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METHOD OF PROVIDING AN IMAGE ON A SUBSTRATE,
AND AN INK FOR USE THEREIN

Field of the Invention

The present invention relates to a method for
providing an optically variable effect generating structure

on a substrate, and inks for use therein.

Background to the Inventiog

Optically variable effect generating structures, such
as diffraction gratings, holographic devices and non-
holographic, reflective embossed devices, are frequently
used both for decorative and security purposes. In
particular, such structures are used on security documents
such as identification cards, banknotes and the like to
enable such substrates to be authenticated. Traditionally,
in view of the delicate nature of these structures, a
transfer process has been used to locate the structure on
the substrate. This involves fabricating the structure on
a carrier film and then transferring the structure using a
hot stamping technique or the like onto the substrate. An
example 1is described in US-A-4913504. Other transfer
processes, although not suited for optically variable
effect generating structures, are described in US-A-
5017255, US-A-5219655, US-A-5328534 and WO-A-9515266.

WO-A-9703844 describes a method of providing a
reflective security feature on security paper in which a
metal is sprayed onto the surface of the paper following
which it is crushed, burnished or otherwise treated to
convert it to a more specularly reflective surface and this
may be formed into a relief pattern. The techniques for
providing the metal include electric arc, flame and plasma
spraying techniques, all of which have the disadvantage of
requiring high temperature processing. Other problems of
such spraying include the fact that sprayed metals tend to
fuse into continuous deposits which do not bend with the
substrate and therefore disbond, it is very difficult to

control the thickness of the deposit, it is very difficult



WO 02/04234 PCT/GB01/03080

10

15

20

25

30

35

2

to achieve complex shapes, and the number of materials
which can be deposited is limited.

WO-A-9965699 describes a method of providing an
optically wvariable effect generating structure on a
substrate which comprises coating the substrate with an
adhe81ve dep081t1ng a metal powder on to the adhesive, -and
subsequently embossing an optically variable effect
generating structure into the metal powder. The adhesive
enables ‘the subsequently deposited metal powder to be
strongly adhered to the substrate, and the pattern of the
deposit to be closely controlled. However, this two-step
deposition is time-consuming, and therefore a more
efficient method is desired.

WO-A-9818635 discloses a method of producing a
holographic image on a substrate by impressing a
holographic shim on to a metallic coating comprising
metallic particles suspended in a resinous binder. The
size and shape of the metallic particles can be varied to
improve. the visibility and reflectivity of the ultimate
holographiebimage. Optimum reflectivity is said to be
achieved with small, flat particles, as when pressed upon
by a shlm such particles are said to align better along a
plane than more spherical or more amorphous particles,
thereby creating a more reflective surface. The metallic
inks iexemplified are solvent-based 1inks containing
aluminium particles.

Contrary to the teaching in WO-A-9818635, the present
Applicant has found it difficult to achieve a level of
emboss:'sufficient for a good holographic image using
solvenflbased inks containing aluminium plate particles.
It woqld, ﬁherefore, be desirable to provide alternative
metallipAinks to those disclosed in WO-A-9818635 which are
not subject to this problem.

Summary of the Invention

According to a first aspect of the present invention,
a method of providing an optically wvariable effect

generating structure on a substrate comprises
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a) applying to the substrate a composition
comprising metallic particles dispersed in a vehicle;

b) drying the composition; and

c) embossing into the composition, an optically
variable effect generating structure.

According to a second aspect of the present invention,
a security document is provided which is obtainable by a
method according to the first aspect of the present
invention.

According to third and fourth aspects of the present
invention, novel metallic compositions are provided. One
such composition comprises metallic particles, preferably
non-plate-like metallic particles, dispersed in a solvent-
based or a water-thinnable <vehicle. Another such
composition comprises metallic particles dispersed in a
radiation-curable vehicle and, optionally, solvent.

Detailed Description of the Invention

The metallic compositions according to the present
invention, and for use in the method according to the
present invention, preferably comprise non-plate-like, or
non-flaky, metallic particles. Typically, the metallic
particles are substantially round, spherical or spheroid in
shape.

