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PLATING OF ARTICLES

Technical Field
The present invention relates to the field of plating, including, but not limited to
electroplating metallic articles, for example metallic discs that can be used as, or converted into,
coins. Embodiments of the present invention described herein incorporate luminescent particles

into plated metallic layers so that they can be detected for security purposes.

Background

The counterfeiting of coins (e.g., monetary currency and tokens) and other metal objects is
an ongoing problem. (Coins may also be referred to herein as “coinage.”) Many measures have
been put into place to increase the difficulty with which coins can be counterfeited. This includes
complex three-dimensional patterning on surfaces of the coins.

Other types of currency, such as bank notes, often include certain security features. These
security features may include metallic strips, watermarks, holograms, fluorescent markers, optically
variable inks, complex printed patterns, and embossing. However, it is more difficult, or
impractical, to include similar security features in coins.

Coins are typically produced by mechanically stamping (also referred to as striking) a metal
disc (or blank), to form a three-dimensional pattern on the disc, which provides the coin with its
identity and denotes its value. Some recent methods of producing coins involve providing a cain

blank, typically of a less expensive metal, and plating (e.g., electroplating or electroless plating)
metals of higher value onto the coin blank. The plated coin blank can then be struck to form the

final coin. For any security feature to be incorporated into such a coin, it should not affect the
patterning of the coin, including the quality of its finish (of its plated surface), nor its structural
integrity. The incorporation of a security feature into a coin should also be reasonably economical
to avoid increasing the cost of coin production to unacceptable levels. The functioning of any
security feature should also ideally last and remain sufficiently constant for the entire duration that

a coin is in commercial (e.g., public) circulation, which in many cases is a number of years.

Summary
Certain exemplary embodiments can provide a method for plating articles, the method
comprising: providing a plating solution comprising a liquid medium, a precursor species suitable

for forming a metallic layer on the articles, and a plurality of luminescent particles suspended in the

CA 2910366 2019-05-15
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liquid medium, at least some of which have a diameter of 5 um or less, wherein the luminescent
particles have a D50 distribution, measured using laser light scattering, in accordance with ASTM
UOP856-07, of 0.5 um to 3 um; and plating the articles within the plating solution, such that the
precursor species forms the metallic layer on the articles and the luminescent particles are
deposited within the metallic layer while it is formed, wherein the plating is carried out while the
articles are within a receptacle that moves continuously during the plating process, and the plating
process is an electroplating process.

Certain exemplary embodiments can provide an apparatus, for carrying out a method of
plating articles, the apparatus comprising: a container for holding a plating solution, the container
for holding a plating solution having therein a receptacle for holding a plurality of articles within
the plating solution, and, a means for agitating the plating solution before and/or during the plating
wherein the receptacle for holding a plurality of articles within the plating solution is configured to
move during the plating process, wherein the means for agitating the plating solution before and/or
during the plating is located an agitation unit, that is separate from the container for holding the
plating solution in which the articles are plated, and the apparatus is adapted to circulate the plating
solution from the container for holding the plating solution in which the articles are plated to the
agitation unit, in which the plating solution is agitated by subjecting the plating solution to high
shear, before and/or during plating of the articles, and then return the plating solution to the
container for holding the plating solution in which the articles are plated.

Certain exemplary embodiments can provide a method for plating articles, the method
comprising: providing a plating solution comprising a liquid medium, a precursor species suitable
for forming a metallic layer on the articles, and a plurality of luminescent particles suspended in the
liquid medium, at least some of which have a diameter of 10 um or less; and plating the articles
within the plating solution, such that the precursor species forms the metallic layer on the articles
and the luminescent particles are deposited within the metallic layer while it is formed, wherein
the plating is carried out while the articles are within a receptacle that is placed within a container
of plating solution, and the plating solution, before and/or during the plating, is circulated from the
container of plating solution to an agitation unit, in which the plating solution is agitated by
subjecting the plating solution to high shear, and then returned to the container of plating solution;

and wherein the plating is carried out while the articles are within a receptacle that moves during

the plating process.

CA 2910366 2019-05-15



Certain exemplary embodiments can provide a method for plating articles, the method
comprising: providing a plating solution comprising a liquid medium, a precursor species suitable
for forming a metallic layer on the articles, and a plurality of luminescent particles suspended in the
liquid medium, at least some of which have a diameter of 10 pm or less, wherein the luminescent
particles have a D50 distribution, measured using laser light scattering, in accordance with ASTM
UOP856-07, of 10 pum or less; and plating the articles within the plating solution, such that the
precursor species forms the metallic layer on the articles and the luminescent particles are
deposited within the metallic layer while it is formed, wherein the plating is carried out while the
articles are within a receptacle that moves continuously during the plating process and the
receptacle rotates at a constant rate during the entire duration of the plating.

