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sides with an imaging surface on the front side, a coating station at
which a monolayer of particles made of, or coated with, a thermo-
plastic polymer is applied to the imaging surface, an imaging station
at which energy in the form of electromagnetic (EM) radiation is ap-
plied via the rear side of the transfer member to selected regions of
the particles coated imaging surface to render the particles thereon
tacky within the selected regions, and a transfer station at which the
imaging surface and the surface of the substrate are pressed against
one another to cause transfer to the surface of the substrate of only
the regions of the particle coating that have been rendered tacky. In
the invention, the rear side of the transfer member is formed of a
body transparent to the EM radiation, and an EM radiation absorbing
layer made of an elastomeric silicone is provided on the front side
of the transfer member adjoining the transparent body, the imaging
surface being formed on, or as part of, the radiation absorbing layer.
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THERMAL TRANSFER PRINTING

This application claims Paris Convention priority from PCT/IB2016/057226, filed 30
November 2016.

FIELD

The present disclosure relates to a method and system for printing on a surface of a

substrate with a film of a thermoplastic material.

BACKGROUND

The present disclosure is a development of the teachings of W02016/189512 to the same
Applicant, which was publishcd on | December 2016 and has a priority date of 27 May 2015.
To avoid unnecessary repetition, reference will be made throughout the present disclosure to -
the latter publication.

Thermal transfer printers are known that employ a ribbon carrying a polymeric ink film.
The ribbon is equivalent to the ink ribbon used in a conventional typewriter, but the ink is solid
ink and is transferred from it onto a substrate (usually paper) not by impact but by means of a
thermal print head that heats only the regions of the ribbon from which the ink is to be
transferred to the paper. Thermal transfer printers can print in monochrome or in full color, by

transferring images successively from colored ribbons.

Such printers achieve printing of high quality but are wasteful, and therefore costly to
operate, since the ribbon is generally single-use and when discarded, much of its ink surface
has not been transferred to a printing substrate.

WO02016/189512 discloses a printing system and method that operate on the same
principle as thermal transfer printers, but in which the single-use ribbon is replaced by a transfer
member which, rather than carrying a polymeric ink film, is coated with a Jayer of thermoplastic
or thermoplastic-coated particles, which can be replenished after each transfer cycle, enabling
the transfer member to perform multiple printing cycles, significantly reducing waste.

In particular, WO2016/189512 discloses a method of thermal transfer printing onto a
surface of a substrate, which method comprises the steps of:

a) providing a transfer member having front and rear sides with an imaging surface

on the front side,

b) coating the imaging surface of the transfer member with individual particles

1
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formed of, or coated with, a thermoplastic polymer,

c) removing substantially all particles that are not in direct contact with the imaging

surface to leave a uniform monolayer particle coating on the imaging surface,

d) applying radiation to selected regions of the coated imaging surface to heat and

render tacky the particles within the selected regions, and

e) pressing at least a portion of the coated imaging surface and at least a
corresponding portion of the substrate surface against one another, to cause transfer to the

surface of the substrate of only the regions of the particle coating that have been rendered tacky.

To permit continuous printing, following transfer of particles from the selected regions to
a first substrate surface, steps b) and c¢) may be repeated to apply a fresh monolayer coating of
particles at least to the selected regions from which the previously applied monolayer coating
was transferred to the substrate surface in step e), so as to leave the imaging surface again
uniformly coated with a monolayer of particles for printing onto a subsequent substrate surface,
as described in steps d) and e). In other words, for printing of subsequent images (which need

not be identical from cycle to cycle), steps b) to e) can be sequentially repeated.

WO02016/189512 suggested pressing the coated imaging surface and the substrate surface
against one another during application of radiation. This requires the radiation to the applied to
the rear side of the transfer member. In practice this mode of operation has been found to be the
more preferable but W02016/189512 does not provide a clear teaching as to how efficient

irradiation from the rear side of the transfer member can be achieved.

SUMMARY

In accordance with a first aspect of the present disclosure, there is provided a printing
system for thermal transfer printing onto a surface of a substrate, the system comprising:

a) a movable transfer member having opposite front and rear sides with an imaging
surface on the front side,

b) a coating station adapted to apply a monolayer of particles made of, or coated
with, a thermoplastic polymer to the imaging surface or at least a segment thereof,

c) an imaging station adapted to apply energy in the form of electromagnetic (EM)
radiation via the rear side of the transfer member to selected regions of the particles coated

imaging surface to render the particles thereon tacky within the selected regions, and
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d) a transfer station adapted to press the imaging surface and the surface of the
substrate, or respective segments thereof, against one another to cause transfer to the surface of

the substrate of only the regions of the particle coating that have been rendered tacky,
characterised in that

(e) the rear side of the transfer member is formed of a body transparent to the EM
radiation, and

€3] an EM radiation absorbing layer made of an elastomeric silicone is provided on
the front side of the transfer member adjoining the transparent body, the imaging surface being

formed on, or as part of, the radiation absorbing layer.
In accordance with a second aspect of the present disclosure, there is provided a printing
system for thermal transfer printing onto a surface of a substrate, the system comprising:

a) a movable transfer member having opposite front and rear sides with an imaging
surface on the front side,

b) a coating station adapted to apply a monolayer of particles made of, or coated
with, a thermoplastic polymer to the imaging surface or at least a segment thereof,

c) an imaging station adapted to apply energy in the form of electromagnetic (EM)
radiation via the rear side of the transfer member to selected regions of the particles coated

imaging surface to render the particles thereon tacky within the selected regions, and

d) a transfer station adapted to press the imaging surface and the surface of the
substrate, or respective segments thereof, against one another to cause transfer to the surface of

the substrate of only the regions of the particle coating that have been rendered tacky,

wherein an EM radiation absorbing layer is provided on the front side of the transfer member,
the radiation absorbing layer adjoining a body, transparent to the EM radiation, on the rear side
of the transfer member, the imaging surface being formed on, or as part of, the radiation

absorbing layer;

and wherein the transfer member satisfies at least one, at least two or at least three or more of

the following structural features:
i) the radiation absorbing layer is made of an elastomeric silicone;
i1) the transparent body is made of an elastomeric silicone;
ii1) the transfer member is substantially non-compressible;

v) the radiation absorbing layer comprises sub-micron carbon black particles dispersed
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in an elastomeric silicone;
V) the sub-micron carbon black particles have an average primary particle size (Dv50)
of at most 100 nm;
vi) the sub-micron carbon black particles have a predominant cluster size (Dv90) of at

most 500 nm;

vii)  the radiation absorbing layer has an absorbance of at least 0.1/um, the absorption
being measured at a wavelength of said EM radiation or within a proximal range

thereof.

In different embodiments, the application of thermoplastic particles so as to form a
monolayer of particles on an imaging surface of a transfer member of such printing system may
comprise:

« directing a fluid or fluid jet carrying the particles onto the imaging surface,

* rubbing the particles onto the imaging surface using a cloth, brush or an application

roller,

» forming the imaging surface and the surface of the particles of hydrophobic materials
and directing a liquid containing the particles onto the imaging surface, the liquid being selected

so as not to wet the imaging surface,

« directing onto an intermediate applicator a gas or liquid jet containing the particles, the
applicator being capable of receiving the particles and transferring them to the imaging surface,

or
* any suitable combination of the above mentioned techniques and structures.
In accordance with a further aspect of the invention, there is provided a method of thermal
transfer printing onto a surface of a substrate, which comprises:

a) providing a movable transfer member having opposite front and rear sides with
an imaging surface on the front side,

b) applying to the imaging surface a monolayer coating of particles made of, or
coated with, a thermoplastic polymer,

c) applying EM radiation via the rear side of the transfer member to selected

regions of the coated imaging surface to render the particles thereon tacky within the selected

regions, and
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d) pressing the imaging surface and the surface of the substrate against one another
to cause transfer to the surface of the substrate of only the regions of the particle coating that

have been rendered tacky,
characterised by

(e) forming the rear side of the transfer member of a body transparent to the EM

radiation, and

® providing a radiation absorbing layer made of an elastomeric silicone on the
front side of the transfer member adjoining the transparent body, the imaging surface being
formed on, or as part of, the radiation absorbing layer such that the EM radiation reaches the

imaging surface by passing through the transparent body.

Features of particular non-limiting embodiments of the invention are set out in the

appended dependent claims.