The metallic particles may comprise any deformable
metal. Suitable examples include tin, zinc, 1lead,
aluminium, silver, gold, indium, cadmium and thallium, and
alloys thereof, such as one containing lead and tin,
although some of these metals may be considered unsuitable
for use due to wunacceptable toxicity or cost. The
preferred metals are those which are more deformable than
aluminium, and particularly those which have a hardness on
the Mohs Scale of less than 3.0, and preferably less than
2.0. Preferably the metal is tin, or an alloy containing
tin and another metal.

Certain of the metals suitable for use in the present
invention are so much more deformable than the aluminium

particles disclosed in WO-A-9818635 that they may accept an
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embossed image irrespective of whether they are non-plate-
like or plate-like in shape. Tin is one such metal.
However, in order to improve the guality of the embossed
image, it is preferred that solvent-based or water-based
vehicles be wused for dispersion of plate-like metal
partiélés.'

The size of the metallic particles for use in the
present: invention will depend in part upon the effect
desired, and also on the method by which the composition
containing these particles is to be applied to a substrate.
Particles having a size of up to 100 um can be used.
Typically, the metallic particles will have a size of at
least 1 um, for instance at least 5 pum, and preferably they
will Have'a'size of at least 30 um, for instance in the
range 30 to 60 pm, or most preferably 40 to 50 um.

The amount of metallic particles included in the
composition varies according to the metal and the effect
desired. When, as is preferred, the composition comprises
tin particles, typically the amount of tin particles will
lie in thé'range 5 to 85 weight %, preferably 50 to 80
weight %, and more preferably 70 to 80 weight %, based on
the tqﬁal weight of the composition. Accordingly, the
amount §f vehicle included in the composition typically
varies from 15 to 95 weight %, preferably 20 to 50 weight
%, andlmdre preferably 20 to 30 weight %, based on the
total weight of the composition.

The metallic particles may be suspended in any
suitabié vehicle. The wvehicle may be a solvent-based
vehicle or a water-thinnable vehicle of any of the
convenﬁ&onal types used in printing inks, and is typically
selected acéording to the printing or other method by which
it is to be applied to a substrate. The solvent-based or
water-thinnable vehicles are generally in the form of
varnishes comprising resin dispersed or dissolved in
solvent or water, respectively. The water-thinnable
vehicles are to be understood to include water-based

vehicles also. A suitable solvent-based vehicle is Sericol
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SX383. A suitable water-thinnable vehicle is Hydroprint
WFX 22-0085.

The solvent-based or water-thinnable vehicles may also
include solvent or water, regpectively, in addition to that
included in the varnish, for instance to wvary the tack
properties of the composition. In the context of this
Application, such additional solvent or water will be
referred to as "added solvent". For instance, in the
preferred, tin-containing compositions of the invention,
added solvent may be included in an amount of up to 30
weight %, preferably up to 20 weight %, based on the total
weight of the composition.

Alternatively, the vehicle may be a substantially
solvent-free radiation-curable vehicle. By a substantially
solvent-free vehicle we mean that it contains no more than
5 weight % solvent, typically no more than 1 weight %
solvent, or alternatively no solvent at all. Suitable
vehicles may be curable by UV, IR, X-rays, electron beams,
and the like. The UV curable vehicles are preferred, such
as those which cure by way of a free radical mechanism.
Suitable examples of UV-curable vehicles include epoxy
acrylate pre-polymers, polyester acrylate pre-polymers and
unsaturated polyester pre-polymers.

In addition to the radiation-curable vehicle, the
composition may also contain solvent. For tin-containing
compositions, suitable amounts of solvent lie in the range
5 to 70 weight %, preferably 5 to 50 weight %, based on the
total weight of the composition. More preferably, however,
the amount of added solvent will be in the range of 8 to 30
weight %, most preferably 10 to 20 weight %, based on the
total weight of the composition.