Certain exemplary embodiments can provide a method for plating articles, the method
comprising: providing a plating solution comprising a liquid medium, a precursor species suitable
for forming a metallic layer on the articles, and a plurality of luminescent particles suspended in the
liquid medium, at least some of which have a diameter of 10 um or less, wherein the luminescent
particles have a D50 distribution, measured using laser light scattering, in accordance with ASTM
UOP856-07, of 10 um or less; and plating the articles within the plating solution, such that the
precursor species forms the metallic layer on the articles and the luminescent particles are
deposited within the metallic layer while it is formed, wherein the plating is carried out while the
articles are within a receptacle that moves during the piating process receptacle and the receptacle
rotates at a speed of 1 to 15 rpm.

Certain exemplary embodiments can provide a method for plating articles, wherein the

articles are watches or components thereof, the method comprising: providing a plating solution

comprising a liquid medium, a precursor species suitable for forming a metallic layer on the articles,
and a plurality of luminescent particles suspended in the liquid medium, at least some of which
have a diameter of 10 um or less, wherein the luminescent particles have a D50 distribution,
measured using laser light scattering, in accordance with ASTM UOP856-07, of 5 um or less; and
plating the articles within the plating solution, such that the precursor species forms the metallic

layer on the articles and the luminescent particles are deposited within the metallic layer while it is

formed.

23
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Certain exemplary embodiments can provide a method for plating articles, the method
comprising: providing a plating solution comprising a liquid medium, a precursor species suitable
for forming a metallic layer on the articles, and a plurality of luminescent particles suspended in the
liquid medium, at least some of which have a diameter of 10 um or less, wherein the luminescent
particles have a D50 distribution, measured using laser light scattering, in accordance with ASTM
UOP856-07, of 10 um or less; and plating the articles within the plating solution, such that the
precursor species forms the metallic layer on the articles and the luminescent particles are
deposited within the metallic layer while it is formed, wherein the articles, before being plated,
comprise one or more first metal(s) selected from silver, gold and platinum, wherein the first metal
is in alloy or elemental form, and the metallic layer comprises a second metal, which is a transition
metal, wherein the second metal is in alloy or elemental form.

In a another aspect, there is provided a method for plating articles, the method comprising
providing a plating solution comprising a liquid medium, a precursor species suitable for forming a
metallic layer on the articles, and a plurality of luminescent particles suspended in the liquid
medium, at least some of which have a diameter of 10 um or less; and plating the articles within
the plating solution, such that the precursor species forms the metallic layer on the articles and the
luminescent particles are deposited within the metallic layer while it is formed.

Optionally, before and/or during the plating of the articles, the plating solution is subjected
to an ultrasound (also referred to as “ultrasonic” herein) treatment.

In another aspect, there is provided a method for plating articles, the method comprising
oroviding a plating solution comprising a liquid medium, a precursor species suitable for forming a
metallic layer on the articles, and a plurality of luminescent particles suspended in the liquid
medium; and plating the articles within the plating solution, such that the precursor species forms
the metallic layer on the articles and the luminescent particles are deposited within the metallic
layer while it is formed, wherein, befare and/or during the plating of the articles, the plating
solution is subjected to an ultrasound treatment.

In another aspect, there is provided a method of making a patterned article, wherein the
method comprises carrying out a method for plating articles according to other aspects, and, after

producing the plurality of plated articles, stamping a pattern onto at least one surface of each of

the articles.

2D
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In another aspect, there is provided a plating solution comprising a liquid medium, a
precursor species for forming a metallic layer during a plating process, and a plurality of

luminescent particles suspended in the liquid medium, at least some of which have a diameter of

10 um or less.

In another aspect, there is provided an article producible in accordance with the method
of other aspects.

In another aspect, there is provided an article having an electroplated metallic fayer
thereon, wherein luminescent particles are homogenously dispersed in the electroplated metallic
layer, at least some of the luminescent particles having a diameter of 10 um or less.

In another aspect, there is provided an article having an electroplated metallic layer
thereon, wherein luminescent particles are dispersed in the electroplated metallic layer in a first
portion of the electroplated metallic layer, and a second portion of the electroplated metallic iayer
substantially absent of luminescent particles is disposed between the first portion and the article,
wherein a depth of the second portion is less than 4 um.

In another aspect, there is provided an apparatus, which may be for carrying out the
method of any of the aspects described herein.

Embodiments of the present invention incorporate luminescent particles (also referred
to herein as “taggant particles” or simply “taggants” or “markers”) within a plated (e.g.,
electro- or electroless plating) layer on an article to provide a security feature. In some

embodiments, an electroplated layer is produced in which there is a homogenous distribution

2C
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of the particles and a strong electromagnetic signal obtained from the luminescent particles.
In some embodiments, the electroplated articles are stamped (e.g., mechanically) with a
pattern, with no adverse effect on the quality of the pattern and its finish compared to an
equivalent electroplated article that omits the luminescent particles from its plated layer.
When plating with a solution in embodiments as described herein, before the luminescent
particles are deposited, a layer of metal may first be laid down (i.e., plated) that is essentially
free of luminescent particles. However, using techniques described herein, the depth of this
particle-free layer can be reduced. Embodiments described herein are applicable to the
production of coins or coin blanks (also referred to as “coinage’).

