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Description

Field of the Invention

[0001] The present invention relates to non deactiva-
ble security compositions that can be used as carriers of
authentication or anti-forgery features in security docu-
ments or articles.

Background

[0002] Asdemonstrated by the huge number of patents
existing in this field, the use of different security elements
making the forgery of documents difficult has been ex-
tended in recent years. Some of these elements are de-
tectable by human beings, meanwhile other security el-
ements which are incorporated into documents require
the use of special tools for detection thereof. These tools
include spectroscopic methods such as UV-VIS absorp-
tion spectroscopy, fluorescence emission spectroscopy,
IR spectroscopy or Raman spectroscopy.

[0003] Thus, luminescence pigments or substances
have been incorporated into various security documents
for certifying the authenticity thereof, the detection or ob-
servation of which requires the use of an excitation light
in a particular region of wavelengths (for example UV
light). Nevertheless, the use of this type of luminescence
pigments or substances has some drawbacks including
the limited amount of optical transitions (absorptions and
emissions) with suitable properties for this application.
[0004] Raman spectroscopy in turn has also been de-
scribed as a suitable method for detecting the authenti-
cation of documents. Raman Effect is based on an ine-
lastic scattering of photon produced after impacting light
on a material. Inother words, an energy transfer between
light and the material is produced such that the light com-
ing out from the material has a frequency (or a wave-
length or energy) different from that of the incident light.
To enable observing this effect, it is necessary to use a
strongly monochromatic light generally a laser radiation.
The new frequency coming out with the light is directly
related to the vibration frequencies of the bonds between
the atoms forming the material, and therefore with the
typical phonons of the network in the case of a crystal or
a glass. Therefore Raman Effect, like infrared spectros-
copy, is a vibration effect and in both cases the typical
vibrations of the material, either the chemical bonds or
the crystal network thereof are measured. This makes
Raman effect a powerfultool for determining the structure
and/or composition of materials. Raman spectroscopy
can be used for example for recognizing drugs or for stud-
ying pigments in ancient work of arts, etc, and is very
used in chemical and pharmaceutical industry. Never-
theless, not all materials present Raman Effect. Particu-
larly, metals and some materials the crystal structure of
which is cubic show no signal. However, the rest of the
crystal structures, glasses and even gases and liquids
present Raman Effect.
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[0005] Since the Raman spectrum of each material is
unique, different compounds have been incorporated in
security elements as markers allowing the authentication
thereof. Thus, the use of polydiacetylenes, for example,
as active Raman compounds in security inks is described
in patent US 5,324,567. In this document these com-
pounds in the form of particles with a maximum dimen-
sion of 40 microns are used. Document US 5,718,754 in
turn describes a pigment which has adsorbed on its sur-
face a compound presenting azo, azomethine, or poly-
cyclic chromophore groups showing Raman spectrum.
Other compounds of organic origin used in the form of
microparticles as Raman markers are described in US
2002/0025490.

[0006] Nevertheless, the use of these compounds as
Raman markers does not involve an especially safe au-
thentication system since the proper disclosure of the
structure thereof would allow reproducing it, making the
system readily forgeable provided that means suitable
for the synthesis thereof is provided. Furthermore, when
a single Raman material is selected for making an invis-
ible image or abarcode, for example, areas in which there
is a high concentration of a material (the active Raman
material) which are notin the rest of the document which
allows deducing the presence of an image are found and
it can further allow knowing the material used using to
that end suitable microanalysis techniques.

[0007] Onthe other hand, itis known in the state of the
art that materials in the form nanoparticles have proper-
ties different from those that are shown in large material
(in larger sizes greater than one micron). Thus, the po-
sition of the Raman peaks varying with the size of the
nanoparticles has been described. In other words, nan-
oparticles of a particular material with a well defined par-
ticle size present a Raman spectrum with well defined
peaks in well established positions. This same material
but with a different particle size presents a spectrum very
similar to the above but shifted in frequencies such that
it is easy to distinguish both materials.

[0008] Document WO 2010/135351 describes nano-
particles comprising a core formed by an active marker
and a metal coat. These nanoparticles can act as optical
labels being useful for identifying or quantifying substanc-
es or objects and are applied as security measure for
preventing forgery of documents, serialization, traceabil-
ity, etc. Materials used as markers include conjugated
polyaromatic compounds, porphyrins, phthalocyanines,
metal oxides and ionic liquids. Documents US
2007/165209 and US 2006/038979 refer to method for
providing a security element for documents particularly
bills comprising applying a label to a portion of the doc-
ument where said label comprises a metal nanoparticle,
a Raman associated active molecule on the surface of
the nanoparticle and a encapsulant surrounding said na-
noparticle. The mentioned label can also be applied as
an ink.

[0009] In allthese cases, metal element is used as an
amplifier of Raman signal without any effect on the spec-
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trum itself therefore they do not involve an improvement
as a security system, with the exception of the fact that
they allow reducing the amount of active material and
thereby increasing the difficulty for duplicating them.
[0010] Therefore, there is a clear need to develop new
compositions and methods which make forging security
documents difficult.

[0011] WO 97/39428 A1 discloses the features of the
preamble of claim 1.

Brief description of the Invention

[0012] The authors of the present invention have ob-
served that the Raman spectrum of the nanoparticles of
an organic or inorganic material is modified upon varying
the agglomeration state thereof. When the nanoparticles
are agglomerated, the frequency at which the peaks ap-
pear in the Raman spectrum is different to that found
when the nanoparticles are in a dispersed state. There-
fore, the dispersed state or the agglomeration state of
the nanoparticles allows defining new properties of the
security material and can be considered as a new marker
for authenticating of the same.

[0013] Nanoparticles can be found in a dispersed form
or an agglomerate-forming form. Unless the nanoparti-
cles are treated in some particular manner, nanoparticles
in solid state generally have a high degree of agglomer-
ation and these agglomerates are hard to brake as they
reform spontaneously.

[0014] To enable using the agglomeration state of the
nanoparticles as Raman marker in security documents
one must have control over the size of these agglomer-
ates to allow selecting a specific agglomeration state that
is associated with a particular and uniqgue Raman spec-
trum.

[0015] A hardly reproducible security system is provid-
ed as it is very complicated to determine whether the
nanoparticles are in a dispersed form or are forming ag-
glomerates of a controlled size. It is not only necessary
to know the type of nanoparticle used, rather it is also
necessary to know if they are in a dispersed form or what
is their specific agglomeration state and reproduce it.
[0016] It has also been observed that the combination
of two types of nanoparticles in a dispersed state or each
with a well defined agglomeration state gives rise to a
Raman spectrum different from each of them separately.
Therefore, said spectrum is particular and can only be
given for a specific combination of types of nanoparticles
in a dispersed state or with a specific agglomeration state
for each of them, therefore the use of this combination
even involves an additional improvement in the security
of the document since the reproducibility of the combi-
nation is yet more difficult.

[0017] It has been particularly observed that the dis-
persed nanoparticles or the agglomerates comprising
between 2 and 500 nanoparticles allow defining a Raman
spectrum characterized and differentiated for each of
them. In other words, there is a unique Raman spectrum
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for the dispersed state and for each agglomerate size
within the referred range. Particularly, changes in energy
at which the Raman peaks appear and in the width there-
of are produced making them easily distinguishable.
[0018] Therefore, afirst aspect of the presentinvention
constitutes the use of a combination comprising at least
two types of nanoparticles of materials presenting Ram-
an effect wherein each of the at least two types of nan-
oparticles is in a dispersed state or is forming agglomer-
ates of between 2 and 500 nanoparticles, wherein said
agglomerates have a size less than 2 microns for pre-
paring or labeling a security document article or element.
[0019] The at least two types of nanoparticles used in
the present invention are differentiated in their chemical
composition, in their crystal structure, in their shape, in
their size and/orintheir dispersed or agglomeration state,
but they are always conditioned so that they are in a
dispersed state or are forming agglomerates of between
2 and 500 nanoparticles.

[0020] In a second aspect, the invention relates to a
security article, document or element comprising the
combination of at least two types of nanoparticles of ma-
terials presenting Raman effect wherein each of the at
least two types of nanoparticles is in a dispersed state
or is forming agglomerates of between 2 and 500 nano-
particles wherein said agglomerates have a size less
than 2 microns.

[0021] Inathird aspect, the invention relates to a meth-
od for incorporating a combination of at least two types
of nanoparticles as defined previously in a security doc-
ument or article wherein said incorporation is performed:

(i) during the manufacturing of the material used to
make said article or document; or

(i) as part of an additive which is added to said article
or document; or

(iiif) on the surface of said article or document,

wherein the combination of the at least two types of na-
noparticles forms part of a single composition which is
incorporated into the security article ordocument accord-
ing to any of methods i)-iii), or

wherein each of the at least two types of nanoparticles
forms part of an independent composition, the resulting
composition combination being that which is incorporat-
ed into the security article or document according to any
of methods i)-iii).

[0022] Likewise, the invention relates to a method for
determining the authenticity of a security document, ar-
ticle or element as has been defined previously compris-
ing measuring the Raman spectrum of said security doc-
ument, article or element to determine the presence of a
combination of at least two types of nanoparticles of ma-
terials presenting Raman effect wherein each of the at
least two types of nanoparticles is in a dispersed state
or is forming agglomerates of between 2 and 500 nano-
particles, wherein said agglomerates have a size less
than 2 microns.
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[0023] Inanother aspect, the invention relates to a sys-
tem for determining the authenticity of a security docu-
ment, article or element as has been defined previously,
comprising:

- apositioner where the security document, article or
element is placed;

- aset of lenses which allows focusing the light origi-
nating from an incident laser beam on the part of the
document, article or element to be irradiated;

- amultichannel Raman spectrum detector;

- afilter for blocking the laser radiation that reaches
the multichannel detector.

Description of the Drawings

[0024]

Figure 1 show the scheme of a Raman spectrum
Figure 2 shows the Raman Spectra of isolated and
dispersed Co;0,4 nanoparticles (AlCo1), of agglom-
erates of a hundred nanoparticles (AlCo100) and of
agglomerates of thousands of nanoparticles in their
natural state (Co30,).

Figure 3 shows the variation of the position (a) and
the width (b) of the main Raman peak of Co;0, de-
pending on the agglomeration state thereof.

Figure 4 shows the Raman spectrum corresponding
to a 1:1 mixture by weight of isolated, dispersed na-
noparticles and agglomerates of 100 Co;0,4 nano-
particles.

Detailed Description of the Invention

[0025] The use of the combination of at least two types
of nanoparticles in which the nanoparticles are in a dis-
persed form or are forming agglomerates with a control-
led size involves a very safe labeling system since the
presence of security material can only be confirmed by
using a system suitable for obtaining Raman spectrum.
The region in which the Raman spectrum of a material
appears depends on the excitation radiation wavelength
but the very low intensity and proximity to the excitation
wavelength thereof make it impossible to distinguish it
unless suitable measurement equipment are used.
[0026] The combination of at least two types of nano-
particles in a dispersed state or with a specific agglom-
eration state for each of them provides a well differenti-
ated Raman spectrum giving rise to a defined and repro-
ducible mixture. Said combination of nanoparticles forms
a security marker which can be coded. This involves an
increase in the complexity of the security marker since it
is characterized not only by the composition thereof but
also by the dispersed or agglomeration state of the na-
noparticles forming it.
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Compositions used in the invention

[0027] The present invention relates in a first aspect
to the use of a combination comprising at least two types
of nanoparticles of materials presenting Raman effect
wherein each of the at least two types of nanoparticles
are in a dispersed state or is forming agglomerates of
between 2 and 500 nanoparticles wherein said agglom-
erates have a size less than 2 microns for preparing or
labeling a security document, article or element.

[0028] Inthe context of the present invention, the term
"nanoparticles" relates to a structure the mean size of
which is less than 1 micron, i.e., the mean size thereof
is comprised between 1 and 999 nm. The nanoparticles
can have a spherical, laminar or fibrous morphology, their
main feature being that at least one of their dimensions
is nanometric, i.e. less than one micron, preferably less
than 100 nm, more preferably less than 50 nm, yet more
preferably less than 25 nm. Nevertheless, it must be tak-
en into account that said nanoparticle size is conditioned
so that, in the event that the nanoparticles are forming
agglomerates, said agglomerates have a size less than
2 microns.