The terms “tacky” and “sufficiently tacky” as used herein are not intended to mean that
the particle coating is necessarily tacky to the touch but only that it is softened sufficiently to
enable its adhesion to the surface of a substrate when pressed against it in the transfer station.
The tacky particles or regions of particles rendered tacky are believed to form individual films
or contiguous films which following their transfer to a printing substrate may optionally yield
thinner films, as a result of the pressure being applied upon contacting of the imaging surface
(or a segment thereof) to the substrate (or a corresponding segment thereof) and/or of the
optional further processing (e.g., fusing, drying, curing, efc.) of the transferred films. Such
optional further processing may include heating of the already-transferred images and/or the
receiving substrate by means which do not contact the transferred image or by means which
contact the transferred images, both of which means are well known in the art. In the case of
non-contact heating, such as hot air, radiant heating, radio frequency heating and the like,
heating the transferred image may enhance its adhesion to the substrate, its abrasion resistance,
its chemical resistance and the like. In the case of heating means which contact the image, such
as silicone-coated fuser rolls or belts, in addition to the benefits of non-contact heating, the

image film may also acquire higher gloss and scratch resistance.

The intended meaning of the term “monolayer” and different ways in which a monolayer
can be achieved are disclosed in W02016/189512 and WO0O2016/189513 which provide details
of the particle size, polymer film thickness as well as the design and construction of an imaging

station for emitting laser radiation.
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The thermoplastic particles may have a particle size of less than 40 um, 20um, 10 um, or
less than 5 um, or less than 1 pm, or within the range of 100 nm to 4 um, or 300 nm to 1 pum,

or 500 nmto 1.5 pm.

Particular imaging devices that may serve in such imaging stations are further detailed in
WO02016/189510 and WO2016/189511, all foregoing applications to the same Applicant
having published on 1 December 2016.

Briefly, in order to facilitate replenishment of the particle coating on the imaging surface
after each transfer, particles that adhere to the imaging surface more strongly than they do to
one another are utilized. This results in an applied layer that is substantially a monolayer of
individual particles, with little, if any, overlap, the thickness of the monolayer being therefore
commensurate (e.g., 1-3-times) with the thickness of the particles. Stated differently, the layer
is only one particle thick over a major proportion of the area of the imaging surface and most,

if not all, of the particles have at least some direct contact with the imaging surface.

Advantageously, a monolayer of particles facilitates the targeted delivery of radiation.
This may ease the control of the imaging device, as the selectively irradiated particles reside on
a single defined layer, which may facilitate focusing the laser radiation to form upon transfer to

a substrate a dot of approximately even thickness and/or relatively defined contour.

Another advantage of having a monolayer is that it can provide for good thermal coupling

between the particles and the imaging surface on which the particles are coated.

To permit the printing on the substrate of patterns corresponding to the selected regions
exposed to radiation, the affinity of the heated tacky particles needs to be greater to the substrate
than to the imaging surface. Moreover this relatively higher affinity of the tacky particle to the
substrate in the selected regions shall also be greater than the affinity of the bare substrate to
the particles not rendered tacky. In the present context, a substrate is termed “bare” if lacking
any desired image pattern to be printed by the present method or system. Though the bare
substrate should for most purposes have substantially no affinity to the thermoplastic particles,
to enable the selective affinity of the tacky ones, some residual affinity can be tolerated (e.g., if
not visually detectable) or even desired for particular printing effects. Undesired transfer of

particles to areas of the bare substrate is also termed parasite or parasitic transfer.

The term “thermoplastic particles” is used to refer to all particles (colored or not)
comprising a thermoplastic polymer, whether coating the particle or forming substantially all

of the particle, including any intermediate range of presence of the polymer allowing the
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thermoplastic particles to serve their intended purposes. In the latter cases, wherein the
thermoplastic polymer(s) can be homogeneously present in the entire particle, not being
particularly restricted to an external coating, the particles may also be said to be made of a

thermoplastic polymer.

Such gradient of affinities between the particles (before and after heating), the fluid
carrying the native particles for coating or replenishing of the transfer member, the imaging
surface, the printing substrate, any such element of the method, can be modulated by selection
of suitable materials or characteristics, such as hardness, smoothness, hydrophobicity,
hydrophilicity, charge, polarity and any such properties known to affect interaction between

any two elements.

For assisting in the transfer of the tacky film of particles from the imaging surface to the

substrate, the imaging surface may be hydrophobic.

In some embodiments, the thermoplastic particles may themselves be hydrophobic. In
such case, the relative affinity between the particles in their different states and the imaging
surface can be based, at least partially, on hydrophobic-hydrophobic interactions. In some
embodiments, attachment of the monolayer of particles to the imaging surface is assisted by the
relative low hardness of the imaging surface as is further detailed below. A relatively soft
imaging surface may assist in forming an intimate contact with each individual particle, such
intimate contact manifesting itself in a relatively large contact area between the imaging surface
and the particle, in contrast to the discrete contact formed between the particle and a relatively
hard surface. Such intimate contact may thus further intensify effects of any short-range
attraction forces between the imaging surface and the particles, such as, e.g., hydrophobic-

hydrophobic interactions or Van der Waals forces.

In some embodiments, the thermoplastic particles and/or the imaging surface can
alternatively or additionally achieve desired relative affinity one to another (and to any other
fluid or surface suitable for a printing process according to present teachings) by way of charge-
based interactions. For instance, positively charged particles may favor negatively charged
surfaces. In such case, the relative affinity between the particles in their different states and the

imaging surface can be based on charge-charge interactions.

In some embodiments, the surface of the printing substrate can be treated to favor the
transfer of the films of tacky particles. Treatment can be physical (e.g., by corona) or chemical

(e.g., the substrate including a suitable external coat).
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In accordance with a further aspect of the present invention, there is provided a transfer
member for use in a printing system of the present invention, having the form of an endless belt
or a drum and comprising a body transparent to electromagnetic (EM) radiation lying within a
predetermined range of frequencies disposed on a rear side of the transfer member, a radiation
absorbing elastomeric silicone layer opaque to the EM radiation adjoining the transparent body
and disposed on or adjacent a front side of the transfer member, and a hydrophobic release layer
formed on the front side of the transfer member, the release layer being in thermal contact with,

or formed as part of, the radiation absorbing layer.

The transfer member support layer may be a drum or an endless belt, the image surface
disposed thereon being continuous (e.g., the belt being a seamless belt) and substantially

uniform over its entire surface.

In some embodiments, the radiation absorbing layer may have an absorbance per um (as
measured in the manner set out below) of at least 0.1/um, the absorption being measured at a
wavelength of said EM radiation or within a proximal range thereof. In some embodiments, the

absorption may be at least 0.2/um, or at least 0.3/pm.

Advantageously, the imaging surface is compatible with the radiant energy intermittently
applied by the imaging station to heat desired selected areas. By compatible, it is meant for
instance, that the imaging surface is relatively resilient and/or inert to the radiation at the
irradiated frequency/wavelength range, for example, the transfer member and the imaging
surface maintain mechanical characteristics such as strength and flexibility under such
radiation. Also, the imaging surface may be able to prevent or minimize heat loss to the transfer
member and promoting effective heating to the particles. Additionally or alternatively, the
imaging surface may be able to conduct heat that is generated by the radiation, such conduction

being advantageously restricted to the thin layer adjoining the imaging surface.

The carbon black (CB), in some embodiments, has an average primary particle size
(Dv50) of at most 100nm.

The carbon black particles are desirably dispersed within the silicone matrix in such a
manner that a predominant measured particle cluster size (Dv90) approximates to one half of
the wavelength of the applied radiation. Thus, assuming that IR radiation having a wavelength
in the range 700nm to 1100nm, is used in the imaging system, the predominant measured cluster
size (Dv90) of the CB particles in the radiation absorbing layer should not exceed a value within

the range of 350nm to 550nm.
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The concentration of the carbon black particles within the silicone matrix of the radiation
absorbing layer, in some embodiments, is at least 0.01%, by weight of the silicone matrix, and

optionally of at most 30 wt.%.

In some embodiments, the silicone matrix of the imaging layer, including of the radiation

absorbing layer, is an addition-cure silicone matrix.

In some embodiments, the silicone matrix of the imaging layer, including of the radiation

absorbing layer, is a condensation-cure silicone matrix.

Addition cured silicone can be identified by the presence of platinum in the cured matrix,
platinum being used in the curing process. Condensation cured silicone, on the other hand, can

be identified by the presence of tin in the cured matrix.