The description of this specification includes the subject matters of each of the claims

and of the claim combinations allowed by dependency.

Brief Description of the Figures

Figure 1 shows schematically an example of an apparatus for carrying out
embodiments of plating processes described herein.

Figure 2 shows a variance of luminescent signal strength with the sizes of
luminescent particles.

Figure 3 shows a scanning electron micrograph (“SEM”) image of a cross-section of
an article plated in accordance with embodiments of the present invention.

Figure 4 shows a scanning electron micrograph of a surface of an electroplated and
patterned article in which having luminescent particles having a diameter of approximately 5
um or larger are dispersed in the electroplated layer.

Figures 5—8 show digital images of electroplated and struck coins of varying quality
of finish standards.

Figure 9 shows a scanning electron micrograph image of a cross-section of an
exemplary electroplated article exhibiting a homogenous, or uniform, distribution of
luminescent particles incorporated into the plated layer.

Figure 10 shows a scanning electron micrograph image of a cross-section of an
exemplary electroplated article exhibiting a non-homogenous, or non-uniform, distribution of
luminescent particles incorporated into the plated layer.

Figure 11 shows a flow diagram of steps configured in accordance with embodiments
of the present invention.

Figure 12 shows schematically an example of an apparatus for carrying out
embodiments of plating processes described herein, as described In Example 2 below.

Figure 13 shows some results from Example 2 below, in particular a comparison of

percentage incorporation of luminescent particles under a process that involved use of a
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high shear pump using the apparatus of Figure 12, and a process that did not use a high

shear pump.

Detailed Description

It will be readilly understood that the components of the present invention, as
generally described and illustrated in the figures herein, may be arranged and designed in a
wide variety of different configurations. Thus, the descriptions of the embodiments of the
present invention, as represented In the figures, is not intended to limit the scope of the
Invention as claimed, but is merely representative of selected embodiments of the invention.

The features, structures, or characteristics of the invention described throughout this
specification may be combined In any suitable manner in one or more embodiments. For
example, the usage of the phrases “examples,” “example embodiments,” “some
embodiments,” ‘embodiments,” or other similar language, throughout this specification refers
to the fact that a particular feature, structure, or characteristic described in connection with
the embodiment may be included in at least one embodiment of the present invention. Thus,
appearances of the phrases “In embodiments,” “example embodiments,” “in some
embodiments,” “in other embodiments,” or other similar language, throughout this
specification do not necessarily all refer to the same group of embodiments, and the
described features, structures, or characteristics may be combined in any suitable manner in
one or more embodiments.

Embodiments of the present invention provide the previously mentioned aspects,
Including optional and preferred features of the various aspects as further described below.
Unless otherwise stated, any optional or preferred feature may be combined with any other

optional or preferred feature, and with any of the aspects of the invention mentioned herein.

> B 1

Herein, “suspension,” “colloidal suspension,” “stable suspension,” or any similar
terminology generally refers to a mixture of two or more materials where at least one is
dispersed In the other at a microscopic level, but not chemically bonded to it. The particles
that act as the colloid In a suspension tend to be evenly distributed throughout the
suspension If it has been recently mixed or stirred, but will settle to the bottom of the solution
(also referred to herein as “sedimentation”) due to gravity If it i1s allowed to sit undisturbed for

an extended period of time.

S I 1 Nt

Herein, “electroplating,” “plating,” “plating process,” or any similar terminology refers
to formation of a metallic layer on a substrate.

Plating methods described herein may Involve the reduction of a precursor species
comprising metal ions in the carrier medium, such that the metal i1ons form a metallic layer.

A method utilized may be an electroplating method in which an electrical potential is applied
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to a plurality of articles, such that precursor species form a metallic [ayer. |n embodiments,
the method may involve electroless plating, wherein the precursor comprises metal ions, and
the carrier medium further comprises a reducing agent, capable of chemically reducing the
metal ions, such that they form a metallic layer.

The articles (before being plated) may be of any shape or size. In embodiments, the
articles may be In the form of discs. The discs may be circular or of some other regular
shape. The regular shape may, for example, be a shape having n sides, where n 1s 3 or
more, and optionally n is selected from 3 to 15, optionally from 3 to 10, optionally from 3 to
12. |f the articles have regular shapes, the sides of the shapes may be straight or curved.
The discs may be apertured or non-apertured. In some embodiments, the disc may
comprise an aperture, which may be located in a central portion of the face of the disc, and
optionally extend the entire way through the disc. Optionally, the aperture may, for example,
pbe for receiving a further smaller disc in the production of a bimetallic coin. The discs may

have a thickness that is substantially the same across their entire face (or cross-section).