[0029] The term "type of nanoparticles" relates to a
group of nanoparticles characterized by the chemical
composition, crystal structure, shape, size and dispersed
or agglomeration state thereof.

[0030] As mentioned before, the at least two types of
nanoparticles used in the present invention are differen-
tiated in their chemical composition, in their crystal struc-
ture, in their shape, in their size and/or in their dispersed
or agglomeration state, but they are always conditioned
so that they are in a dispersed state or are forming ag-
glomerates of between 2 and 500 nanoparticles.

[0031] Preferably, the at least two types of nanoparti-
cles used in the present invention are differentiated in
their chemical composition, in their crystal structure, in
their size and/or intheir dispersed or agglomeration state,
but they are always conditioned so that they are in a
dispersed state or are forming agglomerates of between
2 and 500 nanoparticles.

[0032] Theterm"dispersed state”is used inthe context
of the present invention to define nanoparticles which are
dispersed, i.e., isolated nanoparticles which are not in
direct contact with one another through physical or chem-
ical interactions. Said dispersed state provides a unique
Raman spectrum for a type of hanoparticles, regardless
of the number of isolated nanoparticles present.

[0033] The term "agglomeration state" or "agglomer-
ates" is used in the context of the present invention to
define the association of a particular and controlled
number of nanoparticles which always comprised be-
tween 2 and 500 that are bound through physical proc-
esses, i.e., without producing chemical reactions be-
tween them. The size of the agglomerates resulting from
said association is less than 2 microns, more preferably
less than 500 nm, yet more preferably less than 200 nm.
Unlike the dispersed state, there is a unique and char-
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acteristic Raman spectrum for each agglomerate size,
i.e., the Raman spectrum depends on the number of na-
noparticles present in each agglomerate.

[0034] Therefore, when two types of nanoparticles dif-
ferentiated by their dispersed or agglomeration state are
defined, two types of nanoparticles must be understood,
one of which is in a dispersed state and the other is form-
ing agglomerates of between 2 and 500 nanoparticles,
or both are forming agglomerates of different size, i.e.,
agglomerates containing different number of nanoparti-
cles always comprising between 2 and 500.

[0035] In a preferred embodiment, one of the at least
two types of nanoparticles is forming agglomerates of
less than 400 nanoparticles, more preferably of less than
300, more preferably of less than 200, more preferably
of less than 150, more preferably of less than 100, more
preferably of less than 50, yet more preferably of less
than 25.

[0036] Theterm"combination"inthe presentinvention
relates to a physical mixture of the at least two types of
nanoparticles as have been described previously.
[0037] Said combination of the at least two types of
nanoparticles can form part of a single composition
(known as security composition) or each type of nano-
particles can be incorporated in an independent compo-
sition resulting in the combination of at least two compo-
sitions (known as security compositions).

[0038] Therefore, the term "security compositions"
must be understood as a composition comprising the
combination of at least two types of nanoparticles as has
been defined previously, or a combination of two com-
positions, each of comprising a type of nanoparticle as
has been defined previously.

[0039] The combination of the at least two types of na-
noparticles can give rise to, among others, the following
security compositions:

- a composition comprising two types of nanoparti-
cles, wherein said nanoparticles are in a dispersed
state or in the same agglomeration state, they have
the same nanoparticle size and the same nanopar-
ticle form but have different chemical composition;

- a composition comprising two types of nanoparti-
cles, wherein said nanoparticles have the same
chemical composition, the same crystal structure,
the same nanoparticle size and the same nanopar-
ticle form, but they have a different dispersed or ag-
glomeration state;

- a composition comprising two types of nanoparti-
cles, wherein said nanoparticles have the same
chemical composition, the same nanoparticle size,
the same nanoparticle form and are in a dispersed
state or in the same agglomeration state, but they
have a different crystal structure;

- the combination of two compositions, each of com-
prising a type of nanoparticles and wherein said na-
noparticles are in a dispersed state or in the same
agglomeration state, they have the same nanopar-
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ticle size and same nanoparticle form but have dif-
ferent chemical composition;

- the combination of two compositions each of com-
prising a type of nanoparticles and wherein said na-
noparticles have the same chemical composition,
the same crystal structure, the same nanoparticle
size and the same nanoparticle form but they have
different dispersion or agglomeration state;

- the combination of two compositions each of com-
prising a type of nanoparticles and wherein said na-
noparticles have the same chemical composition,
the same nanoparticle size, the same nanoparticle
form and are in a dispersed state or in the same
agglomeration state but they different crystal struc-
ture,

with the condition that the at least two types of nanopar-
ticles are in a dispersed state or are forming agglomer-
ates of between 2 and 500 nanoparticles in all these com-
positions or composition combination.

[0040] The term "material presenting Raman effect" in
turn relates to any type of material either of organic or
inorganic origin capable of providing a Raman spectrum
characteristic of said material. In other words, it must be
amaterialwhich allows the inelastic scattering of photons
that arrive after light is impacted thereon, such that the
light coming out from this material has a frequency dif-
ferent from that of the incident light.

[0041] The materials formed by the nanoparticles used
in the invention are characterized by presenting a well
defined Raman spectrum which is determined both by
the composition, crystal structure, shape and size and
by the dispersed or agglomeration state thereof.

[0042] In a particular embodiment, the material formed
by the nanoparticles of the composition of the invention
is selected from silicon, metal oxides, hydroxides, car-
bonates, sulfates, phosphates, silicates, borates, alumi-
nates, heat stable polymers, thermoplastic polymers and
polymer resins. Preferably, the material is selected from
silicon and metal oxides, more preferably Co;0,, Ce,0s,
TiO,, X(W3), or XNbO4, wherein X can be alkaline, al-
kaline-earth, transition metal or lanthanide elements.
[0043] The nanoparticles used in the composition of
the invention can be synthesized by different convention-
al methods in this type of processes known by the person
skilled in the art and they include ceramic methods,
mechanochemical methods, chemical or electrochemi-
cal methods or vapor phase physical or chemical depo-
sitiontechniques. The size of the particles of the invention
can be selected during the synthesis process itself using,
for example, suitable surfactants in manufacturing proc-
esses by chemical methods or by means of performing
controlled grinding processes to reduce the particle size
from large materials.

[0044] According to an embodiment of the invention,
the at least two types of nanoparticles are in a ratio be-
tween 1:1 and 20:1 by weight, preferably between 1:1
and 10:1, more preferably between 1:1 and 5:1, even
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more preferably between 1:1 and 3:1 by weight.

[0045] In a preferred embodiment, the nanoparticles
of the invention, either in a dispersed form or forming
agglomerates of a particular and controlled number of
nanoparticles of between 2 and 500, are deposited on a
substrate or on larger sized support particles, i.e., of a
range greater than the nanometric. The support particles
or substrates on which the nanoparticles are deposited
must be chemically inert, being unable to react with the
mentioned nanoparticles. Said particles or substrates
must further be formed by materials that do not present
Raman signal in the same frequencies as the nanopar-
ticles.

[0046] The technique described in document WO
2010/010220, for example, can be used for the prepara-
tion thereof. Said technique allows obtaining dispersed
nanoparticles as well as agglomerates with a controlled
size such that a unique and characteristic Raman spec-
trum can be associated to the dispersed state and to
each agglomeration state.

[0047] Preferably, the nanoparticles are added for dis-
persing thereofin aratio less than 5% by weight in relation
to the support particles, preferably less than 3% by
weight, more preferably between 0.03 and 2% by weight.
[0048] In a particular embodiment, the nanoparticles
are deposited on support particles, these particles are
preferably within the micrometric range. Said particles
can be formed by materials of organic or inorganic origin
provided that said material does not present Raman sig-
nal in the same frequencies as the nanoparticles. Said
particles can be formed by materials of inorganic origin
such as metal oxides, hydroxides, carbonates, sulfates,
phosphates, silicates, borates or aluminates, by materi-
als of organic origin such as heat stable polymers, ther-
moplastic polymers or polymer resins, or by materials of
metal origin. They are preferably micrometric particles of
oxide materials, semiconductors or insulators.

[0049] In another particular embodiment, the nanopar-
ticles are deposited on an inert substrate. The substrate
used is selected from a material of ceramic type, vitreous
type, polymer type, metal type, or compound or hybrid
materials. More preferably, it is selected from alumina,
single crystal silicon, ceramic glaze, a metal alloy such
as kovar or any combination thereof.

[0050] Inanother particular embodiment, the substrate
used has the form of fibers. Preferably, said substrates
are natural fibers such as cotton fibers, for example.
[0051] The nanoparticles, once deposited on any of
the mentioned substrates form a coat on said substrate
with a thickness preferably less than 100 nm, more pref-
erably less than 50 nm.

[0052] In a preferred embodiment of the invention, the
at least two types of nanoparticles have the same chem-
ical composition, the same crystal structure, the same
nanoparticle size and the same nanoparticle shape but
different agglomeration state.

[0053] Inayetmore preferred embodiment, the atleast
two types of nanoparticles have the same chemical com-
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position, the same crystal structure, the same nanopar-
ticle size and the same nanoparticle shape but one of
the at least two types of nanoparticles are in a dispersed
state, and the another of the at least two types of nano-
particles is forming agglomerates comprising between 2
and 500 nanoparticles, more preferably between 10 and
100 nanoparticles.

[0054] The use of nanoparticles of a same material,
same crystal structure, same nanoparticle shape and
same nanoparticle size in two different agglomeration
states, or one in a dispersed state and the other in a
specific agglomeration state involves a significant in-
crease in the security of the system. Since the Raman
spectrum is unique and can only be given for a specific
combination of at least two types of nanoparticles with a
different agglomeration/dispersed state, said combina-
tion can be considered as a good security marker.
[0055] A possible method for labeling security docu-
ments is the printing of special images such as the frets
in dollar bills or barcodes involving a particular code ther-
eon. A substantial improvement of these printings is the
use of invisibles inks such as security inks, for example,
which act by means of the Raman effect. Nevertheless,
when the use of a single material with Raman effect is
selected to make one of these invisible images or bar-
codes, areas in which there is a high concentration of a
material (the active Raman material) which is not in the
rest ofthe documentwhich allows deducing the presence
of an image are found and it can further allow knowing
the material used, using to that end suitable microanal-
ysis techniques.

[0056] The security compositions described in this
document can be used for generating security inks which
allows making invisible images or barcodes.

[0057] Thus, the use of acombination of two inks which
comprise nanoparticles having the same chemical com-
position but different crystal structure, different nanopar-
ticle size, different nanoparticle shape or different ag-
glomeration/dispersed state allows having two different
visualtones each of them associated to one of these inks
which allows generating invisible barcodes or binary im-
ages. Furthermore, in this case it is not possible to ob-
serve composition variations in the security document,
making deducing the presence of animage or a barcode
ordetermining the characteristics of the material whereby
it is made once the presence of this image or barcode is
known much more difficult if not impossible.

Security documents, articles and elements

[0058] In an additional aspect, the present invention
relates to a security element comprising the combination
of at least two types of nanoparticles as has been defined
previously.

[0059] According to the present invention, the term se-
curity element relates to an element which is integrated
into a security document or article for the purpose of au-
thenticating it. The security element can be integrated
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into the security article or document in its body (such as
for example the body of paper, security threads, security
fibers, watermarks, tactile effects, cellulose strips, plan-
chettes or other commonly used elements) or in its sur-
face (such as for example holograms added in different
bills and credit cards, security inks, plastic sheets or other
commonly used elements).

[0060] Nevertheless, since the Raman spectroscopy
is fundamentally sensitive to the surface region, the in-
corporation of the security element on the surface of the
document or article is preferred.

[0061] The security element can be randomly distrib-
uted or attached in specific positions of the document or
article and gives security features to the document or
article containing it, these features being able to be of a
very diverse kind provided that their objective is to make
the forging of the security documents or articles difficult
or to facilitate the authentication thereof.

[0062] According to a particular embodiment, the se-
curity element is selected, for example, from security pa-
per, security threads, security fibers, security inks, wa-
termarks, tactile effects, cellulose strips, planchettes,
holograms, security pigments or substances, plastic
sheets and polymer substrates.

[0063] These security elements can be prepared from
security compositions comprising the combination of the
at least two types of nanoparticles defined previously fol-
lowing the common methods known by the person skilled
in the art.