Suitable solvents for addition to the radiation-
curable vehicles are any of those conventionally used in
the art, and include ketones and alcohols, such as ethanol,
2- (1-methylethoxy) acetate, cyclohexanone and 2-isopropoxy-
ethanol.
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~ Amounts of solvent, or "added solvent", outside the
above ranges may, however, be used provided that the
ability to print the composition is not compromised, and
provided that the desired embossed effect can ultimately be
achieved. Generally, the amount of solvent used should be
suffiéiént‘to allow the metallic particles to stand proud
above thglsurface of the composition when printed, so as to
allow embossing of those particles. Although compositions
with very high solvent content may well prove difficult to
print to acceptable results.

It may also be desirable to include in the
compositions of the invention a thickening agent, or
rheological additive, in order to achieve the desired flow
properfies‘for printing. The inclusion of a thickening
agent may be particularly desirable when the composition
comprises a relatively high amount of solvent, and/or when
the composition is for use in screen printing applications.
Without such a material it may be difficult to print the
compositions to an acceptable standard.

A thiékening agent, or rheological additive, may
typically be included in the compositions of the invention
in an,;amount of up to 5 weight % based on the total
composiﬁion, with an amount in the range of 0.5 to 3 weight
%, or 0.75 to 2 weight %, being preferred.

Aﬁ&'material conventionally used as a thickening agent
or rheological additive in inks, or other compositions, may
be used for this purpose 1in the present invention.
Exampléé of suitable materials include gums, such as
xanthaﬁxgum; waxes; hydrogenated oils; vinyl resins, such
as polyvinyl butyral; clays, such as hectorite and
bentoriite; and gelatin.

In fhe above, the compositions of the invention, and
in particular the proportions of the ingredients of those
compositions, have been described primarily in the context
of tin or tin alloy-containing compositions. However,
generally, the same or similar proportions of ingredients

will be ‘applicable for compositions containing metals other



WO 02/04234 PCT/GB01/03080

10

15

20

25

30

35

7

than tin, or such proportions may readily be determined by
taking into account differences in specific gravity between
tin or tin alloy and the metal of choice, in the usual way.
For compositions containing metals having a similar
specific gravity to tin, for instance copper, =zinc and
iron, similar proportions of ingredients to those recited
above will generally be suitable.

The compositions may, in addition to the above-
described ingredients, include ingredients conventionally
used in the security field, and in particular in security
inks, such as pigments, including interference pigments,
dyes, pearlescent materials, fluorescent materials,
luminescent materials, magnetic materials and other such
authenticable materials.

The metallic compositions are prepared simply by
mixing together their ingredients. The metallic

compositions may be applied to a substrate by any suitable

coating or printing technique. Examples of suitable
printing techniques include flexographic, gravure,
lithographic, screen (flatbed and rotary), and intaglio

printing. Screen printing is, however, preferred. It is
important that the composition is homogeneous when applied,
and therefore stirring may be required right up until the
moment of application.

Embossing of the optically variable effect generating
structure is carried out once the composition is at least
substantially dry; the embossing process itself may take
the composition to total dryness and/or cure. The
composition may be allowed to dry naturally, although it is
preferred that drying is sped up through the application of
heat. In the case of the radiation-curable compositions,
typically these will first be subjected to drying at
elevated temperature, and then curing by exposure to
suitable radiation.

Embossing 1s typically carried out through the
combined application of heat and pressure. Embossing may

be accomplished in a single operation or using a two-stage
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process with an initial crushing/mirror formation followed
by micro-embossing, for instance to a depth of less than 1
pm. It is also possible to form macro-embossed features,
to a depth of up to around 5 um, or deeper.

Emb0881ng may result in at least a partial deformation
of the meta111ijartlcles particularly when non-plate-like
partlclgs are used, as is preferred. Otherwise, embossing
may simply cause a re-positioning, or re-alignment, of the
metallic particles.

The embossing conditions will depend wupon the
properties of the ink, and the image to be embossed.
Embossing may be carried out through the application of
pressure alone, or a combination of heat and pressure.
Typicai -embossing temperatures lie in the range 20 to
100°C, preferably 50 to 90°C. Embossing may be carried out
using‘a heated embossing die, as in the processes of die
stamping and foil blocking, or by intaglio printing, for
instance by including an holographic image in an intaglio
printing plate.