In an embodiment, the articles (before being plated) may be spherical or
substantially, spherical, and may, before and/or after being plated, may be suitable for use
as ball bearings.

In an embodiment, the articles, before and/or after being plated, are suitable for use
as a component of a mechanical or electrical item, including, but not limited to any moving
parts, any structural parts, electrically conductive parts, and/or any housing of the
mechanical or electrical item. Mechanical or electrical items include, but are not limited to,
watches, vehicles and aircraft.

The articles (before being plated) may comprise, consist essentially of, or consist of
one or more first metal(s). The one or more first metal(s) may be in elemental form or in the
form of an alloy. In an embodiment the one or more first metal(s) comprise a metal selected
from Groups 3 to 14 of the Period Table, optionally from Groups 3 to 12 of the Periodic
Table, and wherein the metal is in alloy or elemental form. |In an embodiment, the first metal
comprises a metal selected from iron, aluminium, copper, titanium, zinc, silver, gold,
platinum, and wherein the metal is in alloy or elemental form. In embodiments, the one or
more first metal(s) comprise iron. In embodiments, the one or more first metal(s) comprise
steel. If the articles consist essentially of the first metal(s), the metal(s) may constitute at
least 95 wt% (weight-weight percentage) of the article, optionally at least 98 wt% of the

article, optionally at least 99 wt% of the article, optionally at least 99.5 wt% of the article.
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The articles (before being plated) may comprise a core, which may comprise a metal

or a non-metal, having one or more layers thereon, and the one or more layers may

comprise a metal(s) different to that of the core and/or other layers.

In an embodiment, the articles before being plated in accordance with the method
described herein, comprises a non-metal, and the non-metal may be plated using the
method described herein using electroless plating, such that the metallic layer 1s formed on

the non-metal and the luminescent particles are deposited within the metallic layer while it is

formed. The non-metal may be selected from a plastic, a glass and a ceramic material.

In an embodiment, the articles, before being plated in accordance with the method
described herein, comprise a non-metal, and the non-metal may be coated with, e.g. plated
using electroless plating to form, a first layer of metal on the non-metal (the first layer of
metal lacking the luminescent particles), and the articles then plated in accordance with the
method described herein, e.g. using electroplating or electroless plating, to form a second
layer of metal on the first layer of metal, the second layer of metal being the metallic layer In
which the luminescent particles are deposited within while the metallic layer is formed.

In embodiments, the articles (before being plated) may be in the form of discs and
comprise, consist essentially of, or consist of a first metal. The discs may have a diameter,
as measured across a face of the disc, of from 0.5 cm to 10 cm, optionally from 0.5 cm to 5
cm, optionally from 0.5 cm to 3 cm. If the disc has a regular shape, the diameter may be the
largest dimension across a face of the disc. The disc may have a thickness of from 0.3 mm
to 10 mm, optionally from 0.3 mm to 5 mm, optionally from 0.3 mm to 2 mm.

The metallic layer that i1s plated (also referred to as the plated metal matrix)

comprises a metal, which may be termed a second metal herein. The second metal may be
selected from a transition metal. The second metal may be selected from zinc, copper, tin,
nickel, and alloys of one or more thereof, including, but not limited to, brass. The metal
components of the alloys may comprise, consist essentially of or consist of at least two of
zinc, copper and nickel or alloys may comprise, consist essentially of or consist of at least
two of zinc, copper, nickel and tin. The precursor species may comprise ions of the second

metal, and one or more appropriate anions. Where the second metal comprises an alloy of

two or more metals, the precursor may comprise ions of the different types of metal
constituting the alloy. For example, where the second metal is brass, the precursor may
comprise ions of copper and zinc, and optionally one or more other metals such as tin. In
embodiments, the articles may comprise, consist essentially of, or consist of steel, and the
metallic layer comprises a metal selected from zinc, copper, tin, nickel, and an alloy of one

or more thereaf. The metal components of the alloys may comprise, consist essentially of or

6
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consist of at least two of zinc, copper and nickel or alloys may comprise, consist essentially
of or consist of at least two of zinc, copper, nickel and tin. The precursor material may
comprise metal ions of the metal to be deposited in the metallic layer. The plating solution
may comprise from 5 g/L to 150 g/L of metal ions that will form the metallic layer. The
plating solution may comprise from 5 g/L to 150 g/L of metal ions, wherein the metal is
selected from zinc, copper, tin, and nickel, and combinations thereof.