In some embodiments, the carbon black particles used for the preparation of the radiation
absorbing layer are of hydrophilic CB and have at least one, at least two, or at least three of the

following structural properties:

A) a volatile matter content of at least 1.5%, by weight of the carbon black particles,
or at least 2.5%, at least 3.5%, at least 5%, at least 8%, at least 10%, at least 12%,
at least 15%, or at least 18%, and optionally, at most 50%, at most 35%, at most
30%, at most 27%, at most 25%, or at most 22% (as can be determined, in particular

embodiments, by standard methods as detailed in DIN 53552);

B) an oxygen content of at least 1.0%, at least 1.5%, at least 2%, at least 3%, at least
4%, at least 5%, at least 7%, at least 10%, at least 12%, or at least 15%, and
optionally, at most 40%, at most 30%, at most 25%, at most 22%, or at most 20%;

C) readily form a dispersion in distilled water, the water being at a neutral pH and the

carbon black particles making up Swt.% of the dispersion;

D) an acid value in mmol/g, of at least 0.05, at least 0.06, at least 0.075, at least 0.1, at
least 0.125, at least 0.15, or at least 0.175, optionally at most 0.5, at most 0.4, at
most 0.3, or at most 0.25, and further optionally, within a range of 0.05 to 0.35, 0.06
t0 0.35,0.08 t0 0.35, 0.1 t0 0.35, 0.051t0 0.3, 0.06 t0 0.3, 0.08 t0 0.3, 0.1 t0 0.3, 0.05
t0 0.25, 0.08 to 0.25, 0.1 t0 0.25, 0.12 t0 0.25, or 0.15 to 0.25;

E) a pH value of at most 5.0, at most 4.5, at most 4.0, at most 3.5, at most 3.0, or at

most 2.7, (as can be determined, in particular embodiments, by standard methods
as detailed in DIN ISO 787-9);
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F) a surface Zeta potential of at most -15mV, at most -20mV, at most -25mV, at most
-30mV, at most -35mV, or at most -40mV, and optionally, within a range of -70 to
-15mV, -70to -20mV, -70 to -25mV, -70 to -30mV, -70 to -35mV, -60 to -15mV,
-60 to -20mV, -60 to -25mV, or -60 to -30mV, the surface zeta potential being

measured at a pH of 12 and at a concentration of 0.1wt% carbon black; and

G) an Ip/Ig ratio of 0.8 or more, 1.0 or more, 1.2 or more, wherein Ip and Ig represent
the peak intensity maxima of the D-band and G-band of the carbon black, as

measured by Raman spectroscopy.

The oxygen content as provided in the specification is expressed in weight per weight of
the carbon black particles, and can be converted to atomic percent by multiplying by a factor
of 0.75.

In some embodiments, at least 80% of the carbon black particles, by number, are disposed
at a normal distance of at least 0.05um, at least 0.1um, at least 0.2pum, at least 0.3um, at least

0.5um, or at least 1.0um, from the release surface.

In some embodiments, a transparent conformable layer is disposed between the radiation

absorbing layer and the support layer of the transfer member.
In some embodiments, the conformable layer has a hardness of up to 50 Shore A.

In some embodiments, the conformable layer has a hardness within a range of 5 to 50, 10

to 30, 10 to 40, 10 to 50, 15 to 50, 20 to 40, or 20 to 50 Shore A.

In some embodiments, the transfer member is adapted and dimensioned such that the
transfer member has a compressibility of 100-500 um, 100-400 pm, 100-300 pm, 150-300 um,

or 150-250 um in a direction normal to the imaging layer.

In some embodiments, the transfer member further comprises a transparent compressible
layer having a compressibility of 10-80% in a direction normal to the large plane of the
compressible layer. A transfer member is said to be “substantially non-compressible” when it
lacks such a compressible layer and/or it lacks the afore-said compressibility in a direction

normal to the large plane of the imaging surface.

BRIEF DESCRIPTION OF THE DRAWINGS

The description, together with the figures, makes apparent to a person having ordinary
skill in the pertinent art how the teachings of the disclosure may be practiced, by way of non-

limiting examples. The figures are for the purpose of illustrative discussion and no attempt is



10

15

20

25

30

CA 03044935 2019-05-24

WO 2018/100528 PCT/IB2017/057535
11

made to show structural details of an embodiment in more detail than is necessary for a
fundamental and enabling understanding of the disclosure. For the sake of clarity and

simplicity, some objects depicted in the figures may not be drawn to scale.
In the Figures:

Figure 1 depicts schematically a printing system as previously disclosed by the Applicant
in W02016/189512;

Figure 2 is a schematic representation of a transfer member having a support layer that is

“transparent” to radiation of laser emitting elements;

Figure 3a is a schematic representation of a digital printing system according to one

embodiment of the invention using a transfer member as shown in Figure 2;

Figure 3b shows to an enlarged scale the nip area illustrated as part of the system in panel
Figure 3a;

Figures 4, 5a and 5b are schematic representations of alternative embodiments of a digital

printing system as exemplified in Figure 3a; and

Figure 6 shows the printing system of Figure 3 in which the substrate if subjected to
further processing after passing through the transfer station to apply varnish and to treat the

applied polymer film.

DETAILED DESCRIPTION

Overall description of a printing system

Figure 1 shows a printing system as disclosed in W02016/189512 of which the printing
system of the present disclosure is a development. In Figure 1, a drum 10 serving as a transfer
member has an outer surface 12 that acts as an imaging surface. As the drum 10 rotates
clockwise, as represented by an arrow, it cyclically passes beneath a coating station 14 where
it acquires a monolayer coating of fine particles. After exiting the coating station 14, the
imaging surface 12 passes beneath an imaging station 16 where radiation is applied by the
imaging station 16 to selected regions of the imaging surface 12 to heat and render tacky the
particle coating on the selected regions of the imaging surface 12. In Figure 1, the radiation is
applied by exposing the selected regions of the front side of the imaging surface 12 to laser
radiation. By contrast, in the present disclosure, as described in more detail below, radiant

energy is applied to the rear side of the transfer member (on the surface not coated by particles).
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Next, the imaging surface 12 passes through a transfer station 18, having a nip where a
substrate 20 is compressed between the drum 10 and an impression cylinder 22. While not
shown in the figure, the impression cylinder may include on its outer surface a compressible
layer. The pressure applied at the transfer station 18 causes the selected regions of the coating
on the imaging surface 12 that have been rendered tacky by exposure to laser radiation in the
imaging station 16, to transfer from the imaging surface 12 to the substrate 20. The regions on
the imaging surface 12 corresponding to the selected tacky areas transferred to the substrate
consequently become exposed, being depleted by the transfer of particles. The imaging surface
12 can then complete its cycle, by returning to the coating station 14 where a fresh monolayer
particle coating is applied to the exposed regions from which the previously applied particles
were transferred to the substrate 20 in the transfer station 18. This step can be viewed as a
replenishment of the particle coating. As detailed below, the substrate, also termed printing
substrate, may be made of various materials (e.g., paper, cardboard, plastics, fabrics ezc.), some
optionally existing in coated and uncoated form depending on desired characteristics, and can

be supplied to the transfer station in different forms (e.g., as sheets or continuous webs).

The thermoplastic polymeric particles selectively heated for transfer to the substrate are
said to form a film, or as further detailed hereinafter a polymer film. As used herein, the term
“film” indicates that each spot of particle(s) exposed on the imaging surface may form a thin
layer or coating of material, which may be flexible at least until transfer to the substrate at the
transfer station. The term “film” should not be taken to mean that spots of adjacent particles
that are heated at the imaging station are to transfer collectively as a continuous coating. It is
believed that a thin film formed on the imaging surface (i.e. by one or more adjacent particles
sufficiently exposed to a laser beam) may at most retain its thickness or become even thinner
upon transfer. Hence the printing system and method according to the present teachings
advantageously enable the printing on a substrate of a thin layer of particles that have been
rendered tacky. In some embodiments, the printed film can have a thickness of 1 micrometer
or less, or of no more than 800 nm, or of no more than 600 nm, or of no more than 400 nm, or

of no more than 200 nm, or even of no more than 100 nm.

The coating station

The coating station 14 is essentially the same as described in W02016/189512 and
WO02016/189513 and will not therefore be described in detail herein. Essentially, the coating
station comprises a plurality of spray heads 1401 that are aligned with each other along the axis

of the drum 10. The sprays 1402 of the spray heads are confined within a bell housing 1403, of
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which the lower rim 1404 is shaped to conform closely to the imaging surface leaving only a
narrow gap between the bell housing 1403 and the drum 10. The spray heads 1401 can be
connected to a common supply rail 1405 which supplies to the spray heads 1401 a pressurized
fluid carrier (gaseous or liquid) having suspended within it the fine particles to be used in

coating the imaging surface 12.

The fluid and the surplus particles from the sprays heads 1401, which are confined within
a plenum 1406 formed by the inner space of the housing 1403, are extracted through an outlet
pipe 1407, which is connected to a suitable suction source represented by an arrow, and can be
recycled back to the spray heads 1401. Though herein referred to as spray heads, any other type
of nozzle or orifice along the common supply pipe or conduit allowing applying the fluid

suspended particles are encompassed.