[0064] In a particular embodiment of the invention, the
nanoparticles are deposited in supports with the form of
fibers. Thus, it is possible to deposit said nanoparticles
on natural fibers, preferably cotton fibers, such that se-
curity fibers which are incorporated into the security el-
ement as part of the fibers themselves which form the
security paper is provided.

[0065] Inanother particular embodiment, the nanopar-
ticles are deposited on support particles which in turn are
incorporated into the formulation of an ink thus giving rise
to security inks.

[0066] In a particular embodiment, the security ele-
ment is formed by a security composition comprising the
combination of at least two types of nanoparticles such
as having been defined previously. In another particular
embodiment, the security element is formed by the com-
bination of at least two security compositions wherein
each of said security compositions comprises one type
of nanoparticles as has been defined previously.
[0067] In another particular embodiment, the security
elementis formed by the combination of two security inks
wherein each of said security inks comprises one type
of nanoparticles as has been defined previously. In this
embodiment, the types of nanoparticles comprised in
both security inks have the same chemical composition
but they have different crystal structure, different nano-
particle size, different nanoparticle shape and/or different
dispersed or agglomeration state.

[0068] Preferably, the security element is formed by
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the combination of two security inks wherein said security
inks comprise nanoparticles with the same chemical
composition, same crystal structure, same shape and
size but in one of the at least two inks the nanoparticles
are in a dispersed state and in another of the at least two
inks the nanoparticles are forming agglomerates of a con-
trolled size of between 2 and 500 nanoparticles.

[0069] If the absolutely invisible nanoparticles are de-
posited on transparent microparticles or even on the par-
ticles forming part of the inks used as security elements
themselves, images in any part of a document can be
printed with them without the possibility of them being
detected by simple view or by conventional methods with
the exception of those defined in this patent. Further-
more, since the inks used for defining both colors in the
binary images and barcodes have the same chemical
composition, itis not possible to distinguish the presence
of these images by using any other characterization tech-
nique. Thus, a particularimage can be made on the figure
of a bill for example, this image being detectable only by
using suitable Raman equipment.

[0070] Inthe particular case of using inks, the security
element is not only formed by a material with well defined
properties in terms that it presents a specific Raman
spectrum, rather also by a particular code, either a two
dimensional image, an anagram or a binary code such
as a barcode. This method simplifies the detection of the
security element since the latter is located in a well de-
fined region of the security document.

[0071] Additionally, these security elements can be
used to label articles or security documents.

[0072] In another aspect, the invention also relates to
a security article or document comprising a combination
of at least two types of nanoparticles as has been defined
previously. Likewise, the invention relates to a security
article or document comprising a security element as has
been described previously.

[0073] According to the presentinvention, the term se-
curity article or document relates to those having partic-
ular characteristics which ensure their origin and there-
fore their authenticity. These security articles or docu-
ments include all of those used by public administrations
and their public organizations as well as those used in
the private sector when they circulate greatly between
the group of citizens and companies, and containing
identification, authentication or anti-forgery means or de-
vices. Preferably, the security documents or articles are
selected from identification documents such as identifi-
cation cards, passports, passes and the like, and valua-
ble documents such as bills, cheques, stamps, certifi-
cates and the like.

[0074] Preferably, the security article or document is
selected from security paper, identification documents,
banknotes, cheques, stamps and stamp-impressed pa-
per, labels and tickets. More preferably, it is a security
paper.

[0075] The combination of the at least two types of na-
noparticles of the invention can be incorporated into the
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security article or document:

(i) during the manufacturing of the material used to
make said article or document; or

(i) as part of an additive which is added to said article
or document; or

(iii) on the surface of said article or document.

[0076] In a particular embodiment, the combination of
the at least two types of nanoparticles used in the inven-
tion can form part of a single security composition which
is incorporated into the security article or document ac-
cording to any one of method i)-iii) described previously.
[0077] In another particular embodiment, each of the
at least two types of nanoparticles forms part of an inde-
pendent security composition, the resulting security com-
position combination being thatwhich is incorporated into
the security article or document according to any one of
method i)-iii) described previously.

[0078] The combination of the invention can be added
to the body of paper of the security documents as a dry
load forming part of the body of the paper itself. Never-
theless, since the measurement technigue is fundamen-
tally sensitive to the surface region, the incorporation
thereof on the surface of the document as a hologram or
as an inscribed security thread, or forming part of the
glue or lacquer, is preferred. It can also be incorporated
into polymer films such as polyvinyl alcohol films, for ex-
ample, which can coat the security article or document.
Likewise, the combination can be incorporated into inks
used for printing the security document, enabling forming
imperceptible part of images, figures, legends, barcodes
or elements for tactile labeling.

[0079] The deposition of the nanoparticles on micro-
particles or on a substrate of a suitable size further allows
solving the problem where the nanoparticles pass
through the pores of the section of the paper since the
microparticles or the substrate are retained in the body
of paper together with the nanoparticles deposited onthe
surface thereof due to its large size.

[0080] Thus, the sizes of nanoparticle defined in the
invention guarantee its incorporation and stay in the pa-
per. Thus, security document or article is provided with
the code corresponding to the combination of selected
nanoparticles.

[0081] In a particular embodiment of the invention, the
nanoparticles are deposited in substrates with the form
of fibers. Thus, itis possible to deposit said nanoparticles
on natural fibers, preferably cotton fibers, such that se-
curity fibers are directly incorporated into the security ma-
terial as part of the fibers themselves which form the pa-
per is provided.

[0082] Inanother particular embodiment, the nanopar-
ticles are deposited on microparticles where the latter in
turn are incorporated into the body of the paper in the
form of a pigment or are incorporated into the formulation
of the ink itself, thus forming security inks as has been
mentioned previously for the security elements.
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[0083] The combinations of nanoparticles of the inven-
tion have a particle size described and characterized by
not being detectable by simple view when they are inte-
grated into the security documentor article. In a particular
embodiment, the percentage of the security composition
incorporated into the security document or article is less
than 5 % by weight, preferably less than 1 % by weight,
and greater than 0.005 % by weight of the total weight
of the security documentor article. This low concentration
makes the compositional identification by techniques
used such as chemical analysis, X-ray diffraction, spec-
troscopic techniques or the like difficult. Nevertheless,
the identification of the composition does not represent
the security marker therein since the specific response
is achieved by the combination of nanoparticles with a
particular chemical composition, crystal structure, shape
and size which are in a well defined agglomeration state
or a dispersed state.

[0084] The number of different security markers in-
creases with the number of different active Raman ma-
terials used which are characterized by their chemical
composition as well as by their crystal structure, the
shape and size of the nanoparticles, and by their dis-
persed or agglomeration state; therefore, the number of
different security markers that can be generated is virtu-
ally limitless. This allows generating encoded security
markers such that a particular security marker corre-
sponds to the documents that have been created at a
particular time, or for a particular value or a particular
purpose, or by a particular organism, therefore making
the security documents traceable and further increasing
the security thereof.

[0085] The security compositions comprising the at
least two types of nanoparticles are always active, a se-
curity composition not showing the bands corresponding
to the Raman spectrum which characterises them by the
application of electromagnetic waves or other external
electric, magnetic, light or heat fields not being possible.
Thus, it is impossible that a security document can be
falsified by not having the features corresponding to the
security composition. Likewise, the response of the ma-
terials comprised in the security compositions to Raman
cannot be modified without the security document which
the materials form a insoluble part being destroyed,
therefore the security compositions are characterized by
being permanent and non deactivable.

[0086] The nanoparticles used in the invention are
formed by very stable materials, not being sensitive gen-
erally to oxidation or hydration processes. Nevertheless,
the nanoparticles or the agglomerates can sometimes
be coated with layers of inert materials such as alumina,
glasses, silicates, or other oxide materials for protecting
them from the environment. In the same manner, the
nanoparticles could also be coated with polymers or other
organic materials to improve their adherence to the fibers
of the paper or for their improved transmission in the
event that they form part of inks.

[0087] The combination of the at least two types of na-
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noparticles described in the present invention allows ef-
ficiently labeling the security articles or documents, pre-
senting a safe coding system based on the intended com-
bination of nanoparticles of materials in adispersed state
or with a particular agglomeration state, showing a Ra-
man effect depending on their composition, crystal struc-
ture, shape, size and dispersed or agglomeration state
thereof which gives rise to a virtually limitless number of
possible unique security markers. The security compo-
sitions described are permanent, non deactivable and
have an encoded response which requires the use of a
detection system designed for such purpose.

Authentication method

[0088] In another aspect, the invention relates to a
method for determining the authenticity of a security doc-
ument or article which comprises measuring the Raman
spectrum of said security document or article to deter-
mine the presence of the security marker, i.e., to deter-
mine the presence of a combination of at least two types
of nanoparticles of materials presenting Raman effect
wherein each of the at least two types of nanoparticles
are in a dispersed state or are forming agglomerates of
between 2 and 500 nanoparticles.

[0089] The at least two types of nanoparticles are dif-
ferentiated in their chemical composition, in their crystal
structure, in their shape, in their size and/or in their dis-
persed or agglomeration state, but they are always con-
ditioned so that they are in a dispersed state or are form-
ing agglomerates of between 2 and 500 nanoparticles.
[0090] In a particular embodiment, the invention re-
lates to a method for determining the authenticity of a
security document or article comprising the combination
of at least two types of nanoparticles of materials pre-
senting Raman effect wherein each of the at least two
types of nanoparticles are in a dispersed state or are
forming agglomerates of between 2 and 500 nanoparti-
cles, which comprises:

(a) irradiating the security document or article with
monochromatic laser radiation; and
(b) measuring the Raman spectrum thereof.

[0091] The monochromatic laser radiation that reach-
es the security document or article is dispersed by the
latter, particularly by the security marker or composition
contained in said document or article comprising the
combination of at least two types of nanoparticles of ma-
terials presenting Raman effect wherein each of the at
least two types of nanoparticles has a predetermined ag-
glomeration state and comes with a frequency different
from that of the incident light. The resulting Raman spec-
trum is therefore formed by peaks shifted with respect to
the signal of the laser by a frequency corresponding with
a mode of vibration of the bonds of the material forming
the nanoparticles in their dispersed state or in a specific
agglomeration state.
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[0092] Inthe simplest possible case, whenthereisonly
one mode of vibration in the material, the laser peak is
obtained at a particular wavelength and Raman peaks
shifted with respect to said wavelength by an amount
corresponding to an integer times the vibration frequency
of the material as depicted in Figure 1 are obtained.
[0093] Inthisfigure, the intensity peak originating from
the laser beam is located in the center of the image. Two
sets of peaks are observed at both sides of the laser
peak. These peaks are shifted from the laser peak by
one or two times the frequency of the mode of vibration
of the material. The peaks which are on the right of the
laser atalower frequency (or energy) are know as Stokes
peaks, meanwhile those on the its left are the anti-Stokes
peaks. The Stokes peaks correspond to the case inwhich
phonons are emitted to the mass, i.e., the collision of the
laser beam with the mass produces vibrations in the ma-
terial and therefore the dispersed laser has a higher en-
ergy, this being coincident with the energy of the vibra-
tions generated. The anti-Stokes peaks are in turn due
to an interaction of the laser light with the material where
the dispersed radiation shows energy higher than that of
the incident beam, corresponding with one of the vibra-
tions of the material. The anti-Stokes peaks are way less
probable than Stokes peaks, therefore they show less
intensity.

[0094] Therefore, once obtaining a security document
or article comprising the combination of at least two types
of nanoparticles of materials presenting Raman effect
wherein each of the at least two types of nanoparticles
is in a dispersed state or has an agglomeration state con-
trolled and predetermined for each of them, a monochro-
matic laser beam is impacted thereon or on a specific
area thereof where said combination has been located
and the Raman spectrum thereof is measured. Said Ra-
man spectrum is unique and particular for the combina-
tion of the at least two types of nanoparticles contained
in said security document or article and particularly for
the dispersed state or the specific agglomeration state
for each type of nanoparticles and it is therefore consid-
ered as the reference Raman spectrum for use thereof
in the authentication of security documents or articles.
[0095] Therefore, in a particular embodiment, the
method for determining the authenticity of a security doc-
ument or article as has been defined previously, com-
prises:

a)irradiating the security document or article with
monochromatic laser radiation;

b)measuring the Raman spectrum after impacting
the mentioned monochromatic laser light thereon;
¢) comparing the Raman spectrum obtained in step
b) with a reference Raman spectrum corresponding
to a security document or article which includes a
composition comprising the combination of at least
two types of nanoparticles of materials presenting
Raman effect wherein each of the at least two types
of nanoparticles is in a dispersed state or has a pre-
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determined agglomeration state.