In embodiments, the plating solution may comprise from $ g/L to 50 g/L of zinc ions,
optionally from 10 g/L to 30 g/L of zinc ions, optionally from 15 g/L to 25 g/L of zinc ions,
optionally from 16 g/L to 22 g/L of zinc ions. The precursor ions, that is the metal 1ons that
will form the metallic layer, may be zinc ions or may be a mixture of zinc ions and one or
more other metal 1ons, e.g. selected from copper 1ons, nickel ions and optionally tin i1ons, and
a combination thereof. Where the precursor ions are zinc ions In combination with one or
more other metal ions, the plating solution may comprise In total from 5 g/L to 150 g/L of
metal ions that will form the metallic layer.

In embodiments, the plating solution may comprise from 10 g/L to 150 g/L of copper
ions, optionally from 20 g/L to 120 g/L of copper 1ons, optionally from 20 g/L to 100 g/L of
copper ions, optionally from 30 g/L to 90 g/L of copper ions. The precursor ions, that is the
metal ions that will form the metallic layer, may be copper ions or may be a mixture of
copper 1ons and one or more other metal 1ons, e.g. selected from zinc 1ons, nickel 1ons and
optionally tin ions, and a combination thereof. Where the precursor ions are copper ions In
combination with one or more other metal 1ons, the plating solution may comprise in total
from 5 g/L to 150 g/L of metal ions that will form the metallic layer.

In embodiments, the plating solution may comprise from 10 g/L to 150 g/L of nickel
lons, optionally from 30 g/L to 130 g/L of nickel ions, optionally from 40 to 120 g/L of nickel
ions. The precursor ions, that is the metal ions that will form the metallic layer, may be
nickel ions or may be a2 mixture of nickel ions and one or more other metal ions, e.g.
selected from zinc ions, copper ions and optionally tin ions, and a combination thereof.
Where the precursor ions are nickel ions in combination with one or more other metal ions,
the plating solution may comprise in total from 5 g/L to 150 g/L of metal ions that will form

the metallic layer.

The metallic layer, after plating onto the article(s), may have a thickness of at least 5
um, optionally at least 10 um, optionally at least 15 um, optionally at least 20 um, optionally
at least 25 um. The metallic layer may have a thickness of from 5 um to 50 um, optionally
from 10 uym to 40 pm, optionally from 15 ym to 35 um, optionally from 15 ym to 35 um,
optionally from 15 ym to 30 ym, optionally from 20 to 30 um. The depth of the metallic
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plating may be measured using any suitable technigue, Iincluding, but not limited {0 x-ray
fluorescence (“XRF") and scanning electron microscopy (“SEM?).

The plating may be carried out while the articles are within a receptacle that is placed
within the container of plating solution. In embodiments, the receptacle moves within the
plating solution. The receptacle may act to tumble the articles within the receptacle during
the plating. In embodiments, the receptacle rotates within the plating solution. Such a
receptacle may be in the form of a barrel. This may be termed barrel plating. The articles

may be free to move within the receptacle (e.g., barrel) such that when the receptacle

rotates, the articles move (e.g., rotate and/or tumble) within the receptacle relative to one
another. This has been found to provide a relatively consistent plate thickness on all sides
of the articles.

In embodiments of the present invention, the plating I1s carried out while the articles
are within a receptacle that moves continuously during the plating process. The plating may
be carried out while the articles are within a receptacle that rotates continuously during the
plating process. The receptacle may rotate on an axis that is substantially horizontal. The
receptacle may move (e.g., rotate) at a constant rate during the plating. Optionally, the
articles are continuously rotated in a barrel, and optionally at a constant rate, during the
plating of the plurality of articles. Optionally, the rotation of the barrel is periodically
Interrupted. The receptacle (e.g., barrel) may rotate at a speed of 1 to 50 rpm, optionally
from 4 to 30 rpm, optionally from 4 to 15 rpm, optionally from 4 to 12 rpm, optionally from 6
to 10 rpm, optionally about 8 rom. The rate of rotation may be varied during plating or be
held constant, for example for the entire duration of the plating.

In some embodiments, an electrical potential 1s applied to the articles, such that they
form a cathode within the plating solution, and a further electrode 1s present within the
plating solution that forms an anode. The anode may be in any suitable form. In some
embodiments, the anode comprises a metallic mesh material, which may form a basket. If
the articles are within a receptacle as described above, the receptacle may comprise or be
formed out of a non-conducting material, such as plastic, and an electrode may extend into
the receptacle, this electrode acting as a cathode during plating. The electrode acting as a
cathode may contact at least some of the articles within the receptacle during plating.

Luminescent, or fluorescent, materials or particles (fluorescent particles are a supset
of luminescent particles) described herein may apbsorb light at a first wavelength and then
emit light at a second wavelength, which may be shorter (“anti-Stokes emission”) or longer
(“Stokes emission”) than the first wavelength, or substantially the same as the first

wavelength. The luminescent particles may absorb light in the infrared (“IR"), visible, or



ultraviolet (“UV”) range, for example in the range of 200 nm to 5 pm of the electromagnetic spectrum.