As an alternative to the above-described direct spraying of the fluid and suspended
particles onto the imaging surface, the coating station, may, as shown in Figure 2 of
WO02016/189512 comprise a rotatable applicator operative to wipe the fluid and suspended
particles onto the surface. The rotatable applicator can alternatively be a brush having fiber or

foam made bristles.

In some embodiments, there can be included on the entry side of the coating system 14,
and typically at an external upstream location as shown in Figure 1, a cooler 1422 allowing
lowering the temperature of the imaging surface 12 before the previously exposed regions of

the particle layer are replenished.

It is possible to provide both a cooler 1422 on the entry side of the coating system 14 and
a heater 1424 on the exit side. Additionally, the drum 10 may be temperature controlled by
suitable coolers / heaters internal to the drum, such temperature controlling arrangements being
operated, if present, in a manner allowing the outer surface of the imaging surface, or portions

thereof, to be maintained at any desired temperature.

The coating particles

The shape and composition of the coating particles are fully described in
WO02016/189512. The invention described herein may employ particles that are pigmented,
dyed or colorless. Briefly, for printing of high quality, it is desirable for the particles to be as
fine as possible to minimize the interstices between particles of the applied monolayer coating,
and to be preferably smaller than the required image resolution. Being dependent upon the

desired image resolution, for some applications a particle size of up to 10 micrometer (um) is
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deemed appropriate, in particular for pigmented thermoplastic particles. However, for improved
image quality, it is preferred for the particle size to be a few micrometers and more preferably
less than about 1 um. In some embodiments, suitable particles can have an average diameter
between 100 nm and 4 um, 300 nm and 1 pum, in particular between 500 nm and 1.5 pm. On
account of the manner in which such particles are produced, they are likely to be substantially

spherical but that is not essential and they may be shaped as platelets.

In the case of colorless particles, such as those use to form a protective or decorative
coating, such as a varnish or lacquer, it may be desirable to use particles as large as 5
micrometers, 10 pm, 20 pum, 30 um or even 40 um in average diameter. While colorless
particles may be the sole type desired for a particular printing system or printing job, in some
embodiments, to be further detailed in the following, the colorless particles are used as last to

be applied on printing substrates to which colored particles were already transferred.

Typically such sizes are provided as average of the population of particles and can be
determined by any technique known in the art, such as microscopy and Dynamic Light
Scattering (DLS). The average diameter of a population of particles can be assessed by Dv50
(maximum particle hydrodynamic diameter below which 50% of the sample volume exists) and
the size of a predominant portion of the population by Dv90. When the particles under study
are in a relatively viscous or solid media, such as in a cured layer, such particle sizes can be
assessed by microscopy, the skilled person knowing which microscope and technique to employ
depending on the dimensions / magnifications to be observed. When the particles under study

are in a relatively liquid media, such particle sizes can conveniently be measured by DLS.

In some embodiments, the polymer film resulting from the conversion of the monolayer
of particles by exposure to radiation has a thickness of 2 um or less, or of less than 1 um, or
even of less than 750 nm. In other embodiments, the thickness of the polymer film is of 100 nm
or more, or of more than 200 nm, or even of more than 300 nm. The thickness of the polymer
film may be in the range of 300nm-1,000nm, or of 500nm-1,500nm, or of 600nm-800nm, or of
700nm-1,000nm.

In embodiments, wherein the thermoplastic particles are colorless, being intended for
instance for over-coating, the particles are typically larger than pigmented particles, and the
film obtained following transfer may have accordingly a greater thickness. In such
embodiments, the thickness of the polymer film can be of up to 40 um, or of no more than 30

um, or of no more than 20 um, or of no more than 10 um.
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In some embodiments, the particles may be substantially hydrophobic.

The particle carrier

The particle carrier, that is to say the fluid within which the coating particles are
suspended, may be either a liquid or a gas. If liquid, the carrier is preferably water based and if
gaseous the carrier is preferably air. In the interest of economy, surplus particles extracted (e.g.,
sucked) from the interior of the plenum of a housing may be recycled to the supply and/or

applicator device.

The imaging station

The imaging device depicted at imaging station 16 in Figure 1 is also fully described in
W02016/189512, particular embodiments being further explained in W02016/189510 and
WO02016/189511, and need not be described herein in detail. The imaging station (or imaging
system) 16 is composed of a support 1601 carrying an array of chips 1602 each having an
arrangement of individually controllable laser sources capable of emitting laser beams. The
chips 1602 are individually or collectively associated with an array of corresponding lenses
1603 that focus the laser beams on the imaging surface 12 or its vicinity (e.g., to heat up the

particles applied thereupon and/or to heat up an underlying radiation absorbing layer).

Figure 1 shows the imaging station 16 as facing the front side of the transfer member 10.
This requires the imaging station to be located upstream of the transfer station but then it is
important to ensure that the irradiated tacky thermoplastic particles on the imaging surface 12
do not lose their tackiness during transit between the imaging station 16 and the transfer station
18. In embodiments of the present disclosure, the imaging station is located facing the rear side
of the transfer member 10, thereby enabling irradiation and transfer to occur substantially

simultaneously.

The imaging surface

The imaging surface 12 in some embodiments is a hydrophobic surface, made typically
of an elastomer that can be tailored to have properties as herein disclosed, generally prepared
from a silicone-based (release-prone) material. The silicone-based matrix may have any
thickness and/or hardness suitable to bond the intended particles. The suitable hardness is to
provide a strong bond to the particles when they are applied to the imaging surface 12 in the
coating station 14, the bond being stronger than the tendency of the particles to adhere to one
another. It is believed that for relatively thin imaging surfaces (e.g., 100 um or less), the

silicone-based material may have a medium to low hardness; whereas for relatively thick
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imaging surfaces (e.g., up to about 1 mm), the silicone-based material may have a relatively
high hardness. In some embodiments, a relatively high hardness between about 60 Shore A and
about 80 Shore A is suitable for the imaging surface. In other embodiments, a medium-low
hardness of less than 60, 50, 40, 30, 20 or even 10 Shore A is satisfactory. In a particular
embodiment, the imaging surface has a hardness of about 30-40 Shore A, a lower hardness

believed to be preferable for spherical particles. The hardness is of at least 5 Shore A.

The hydrophobicity of the imaging surface enables the tacky film created by exposing the
particles to radiation to transfer cleanly to the substrate without splitting. A surface is said to be
hydrophobic when the angle formed by the meniscus at the liquid/air/solid interface, also
termed wetting angle or contact angle, exceeds 90°, the reference liquid being typically distilled
water. Under such conditions, which are conventionally measured using a goniometer or a drop
shape analyzer and can be assessed at a given temperature and pressure of relevance to the
operational conditions of the coating process, the water tends to bead and does not wet, hence

does not adhere, to the surface.

Advantageously, an imaging surface suitable for use with a printing system herein
disclosed can be flexible enough to be mounted on a drum, appropriately extendible or
inextensible if to be mounted as a belt, have sufficient abrasion resistance and/or resilience, be
inert to the particles and/or fluids being employed, and/or be resistant to any operating condition

of relevance (e.g., irradiation, pressure, heat, tension, and the like).

The imaging surface can absorb EM radiation at the wavelength of the laser emitting
elements. For instance, if the radiation is emitted in any portion of the near infrared (NIR) range
within about 800-2,000 nm, then imaging surface should absorb over at least such portion of
the NIR spectrum. In this way, the heating up of the imaging surface assists in the softening of
the particles disposed thereupon, sufficient heating rendering the particles suitably tacky so as

to transfer to a printing substrate.

Advantageously, the EM radiation absorbing material is such that it may absorb over a
relatively wide range of laser wavelengths, compatible with different types of particles, each
eventually having a different sub-range, even minute ones, of laser absorbance. Carbon black
(CB), which has a broad absorption and is a strong absorber in the NIR region, can be used to
provide desired corresponding properties to the energy absorbing layer of the imaging surface.
Incorporation of carbon black into silicone-based layers may also contribute to the thermal
conductivity of the imaging surface and allow it to be modulated, if and as desired. Silicone-

based elastomers comprising CB particles and methods of preparing the same are detailed in
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the following sections.

