCEI I SR @)
green/ 520/ Coating 1 532 2-3 60 40 1.95 8.2 2
1 silvergray | 680 Coating 2 709 2-3 100 25 0.05 25.7 5
goldgreen/ | 500/ | Coating 1 664 2-3 60 40 0.05 6.7 2
2 magenta 640 Coating 2 504 2-3 100 30 1.95 8.2 2
Gold Coating 1 655 2-3 60 40 0.05 6.44 2
3 pink Coating 2 511 2-3 100 30 1.95 7.9 2
gold/ 520/ Coating 1 521 2-3 60 40 0.05 7.9 2
4 turquoise 620 Coating 2 635 2-3 100 30 1.95 6.44 2
green/ 500/ Coating 1 693 2-3 60 40 0.05 6 2
5 | magenta 680 Coating 2 507 2-3 100 25 1.95 7.9 2
Graygreen/ | 500/ | Coating 1 680 4 60 40 0.05 6 2
6 | pink 680 Coating 2 502 2 100 25 1.95 7.9 2
green/ 510/ Coating 1 696 3 60 40 0.05 6 2
7 violet 690 Coating 2 517 3 100 25 0.2 7.9 2
green/ 520/ Coating 1 730 2-3 60 40 0.05 5.7 2
8 violet 700 Coating 2 519 2-3 100 30 0.2 7.6 2
green/ 540/ Coating 1 769 3 60 40 0.05 5.4 2
9 violet 700 Coating 2 550 3 100 30 0.2 7.3 2
blue/ 480/ Coating 1 762 3 60 40 0.00 5.7 2
10 | magenta 700 Coating 2 478 3 100 30 0.2 7.6 2
Goldgreen/ | 540/ | Coating 1 741 3 60 40 0.05 5.7 2
11 | silver 700 Coating 2 549 3 100 30 0.2 7.6 2
green/ 520/ Coating 1 734 3 100 40 0.00 5.7 2
12 | pink >700 | Coating 2 530 3 100 30 0.2 7.6 2
gold/ 540/ Coating 1 546 3 100 40 0.00 7.6 2
13 | blue 660 Coating 2 669 3 100 30 0.2 5.7 2
Blue 420/ | Coating 1 741 3 100 40 0.25 5.3 2
14 | /red >700 | Coating 2 430 3 100 30 1.75 9 2
blue/ 420/ Coating 1 431 3 30 40 0.25 9.1 3
15 red >700 | Coating 2 712 3 30 50 1.7 12.25 4

The numerals of the chiral compounds refer to the numerals indi-

cated in the text.

The required doses of UV/A radiation were in the order of 0.3

J/cm’® for the given examples, corresponding to the indicated 100%
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value of UV power. Lower percentage values in the table refer to

a correspondingly lower UV/A dose.

Production of a lacquer containing pigments according to the in-

vention

The CLCP-pigments obtained according to the outlined above were
stirred, at a weight ratio of 3%, into a transparent coating
composition (e.g. Tinted Clear Additive Deltron 941, PPG Indus-
tries, UK-.Suffolk, IP14 2AD).

Effect coating on a paper support using pigments of the present

invention

The coating composition according to the previous example was
applied onto a black, brilliant paper support with the help of a
film coater (of the company Erichsen, D-58675 Hemer), whereby a
gap height of 180 micrometers and a coating speed of 10mm per
second were used. After a drying time of 10 min at room tempera-
ture, the coated substrates were dried for 1 hour at 80°C. The
reflection spectra of the dried lacquers were determined with a
colorimeter CM508/d of the company Minolta (D-22923 Ahrensburg),
and the corresponding wavelengths of maximum reflection are men-

tioned in the table.

Polarizing effect of the embodiment of example 15

The effect coating obtained as described above using the pig-
ments of example 15 was visually observed under left- and right-
handed circular polarizing filters (obtainable, e.g. form
Schneider-Kreuznach, Bad Kreuznach, Germany). Under the left-
circular polarizing filter, a red colour was observed at or-
thogonal view, whereas under the right-circular polarizing fil-

ter, a blue colour was observed at orthogonal view. In the ab-
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sence of a circular polarizing filter, a blue-violet colour was
observed at orthogonal view, which progressively turned to red

with increasing obliqueness of the viewing angle.
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Claims