Luminescent particies may be or comprise a phosphor material. Phosphors materials are typically
comprised of a host, typically comprised of a crystalline lattice, doped with luminescence centers
comprised of trace amount of dopants, usually comprised of a transition metal, lanthanides, or actinides.
A description of the design, synthesis, and optical characteristics of phosphors is provided in Chapter 6 of
“Luminescence and the Solid State” by R.C. Ropp, second edition.

In embodiments, the luminescent materials may comprise an inorganic phosphor, for example a
phosphor selected from an yttrium aluminum garnet (“YAG”) phosphor. The YAG phosphor may comprise
yttrium aluminum garnet doped with a metal, for example a metal selected from a transition metal, a
lanthanide, and an actinide. The YAG phosphor may comprise yttrium aluminum garnet doped with a
metal selected from Ce, Nd, Tbh, Sm, Dy, and Cr(IV).

In embodiments of the present invention, at least some of the luminescent particles have a
diameter of 10 um or less, optionally 5 um or less, optionally 3 um or less, optionally 2 pm or less. In
embodiments, at least some of the luminescent particles have a diameter of from 0.5 pm to 1 um,
optionally from 0.6 um to 1 pm, optionally from 0.7 um to 0.9 pum, optionally about 0.8 um. As further
described in the Examples herein, particle size can have an effect on, amongst other factors, the
luminescent signal emitted from the luminescent particles once incorporated in the plated layer. As
shown in Figure 2, luminescent particles having diameters of from approximately 0.5 pm to 1 pm were
found to have the strongest (highest) luminescent signals, and did not appear to affect the surface quality
(e.g., quality of finish of the surface) of the articles even after they had been struck into coins. They also
allowed for a relatively stable suspension of the luminescent particles when in the plating solution.

The diameter (and correspondingly, determinations of the mean diameters) of a luminescent

particle and/or any particle size distribution measurements may be measured using any suitable

technique, including, but not limited to, scanning electron micrograph (“SEM”), and/or laser light
scattering, for example in accordance with ASTM UOP856-07. The diameter of a luminescent particle
may be the largest dimension measured across the particle. ASTM UOP856-07 is a well-known
standardized method for determining the particle size distribution of powders and slurries using laser
light scattering. This standard is commercially available from ASTM International. The laser light

scattering measurements in accordance with this standard may be performed with a Microtrac Model

$3500 instrument commercially available from Microtrac Inc., or a Malvern Instruments Mastersizer 3000. In

CA 2910366 2020-01-02
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embodiments, the luminescent particles may be characterised as described in ASTM F1877-
05(2010). The particle size distribution measured in accordance with ASTM UOP856-07,
e.q. for D50, D90 and D99, may be defined as the volume particle size distribution. The
mean particle size, measured in accordance with ASTM UOP856-07, may be defined as the
volumetric mean particle size.

Luminescent particles utilized in plating processes described herein may have a
mean diameter of 10 pm or less, optionally 5 ym or less, optionally 3 um or less, optionally 2
um or less. In embodiments, the luminescent particles may have a mean diameter of from
O5umto5um, e.g. 0.5 umto 1 um, optionally from 0.6 um to 1 um, optionally from 0.7 um
to 0.9 um, optionally about 0.8 ym. The mean diameter of the particles may be measured
before the particles are incorporated into the plating solution.

Luminescent particles utilized in plating processes described herein may have a D50
distribution of 10 um or less, optionally 5 um or less, optionally 3 um or less, optionally 2 um
or less. A D50 distribution i1s defined as 50% of the population of particles having sizes less
than the D50 value, and 50% of the population of particles having sizes greater than the D50
value. |In embodiments, the luminescent particles have a D50 distribution of from 0.5 um to
1 um, optionally from 0.6 um to 1 um, optionally from 0.7 um to 0.9 um, optionally about 0.8

um. The D50 distribution of the particles may be measured before the particles are

Incorporated into the plating solution. D50 i1s sometimes termed dsg In the art.

Luminescent particles utilized in plating processes described herein may have a D90
distribution of 10 um or less, optionally 5 um or less, optionally 3 um or less, optionally 2 um
or less, optionally 1 um or less. A DS0 distribution Is defined as 90% of the population of

particles having sizes less than the D90 value, and 10% of the population of particles having

sizes greater than the D80 value. The luminescent particles may have a D90 distribution of
from 0.5 um to & um, optionally from 1 um to 4 um, optionally from 1 um to 3 um. The D90
distribution of the particles may be measured before the particles are incorporated into the
plating solution. D90 is sometimes termed dgy IN the art.