The imaging surface 12 in the drawing is the outer surface of a drum 10, which can be
either directly cast thereupon or mounted as a separately manufactured sleeve. This, however,
is not essential as it may alternatively be the surface of an endless transfer member having the
form of a belt guided over guide rollers and maintained under an appropriate tension at least
while it passes through the coating station. Additional architectures may allow the imaging
surface 12 and the coating station 14 to be in relative movement one with the other. For instance,
the imaging surface may form a movable platen which can repeatedly pass beneath a static
coating station, or form a static platen, the coating station repeatedly moving from one edge of
the platen to the other so as to entirely cover the imaging surface with particles. Conceivably,
both the imaging surface and the coating station may be moving with respect to one another
and with respect to a static point in space so as to reduce the time it may take to achieve entire
coating of the imaging surface with the particles dispensed by the coating station. All such
forms of imaging surfaces can be said to be movable (e.g., rotatably, cyclically, endlessly,
repeatedly movable or the like) with respect to the coating station where any such imaging

surface can be coated with particles (or replenished with particles in exposed regions).

The transfer member, whether formed as a sleeve over a drum or a belt over guide rollers,
may comprise in addition to the imaging surface, on the side opposite the release layer, a body.
As the transfer member in the present disclosure is irradiated from its rear side (i.e. the side
opposite that carrying the monolayer of thermoplastic polymer particles), the body needs to be
transparent to the radiation, so that the radiation may reach the energy absorbing layer which is

next to, or which incorporates, the imaging surface.

The body of the transfer member may comprise different layers each providing to the
overall transfer member one or more desired property selected, for instance, from mechanical
resistance, thermal conductivity, compressibility (e.g., to improve “macroscopic” contact
between the imaging surface and the impression cylinder), conformability (e.g., to improve
“microscopic” contact between the imaging surface and the printing substrate on the impression
cylinder) and any such characteristic readily understood by persons skilled in the art of printing

transfer members.

The imaging surface may serve functions other than absorb energy and assist in the
release of tacky particles. The imaging surface can, for instance, be made of a material
providing sufficient conformability, integrating the “conformable layer”, to its “release layer”

and “radiation absorbing layer” functionalities. Conversely, the latter two functions may be
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provided by two distinct layers, the release layer (which will be in contact with the particles)
and an underlying radiation absorbing layer. Thus, an imaging surface can be a single/unique
layer encompassing at least both release and radiation derived functions, optionally
supplemented by conformability during impression. Alternatively, the imaging layer may be
formed from at least two distinct layers selected from the group comprising release layers,
radiation absorbing layers and conformable layers. In the event, the imaging surface consists of
the three afore-mentioned types of layers (named by their predominant function), then it may
be preferred to have them ordered such that the release layer may contact the particles, the
radiation absorbing layer would be next (reducing the distance with the particles on the imaging
surface outer side) and the conformable layer would be last, this layer being typically attachable
or attached to a support. The support, as mentioned, can be rigid (e.g., the surface of a drum or

any like mechanical part) or flexible (e.g., the body of a belt).

The rear side of the transfer member in the present disclosure is transparent to the
wavelengths of the source of EM radiation applied thereto, whereas the radiation absorbing
layer next to the imaging surface is substantially opaque to such radiation. As laser beams
having a relatively wide range of emissions may be preferred, the opposite sides of the transfer
member are advantageously “transparent” or “opaque” over a similar range. Assuming for
instance, a laser emitting at a wavelength in the range of 800 nm to 2,000 nm, this radiation
source being positioned on the “rear side” of the transfer member opposite to the imaging
surface, a “transparent” member would allow sufficient progression of such beam from the rear
side across member thickness, or at least until such beam reaches the radiation absorbing layer

of the transfer member, over at least the same portion of the range.

Transparent transfer member

A transfer member having a transparent body is schematically illustrated in Figure 2 by
way of a cross-section through its layers. For convenience, a source of irradiation 640 and a
single particle 650, which for clarity are not drawn to scale, are shown to illustrate how the
transfer member 700 can be used in a printing system. In Figure 2, 702 represents a release
layer, which need not be transparent, but is capable of transiently retaining the particles 650
until they are selectively softened for release. 704 represents a radiation absorbing layer
capable of harvesting the radiation to enable the softening of the particles, 706 represents a
transparent conformable layer capable of facilitating contact between the release layer and
particles thereupon and the topography of the surface of the printing substrate during transfer

at a transfer station. Though illustrated in Figure 2 as distinct layers, the imaging surface 12 can
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be formed of 3 single/urigue imaging laver 720 integrating the fanctions of layers 782 and 784
or the fonctions of layvers 782, 704 and 706, the vemaining laver 718 reprosenting a support

layer for all the afore-satd lavers which can jointly form a desived wanspavent transfeor member
788

The release layer TH2 may have, in some emabodivpents, 8 thickness of 3wy or less, of

2 pums or loss, or botween 8.3 wm and 1.5 wn,

A relpase layer 782 may be made of auy material capable of providing sufficient adheston
to native {(heaetacky) particles and enough release to particles softened by irradiation lo
sejectivedy transfor. High reloase elastomers provide & variety of suiiable candidates, inchading
but pot limited to Hgnid sibicone resins {LSR}, room teraperature valcamization {RT V) silicones,
polyvdialkyl siloxemes (PDARY including for fnstance polydimethyl siloxanes (PDME)
siticones, which can be, ifaeaded, funther Hnctionalized by desired reaciive groups {o. g, amine

groups, vinyl groups, silave or sifanel groups, alkoxy groaps, amide groups, acrvlate groups

efe., and combinations thereof, as known in the art of silicones) 1o produce functionalized

4

sed berein, the term Vsilicone™ is used broadly to include such functionalized

silicones, onless explicit or evident to the contrary. While geperally encompassed by the feum

Pr]

silicons”, sueh fonctionalized sificones may also b reforred 1o as “silicone-based™ polymes.

Rome functions can be cross-linkable woleties, while others may provide different desired

3

properiies (o the slastomer. Additionally, the functivs of the elastirner I8 non-reactive ad ¢an

be based o atoms such as fluor, These dlastorbers can be classified nte addition-chrable

"'.ﬂ

siticones and condensation-curable silivonss, some chemical families enabling both curing
methods, Advaniagesusly, In same embodiments, g releasse laver can adidittonally veduce oy
prevent parasitic transfer. The release layer 782 is prefersbly devold or sobstantially devoid of
Tfillers,

Non-Hmiting examples of additon-corable stlicone {ACRY include LER angd addition-
curable RTY, PDRAXR and PDMR silicones, whether o wotr further fimictionabized. ACS
elastomers arc cross-linked to form g matrix in the presence of cross-linkers and any such agent
{2.g., & plativum catalyst) promoting the bridging of the polywmers, or on the contrary retarding
H {e.g, for practical wanufacturing purposes, by way of inhibition of the curing facilitatos),
any and all such agents being termed herein “addition curing” agent{s}. In one embodinent, the
ACE 1s a vinyl-funchionalized silicone, which may be cured in the presence of at least one

addition-vuring agent, under any curing conditions suiigble for said matenals,

RECTIFIED SHEET (RULE 91) ISA/EP
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Non-limiting examples of condensation-curable silicones {0 mctude condensation-
curable RTV, PINAS and PDME silicones, whether or not Bwrther functionalized. €O8 elastomers
can be eross-Hnked to form a matrix in the absence of addittonal oross-linkers, such effoct being
provided by suitable woleties or funciional groups on the silicone backbone. In some

mbodiments, combensation curing may further require a catalyst feg., 8 Hn catalyst) and any
such agent promoting the condensation of suitable moieties of the polvmers, any and all such
agents being termed herein “vondensation curing™ agent(s). In one ewsbodiment, the CCS & a
silanob-functionalized silicone, in & particular embodiment g silanolverminated silicone, The
silaned functionalized CUS may be cured in the presence of al least one condensativn-curing
agent, under any curing conditions surtable for sald materials. In ohe embodiment, the CCS isa
reactive amino-silivone. Addition curing sgents and condensmiion curing agsms respectively
suitable for the curing of ACUR and CUR elastomers are known and need not be fther detatled
heretwt. Likewise curing conditions for such materials are known to the skilled person and woay,

if needed, readily be optimived for any parficular use by routine experimentation,

Pregence ot catalvsts can be detected by trace analysis of tin {for CCS)Y or platinany {for

Y

Y515
AUS) by konown anatytical methods, e g, by Inductively Coupled Plasma Spectroscopy {ICF.

i~

A radigtion absorbing laver 784 can have, in some embodimends, a thickness of 28 am
ot less, or hoetween 200 mw and 1 gm, or between 300 nm and 2 g, or between 2 gm aod

20 e, or between 2 poy and 10 pm

A radiation shsorbing laver 784 can be made of any powder or elastomeric material
capable of sbeorbing the radiation smisted by the faver elements of the maging deviee,
satistactorily ansferring beat and/or for a sufficient doration to the imaging surfaee (Hustrated
in the figure by the release layer 702) and the panticles thereupon. Preferably, the materials
forming such layer, and more generally the ransfer member, allow the heat generated by the
apphication of radiation by the imaging device 1o x%mz;‘*:ﬂc rapiily enpugh for the besting of the
thermoplastic particles 1o be time andfor spot specific {e.g., enabling the formation of & desired
pixel). Elastomers having a high absorbing ability («,s; as assessed by the absorbance of the
material per mivron thickness) in the vange of relévance, souch ux black silicone rubbers, arc
considered advantageous From a roamedacturing standpoint.