[0096] The authenticity of the security document or ar-
ticle is confirmed after verifying whether the Raman spec-
trum obtained in step b) coincides with the reference Ra-
man spectrum of the security marker, or if it is within pre-
established limits. Therefore, in a particular embodiment,
the authentication method of the invention comprises an
additional step of verifying if the Raman spectrum ob-
tained in step b) coincides with the reference Raman
spectrum of the security marker or if it is within pre-es-
tablished limits.

[0097] According to another particular embodiment,
the Raman spectrum obtained after impacting a mono-
chromatic laser light on the security document or article
represents a codification.

Detector

[0098] Toobtainthe Raman spectrum, a detection sys-
tem comprising a monochromatic radiation source such
as a folded Nd:YAG laser, for example, which emits at a
wavelength of 532 nm can be used. Since the intensity
of the Raman lines is very small, several orders of mag-
nitude smaller than the fluorescence emission intensity
for any material and much less intense than that of the
incident laser light, it is necessary to use filters which
allow blocking the laser radiation. Additionally, the de-
tection system comprises a monochromator for collecting
the intensity ofthe Raman signals at differentfrequencies
or wavelengths, as well as a suitable optical system.
[0099] In a particular embodiment, the detection sys-
tem for detecting the Raman spectrum is compact, en-
suring that all the elements are well aligned. To that end,
amicroscope can be used. Thus, the excitation laser light
impacts through a microscope lens and the dispersed
signal is collected using the same objective. By using a
slightly microscope lens with little magnification (5x or
10x) the Raman spectrum of a region of approximately
1 mm in diameter can be measured. This way for obtain-
ing the Raman spectrum is suitable for the cases in which
the nanoparticles are located in a specific region of the
security document or article. In the event that said nan-
oparticles are not located in a specific region, a shift sys-
tem can be included on said security document or article
such that the nanoparticles arranged randomly thereon
can be located.

[0100] In a preferred embodiment, the detection sys-
tem for detecting the Raman spectrum comprises a mul-
tichannel detector. Detectors of this type allow obtaining
the Raman spectrum only once thus preventing the need
of performing a frequency or wavelength scan over time
which facilitates the review of the Raman spectrum, lo-
cating the required Raman peaks in very short times.
Therefore, the use of this type of detectors allows au-
thenticating security documents at high speeds.

[0101] Therefore, in a particular embodiment, the sys-
tem for determining the authenticity of a security docu-
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ment, article or element as has been defined previously
comprises:

- a positioner wherein the security document, article
or element is placed;

- a set of lenses which allows focusing the incident
laser light on the part of the document, article or el-
ement to be irradiated;

- a multichannel Raman spectrum detector;

- afilter for blocking the laser radiation coming directly
from the laser emitter source that reaches the mul-
tichannel detector.

[0102] In a preferred embodiment, the multichannel
detector is a detector known commonly as a CCD.
[0103] In another particular embodiment, this system
further comprises a device which allows comparing the
Raman spectrum obtained with the reference Raman
spectrum and thus verifying if the document, article or
element analyzed comprises the security marker.
[0104] Inthe event that the security marker described
in this patent is used for making binary images or bar-
codes, the detection system comprises an optical focus-
ing system, a suitable imaging system, and two filters
which only allow the passing of the wavelength of the
Raman peak corresponding to each of the inks. In this
event, as the image is in a well-defined region of the
security document the measurement is taken only in this
region.

Examples

Example 1. Use of a combination of dispersed mullite
nanoparticles and agglomerate bismuth molibdate as se-
curity markers applied on the surface in security paper
to print legal tender notes.

[0105]
- Characteristics of the nanoparticles suspension:

Mullite nanoparticles with acicular shape of 50
nm in diameter and 300 nm in length. The nan-
oparticles are dispersed. The nanoparticles are
characterized with a Raman peak at 970 cm-1

Bismuth molibdate nanoparticles with spherical mor-
phology and 20 nm in diameter in an agglomeration
state of 200 nm characterized with two Raman peaks
at 712 and 846 cm-1.

The aqueous suspension of particles possess a solid
content of 15 wt% in which 5wt% are mullita nano-
particles and 10wt% are bismuth molibdate nano-
particles.

[0106] Material: A gravure printing machine manufac-
tured by Panday-Graph, a gravure cylinder manufac-
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tured by Ziraba, natural cellular-based fibrous paper
manufactured in a round paper machine in the Fabrica
Nacional de Moneda y Timbre (FNMT), long-lasting var-
nish and crosslinker manufactured by Sicpa and a dis-
persion of mullite nanoparticles and bismuth molibdate
in an aqueous solution is used.

Characteristics of the installations and materials used:

[0107]

- Conditions of the printing machine on each side of
the paper:

Drying tunnel temperature: 145°C

Machine speed: 90 m/min

Suction speed: 2500 rpm

Blowing speed: 2400 rpm

Residual moisture of the paper after drying: 6.1
-6.8%

- Conditions of the gravure cylinder

Type of etching: chemical
Lineature: 60 line/cm
Cell depth: 54 microns
Table: 910 mm

Diameter: 200 mm

- Conditions of the varnish and crosslinker:

Commercial name of the varnish: Primer
803696W

Commercial name of the crosslinker: First addi-
tive 370010

Viscosity of the varnish after adding crosslinker:
20s CP4

Viscosity of the varnish for application: 18 s CP4
- Characteristics of the paper:

Fibrous composition: 100% cellulose
Grammage: 90 g/m?

Grammage after the varnishing process: 96
g/m2

Thickness: 115 microns

Bendtsen smoothness on the felt side: < 700
ml/min

Bendtsen smoothness on the fabric side: < 800
ml/min

Bendtsen porosity: < 20 ml/min

Bendtsen porosity after creasing: <140 ml/min
Cobb value: 40 - 70 g/cm?

Ash: <3%

Opacity: 84%

[0108] Embodiment method: Once the printing ma-
chine is started up to reach the established machine con-
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ditions, the gravure cylinder is placed, the reel of paper
is placed on the unwinding shaft and the web of paper is
distributed in the machine circuit, the varnish is mixed
with the crosslinker in a proportion of 1.5% by weight of
the latter over the former, under gentle stirring conditions
in the actual 20 kg drum of varnish.

[0109] 100 ml of the aqueous dispersion of the combi-
nation of particles referred above are added to this mix-
ture. Once the perfect dispersion of the components is
assured, the content of the drum is pumped to the inkwell
of the printing machine. The paper is positioned on the
printing cylinder starting the application of the varnish on
the entire width of the web of paper on one of the sides,
controlling the final moisture of the paper, viscosity of the
varnish and the machine conditions throughout the entire
printing process. Once the paper is wound at the machine
outlet, the reel is taken off the winder and is placed in the
unwinder in the appropriate unwinding direction to print
the varnish on the opposite side. After the process ends
the reel is left at rest in a minimum development time of
24 hours at room temperature (23°C and 50% RH).

Example 2. Use of a mixture of cerium oxide nanoparti-
cles and titanium dioxide nanoparticles as security mark-
ers applied in security paper mass intended for printing
passports.

[0110] The characteristics of the nanoparticles sus-
pension are:

Cerium oxide nanoparticles, CeO,, with spherical
morphology of 70 nm in diameter. The cerium oxide
nanoparticles are dispersed. The nanoparticles are
characterized by a Raman peak at 465 cm-1.

[0111] Titanium dioxide nanoparticles, TiO,, in the
crystalline form of anatase with spherical morphology
and average nanoparticles size of 12.5 nm. The titanium
dioxide nanoparticles form agglomerates of ca. 200 nm
in diameter. The titanium dioxide nanoparticles are char-
acterized by a main Raman peaks at 145 cm-!.

[0112] The agueous suspension of particles possess
a solid content of 10 wt% in which 5wt% are cerium oxide
nanoparticles and 5wt% are titanium dioxide nanoparti-
cle agglomerates.

[0113] Material: A round paper machine and an aque-
ous dispersion of cellulose fibers suitably bleached and
refined in previous production processes are used.
[0114] Embodiment method: The aqueous dispersion
of cellulose fibers along with different chemical products
such as anti-foaming agents, charge retention agents,
color fixing agents, mineral fillers (e.g. titanium dioxide
or alumina silicate), pigment dyes, ion and pH regulators
and dry resistance resins (e.g. carboxymethyl cellulose),
forms the base pulp for manufacturing paper with a con-
sistency or concentration around 3% by weight with re-
spect to the amount of water used with pH between 7
and 8.
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[0115] The combination of nanoparticles functional-
ized to be cationic and to have the capacity to form cov-
alentbonds with the oxygen atoms of the carboxyl groups
of the cellulose fibers is also in an aqueous dispersion in
a 1000 kg dilution tank.

[0116] The metering of the aqueous dispersion of the
referred nanoparticles towards the machine head vat first
causes an electrostatic attraction between said dis-
persed cerium oxide nanoparticles or agglomerates of
titanium dioxide nanoparticles and the anionic fibers to
later form the indicated covalent bond.

[0117] Wet resistance resin based on polyamide-ep-
ichlorohydrin which is also strongly cationic and has the
possibility to form covalent bonds similar to that indicated
is subsequently added to the paper pulp, and such bonds
are formed with as many cellulose fibers are left with this
option and it also forms such bonds with itself to form the
polymer lattice necessary to give the paper the wet re-
sistance level that is specified.

[0118] This entire mass of cellulose fibers and chem-
ical additives subsequently arrive from the machine head
ink to the round shape where the layer of paper forming
the final sheet of paper after the pressing, drying, gluing
and subsequent drying and calendering processes is
formed.

[0119] The paper manufactured by these means is
subsequently used for printing passports.

Example 3. Use of a mixture of cerium oxide nhanoparti-
cles and titanium dioxide nanoparticles as security mark-
ers applied in silk-screen printing ink with an iridescent
web in security paper for security labels.

[0120]
- The characteristics of the nanoparticles mixture are:

Cerium oxide nanoparticles, CeO,, with spher-
ical morphology of 70 nm in diameter. The ceri-
um oxide nanoparticles are dispersed. The na-
noparticles are characterized by a Raman peak
at465 cm1.

[0121] Titanium dioxide nanoparticles, TiO,, in the
crystalline form of anatase with spherical morphology
and average nanoparticles size of 12.5 nm. The titanium
dioxide nanoparticles are dispersed on Al,O5 micro-
plateles of 6 pm in diameter and 1 pm in thickness. The
titanium dioxide nanoparticles are characterized by a
main Raman peaks at 143 cm-1.

[0122] The mixtures of nanoparticles comprise 20 wt%
of cerium dioxide and 80 wt% of titanium dioxide nano-
particles on alumina microparticles. The weight ratio of
titanium dioxide nanoparticles and alumina nanoparticles
is 1:9. In the mixture a dry nanodispersion procedure is
adequate to obtain the characteristics.

[0123] Material: A silk-screen printing machine manu-
factured by Stork, a silk screen manufactured by Stork,
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natural cellular-based fibrous paper manufactured in a
round paper machine in the FNMT, iridescent ink, anti-
foaming agent and crosslinker manufactured by Sicpa
and a mixture of cerium oxide nanoparticles and titanium
dioxide nanoparticles is used.

Characteristics of the installations and materials used:

[0124]

- Conditions of the printing machine on each side of
the paper:

Drying tunnel temperature: 145°C

Machine speed: 70 m/min

Suction speed: 2500 rpm

Blowing speed: 2400 rpm

Residual moisture of the paper after drying:
6.5%

- Conditions of the silk screen

Reference: RSI900
Development: 25 2/8 "
Mesh: 105

Open area: 15 %
Thickness: 105 microns
Width: 910 mm

- Conditions of the iridescent ink and additives:

Commercial name of the ink: Silk-screen print-
ing ink 5WR1241

Commercial name of the anti-foaming agent:
Additive 880775

Commercial name of the crosslinker: Additive
370010 Viscosity of the ink after adding
crosslinker: 20 s CP4

Viscosity of the printing ink: 18 s CP4

- Main conditions of the paper:

Fibrous composition: 100% cotton cellulose
Grammage: 90 g/m?