Embossing may be used to produce optically variable
genera;ing structures such as diffraction gratings,
hologrgphic devices, and non-holographic, reflective,
devices.

Prior to application of the composition to a
substréte; the substrate may be pre-coated or printed. In
the case of a paper substrate, this can be done during
papermaking or subsequent print processing.

Fﬁfthermore, after embossing, a protective coating may
be appi;ed to the embossed image. This protective coating
prevents 'mechanical damage to the embossed image during
use, 'and also assists in preventing copying by sealing in
the embossed profile. In order to provide the desired
mechanical properties, the material forming the protective
coating must be both flexible and scratch resistant, as
well as being resistant to attack by chemicals/solvents.
Suitable examples include alkyl modified drying inks, UV

curing inks, and polymeric films.
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The invention is applicable particularly to security
documents which include banknotes, cheques (whether bank or
travellers), bonds, share certificates, 1licences, some
types of identity cards, smart cards, passports, visas,
tickets, passbooks, vouchers, deeds, tamper revealing seals
and labels, brand authenticity labels and the like.
Indeed, any security item based on a paper or a plastics
material could be implemented using this invention. Of
course, where a flexible item is required, such as a
banknote, then suitable plastics materials should be
chosen, for example polypropylene.

The present invention is now further illustrated by
the following examples.

Examples
The following compositions were prepared:

Example 1 - Tin in a UV Curable Vehicle with Solwvent

70% by weight of tin powder, mesh size 325, from
Aldrich Chemical Company.

20% by weight of 80-049 UV screen varnish, from Nor-
Cote UK Ltd.

10% by weight of screen ink thinner ZC530 from Sericol

Example 2 - Tin in a 1-Pack Solvent-Based Vehicle

75% by weight of tin powder (as in Example 1)

20% by weight of nitrocellulose-based screen varnish
SX383 from Sericol

2.5% by weight of screen ink thinner (as in Example 1)

2.5% by weight of screen ink retarder ZC533 from

Sericol.

Example 3 - Tin in a 1-Pack Water-Thinnable Vehicle

62% by weight of tin powder (as in Example 1)
27% by weight of Hydroprint WFX 22-0085
11% by weight of water
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Example 4 - Tin in a UV _Curable Vehicle with Solvent

75% by weight of tin powder (as in Example 1)

10% by weight of UV screen varnish (as in Example 1)

2.5% by weight of photoinitiator Irgacure 651, from
Ciba Geigy

ioélby'weight of screen ink thinner (as in Example 1)

1%‘by weight of thickener Thixcin R, from Elementis
SpecialﬁieS'

1.5% by weight of thickener Butvar B76, from Cairn

International Ltd

Example 5 - Tin in a UV Curable Water-based Vehicle

75% by weight of tin powder (as in Example 1)
lﬁ%'by'weight of varnish FZ381 Aquaspeed, from Sericol
Ltd.
12% by weight of distilled water
'1% by weight of gelatin (thickener).

ComparatiVe Example 1 - Tin in a UV Curable_ Vehicle

70% by weight of tin powder (as in Example 1)

30% by weight free radical UV cure screen varnish (as
in Example 1)

Nq.added solvent

Comparatiﬁe Example 2 - Aluminium Flake Paste in UV Curable
Vehicle

5-25% by weight of aluminium paste

Balance :- free radical UV cure screen ink varnish (as

in Exaﬁple 1).

'Each of the above-described compositions was screen-
printed using a 90 threads/cm mesh on to plain banknote
paper. In each of Examples 1 to 5 and Comparative Example
1, a dark grey print was obtained, and in Comparative
Example 2 a shiny metallic film was obtained. Each print
was - dried using a hot air driexr. The colour of each of the

prints from Examples 1 to 5 changed to a pale matt grey;
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the dark grey print of Comparative Example 1 dried to a
gloss film; and the shiny metallic film of Comparative
Example 2 dried visually unchanged.