Absorbanon 4ds is herein defined as being equal to logre U Mwe) where B is the mdiant
thux received by that material aud  fox 35 the radiant flux ransmitted through that material, The
absorbance is considered high if 4bs Is greater than (U3 pm, or gregter than 0027 gm or even

greater than 0.3 . Fov example, otal absorbance of, e g, 80% of the radiation {Abs = 1} may

RECTIFIED SHEET (RULE 91) ISA/EP
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be obtained by radiation absorbing layer 704 having Abs = 0.1/um and a thickness of 10um, or
Abs = 0.2/ um and a thickness of Sum or Abs = 0.3/um and a thickness of about 3.3um. A
thinner radiation absorbing layer 704 may have an advantage of contributing to a higher image
resolution upon printing (compared to a thicker layer), because relatively little heat may
dissipate sidewise within the layer while heating the thermoplastic particles on the release layer
702. A thicker energy absorbing layer 704 may have an advantage of storing a larger amount
of heat (compared to a thinner layer) thereby maintaining a required temperature for rendering
the ink particles tacky for a longer duration. Too high an absorbance should be avoided, as it
may result in over-heating of the neighboring layers and/or particles. In certain cases, such an
over-heating may damage the imaging surface, impairing the release layer, and reducing print

quality.

The same silicone resins as described for the release layer (e.g., ACS or CCS silicones,
whether or not functionalized) may be used, these silicones being now supplemented with
carbon black to act as an IR absorbing material. Preferably, all layers are formed by the same
curing method, otherwise an intermediate layer may be required to block the migration of curing
agents of one type to the layer of the other type, as such diffusion may hamper subsequent
curing of the second layer. The phenomenon of poisoning is known and can be readily

addressed by the skilled person.

The hardness of the imaging layer 720 of the transfer member 700, or of the layers
forming the imaging surface 12, if separate, can be relatively low. A relatively soft imaging
layer may assist in forming an intimate contact with the particles during operation of the
printing system. In some embodiments, each of layers 702, 704, 706, and 720 may have a
hardness of 50 Shore A or less, 40 Shore A or less, 30 Shore A or less and 20 Shore A or less
and of at least 5 shore A.

The underlying layers 704, 706 and 710 of the transfer member 700 need to allow
sufficient penetration of the relevant range of wavelengths to “activate” the radiation absorbing
layer 704 from the rear side of the transfer member, allowing enough heat to travel forward
toward the imaging surface so as to soften the particles rendering them sufficiently tacky for

transfer, when desired.

While a transparent transfer member can hypothetically include a transparent
compressibility layer, materials known for their high compressibility (e.g., having a relatively
porous structure) are generally opaque and would hamper sufficient progression of radiation

across member thickness (hence operability of the imaging surface). Replacing such materials
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by transparent ones generally affects the relative compressibility of the layer, thus imposing
thicker compressibility layers to obtain overall similar compressibility of the transfer member.
By way of example, while an opaque compressible layer having a thickness of 300 pm may be
able to compress down to 100 um under the pressure conditions applicable at the transfer
station, a transparent compressible layer, which may typically have 5% compressibility under
the same conditions, would require a thickness of 4 mm to enable its thickness to be similarly

compressed by about 200 um.

In the embodiment of Figure 2, the compressibility function is “external” to the transfer
member, such property being provided by the printing system relying on a compressible

element 708, as illustrated in Figures 3a and 3b.

In some embodiments, a transparent lubricant 730 can be used in the gap formed between
the rear side of the support layer 710 and the compressible element 708. Arrows 740 illustrate
how pressure forces (e.g., as applied at a transfer station in a direction opposite to the arrows)
may affect the shape of the compressible element 708, as schematically shown by the dotted
contour. While not shown, the compressible element may have a rigid backing to ensure a
substantially constant distance if kept between the radiation source and the outer surface of the
impression cylinder when engaged with the transfer member during impression. A release layer
702 can have, in some embodiments, a thickness of no more than 3 um, generally between 1

pum and 2 pm.

Release layer 702 can be made of the ACS or CCS elastomers. In one embodiment, a
release layer 702 is made of cross-linkable PDAS and PDMS silicones, the silicone backbone
bearing any moiety suitable for the desired curing method. In some embodiments, such silicones
are fluorinated to any suitable extent. The release layer 702 is preferably devoid of fillers that

may negatively affect the activity of the CB particles of the radiation absorbing layer 704.

A radiation absorbing layer 704 can have, in some embodiments, a thickness of no more
than 25 pum, generally of no more than 15 um, and typically within the range of 1 pm to 10 pum,

or between 2 um and 5 pum.

A radiation absorbing layer 704 can be made of the same ACS or CCS elastomers as the
release layer and/or as the conformable layer, if distinct. In one embodiment, a radiation
absorbing layer 704 is made of cross-linkable PDAS and PDMS silicones, the silicone backbone

bearing any moiety suitable for the desired curing method.
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While the radiation absorbing material (such as CB) can be evenly distributed along the
layer cross-section, in some embodiments a non-uniform distribution may be preferred. Such a
non-uniform distribution may, for example, have a peak (representing a relatively higher
density of particles) close to the imaging surface so that strong absorption may occur close to

the imaging surface.

A transparent conformable layer 706 can have, in some embodiments, a thickness of no

more than 150 um, generally between 100 um and 120 um.

A transparent conformable layer 706 can be made of transparent ACS or CCS curable
silicones or of polyurethanes. Materials suitable for the preparation of transparent layers are
preferably devoid of fillers, as such particulate additives may reduce or prevent the absorption
of the energy by the radiation absorbing layer at the operating wavelengths of the imaging
device / printing system. The transparent conformable layer should have a refractive index (RI)
identical or similar (e.g., within +5% or even +0.5%) to the RI of the matrix of the radiation

absorbing layer (without its CB contents).

In embodiments where the imaging surface 12 is in the form of a single/unique imaging
layer 720 combining 702 and 704, such imaging layer 720 can have, in some embodiments, a
thickness of no more than 15 um, generally between 1 um and 10 um, or between 2 um and
5 um. Such a layer would incorporate the materials suitable for its “constituent” layers in similar
amounts or proportions, as described herein for some embodiments of the invention, materials
blended for the sake of release functionality will preferably be transparent. In embodiments
where the imaging surface 12 further comprise layer 706 in the single/unique imaging layer
720, such imaging layer 720 can have, in some embodiments, a thickness of no more than 100

pum.

A transparent support layer 710 can have, in some embodiments, a thickness between 400

um and 600 um, or 450 um and 550 um, or between 480 um and 520 pm.

A transparent support layer 710 can be made of PET, thermoplastic polyurethanes (TPU),
silicones or any other suitable material, such materials being preferably devoid of any filler able

to interfere with the desired operability of the radiation absorbing layer.

A transparent transfer member 700 formed by combinations of afore-described layers can
have, in some embodiments, a thickness between 500 um and 1000 um, or between 500 um

and 900 um, or between 600 pm and 800 pm.



10

15

20

25

30

CA 03044935 2019-05-24

WO 2018/100528 PCT/IB2017/057535
24

Though a compressible element 708 can, in some embodiments, be external to the
transparent transfer member, the compressibility it should provide when combined in operation
with the transfer member 700 is typically of at least 50 pum, at least 100 um, at least 150 um, or
at least 200 um. The compressibility, in some embodiments, needs not to exceed 500 um, and

is generally no greater than 400 um or 300 um.

A compressible element 708 can be made of silicones or polyurethanes. In some
embodiments, such materials are selected to provide a similar RI as the transfer member, even
if physically separated therefrom, so as to maintain a substantially uniform RI along the optical

path travelled by the laser beams.

Examples of imaging surfaces

The imaging surfaces prepared according to the above principles were hydrophobic
surfaces made of an elastomer comprising silicone polymers cross-linked by condensation
curing and by addition curing. When combining, in addition to release and conformational
properties, radiation absorbing capabilities, the elastomeric composition forming this outer
surface included an absorbing material or absorbing filler able to absorb radiation (e.g.,
radiation from laser beams) and to transfer heat generated thereby to the imaging surface with
sufficient efficiency so as to soften the thermoplastic particles positioned thereupon to an extent
they are rendered tacky enough to selectively transfer to a printing substrate. Exemplary
compositions for an imaging surface including such a radiation absorbing layer were formulated
by dispersing carbon black (CB) particles in compatible silicone-based polymers as detailed

herein-below.