Grammage after the varnishing process: 96
g/m?2

Thickness: 115 microns

Bendtsen smoothness on the felt side: < 700
ml/min

Bendtsen smoothness on the fabric side: < 800
ml/min

Bendtsen porosity: < 20 ml/min

Bendtsen porosity after creasing: <140 ml/min
Cobb value: 40 - 70 g/cm?2

Ash: < 3%

Opacity: 84%

[0125] Embodiment method: Once the printing ma-
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chine is started up toreach the established machine con-
ditions, the silk screen is placed, the reel of paper is
placed on the unwinding shaft and the web of paper is
distributed in the machine circuit, the ink is mixed with
the crosslinker in a proportion of 1.5% by weight of the
latter over the former, under gentle stirring conditions in
the actual 20 kg drum of ink. 100 ml of the mixture of the
referred nanoparticles and anti-foaming agent are added
to this mixture as needed should foam occur. Once the
perfectdispersion of the components is assured, the con-
tent of the drum is pumped to the inkwell of the printing
machine. The paper is positioned on the printing silk
screen starting the printing of the ink through the holes
of the screen according to the graphic design established
therein on one of the sides, controlling the final moisture
of the paper, viscosity of the ink and the machine condi-
tions throughout the entire printing process.

Example 4. Use of a mixture of cerium oxide nanoparti-
cles and sodium potassium niobate nanoparticles as se-
curity markers applied on the surface of the security pa-
per intended for printing passports.

[0126] The characteristics of the nanoparticles sus-
pension are:

Cerium oxide nanoparticles, CeO,, with spherical
morphology of 70 nm in diameter. The cerium oxide
nanoparticles are dispersed. The nanoparticles are
characterized by a Raman peak at 465 cm-1.
Sodium  potassium  niobate  nanoparticles,
Ko .sNag sNbOs, with platelet type morphology and
average size of 80 nm. The sodium potassium nio-
bate nanoparticles form irregular agglomerates of
ca. 300 nm in average diameter. The sodium potss-
sium niobate nanoparticles are characterize by a
main Raman peaks at 620 cm™".

The aqueous suspension of nanoparticles possess
a solid content of 25 wt% in which 5wt% are cerium
oxide nanoparticles and 20wt% are sodium potassi-
um niobate nanoparticles.

[0127] Material: A round paper machine and an aque-
ous dispersion of cellulose fibers suitably bleached and
refined in previous production processes are used.
[0128] Embodiment method: The aqueous dispersion
of cellulose fibers along with different chemical products
such as anti-foaming agents, charge retention agents,
colorfixing agents, mineralfillers such astitanium dioxide
or alumina silicate, pigment dyes, ion and pH regulators
and dry resistance resins such as carboxymethyl cellu-
lose, forms the base pulp for manufacturing paper with
a consistency or concentration around 3% by weight with
respect to the amount of water used with pH between 7
and 8.

[0129] Wet resistance resin based on polyamide-ep-
ichlorohydrin which is also strongly cationic and has the
possibility to form covalent bonds similar to that indicated
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is subsequently added to the paper pulp and such bonds
are formed with as many cellulose fibers are left with this
option and it also forms such bonds with itself to form the
polymer lattice necessary to give the paper the wet re-
sistance level that is specified. This entire mass of cel-
lulose fibers and chemical additives subsequently arrive
from the machine head ink to the round shape where the
layer of paper is formed after the pressing and drying
processes.

[0130] After drying, the paper is moved to the gluing
area where it is immersed in a tray that contain a dilution
of gluing agents based on polyvinyl alcohol (reference
Airvol 103 manufactured by Air Products & Chemical)
where 100 ml of aqueous dispersion of the referred na-
noparticles, suitably functionalized to have the capacity
to form covalent bonds with the oxygen atoms of the hy-
droxyl groups of the gluing agent, has been added for
every 100 liters of gluing agent. The paper is subsequent-
ly dried and calendered until obtaining absolute moisture
of the paper of 5%. The paper manufactured by these
means is subsequently used for printing passports.

Example 5. Use of dispersed cerium oxide and titanium
dioxide nanoparticles as security markers applied in the
coated layer of paper intended for printing self-adhesive
security labels.

[0131]
- The characteristics of the nanoparticles mixture are:

Cerium oxide nanoparticles, CeO,, with spher-
ical morphology of 20 nm indiameter The cerium
oxide nanoparticles are disperse and anchor on
layered type kaolin microparticles with diameter
of 1-2 wm and thickness of 200-400 nm. The
cerium dioxide nanoparticles are characterized
by a Raman peak at 464 cm-'.

Titanium dioxide nanoparticles, TiO,, in the crystal-
line form of anatase with spherical morphology and
average nanoparticles size of 12.5 nm. The titanium
dioxide nanoparticles are dispersed and anchor on
layered type kaolin microparticles with diameter of
1-2 pm and thickness of 200-400 nm. The titanium
dioxide nanoparticles present a main Raman peaks
at 143 cm-.

The mixtures of nanoparticles comprise 3 wt% of ce-
rium dioxide and 3 wt% of titanium dioxide nanopar-
ticles and 94 wt% of kaolin microparticles. In the mix-
ture a dry nanodispersion procedure is adequate to
obtain the characteristics of the mixture. The mixture
is incorporate in an aqueous media to obtain a sus-
pension of the nanoparticles disperse on the micro-
particles with a solid content of 40wt%.

[0132] Material: A knife coating machine which is sup-
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plied with a coating slip previously prepared according
to the following specially indicated formula for a use of
the coated paper in offset printing techniques for self-
adhesive security labels was used.

Characteristics of the installations and materials used:

[0133]

- Mineral fillers: 80% calcium carbonate (Ref Albacar
HO Slurry manufactured by Specialty Minerals) and
20% kaolin (reference Supragloss 95 manufactured
by Imerys) to obtain 50 parts of the slip.

- Synthetic binder: 10 parts butadiene styrene latex
(reference Styronal D-517 manufactured by BASF).

- Synthetic co-binder: 2 parts (reference Acronal 700
L manufactured by BASF).

- Thickener: 1 part carboxymethyl cellulose.

- Insolubilizing agent: 1 part (reference Basocoll OV
manufactured by BASF).

- Additives: 1 part sodium hydroxide.

- Aqueous dispersion of dispersed cerium oxide and
titanium dioxide nanoparticles: 1 part.

- Water: The rest up to 100 parts.

- Self-adhesive paper to be coated:

Total grammage: 200 g/m?

Grammage of siliconized support: 82 g/m2
Grammage of adhesive: 20 g/m?2

Fibrous composition of the front side: 100% cel-
lulose from mechanical pulp.

- Conditions of the coating ma chine:

Drying tunnel temperature: 145°C

Machine speed: 150 m/min

Residual moisture of the paper after drying:
6.5%

- Characteristics of the coated paper:

Total grammage: 220 g/m?

Grammage of coated layer: 20 g/m2

Bekk smoothness on the coated side: 200 sec
Ash: 20%

Opacity: 84%

[0134] Embodiment method: Once the coating ma-
chine is started up toreach the established machine con-
ditions, the reel of paper is placed on the unwinding shaft
and the web of paper is distributed in the machine circuit,
the coating slip is metered into the tray of the knife coater
and the coating process begins according to the estab-
lished machine conditions until finishing the reel.
[0135] After the coating process, the reel of paper is
calendered until reaching the smoothness established
and is cut to the format necessary for the subsequent
process for sheet or reel printing of the security labels.

10

15

20

25

30

35

40

45

50

55

14

Example 6 - Use of cobalt oxide nanoparticles as security
markers applied in the security fiber mass intended for
inclusion in security paper mass.

[0136] The characteristics of the cobalt oxide nanopar-
ticles are:

Cobalt oxide nanoparticles, Co30,4, with spherical
morphology of 25 nm in diameter. The nanoparticles
are agglomerated in agglomerates with diameter of
400 nm. The cobalt oxide agglomerates of nanopar-
ticles are characterized by a Raman peak at 662
cmt,

The cobalt oxide nanoparticles are dispersed and
anchor on the alumina platelet microparticles de-
scribed in the example 3. The ratio of cobalt oxide
nanoparticles and alumina microplateletis 1:99. The
disperse cobalt oxide nanoparticles present a Ram-
an peaks at 695 cm-.

The mixtures of nanoparticles comprise 10 wt% of
agglomerate cobalt oxide nanoparticles and 90 wt%
of disperse cobalt oxide nanoparticlese. The mixture
is incorporate in an agueous media to obtain a sus-
pension of the cobalt oxide nanoparticle in the ag-
glomerate state and the dispersed nanoparticles on
the alumina microparticles with a total solid content
of 40wt%.

[0137] This example uses a plastic material extrusion
machine made up of a metering hopper with circular sec-
tion where the chips of polymer material are metered, a
piston meter where the cobalt oxide nanoparticles are
metered, a single screw extruder with Maddock type mix-
er and spinning head, an air cooling system, a fiber tem-
pering or tensing system and a cutter. The main process
parameters in use and the configuration parameters of
this machine are indicated below.

Configuration of the screw of the extruder:
[0138]

Screw diameter: 5 cm

Screw length in the feeding area: 50 cm
Screw length in the compression area: 30 cm
Screw length in the metering area: 20 cm
Angle of the blades: 17.65 °

Thread pitch: 5 cm

Gap between cylinder and screw: 0.5 cm
Depth of the metering channel; 0.25 cm
Depth of feeding channel 0.75 cm

Outer diameter of the cylinder: 7.01 cm
Inner diameter of the cylinder: 5.01 cm
Length of the mixer: 10 cm

Number of holes of the spinning head: 50
Diameter of the holes: 0.15 mm
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Process parameters of the extruder:
[0139]

Range of temperatures along the cylinder: 120-185°
Fiber flow rate at the outlet of the spinning head: 10
I’h

Output speed: 3.14 m/s (7.5 kg of fiber/hour)

Characteristics of the polymer material:
[0140]

Composition: polypropylene manufactured by Lyon-
DellBasell (ref.: HM560R)

Chip density: 0.91 g/cm3

Melting temperature: 145 °C

Fluidity Index: 25 g/10 min (230°C/2.16 kg)

Characteristics of the security fibers:
[0141]

Thickness: 0.02 mm
Length: 3 mm

Implementation method:

[0142] Once the extrusion machine is started up in the
indicated configuration and process parameters, coat to
reach the established machine conditions, the heated
hopper is fed with the polypropylene chips. The markers
with cobalt oxide nanoparticles are introduced by using
a vertical piston meter located between the feeding area
and the compression area of the extruder. The material
is gradually mixed and pressed as it moves along the
screw starting with an atmospheric pressure in the hop-
per and increasing until the outlet through the nozzle.
Before reaching the mixer, the components pass through
amesh orfilter. After going through the mixer the material
is subjected to maximum pressure and passes through
a spinning head provided with small holes where the fib-
ers are produced.

[0143] Once the fibers are obtained, they must be
cooled by means of an air current and are subsequently
collected by a drive roller feeding the tensing unit. In this
unit the fibers align their crystalline structure in the direc-
tion of the axis of the filament enabling their lengthening
which is produced through the action of a roller which is
at the end of the drying chamber and which rotates at a
speed 4 times faster than that of the outlet of the spinning
head.

[0144] Then another roller drives the fibers to the cut-
ting machine where a set of stationary blades cuts the
fibers into the specific length.

[$)]
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Example 7 - Use of a mixture of iron nanoparticles as
security markers applied in silk-screen printing ink of pol-
ymeric substrates for identification cards.

[0145]
cles are:

The characteristics of the iron oxide nanoparti-

Iron oxide nanoparticles of magnetite structure,
Fe30,, with spherical morphology of 20 nm in diam-
eter are agglomerated in agglomerates with diame-
ter of 200-400 nm. The magnetite iron oxide agglom-
erates of nanoparticles are characterized by main
Raman peaks at 300, 532 and 662 cm-".