The UV-curable inks were then cured using a Primarc UV
Curing Unit containing a mercury arc lamp rated at 80
watts/cm. The belt speed of the unit was matched to the
speed of curing of the varnish, in this case equivalent to
about 35 m/min.

The resulting prints were then each embossed at
between 60 and 80°C using an intaglio press and an intaglio
plate with an holographic shim glued into a recess therein,
such that the surface of the shim was level with the rest
of the intaglio plate.

Embossing was successfully achieved for each of the
compositions of Examples 1 to 5. However, little or no
emboss was achieved using the compositions of Comparative

Examples 1 and 2.
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Claims

1. A method of applying an optically variable effect
generating structure on a substrate, the method comprising

q% applying to the substrate a composition
comprisihg metallic particles dispersed in a vehicle;

b) I‘drying the composition; and

¢)  embossing into the composition, an optically
variable 'effect generating structure.
2. A method according to claim 1, wherein the metallic
particles are non-plate-like metallic particles.
3. A method according to claim 1, wherein the metallic
particles are plate-like metallic particles.
4. Afmethod.according to any preceding claim, wherein the
metallic¢ particles are particles of a metal having a
hardness on the Mohs Scale of not greater than 3.0,
preferably not greater than 2.0.
5. A method according to any preceding claim, wherein the
vehicle is a solvent-based or a water-thinnable vehicle.
6. A method according to any of claims 1 to 4, wherein
the vehicle is a radiation-curable wvehicle, and wherein,
prior to embossing, the composition is dried and then cured
by exposure to radiation.
7. A method according to claim 6, wherein the radiation-
curable vehicle is a UV-curable vehicle.
8. A method according to any preceding claim, wherein the
metallic particles comprise tin particles of tin or tin
alloy.r 
9. AJ@ethod according to any preceding claim, wherein the
composition further comprises solvent in addition to any
solveﬂtiinciuded in the wvehicle.
10. A methbd according to claim 9, wherein the composition
comprises a radiation-curable vehicle.
11. A method according to any preceding claim, wherein the
composition further comprises a thickening agent.
12. A method according to any preceding claim, wherein the

compositionfis applied to the substrate by screen printing,
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flexographic printing, gravure printing, lithographic or
intaglio printing, preferably screen printing.

13. A method according to any preceding claim, wherein
embossing is carried out by application of pressure,
optionally with heat, such as by intaglio printing or by
die stamping.

14. A method according to any preceding claim, which
further comprises, after embossing, applying a protective
coating to the so-formed optically wvariable effect
generating structure.

15. A method according to any preceding claim, wherein the
optically variable effect generating structure generates a
diffraction grating, or an holographic device or a non-
holographic device.

16. A method according to any preceding claim, wherein the
substrate is a security document, such as a banknote.

17. A security document obtainable by a method as defined
in any preceding claim.

18. A composition comprising metallic particles dispersed
in a solvent-based or a water-thinnable vehicle.

19. A composition comprising metallic particles dispersed
in a radiation-curable vehicle.

20. A composition according to claim 19, wherein the
vehicle is a UV-curable vehicle.

21. A composition according to any of claims 18 to 20,
wherein the metallic particles are non-plate-like metallic
particles.

22. A composition according to any of claims 18 to 20,
wherein the metallic particles are plate-like metallic
particles.

23. A composition according to any of claims 18 to 22,
wherein the metallic particles are particles of a metal
having a hardness on the Mohs Scale of not more than 3.0,
preferably not more than 2.0.

24. A composition according to claim 23, wherein the metal

is tin or a tin alloy.
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25. A composition according to any of claims 18 to 24,
which further comprises solvent in addition to any solvent
included in the vehicle.

26. A composition according to claim 25, wherein the
metallic particles are dispersed in a radiation-curable
vehicfe._ |

27. A’ composition according to any of claims 18 to 26,
which further comprises a thickening agent.

28. A composition according to claim 17, which further

comprises a solvent and a thickening agent.
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