As appreciated by a person skilled in the art of elastomer formulation, a “compatible” set
of materials for any particular composition or formulation means that the presence of any such
compatible compound does not negatively affect the efficacy of any other compound for any
step of preparation or in the final composition. Compatibility can be chemical, physical or both.
For instance, a dispersant suitable to disperse carbon black into a curable silicone fluid would
be compatible both with the carbon black material and with the silicone polymers to be cured
(as well as with any other agent required to perfect such curing; all collectively generally termed
the “silicone media”). For instance, the dispersant would not be compatible if, among other
things, preventing, reducing or retarding the curing of the silicone elastomer, not being miscible
with the elastomer or being deleterious to the carbon black, and any like undesired effects. In

some embodiments, compatibility may additionally mean that the materials deemed compatible
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share a common property, such as a common silicon-based chemistry or a similar physical

parameter, such as a comparable RI.

A compatible dispersant (e.g., miscible in the silicone matrix) may have a branched
chemical structure and at least one carbon-black-affinic moiety having affinity to a hydrophilic
surface of the hydrophilic carbon black particles. A CB-affinic moiety is selected from an amino
moiety, an acrylate moiety and an epoxy moiety. The hydrophilic surface of CB generally
results from oxygen-based functional groups, such as epoxy, hydroxy or carboxylic groups. A
branched silicone dispersant consists of a backbone and at least one branching unit, wherein at
least one of said backbone and said one or more branching units is siloxane-based, or contains
at least one siloxane unit. Similarly, the at least one CB-affinic moiety can be disposed within
the backbone or within the branching unit(s). While generally, the siloxane-based chain and the
CB-affinic moieties are each disposed on separate “mono-type” components of the branched
molecule (e.g., the dispersant having a siloxane-based backbone and CB-affinic moieties on
branching units, or vice versa: CB-affinic moieties disposed within the backbone and siloxane-
containing branching units) this “segregation” is not necessary. Suitable silicone dispersants
may for example have disposed within their backbone both siloxane units and CB-affinic
moieties, forming a “poly-type” backbone, the branching units stemming from any of the
foregoing mono-type or poly-type backbone being also possibly a combination of siloxane-

containing branching units and CB affinic branching units.

While in the description provided below, several dispersing methods are disclosed, these
are not meant to be limiting. Suitable equipment may include an ultrasonic disperser, a high
shear homogenizer, a sonicator, a sand mill, an attritor media grinding mill, a pearl mill, a super
mill, a ball mill, an impeller, a dispenser, an horizontal agitator KD mill, a colloid mill, a
dynatron, a three-roll mill, an extruder and a press kneader, to name a few. The curable
compositions that may be obtained by any suitable process, as exemplified below, can then be

deposited upon a substrate to form, following levelling and curing, the desired layer.
Carbon Black

It is believed that a variety of CB materials may be suitable, among other functions, as an
absorbing material for an imaging surface according to the present teachings. The Applicant
believes that the present teachings surprisingly enable the dispersion of hydrophilic CB particles
in hydrophobic elastomeric compositions. Hydrophilic CBs, which can readily disperse in water
at concentrations of at least Swt.%o, can be characterized by their oxygen content, resulting from

the oxidizing treatment used for their manufacturing, which is deemed to correlate with the
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content of volatile compounds. By selecting or adjusting the content of oxygen atoms on the
surface of the carbon atoms to an amount within a range of 5 to 25 atomic percent, and/or by
selecting or adjusting the content of volatile components in the carbon black to constitute from
about 1.5% to 40%, or 10% to 25% by weight of the powder, the dispersibility of the CB and/or
the stability of the dispersion may be appreciably improved. A stably dispersed CB may
facilitate the preparation of an imaging surface or an absorbing layer so as to obtain a
substantially uniform absorbing capacity over the entire surface thereof, even if absorbance
may occur in fact underneath the outermost surface and nominal absorbance varies along the
depth/thickness of the transfer member. An even behavior of the transfer member (e.g., to
absorb radiation, to absorb thermal energy, to transfer heat, ezc.) is desirable to achieve quality

printing.

The term “atomic %” for the surface oxygen relates to the ratio of the number of oxygen
atoms (O) to the number of carbon atoms (C): (O/C)*100% existing on a surface of the carbon
black particles (including at any detectable depth in an interior portion of the particle).
Generally such values are provided by the CB manufacturers, but can be independently
determined by known methods such as X-ray photoelectron spectroscopy (XPS), Fourier
transform infrared spectroscopy (FTIR), organic elemental analysis, or electron spectroscopy
for chemical analysis (ESCA).

A CB material can be treated to increase the atomic percentage of oxygen on its surface.
Examples of suitable oxidizing agents, whether gaseous or liquid, include ozone, hydrogen
peroxide, nitric acids, and hypochlorous acids. The carbon black can be oxidized, for instance,
with ozone or an ozone-containing gas at ambient temperature. There are also methods of wet
oxidation in which the carbon black is exposed to a hypohalous acid salt, including, for instance,

sodium hypochlorite and potassium hypochlorite.

By way of example, a typical preparation involves mixing the carbon black powder with
hypohalous acids or salts thereof, preferably in an aqueous medium, and stirring the mixture
for 1-24 hours (hrs) at a temperature of room temperature to about 90°C, elevated temperatures
of 50°C or more being advantageous. The powder is then separated from the slurry, washed to
remove unreacted oxidizing agent and allowed to dry. The degree of oxidation may be
controlled by adjusting the concentration of the oxidizing agent, the ratio of the carbon black
particles to the oxidizing agent, the oxidation temperature, the oxidation time, the stirring speed,

and the like. The amount of oxygen on the CB surface (whether oxidatively-treated or not) is
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preferably 5 atomic % or more, 7.5 atomic % or more, or 10 atomic % or more, from the

viewpoint of dispersion suitability.

Examples of a carbon black having an amount of oxygen of less than 5 atomic %, which
may therefore benefit from being oxidatively-treated to be rendered suitable, include carbon
black manufactured by a known method such as the contact method, furnace method, or thermal

method.

Specific examples of such low surface oxygen CB include Raven 5750, Raven 5250,
Raven 2000, Raven 1500, Raven 1250, Raven 1200, Raven 1190 ULTRAII, Raven 1170,
Raven 1255, Raven 1080, Raven 1060, and Raven 700 (all manufactured by Columbian
Chemicals Company), Regal 400R, Regal 330R, Regal 660R, Mogul L, Black Pearls L,
Monarch 700, Monarch 800, Monarch 880, Monarch 900, Monarch 1000, Monarch 1100,
Monarch 1300, and Monarch 1400 (all manufactured by Cabot Corporation), Color Black FW 1
(pH 3.5, BET surface area 320 m?%/g), Color Black 18, Color Black S$150, Color Black S160,
Color Black S170, Printex 35, Printex U, Printex V, Printex 140U, Printex 140V, NiPex® 180-
IQ, NiPex® 170-IQ (all manufactured by Evonik Degussa Corporation), No. 25, No. 33, No.
40, No. 45, No. 47, No. 52, No. 900, No. 2200B, No. 2300, No. 990, No. 980, No. 970, No.
960, No. 950, No. 850, MCF-88, MA600, MA 7, MA 8, and MA 100 (all manufactured by
Mitsubishi Chemical Corporation).

Carbon black having an amount of surface oxygen of 5 atomic % or more, may be
prepared by oxidative treatment as mentioned, or is a commercially available product. Specific
examples thereof include Color Black FW2 (amount of volatile material 16.5wt.%, OAN 155
cc/100g, pH 2.5, BET 350 m?/g, PPS 13 nm), Colour Black FW 182 (amount of surface oxygen:
12 atomic %, amount of volatile material 20wt.%, OAN 142 cc/100g, pH 2.5, BET 550 m?%/g,
PPS 15 nm), Colour Black FW 200 (amount of surface oxygen: 12 atomic %, amount of volatile
material 20wt.%, OAN 160 cc/100g, pH 2.5, BET 550 m?/g, PPS 13 nm), NiPex® 150 (amount
of volatile material 10wt.%, OAN 120 cc/100g, pH 4.0, BET 175 m?/g, PPS 25 nm), Special
Black 4 or 4A (amount of volatile material 14wt.%, OAN 100-115 cc/100g, pH 3.0, BET 180
m?/g, PPS 25 nm), Special Black 5 (amount of volatile material 15wt.%, OAN 130 cc/100g, pH
2.5, BET 240 m?*/g, PPS 20 nm), Special Black 6 (amount of surface oxygen: 11 atomic %,
amount of volatile material 18wt.%, OAN 170 cc/100g, pH 2.5, BET 300 m?/g, PPS 17 nm),
all foregoing available from Orion Engineered Carbons Co., Ltd; Raven 5000 Ultra II or Ultra
III (amount of volatile material 10.5wt.%, OAN 95 cc/100g, pH 3.0-3.5, BET 583 m?/g, PPS 8

nm; manufactured by Columbian Chemicals Company), and Fuji Jet Black (amount of surface
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oxygen: 12 atomic %; manufactured by Fuji Pigment Co., Ltd.). Information regarding different

properties of these exemplary Carbon Blacks were provided by their respective manufacturers.