Iron oxide nanoparticles, hematite a-Fe,O5, with
spherical morphology of 15 nm in diameter are ag-
glomerated in agglomerates with diameter of 300
nm. The maghemite iron oxide agglomerates of na-
noparticles are characterized by main Raman peaks
at 225, 293, 412 and 613 cm-".

The aqueous dispersion of nanoparticles comprises
10 wt% of agglomerate magnetite iron oxide nano-
particles and 10 wt% of agglomerate hematite iron
oxide nanoparticles.

[0146] This example uses a silk-screen printing ma-
chine jointly manufactured by Stork and Thieme with ul-
traviolet drying, a Rotaplate silk screen manufactured by
Stork, polyester-based polymeric substrate, silk-screen
printing ink manufactured by Sicpa and a dispersion of
iron oxide nanoparticles in a liquid solution.

[0147] The main characteristics of the installations and
materials indicated are described below:

Conditions of the printing machine on each side of the
paper:

[0148]

Machine speed: 4000 sheets/hour
Conditions of drying: 60%

Conditions of the silk screen Rotaplate 125W
[0149]

Mesh: 125 hpi

Thickness: 120 microns

Open area: 43 %

Diameter: 140 microns
Conditions of the iridescent ink and additives:

[0150]

Commercial name of the ink: Silk-screen printing ink
3Z21Q09
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Viscosity of the printing ink: 120 s CP4
Main conditions of the polymeric substrate:
[0151]

Composition: polyester manufactured by PPG In-
dustries (Ref.:

Teslin SP 1000)

Thickness: 200 microns

Implementation method:

[0152] Oncethe printing machine is started up to reach
the established machine conditions, the silk screen is
placed and the substrates of polyester are positioned, a
mixture of silk-screen printing ink to which 100 ml of the
aqueous dispersion of iron oxide nanoparticles have
been previously added is pumped to the inkwell. The
printing of the ink through the holes of the screen accord-
ing to the graphic design established therein on one of
the sides, controlling the viscosity of the ink and the ma-
chine conditions throughout the entire printing process
is subsequently started.

Example 8 - Use of dispersed cerium oxide ad titanium
dioxide nanoparticles as security markers applied in the
coated layer of paper intended for printing postal mail

stamps.

[01563] The characteristics of the nanoparticles are
those mentioned in example 5.

[0154] Material: A filmpress coating machine which is
supplied with a coating slip previously prepared accord-
ing to the following formula such that the type and char-
acteristics of the coating obtained is specially indicated
for a use of the coated paper in gravure printing tech-
niques for postal mail stamps was used.

Characteristics of the installations and materials used:

[0155]

- Mineralfillers: 50 parts kaolin (reference Supragloss
95 manufactured by Imerys).

- Synthetic binder: 12 parts butadiene styrene latex
(reference L-8000 manufactured by EOC Polymers).

- Synthetic co-binder: 2 parts (reference Acronal 700
L manufactured by BASF).

- Thickener: 1 part of carboxymethyl cellulose.

- Insolubilizing agent: 1 part (reference Basocoll OV
manufactured by BASF).

- Additives: 1 part sodium hydroxide.

- Aqueous dispersion of particles of inorganic oxide
materials (combinations 1-4): 1 part.

- Water: The rest up to 100 parts.

- Paper support to be coated:
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Total grammage: 90 g/m?

Thickness: 120 microns

Fibrous composition: 100% cellulose from me-
chanical pulp

- Conditions of the coating machine:

Drying tunnel temperature: 150°C

Machine speed: 170 m/min

Residual moisture of the paper after drying:
5.5%

- Characteristics of the coated paper:

Total grammage: 110 g/m?

Grammage of coated layer: 20 g/m2

Bekk smoothness on the coated side: 1800 sec
Ash: 15%

Opacity: 80%

[0156] Embodiment method: Once the coating ma-
chine is started up to reach the established machine con-
ditions, the reel of paper is placed on the unwinding shaft
and the web of paper is distributed in the machine circuit,
the coating slip is metered into the tray for supplying the
cylinders in contact with the paper and the coating proc-
ess begins according to the established machine condi-
tions until finishing the reel. After the coating process,
the reel of paper is calendered until reaching the estab-
lished smoothness and is cut to the format necessary for
the subsequent process for sheet or reel printing of postal
mail stamps.

Example 9 - Use of a mixture of dispersed cerium oxide
nanoparticles, titanium dioxide nanoparticles and bis-
muth molibdate nanoparticles as security markers ap-
plied in the gummed layer of paper intended for printing
gummed tax stamps or security labels.

[0157]
are:

The characteristics of the nanoparticles mixture

Cerium oxide nanoparticles, CeO,, with spherical
morphology of 20 nm in diameter The cerium oxide
nanoparticles are disperse and anchor on layered
type kaolin microparticles with diameter of 1-2 um
and thickness of 200-400 nm. The cerium dioxide
nanoparticles are characterized by a Raman peak
at 464 cm.

Titanium dioxide nanoparticles, TiO,, in the crystal-
line form of anatase with spherical morphology and
average nanoparticles size of 12.5 nm. The titanium
dioxide nanoparticles are dispersed and anchor on
layered type kaolin microparticles with diameter of
1-2 pm and thickness of 200-400 nm. The titanium
dioxide nanoparticles present a main Raman peaks
at 143 cm!, Bismuth molibdate nanoparticles with
spherical morphology and 20 nm in diameter in an
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agglomeration state of 200 nm characterized with
two Raman peaks at 712 and 846 cm-1.

The mixtures of nanoparticles comprise 5 wt% of ce-
rium dioxide, 5 wt% of bismuth molibdate nanopar-
ticles and 2 wt% of titanium dioxide nanoparticles
and 88 wt% of kaolin microparticles. In the mixture
a dry nanodispersion procedure is adequate to ob-
tain the characteristics of the mixture. The mixture
is incorporate in an aqueous media to obtain a sus-
pension of the nanoparticles disperse on the micro-
particles with a solid content of 35wt%.

[0158] Material: A filmpress coating machine which is
supplied with a slip of previously conditioned re-wettable
gum which is specially indicated for the use of gummed
paper for offset printing techniques for gummed tax
stamps or security labels. The slip of re-wettable gum
used is based on polyvinyl acetate, reference A-4524
manufactured by Henkel Adhesives & Technologies was
used.

Characteristics of the installations and materials used:

[0159]

- 1 liter of aqueous dispersion of the referred mixture
of nanoparticles and 1400 grams of green food dye
with reference Verde Carta DAM Liquido manufac-
tured by Clariant previously prepared by mixing 1
part of the dye indicated with 3 parts water are added
for every 1000 kg tank of gum slip.

- Characteristics of the paper support to be gummed:
[0160]

Total grammage: 95 g/m2

Thickness: 98 microns

Fibrous composition: 100% cellulose from mechan-
ical pulp.

- Conditions of the coating machine:
[0161]

Drying tunnel temperature: 130°C
Machine speed: 140 m/min
Residual moisture of the paper after drying: 5.5%

- Characteristics of the gummed paper:
[0162]

Total grammage: 105 g/m?
Grammage of coated layer: 10 g/m?2
Re-wettable gum adhesion: 25 gF/mm
Ash: 10%

Opacity: 80%
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[0163] Embodiment method: Once the coating ma-
chine used to apply the re-wettable gum is started up to
reach the established machine conditions, the reel of pa-
per is placed on the unwinding shaft and the web of paper
is distributed in the machine circuit, the gum slip is me-
tered into the tray for feeding the cylinders in contact with
the paper and the gumming process begins according to
the established machine conditions until finishing the
reel. After the gumming process, the reel of paper is cut
to the format necessary for the subsequent process for
sheet or reel printing of the gummed tax stamps or se-
curity labels.

Example 10 - Use of a mixture of mullite nanoparticles,
cerium oxide nanoparticles, titanium dioxide nanoparti-
cles and bismuth molibdate nanoparticles as security
markers applied on the surface in cellulose tapes for in-
sertion into the security paper mass intended for printing

legal tender notes.

[0164]
are:

The characteristics of the nanoparticles mixture

Mullite nanoparticles with acicular shape of 50 nm
in diameter and 300 nm in length. The nanoparticles
are dispersed. The nanoparticles are characterized
with a Raman peak at 970 cm™"

Cerium oxide nanoparticles, CeO,, with spherical
morphology of 20 nm in diameter. The cerium oxide
nanoparticles are dispersed and anchor on layered
type kaolin microparticles with diameter of 1-2 um
and thickness of 200-400 nm. The cerium dioxide
nanoparticles are characterized by a Raman peak
at464 cm-1.

Titanium dioxide nanoparticles, TiO,, in the crystal-
line form of anatase with spherical morphology and
average nanoparticles size of 12.5 nm. The titanium
dioxide nanoparticles are dispersed and anchor on
layered type kaolin microparticles with diameter of
1-2 pm and thickness of 200-400 nm. The titanium
dioxide nanoparticles present a main Raman peaks
at143 cm-1.

Bismuth molibdate nanoparticles with spherical mor-
phology and 20 nm in diameter in an agglomeration
state of 200 nm characterized with two Raman peaks
at 712 and 846 cm-1.

The mixtures of nanoparticles comprise 3wt% of mul-
lite nanoparticlesm, 4 wt% of cerium dioxide, 4 wt%
of bismuth molibdate nanoparticles and 2 wt% of ti-
tanium dioxide nanoparticles and 87 wt% of kaolin
microparticles. In the mixture a dry nanodispersion
procedure is adequate to obtain the characteristics
of the mixture. The mixture is incorporated in an
aqueous media to obtain a suspension of the nano-
particles dispersed on the microparticles with a solid
content of 25 wt%.

[0165] This example uses a gravure printing machine
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manufactured by Giave, a gravure cylinder manufactured
by Artcyl and etched by Ziraba, natural cellular-based
fibrous paper manufactured by Miguel and Costas, gra-
vure ink manufactured by Sicpa and a mixture of the re-
ferred nanoparticles in an agueous solution. The main
characteristics of the installations and materials indicated
are described below:

Conditions of the printing machine on each side of the
paper:

[0166]

Drying tunnel temperature: 45 °C
Machine speed: 80 m/min

Reel tension: 150 N

Heliofun (antistatic system): 60%

Conditions of the gravure cylinder
[0167]

Type of etching: chemical
Lineature: 90 line/cm

Cell depth: 34 microns
Table: 510 mm

Diameter: 24" = 194.02 mm

Conditions of the ink:
[0168]

Commercial name of the ink: 67E9011
Viscosity of the ink: 32 s CP4
Viscosity of the varnish for application: 32 s CP4

Main conditions of the paper:
[0169]

Fibrous composition: 100% cellulose
Grammage: 18 g/m?2

Thickness: 30 microns

Bendtsen porosity: 144 ml/min
Opacity: 25%

Implementation method:

[0170] Once the printing machine is started up to reach
the machine conditions, the gravure cylinder is placed
on the unwinding screw and the web of paper is distrib-
uted in the machine circuit the ink is mixed with 100 ml
of the aqueous dispersion of the referred nanoparticles.
Once the perfect dispersion of the components is as-
sured, the content of the drum is pumped to the inkwell
of the printing machine. The paper is positioned on the
printing cylinder starting the printing of the ink on the pa-
per on one of the sides, controlling the final moisture of
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the paper, viscosity of the ink and the machine conditions
throughout the entire printing process. After the process
ends the reel is left at rest for a minimum development
time of 24 hours at room temperature (23°C and 50%
RH).

Example 11. Measurement of the frequency shift in the
Raman spectrum for a Co;0, based material in different
agglomeration states.

[0171] Dispersed Co,;0, nanoparticles or Co30, nan-
oparticles with a different agglomeration state were de-
posited on Al,O4 particles. Particularly, nanoparticles
(known as AICo1) dispersed on said particles as well as
agglomerates of 100 Co;0, nanoparticles (AlCo100)
were obtained using the method described in application
WO 2010/010220. As an additional agglomeration state,
Co,30, nanoparticles in the original state, i.e., forming
agglomerates of several microns in diameter corre-
sponding to an agglomerate formed by thousands of par-
ticles were used.