1. Process for making a multilayer of cholesteric liquid crys-
tal polymer (CLCP), wherein at least two layers of CLCP,
differing in at least one optical property, are arranged on
top of each other, said process comprising the steps of
a) depositing a first coating layer I, of CLCP monomer

precursor material, comprising cross-linkable groups,
onto a flexible carrier substrate;

b) orienting the CLCP coating;

c) partially curing the oriented layer of step a), so as
to leave an amount of cross-linkable groups in the
layer for chemical inter-layer cross-linking with the
adjacent coating layer through the polymer network;

d) optionally repeating steps a) to c¢) a chosen number of
times, to deposit, orient and partially cure additional
layers Lz..Ly1 of CLCP monomer precursor material com-
prising cross-linkable groups on top of the previous
coating;

e) depositing a last coating layer L, of CLCP monomer pre-
cursor material, comprising cross-linkable groups, on
top of the previous coating;

f) orienting the CLCP coating;

g) thoroughly curing the whole assembly, so as to essen-
tially cross-1link all of the cross-linkable groups
throughout the coating and to form a mechanically
unique solid body which can be comminuted to pigment

without deterioration of its inner structure.

2. Process for making a multilayer of cholesteric liquid crys-
tal polymer (CLCP), wherein at least two layers of CLCP,
differing in at least one optical property, are arranged on

top of each other, comprising the steps of
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depositing a first coating layer I, of CLCP monomer
precursor material, comprising cross-linkable groups,
onto a flexible carrier substrate;

freezing or evaporation-drying the CLCP coating;
optionally repeating steps a) and b) a chosen number of
times, to deposit additional layers I,..L,-1 of CLCP
monomer precursor material comprising cross-linkable
groups on top of the previous coating;

depositing a last coating layer L, of CLCP monomer pre-
cursor material, comprising cross-linkable groups, on
top of the previous coating;

freezing or drying the CLCP coating;

tempering the whole assembly to orient the deposited
CLCP layers

thoroughly curing the whole assembly, so as to essen-
tially cross-1link all of the cross-linkable groups
throughout the coating and to form a mechanically
unique solid body which can be comminuted to pigment

without deterioration of i1ts inner structure.

Process according to claim 1 or 2, wherein said coating lay-

ers are applied from the molten state.

Process according to one of claims 1 to 3, wherein said

coating layers are applied from solutions.

Process according to one of claims 1 to 4, wherein said cur-

ing is performed by UV-radiation, preferably by UV/A radia-

tion.

Process according to claim 5, wherein the dose of UV radia-

tion is chosen lower for the first layer and higher for the

last layer.
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Process according to one of claims 1 to 6, wherein the
amount of photoinitiator comprised in said CPLC precursor
material is chosen lower in the first layer and higher in

the last layer.

Process according to one of claims 1 to 7, wherein the cur-

ing is performed by electron beam radiation.

Multilayer of cholesteric liquid crystal polymer (CLCP), in
particular obtainable by a process according to one of
claims 1 to 8, wherein at least two layers of CLCP differing
in at least one optical property are arranged on top of each
other, characterized in that said at least two layers are
chemically inter-layer cross-linked through the polymer net-
work, such as to form a mechanically unique solid body which
can be comminuted to pigment without deterioration of its
inner structure, and which has an abrupt change of choles-
teric liquid crystal pitch at the interface between said at

least two layers of cholesteric liquid crystal polymer.

Multilayer of cholesteric liquid crystal polymer (CLCP) ac-

cording to claim 9, wherein said CLCP comprises components

A) and B), wherein

A) is 20 - 99.5 wt%, preferably 60 - 99 wt% of at least one
or several three-dimensionally crosslinkable compounds
of the mean general formula (1)

vi-at-mt-p%-v? (1)

wherein
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are equal or different, and represent polymeriz-
able groups such as acrylate, methacrylate, ep-
oxy, lsocyanate, hydroxy, vinyl ether, or vinyl

residues;

are equal or different residues of the general
formula C,H,,, wherein n is en integer between 0
and 20, and wherein one or several methylene

groups may be replaced by an oxygen atom;

has the general formula -R'-X'-R?-X’-R’-x’-R’-;

wherein

R' to R' are equal or different bivalent residues
chosen from the group consisting of -0-,
-c00-, -COHN-, -CO-, -S5-, -C=C-, -CH=CH-
, —-N=N-, -N=N(0)-, and a C-C bond; and
wherein R?-X’-R’ or R?*-X’ or R’*-X’-R’-X’

may as well be a C-C bond;