In embodiments, luminescent particles, for example in the plating solution and/or In
the articles described herein, lack or substantially lack particles having a diameter of 10 um

or more, optionally 8 um or more, optionally 7 um or more, optionally 5 um or more,

optionally 4 um or more, optionally 3 um or more. “Substantially lack” may indicate 5 wt% of
the particles or less, optionally 2 wt% or less, optionally 1 wt% or less have the stated
diameter. Optionally, the particles may have a D99 distribution of 10 um or less, optionally 8
um or less, optionally 7 um or less, optionally 5 um or more, optionally 4 um or less,
optionally 3 um or less. A D99 distribution 1s defined as 99% of the population of particles

having sizes less than the D99 value, and 1% of the population of particles having sizes
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greater than the D99 value. Optionally, the particles may have a D99 of from 10 um to 3 um,
optionally from 7 um to 3 pm, optionally from 5 um to 3 um.

In embodiments, luminescent particles may have a density of at least 2 kg/dm’,
optionally at least 3 kg/dm®, optionally at least 4 kg/dm®, optionally at least 5 kg/dm>. In
embodiments, luminescent particles may have a density of from least 2 kg/dm® to 9 kg/dm”,
optionally from 3 kg/dm”to 9 kg/dm®, optionally from 4 kg/dm® to 9 kg/dm®, optionally from 5
kg/dm® to 9 kg/dm®.

The luminescent particles may have a combination of size and density as listed In
any of Tables A, B and C below. The diameter, D50 distribution and D90 distribution
referred to in Tables A-C may be measured as described previously herein. In particular, the
diameter, D50 distribution and D90 distribution are measured using laser light scattering, for
example in accordance with ASTM UOP856-07.

Table A
Feature Mean Diameter Density
5 um or less at least 2 kg/dm’
5 um or less at least 3 kg/dm®
5 um or less at least 4 kg/dm’
5 um or less at least 5 kg/dm”®

5 um or less 2 kg/dm®to 9 kg/dm®
5 um or less 3 kg/dm® to 9 kg/dm®
5 pum or less 4 kg/dm® to 9 kg/dm®
5 um or less 5 kg/dm?® to 9 kg/dm

3 um or less at least 2 kg/dm®
3 um or less at least 3 kg/dm®
3 ym or less at least 4 kg/dm®
3 um or less at least 5 kg/dm®

3 um or less 2 kg/dm® to 9 kg/dm?®
3 um or less 3 kg/dm?® to 9 kg/dm?®
3 um or less 4 kg/dm® to 9 kg/dm®
3 um or less 5 kg/dm?® to 9 kg/dm

0.5 um to 1 um at least 2 kg/dm?®
0.5 um to 1 ym at least 3 kg/dm®
O5umto 1 pm at least 4 kg/dm”
05 umto 1 um at least 5 kg/dm3

0.5umto1 um | 2 kg/dm®to 9 kg/dm®
05umto 1 um | 3 kg/dm’to 9 kg/dm®
05umto1um | 4 kg/dm®to 9 kg/dm”
05umto1um | 5kg/dm’to 9 kg/dm
0.7 um to 0.9 um at least 2 kg/dm?®

N <|X|S|<L|[C|H|»wAO|T|0Z|IZ|Ir|R|l«|—|T/®MMOT O w| >

0.7 um to 0.9 um at least 3 kg/dm®
AA 0.7 um to 0.9 uym at least 4 kg/dm”
AB 0.7 um to 0.9 um at least 5 kg/dm®
AC 0.7 um to 0.9 um | 2 kg/dm°to 9 kg/dm®
AD 0.7 um to 0.9 um | 3 kg/dm®to 9 kg/dm”
AE 0.7 umto 0.9 um | 4 kg/dm®to 9 kg/dm”