[0172] Figure 2 shows the different spectra obtained
for Co;0,4 nanoparticles with a different agglomeration
state deposited on Al,O4 particles. As seen in this figure,
upon reducing the size of the agglomerate, the position
of the Raman peak is shifted towards higher frequencies
while at the same time the peaks become narrower.
[0173] By studying the variation of the position of the
main Raman peak of the Co;0, in function of the size of
the agglomerate, it can be observed that the Raman shift
of said peak is lesser when the size of the agglomerate
is larger (see Figure 3). On the other hand, the width
increases with the size of the agglomerate.

[0174] If the nanoparticles of this dispersed material
are equally mixed with the agglomerates of 100 nano-
particles, a spectrum different from each of the above is
observed (see Figure 4).

[0175] A security composition based on a controlled
mixture of atleast two types of nanoparticles with different
agglomeration states which give rise to a particular Ra-
man spectrum depending on the sizes of the agglomer-
ates can thus be defined.

Claims

1. Use of a combination comprising at least two types
of nanoparticles of materials presenting Raman ef-
fect wherein each of the at least two types of nano-
particles are in a dispersed state or is forming ag-
glomerates between 2 and 500 nanoparticles where
said agglomerates have a size less than 2 microns
in the preparation or labeling of a security document,
article or element, characterized in that:

- the at least two types of nanoparticles differs
from each other in their chemical composition,
in their crystal structure, in their shape, in their
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size and/or in their dispersed or agglomeration
state, and

- when they differ in their dispersed or agglom-
erate state, one of the type of nanoparticles is
in adispersed state and the other one is forming
agglomerates of between 2 and 500 nanoparti-
cles, or both are forming agglomerates contain-
ing different number of nanoparticles, wherein
said number of nanoparticles is comprised be-
tween 2 and 500 nanoparticles.

Use according to claim 1, wherein the nanoparticles
are deposited on microparticles or on a substrate.

Use according to claim 1 or 2, wherein the material
presenting Raman effect is selected from silicon,
C040,, Cey0g, TiO,, X(WO4), or XNbO,4, where X
is selected from alkaline, alkaline-earth, transition
metal or lanthanide elements.

Use accordingto any ofthe preceding claims, where-
in the at least two types of nanoparticles have the
same chemical composition, same crystal structure,
same nanoparticle shape and same nanoparticle
size and different dispersion or agglomeration state.

Useaccordingtoany ofthe preceding claims, where-
in one of the at least two types of nanoparticles is in
a dispersed state and another of the at least two
types of nanoparticles is forming an agglomerate
comprising between 2 and 500 nanoparticles.

A security element, article or document comprising
a combination of at least two types of nanoparticles
of materials presenting Raman effect wherein each
of the at least two types of nanoparticles are in a
dispersed state or is forming agglomerates between
2 and 500 nanoparticles where said agglomerates
have a size less than 2 microns, and wherein:

- the at least two types of nanoparticles differs
from each other in their chemical composition,
in their crystal structure, in their shape, in their
size and/or in their dispersed or agglomeration
state, and

- when they differ in their dispersed or agglom-
erate state, one of the type of nanoparticles is
in a dispersed state and the other one is forming
agglomerates of between 2 and 500 nanoparti-
cles, or both are forming agglomerates contain-
ing different number of nanoparticles, wherein
said number of nanoparticles is comprised be-
tween 2 and 500 nanoparticles.

A security elementaccording to claim 6, wherein said
security element comprises the combination of at
least two compositions, where each of said compo-
sitions comprises a type of nanoparticle as defined
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10.

1.

in any of claims 1to 5.

The security element according to claim 6 or 7, se-
lected from security paper, security threads, security
fibers, security inks, watermarks, tactile effects, cel-
lulose strips, planchettes, holograms, security pig-
ments or substances, plastic sheets and polymer
substrates.

The security element according to claim 8, wherein
said elementis a security ink forming partof animage
or a code.

A security article or document according to claim 6,
or comprising a security element such as defined in
any of claims 7 to 8, selected from identification doc-
uments, banknotes, cheques, stamps and stamp-im-
pressed paper, labels and tickets.

A method for the incorporation of a combination of
at least two types of nanoparticles of materials pre-
senting Raman effect wherein each of the at least
two types of nanoparticles are in a dispersed state
or is forming agglomerates between 2 and 500 na-
noparticles where said agglomerates have a size
less than 2 microns, and wherein:

- the at least two types of nanoparticles differs
from each other in their chemical composition,
in their crystal structure, in their shape, in their
size and/or in their dispersed or agglomeration
state, and

- when they differ in their dispersed or agglom-
erate state, one of the type of nanoparticles is
in adispersed state and the other one is forming
agglomerates of between 2 and 500 nanoparti-
cles, or both are forming agglomerates contain-
ing different number of nanoparticles, wherein
said number of nanoparticles is comprised be-
tween 2 and 500 nanoparticles,

into a security document or article, wherein said in-
corporation is performed:

(i) during the manufacturing of the material used
to make said article or document; or

(ii) as part of an additive which is added to said
article or document; or

(iiiyon the surface of said article or document,

wherein the combination of the at least two types of
nanoparticles forms part of a single composition
which is incorporated into the security article or doc-
ument according to any of methods i)-iii), or

wherein each of the at least two types of nanoparti-
cles forms part of an independent composition, the
resulting composition combination being that which
is incorporated into the security article or document
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according to any of methods i) -iii).

12. A method for determining the authenticity of a secu-

rity document, article or element as defined in any
of claims 6 to 10, comprising:

- irradiating the security document, article or el-
ement with monochromatic laser radiation; and
- measuring the Raman spectrum of said secu-
rity document, article or element to determine
the presence of a combination of at least two
types of nanoparticles of materials presenting
Raman effect as defined in any of claims 1 to 5.

13. The method according to claim 12, comprising:

- irradiating the security document, article or el-
ement with monochromatic laser radiation;

- measuring the Raman spectrum thereof; and
- comparing the Raman spectrum obtained in b)
with a Reference Raman spectrum which cor-
responds to a security document, article or ele-
ment including a combination of at least two
types of nanoparticles of materials presenting
Raman effect, wherein each of the at least two
types of nanoparticles is in a dispersed state, or
has a different and pre-determined agglomera-
tion state.

14. A system for determining the authenticity of a secu-

rity document, article or element as defined in any
of claims 6 to 11, comprising:

- a positioner where the security document, ar-
ticle or element is placed;

- a set of lenses which allows focusing the light
originating from a incident laser light beam on
the part of the document, article or element to
be irradiated;

- a multichannel Raman spectrum detector;

- a filter for blocking the laser radiation that
reaches the multichannel detector.

15. The system according to claim 14, which further

comprises a device capable of comparing the Ram-
an spectrum obtained according to the method de-
fined inclaims 12 to 13 with areference Raman spec-
trum and verifying whether the security document,
article or element comprises the combination of at
least two types of nanoparticles as defined in claims
1to 5.

Patentanspriiche

Verwendung einer Kombination, umfassend min-
destens zwei Typen von Nanopartikeln aus Materi-
alien, die den Raman-Effekt prasentieren, wobei
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sich jeder der mindestens zwei Typen von Nanop-
artikeln in einem dispergierten Zustand befindetoder
Agglomerate zwischen 2 und 500 Nanopartikeln bil-
det, wobei diese Agglomerate eine GréRRe von we-
niger als 2 Mikrometer aufweisen, bei der Vorberei-
tung oder Etikettierung eines Sicherheitsdoku-
ments, -artikels oder -elements, dadurch gekenn-
zeichnet, dass:

- sich die mindestens zwei Typen von Nanopar-
tikeln voneinander in ihrer chemischen Zusam-
mensetzung, ihrer Kristallstruktur, ihrer Form,
ihrer GréRe und/oder ihrem dispergierten Zu-
stand oder Agglomerationszustand unterschei-
den, und

- wenn sie sich in ihrem dispergierten Zustand
oder Agglomerationszustand unterscheiden,
sich einerder Typen von Nanopartikeln in einem
dispergierten Zustand befindet und der andere
Agglomerate aus zwischen 2 und 500 Nanop-
artikeln bildet, oder beide Agglomerate bilden,
die verschiedene Anzahlen von Nanopartikeln
enthalten, wobei diese Anzahl von Nanoparti-
keln zwischen 2 und 500 Nanopartikeln liegt.

Verwendung nach Anspruch 1, wobei die Nanopar-
tikel auf Mikropartikel oder ein Substrat aufgebracht
sind.

Verwendung nach Anspruch 1 und 2, wobei das Ma-
terial, das den Raman-Effekt prasentiert, aus Silizi-
um, CO30,, Ce,04, TiO,, X(WO3), oder XNbO5 ge-
wahlt wird, wobei X aus alkalischen, erdalkalischen,
{ibergangsmetallischen oder lanthanoiden Elemen-
ten gewahlt wird.

Verwendung nach einem der vorhergehenden An-
spriiche, wobei die mindestens zwei Typen von Na-
nopartikeln dieselbe chemische Zusammenset-
zung, dieselbe Kristallstruktur, dieselbe Nanoparti-
kelform und dieselbe NanopartikelgréRe und einen
unterschiedlichen Dispersions- oder Agglomerati-
onszustand aufweisen.

Verwendung nach einem der vorhergehenden An-
spriiche, wobei einer der mindestens zwei Typen
von Nanopartikeln in einem dispergierten Zustand
ist und der andere der mindestens zwei Typen von
Nanopartikeln ein Agglomerat umfassend zwischen
2 und 500 Nanopartikeln bildet.

Sicherheitselement, -artikel oder -dokument, umfas-
send eine Kombination aus mindestens zwei Typen
von Nanopartikeln aus Materialien, die den Raman-
Effekt prasentieren, wobeisich jeder der mindestens
zwei Typen von Nanopartikeln in einem dispergier-
ten Zustand befindet oder Agglomerate zwischen 2
und 500 Nanopartikeln bildet, wobei diese Agglome-
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rate eine GroRe von weniger als 2 Mikrometer auf-
weisen, und wobei:

- sich die mindestens zwei Typen von Nanopar-
tikeln voneinander in ihrer chemischen Zusam-
mensetzung, ihrer Kristallstruktur, ihrer Form,
ihrer GroRe und/oder ihrem dispergierten Zu-
stand oder Agglomerationszustand unterschei-
den, und

- wenn sie sich in ihrem dispergierten Zustand
oder Agglomerationszustand unterscheiden,
sich einer der Typen von Nanopartikeln in einem
dispergierten Zustand befindet und der andere
Agglomerate aus zwischen 2 und 500 Nanop-
artikeln bildet, oder beide Agglomerate bilden,
die verschiedene Anzahlen von Nanopartikeln
enthalten, wobei diese Anzahl von Nanoparti-
keln zwischen 2 und 500 Nanopartikeln liegt.

Sicherheitselement nach Anspruch 6, wobei das Si-
cherheitselement die Kombination aus mindestens
zwei Zusammensetzungen umfasst, wobei jede der
Zusammensetzungen einen Typ von Nanopartikeln
umfasst, wie ineinem der Anspriiche 1 bis 5 definiert.

Sicherheitselement nach Anspruch 6 oder 7, ausge-
wahlt aus Sicherheitspapier, Sicherheitsfaden, Si-
cherheitsfasern, Sicherheitstinten, Wasserzeichen,
haptischen Effekten, Zellulosestreifen, Planchetten,
Hologrammen, Sicherheitspigmenten oder -sub-
stanzen, Kunststofffolien und Polymersubstraten.

Sicherheitselement nach Anspruch 8, wobei das
Elementeine Sicherheitstinte ist, die einen Teil eines
Bildes oder Codes bildet.

Sicherheitsartikel oder -dokument nach Anspruch 6
oder umfassend ein Sicherheitselement, wie in ei-
nem der Anspriiche 7 bis 8 definiert, ausgewahlt aus
ldentifizierungsdokumenten, Banknoten, Schecks,
Stempeln sowie Papieren, Etiketten und Fahrkarten
mit Stempelabdruck.