X' to X’ are equal or different residues chosen
from the group consisting of 1,4-
phenylene; 1,4-cyclohexylene; heteroary-
lenes having 6 to 10 atoms in the aryl
core and 1 to 3 heterocatoms from the
group consisting of O, N and S, and car-
rying substituents B!, B? and/or B’;
cycloalkylenes having 3 to 10 carbon at-
oms and carrying substituents B!, B

and/or B®;

wherein
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B' to B’ are equal or different sub-
stituents chosen from the
group consisting of hydrogen,
C1-Cso—alkyl, Ci-Cyp-alkoxy, Ci-
Coo—alkylthio, C1-Cyo-
alkylcarbonyl, C;-Cyp-
alkoxycarbonyl, C1-Cyo-
alkylthiocarbonyl,-OH, -F, -
cl, -Br, -1, -CN, -NO;, For-
myl, Acetyl, and alkyl-,
alkoxy-, or alkylthio-residues
with 1 to 20 carbon atoms hav-
ing a chain interrupted by
ether oxygen, thiocether, sul-

fur or ester groups;

is 0.5 to 80 wt%, preferably 3 to 40 wt% of at least one

chiral compound of the mean general formula (2)

VI -A'-W-Z-W?-A%-V? (2)
wherein
V', V? are equal or different and represent a residue

of the following: acrylate, methacrylate, epoxy,
vinyl ether, vinyl, isocyanate, C1-Cso-alkyl, Ci-
Cop—alkoxy, C1-Cyp-alkylthio, Ci1-Cie-alkylcarbon-
yl, Ci1-Cyy—alkoxycarbonyl, Ci1-Cyy-alkylthiocarb-
onyl, -OH, -F¥F, -Cl1, -Br, -I, -CN, -NO;, Formyl,
Acetyl, as well as alkyl-, alkoxy-, or alkyl-
thio-residues with 1 to 20 carbon atoms having a

chain interrupted by ether oxygen, thioether
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sulfur or ester groups, or a cholesterol resi-

due;

are as i1ndicated above;

have the general formula -R'-X'-R?-X*-R°-,

wherein

R! to R

are as indicated above, and wherein R?
or R*-x? or X'-R?-X?-R’ may also be a C-C
bond;

are as indicated above;

is a divalent chiral residue chosen
from the group consisting of dianhydro-
hexites (as e.g. iso-sorbide or iso-
mannide), hexoses, pentoses, binaphthyl
derivatives, biphenyl derivatives, de-
rivatives of tartaric acid, and opti-
cally active glycols, and a C-C bond in
the case where V' or V? is a cholesterol

residue.

Multilayer according to c¢laim 10, wherein the component B)

is selected from the group consisting of AnABIs- (2-[4-

(acryloyloxy)-benzoyl]-5-(4-methoxybenzoyl)-isosorbid),

DiARIs (di-2,5-[4-(acryloloxy)-benzoyl]-isosorbid), or

DiARIm (di-2,5-[ (4’ -acryloyloxy)-benzoyl]-isomannid).

Multilayer according to one of claims 9 to 11, wherein the

differing optical property is selected from the group con-
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sisting of a wavelength of maximum reflection, a circular
polarization state of the reflected light, an optical ab-
sorption property, such as obtained through the admixture of
at least one dye or pigments to one of the CLCP layers of
the multilayer, or a luminescence property, such as obtained
through the admixture of at least one luminescent compound

to one of the CLCP layers of the multilayer.

Multilayer according to one of claims 9 to 12, wherein said
multilayer has a narrow-band spectral feature, which is not

perceived by the unaided human eye.

Multilayer according to one of claims 9 to 13, further com-
prising additives having non-optical properties which are
selected from the group consisting of magnetic particles,

radio-frequency resonant particles and forensic markers.

Flake pigment for printing or coating applications, obtain-
able by comminuting a multilayer of cholesteric ligquid crys-

tal polymer (CLCP) according to any of claims 9 to 14.

Flake pigment according to claim 15, wherein the median db0
of the pigment size is comprised between 5 and 5000 microme-
ters, preferably between 5 and 100 micrometers, most pre-

ferred between 10 and 50 micrometers.

Use of a multilayer of cholesteric liquid crystal polymer
(CLCP) according to one of claims 9 to 14 for manufacturing

a flake pigment according to claims 15 or 16.

Use of flake pigment according to one of the claims 15 or 16

for applications in the field of security documents, in the
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graphic industry, in coating compositions, for in-mold ap-

plications, or in cosmetic products.

Object or printing ink or coating composition, comprising

flake pigment according to one of the claims 15 or 16.

Use of a printing ink or coating composition according to
claim 19 for the protection of security documents, such as
currency, value documents, identity documents, tax bande-
roles, access cards, transportation tickets or product secu-

rity labels.
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