11
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AF 0.7 um {0 0.9 um 5 kg/dmsto 9 kg/dm
Table B
Feature D50 distribution Density
BA 5 um or less at least 2 kg/dm®
BB 5 um or less at least 3 kg/dm?®
BC 5 pum or less at least 4 kg/dm”®
BD 5 pym or less at least 5 kg/dm”
BE 5 pum or less 2 kg/dm® to 9 kg/dm?®
BF 5 um or less 3 kg/dm® to 9 kg/dm®
BG 5 um or less 4 kg/dm® to 9 kg/dm®
BH 5 pum or less 5 kg/dm” to 9 kg/dm
B 3 um or less at least 2 kg/dm”
BJ 3 Um or less at least 3 kg/dm3
BK 3 um or less at least 4 kg/dm®
BL 3 Um or less at least 5 kg/dm3
BM 3 um or less 2 kg/dm?® to 9 kg/dm?®
BN 3 um or less 3 kg/dm® to 9 kg/dm®
BO 3 um or less 4 kg/dm®to 9 kg/dm®
BP 3 ym or less 5 kg/dm® to 9 kg/dm
BQ 0.5 umto 1 um at least 2 kg/dm®
BR 0.5 um to 1 um at least 3 kg/dm”®
BS 0.5 um to 1 um at least 4 kg/dm®
BT 0.5 um to 1 um at least 5 kg/dm®
BU 05umto1 um | 2 kg/dm’to 9 kg/dm®
BV 05umto1um | 3 kg/dm®to 9 kg/dm®
BW 05umto1 um | 4 kg/dm’to 9 kg/dm®
BX 05 pumto 1 ym 5 kg/dm” to 9 kg/dm
BY 0.7 um to 0.9 um at least 2 kg/dm®
BZ 0.7 um to 0.9 uym at least 3 kg/dm’
CA 0.7 um to 0.9 um at least 4 kg/dm®
CB 0.7 um to 0.9 uym at least 5 kg/dm”
CC 0.7 um to 0.9 um | 2 kg/dm®to 9 kg/dm®
CD 0.7 um to 0.9 um | 3 kg/dm’to 9 kg/dm?®
CE 0.7 um to 0.9 um | 4 kg/dm®to 9 kg/dm®
CF 0.7 umto 0.9 um 5 kg/dmsto 9 kg/dm
Table C
Feature D90 distribution Density
DA 5 um or less at least 2 kg/dm®
DB 5 um or less at least 3 kg/dm®
DC 5 um or less at least 4 kg/dm®
CD 5 um or less at least 5 kg/dm?®
DE 5 um or less 2 kg/dm® to 9 kg/dm®
DF 5 um or less 3 kg/dm® to 9 kg/dm?®
DG 5 pum or less 4 kg/dm® to 9 kg/dm®
DH 5 um or less 5 kg/dm® to 9 kg/dm
DI 3 um or less at least 2 kg/dm?®
DJ 3 um or less at least 3 kg/dm®
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DK 3 um or less at least 4 kg/dm?®
DL 3 um or less at least 5 kg/dm®
DM 3 um or less 2 kg/dm® to 9 kg/dm®
DN 3 um or less 3 kg/dm® to 9 kg/dm®
DO 3 um or less 4 kg/dm®to 9 kg/dm®
DP 3 pm or less 5 kg/dm® to 9 kg/dm
DQ 0.5 umto 5 um at least 2 kg/dm®
DR 0.5 um to 5 um at least 3 kg/dm”®
DS 0.5 um to 5 ym at least 4 kg/dm®
DT 0.5 um to 5 pm at least 5 kg/dm®
DU 0.5umto5 um | 2 kg/dm®to 9 kg/dm®
DV 0.5umto5um | 3 kg/dm’to 9 kg/dm®
DW 0.5 umto5 um | 4 kg/dm®to 9 kg/dm®
DX 05 umto 5 um 5 kg/dm3to 9 kg/dm
DY 1 um to 3 um at least 2 kg/dm?®
DZ 1 um to 3 um at least 3 kg/dm®
EA 1 um to 3 um at least 4 kg/dm”®
EB 1 um to 3 uym at least 5 kg/dm®
EC 1 um to 3 ym 2 kg/dm®to 9 kg/dm”®
ED 1 Uum to 3 um 3 kg/dm® to 9 kg/dm®
EE 1 um to 3 um 4 kg/dm®to 9 kg/dm®
EF 1 pm to 3 um 5 kg/dm® to 9 kg/dm

In embodiments, the luminescent particles may be present in the plating solution In
an amount of 1 gram (g) or more of luminescent particles per Litre (L) of plating solution (i.e.,
1 g/L or more), optionally 2 g/L or more, optionally 3 g/L or more, optionally 4 g/L or more,
optionally & g/L or more. In embodiments, the luminescent particles may be present In the
plating solution in an amount of 10 g or less of luminescent particles per L of plating solution
(I.e., 10 g/L or less), optionally 8 g/L or less, optionally 7 g/L or less, optionally 6 g/L or less,
optionally o g/L or less. In embodiments, the luminescent particles may be present In the
plating solution In an amount of 1 g to 10 g luminescent particles per L of plating solution
(.e., 1 g/L to 10 g/L), optionally 2 g/L to 8 g/L, optionally 3 g/L to 6 g/L. Therefore, this
specification hereby discloses a combination of each amount or range mentioned In this
paragraph with each item of information herein relating to luminescent particle size and with
each of the following features of Tables A, Band C: A/B,C, D, E,F, G, H,I|,J, K L M, N, O,
P,Q R ST, UV, WXY,Z AA, A, AC, AD, AE, AF, BA, BB, BC, BD, BE, BF, BG, BH,
Bl, BJ, BK, BL, BM, BN, BO, BP, BQ, BR, BS, BT, BU, BV, BW, BX, BY, BZ, CA, CB, CC,
CD, CE, CF, DA, DB, DC, DD, DE, DF, DG, DH, DI, DJ, DK, DL, DM, DN, DO, DP, DQ, DR,
DS, DT, DU, <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>