Verfahren fir die Inkorporierung einer Kombination
aus mindestens zwei Typen von Nanopartikeln aus
Materialien, die den Raman-Effekt préasentieren, wo-
bei sich jeder der mindestens zwei Typen von Na-
nopartikeln in einem dispergierten Zustand befindet
oder Agglomerate zwischen 2 und 500 Nanoparti-
keln bildet, wobeidiese Agglomerate eine GréRRe von
weniger als 2 Mikrometer aufweisen, und wobei:

- sich die mindestens zwei Typen von Nanopar-
tikeln voneinander in ihrer chemischen Zusam-
mensetzung, ihrer Kristallstruktur, ihrer Form,
ihrer GroRe und/oder ihrem dispergierten Zu-
stand oder Agglomerationszustand unterschei-
den, und
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- wenn sie sich in ihrem dispergierten Zustand
oder Agglomerationszustand unterscheiden,
sich einerder Typen von Nanopartikeln in einem
dispergierten Zustand befindet und der andere
Agglomerate aus zwischen 2 und 500 Nanop-
artikeln bildet, oder beide Agglomerate bilden,
die verschiedene Anzahlen von Nanopartikeln
enthalten, wobei diese Anzahl von Nanoparti-
keln zwischen 2 und 500 Nanopartikeln liegt,

in ein Sicherheitsdokument oder einen Sicherheits-
artikel, wobei diese Inkorporierung durchgefiihrt
wird:

(i) wahrend der Herstellung des Materials, das
fur die Herstellung des Artikels oder Dokuments
verwendet wird; oder

(i) als Teil eines Additivs, das dem Artikel oder
Dokument hinzugeflgt wird; oder

(iii) auf der Oberflache des Artikels oder Doku-
ments,

wobei die Kombination aus mindestens zwei Typen
von Nanopartikeln den Teil einer einzigen Zusam-
mensetzung bildet, die in den Sicherheitsartikel oder
das Sicherheitsdokument nach einem der Verfahren
i) - iii) inkorporiert wird, oder

wobei jeder der mindestens zwei Typen von Nano-
partikeln einen Teil einer unabhangigen Zusammen-
setzung bildet und die resultierende Zusammenset-
zungskombination in den Sicherheitsartikel oder das
Sicherheitsdokument nach einem der Verfahren i) -
iii) inkorporiert wird.

Verfahren zum Bestimmen der Authentizitat eines
Sicherheitsdokuments, - artikels oder -elements wie
in einem der Anspriiche 6 bis 10 definiert, umfas-
send:

- Bestrahlen des Sicherheitsdokuments, -arti-
kels oder -elements mit monochromer Laser-
strahlung; und

- Messen des Raman-Spektrums des Sicher-
heitsdokuments, -artikels oder - elements zum
Bestimmen der Anwesenheit einer Kombination
aus mindestens zwei Typen von Nanopartikeln
aus Materialien, welche den Raman-Effekt pra-
sentieren, wie in einem der Anspriiche 1 bis 5
definiert.

Verfahren nach Anspruch 12, umfassend:

- Bestrahlen des Sicherheitsdokuments, -arti-
kels oder -elements mit monochromer Laser-
strahlung;

- Messen des Raman-Spektrums davon; und
-Vergleichendesinb) erhaltenen Raman-Spek-
trums mit einem Referenz-Raman-Spektrum,
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das mit einem Sicherheitsdokument, -artikel
oder - element korrespondiert, der eine Kombi-
nation aus mindestens zwei Typen von Nanop-
artikeln aus Materialien enthalt, welche den Ra-
man-Effekt prasentieren, wobei jeder der min-
destens zwei Typen von Nanopartikeln in einem
dispergierten Zustand ist oder einen unter-
schiedlichen und vorgegebenen Agglomerati-
onszustand aufweist.

14. System zum Bestimmen der Authentizitat eines Si-

cherheitsdokuments, -artikels oder -elements wie in
einem der Anspriiche 6 bis 11 definiert, umfassend:

- einen Positionierer, auf dem das Sicherheits-
dokument, der Sicherheitsartikel oder das Si-
cherheitselement angeordnet wird;

- einen Satz von Linsen, der die Fokussierung
des Lichts von einem einfallenden Laserlicht-
strahl auf den Teil des Dokuments, Artikels oder
Elements erlaubt, der bestrahlt werden soll;

- einen Mehrkanal-Raman-Spektrumsdetektor;
- einen Filter zum Blockieren der Laserstrah-
lung, die den Mehrkanaldetektor erreicht.

15. System nach Anspruch 14, das des Weiteren eine

Vorrichtung umfasst, die in der Lage ist, das nach
dem Verfahren aus den Anspriichen 12 bis 13 er-
haltene Raman-Spektrum mit einem Referenz-Ra-
man-Spektrum zu vergleichen und zu verifizieren,
ob das Sicherheitsdokument, der Sicherheitsartikel
oder das Sicherheitselement die Kombination aus
mindestens zwei Typen von Nanopartikeln wie in ei-
nem der Anspriiche 1 bis 5 definiert umfasst.

Revendications

Utilisation d’'une combinaison comprenant au moins
deux types de nanoparticules de matiéres manifes-
tant I'effet Raman, dans laquelle chacun des au
moins deux types de nanoparticules est dans un état
dispersé ou forme des agglomérats d’entre 2 et 500
nanoparticules, lesdits agglomérats mesurant moins
de 2 micronsdans la préparation ou I'étiquetage d’'un
document, article ou élément de sécurité, caracté-
risée en ce que :

- les au moins deux types de nanoparticules dif-
ferent 'un de l'autre par leur composition chimi-
que, leur structure cristalline, leur forme, leur
taille et/ou leur état dispersé ou aggloméreé, et
- lorsqu’ils different par leur état dispersé ou ag-
gloméré, I'un des types de nanoparticules est
dans un état dispersé et l'autre forme des ag-
glomérats d’entre 2 et 500 nanoparticules, ou
les deux forment des agglomérats contenant un
nombre différent de nanoparticules, ledit nom-
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bre de nanoparticules étant compris entre 2 et
500 nanoparticules.

Utilisation selon larevendication 1, dans laquelle les
nanoparticules sont déposées sur des microparticu-
les ou sur un substrat.

Utilisation selon larevendication 1 ou 2, dans laquel-
le la matiére manifestant I'effet Raman est sélection-
née parmile silicone, Co30,4, Ce,03, TiO5, X (WO3),
ou XNbO,, ol X est sélectionné parmi des éléments
alcalins, alcalino-terreux, de métaux de transition ou
de lanthanide.

Utilisation selon l'une quelconque des revendica-
tions précédentes, dans laquelle les au moins deux
types de nanoparticules ont la méme composition
chimique, la méme structure cristalline, la méme for-
me nanoparticulaire, la méme taille nanoparticulaire
et différents états de dispersion ou d’agglomération.

Utilisation selon I'une quelconque des revendica-
tions précédentes, dans laquelle I'un des au moins
deux types de nanoparticules est dans un état dis-
persé et l'autre des au moins deux types de nano-
particules forme un agglomérat d’entre 2 et 500 na-
noparticules.

Elément, article ou document de sécurité compre-
nant une combinaison d’au moins deux types de na-
noparticules de matieres manifestant I'effet Raman,
dans lequel chacun des au moins deux types de na-
noparticules est dans un état dispersé ou forme des
agglomérats d’entre 2 et 500 nanoparticules, lesdits
agglomérats mesurant moins de 2 microns, et dans
lequel :

- les au moins deux types de nanoparticules dif-
ferent 'un de l'autre par leur composition chimi-
que, leur structure cristalline, leur forme, leur
taille et/ou leur état dispersé ou aggloméré, et
- lorsqu’ils différent par leur état dispersé ou ag-
gloméré, I'un des types de nanoparticules est
dans un état dispersé et l'autre forme des ag-
glomérats d’entre 2 et 500 nanoparticules, ou
les deux forment des agglomérats contenantun
nombre différent de nanoparticules, ledit nom-
bre de nanoparticules étant compris entre 2 et
500 nanoparticules.

Elément de sécurité selon la revendication 6, dans
lequel ledit élément de sécurité comprend la combi-
naison d’au moins deux compositions, ol chacune
desdites compositions comprend un type de nano-
particule tel que défini selon 'une quelconque des
revendications 1 a 5.

Elément de sécurité selon la revendication 6 ou 7,
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sélectionné parmi du papier de sécurité, des fils de
sécurité, des fibres de sécurité, des encres de sé-
curité, des filigranes, des effets tactiles, des bandes
de cellulose, des planchettes, des hologrammes,
des pigments ou substances de sécurité, des feuilles
de plastique et des substrats polymériques.

Elément de sécurité selon la revendication 8, dans
lequel ledit élément est une encre de sécurité faisant
partie d’'une image ou d’un code.

Article ou document de sécurité selon la revendica-
tion 6, ou comprenant un élémentde sécurité tel que
défini selon I'une quelconque des revendications 7
a 8, sélectionné parmi des documents d’identifica-
tion, des billets de banque, des chéques, des timbres
et du papier timbré, des étiquettes et des tickets.

Procédé pour lincorporation d’'une combinaison
d’au moins deux types de nanoparticules de matié-
res manifestant I'effet Raman, dans lequel chacun
des au moins deux types de nanoparticules estdans
un état dispersé ou forme des agglomérats d’entre
2 et 500 nanoparticules, lesdits agglomérats mesu-
rant moins de 2 microns, et dans lequel :

- les au moins deux types de nanoparticules dif-
ferent I'un de I'autre par leur composition chimi-
que, leur structure cristalline, leur forme, leur
taille et/ou leur état dispersé ou aggloméré, et
- lorsqu’ils different par leur état dispersé ou ag-
gloméré, I'un des types de nanoparticules est
dans un état dispersé et I'autre forme des ag-
glomérats d’entre 2 et 500 nanoparticules, ou
les deux forment des agglomérats contenant un
nombre différent de nanoparticules, ledit nom-
bre de nanoparticules étant compris entre 2 et
500 nanoparticules,

dans un documentou article de sécurité, dans lequel
ladite incorporation est effectuée :

(i) lors de la fabrication de la matiere utilisée
pour créer ledit article ou document ; ou

(ii) comme partie d’un additif qui est ajouté audit
article ou document ; ou

(i) sur la surface dudit article ou document,

dans lequel la combinaison des au moins deux types
de nanoparticules fait partie d’'une composition uni-
que qui est incorporée dans l'article ou document de
sécurité selon 'un quelconque des procédés i) a iii),
ou

dans lequel chacun des au moins deux types de na-
noparticules fait partie d'une composition indépen-
dante, la composition de combinaison obtenue étant
celle qui est incorporée dans l'article ou document
de sécurité selon 'un quelconque des procédés i) a
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ii).

Procédé permettantde déterminer 'authenticité d’un
document, article ou élément de sécurité tel que dé-
fini selon 'une quelconque des revendications 6 a
10, qui comprend :

- irradier le document, article ou élément de sé-
curitt au moyen de rayonnement laser
monochromatique ; et

- mesurer le spectre Raman dudit document, ar-
ticle ou élément de sécurité afin de déterminer
la présence d’'une combinaison d’au moins deux
types de nanoparticules de matieres manifes-
tant I'effet Raman tel que défini selon I'une quel-
congue des revendications 1 a 5.

Procédé selon la revendication 12, comprenant :

- irradier le document, article ou élément de sé-
curité au moyen de rayonnement laser
monochromatique ;

- mesurer le spectre Raman résultant ; et

- comparer le spectre Raman obtenu en b) avec
un spectre Raman de référence correspondant
a un document, article ou élément de sécurité
comprenant une combinaison d’au moins deux
types de nanoparticules de matieres manifes-
tant I'effet Raman, dans lequel chacun des au
moins deux types de nanoparticules est dans
un état dispersé, ou a un état d’agglomération
différent et prédéterminé.

Systéme permettant de déterminer I'authenticité
d’undocument, article ou élément de sécurité tel que
défini selon 'une quelconque des revendications 6
a 11, comprenant :

- un positionneur sur lequel le document, article
ou élément de sécurité est placé ;

- un jeu de lentilles permettant de focaliser la
lumiére d’'un faisceau de lumiére laser incident
sur la partie du document, article ou élément
devant étre irradiée ;

- un détecteur multi-canaux de spectre Raman ;
- unfiltre permettant de bloguer le rayonnement
laser atteignant le détecteur multi-canaux

Systéme selon la revendication 14, comprenant en
outre un dispositif capable de comparer le spectre
Raman obtenu selon le procédé défini dans les re-
vendications 12 & 13 avec un spectre Raman de ré-
férence et de vérifier que le document, article ou élé-
ment de sécurité comprend la combinaison d’au
moins deux types de nanoparticules tel que défini
selon les revendications 1 a 5.
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