The level of oxidation of the CB material can be estimated by Raman spectroscopy (e.g.,
using LabRAM HR Evolution, Horiba Scientific). This technique allows determining the D-
band and G-band peaks of the compound under study for predetermined excitation laser
wavelengths (e.g., in the range of 488 nm to 647 nm), laser powers (e.g., 40mW) and integration
times (e.g., of 10s to 120s). Temperature can be controlled to reduce black noise (e.g., by
cooling the detector). The Raman peak intensity maxima (I) can be obtained, with or without
deconvolution of the spectrum by an integrated software further allowing baseline correction,
if needed. It is then possible to compute the Raman peak intensity ratio of the D-band and G-
band, respectively Ip and Ic. The maximal intensity of each peak is typically measured on the
undeconvoluted spectra. The spectral behavior and resulting band ratio (In/Ig) can be
empirically correlated with the level of oxidation of the elemental carbon materials. A relatively
low D-band to G-band ratio indicates that the CB is less oxidized than a CB having a relatively
higher D-Band to G-Band ratio, all other structural properties of the CB being similar. By way
of example, an In/Ig ratio of 0.8 or more, 1.0 or more, 1.2 or more, indicates that the CB material
is relatively oxidized as desired in some embodiments of the invention. Such Raman spectra
can be unaffected in the bands of interest by some elastomer matrices (notably PDMS), so that
the method advantageously provides a non-destructive technique to assess CB characteristics
within a cured composition. Such an analysis was performed on a sample of Colour Black FW
182 (having a volatile matter content of ~20wt.%) and the Ip/Ig ratio of the CB material was
found to be 0.99. For comparison, a less oxidized sample (Mogul® L having a volatile content

of ~4.5%) displayed a lower In/Ig ratio of 0.75.

Another way of characterizing carbon black is by its surface zeta potential, which is the
measure of the magnitude of the electrostatic or charge repulsion/attraction between particles.

Zeta potential values provide insight into the CB’s ability to disperse, aggregate or flocculate.

In some embodiments, the CB has a surface zeta potential of at most -15mV, at most
-20mV, or at most -25mV, and more typically, of at most -30mV, at most -35mV, at most

-40mV, or at most -45mV.

In some embodiments, the surface zeta potential of the CB is within a range of -70mV to
-15mV, -70mVto -20mV, -70mV to -25mV, -70mV to -30mV, -70mV to -35mV, -70mV to
-40mV, -70MV to -45mV, -60mV to -20mV, -60mV to -30mV, -60mV to -35mV, -55mV to
~-30mV, -50mV to -25mV, -50mV to -30mV, or -50mV to -35mV.
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In some embodiments, the surface zeta potential can be measured at a pH of at least 8.0,
said measurement being optionally performed at a pH of 12.0. Conveniently, the measurement
of the zeta potential of a material or of a composition can be performed at low concentration of
the material in an appropriate carrier or on a diluted form of the composition. For instance, a
test sample may comprise 2wt% or less of solid material or composition ingredients, 1wt.% or

less, or 0.1wt% or less.

The content of the CB particles in the imaging surface may advantageously be sufficient
to achieve the desired radiation absorption, heat transfer, selective tackiness of the particles,
which effects may in turn depend on a variety of operating conditions of a printing system in
which such transfer member would be used. Typically, the carbon black is present in the layer
forming the imaging surface or in the radiation absorbing layer at a concentration between 0.5%
and 20% by weight of the cured layer, or from 1wt.% to 15wt.%, or from 2wt.% to 10wt.%, or
from 1wt.% to 7.5wt.%, or from 5wt.% to 20wt.%, or from 10wt.%% to 20wt.%, or from 15wt.%
to 20wt.%.

The pH of an aqueous dispersion of the CB, as determined at 25°C, can preferably be in
an acidic to around neutral range, for instance from pH 2.0 to pH 8.5, from pH 2.5 to pH 7.5,
and advantageously, in a relatively acidic range from pH 2.0 to pH 5.5, or from pH 2.0 to pH
4.5, or from pH 2.5 to pH 4.0, or from pH 2.0 to pH 3.5. The pH of a CB dispersion of pre-
determined concentration can be measured with any suitably calibrated pH-meter equipment,
for instance, according to DIN ISO 787-9. Briefly, a 4wt.% CB dispersion (in 1:1 distilled
water:methanol) can be stirred for 5 minutes with a magnetic stirrer at about 600-1,000 rpm,
whilst the pre-calibrated pH electrode is immersed in the tested dispersion. The reading of the

pH value is taken one minute after switching off the stirrer.

A dibutyl phthalate (DBP) absorption value of the CB material is not particularly limited,
but is typically from about 50 mL/100g to about 200 mL/100g, or from 100 mL/100g to 200
mL/100g, or from 150 mL/100g to 200 mL/100g. Generally such DBP values, or similar Oil
Absorption Numbers (OAN), are provided by the CB manufacturers, but can be independently
determined by known methods such as according to JIS K6621 A method or ASTM D 2414-
65T.

Carbon black particles can be further characterized by specific surface area
measurements, the most prevalent methods including cetyltrimethylammonium bromide

adsorption (CTAB), iodine adsorption and nitrogen adsorption. The CTAB method is described
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in ASTM D 3765. The iodine method is described in ASTM D 1510, and results in the

assignment of an iodine number.

A specific surface area of the CB material is not particularly limited, but when determined
by BET nitrogen absorption techniques, is preferably from 50 m?/g to 650 m?/g, or from 100
m?/g to 550 m?/g. Generally such BET values are provided by the CB manufacturers, but can
be independently determined by known methods such as according to ASTM D3037.

The substantially even dispersion / uniform absorbing capability described herein-above,
can be facilitated by using CB in the formed layer having a particle size of less than one
micrometer. Such dimensions are preferred not only with respect to primary particle size (PPS),
but also for secondary particle size (SPS), which may result from agglomeration of such
primary particles. Particles, both primary and secondary, having for a predominant portion of
the population a particle size of less than half the wavelength of the emitted beam are further
preferred, as scattering is accordingly reduced. Hence, CB particles having a particle size
predominantly (e.g., as assessed by Dv90) of less than 500 nanometers, less than 400 nm, less
than 300 nm or less than 200 nm are favored. CB particles having an average size (e.g., as
assessed by Dv50), typically a primary particle size (PPS), of 100 nm or less are deemed in the
nano-range, primary particles having an average size of 80 nm or less, 60 nm or less, 40 nm or
less, or 30 nm or less, being particularly preferred for close particle packing. Generally, the CB
particles have an average PPS of 5 nm or more, or 10 nm or more, or 15 nm or more. The size
of the particles, predominantly of the primary particles, may affect their ability to closely pack
within the elastomer, relatively small particles being capable of higher packing density than
their relatively larger counterparts. Advantageously, a lower amount of relatively small
particles may achieve a similar CB density as a higher amount of relatively large particles.
Depending on their size, and additionally among other things on the viscosity of the elastomer,
the conditions and duration of curing, the thickness of the layer being cured and such
manufacturing factors known to the skilled person, the particles may segregate and form a
gradient-like distribution across the layer thickness. Larger CB secondary particles may tend to
more rapidly migrate and accumulate towards the bottom of the layer, while relatively smaller
particles may follow such a trend, if at all, at a slower pace, hence remaining in relatively higher
concentration in the upper section of the layer. In this context, “bottom” and “top” sections of
the layer relate to their orientation during curing, and not necessarily when installed and in
operation in a printing system. Such a segregation of the particles forming inner strata of particle

distribution along the depth of the imaging surface may be advantageous if a sufficient thickness
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of the upper section becomes substantially devoid of CB particles. This “top stratum” can serve
as a release layer, the absence of particles increasing its smoothness. In some cases, a relatively
high smoothness of the releasing surface of the imaging layer can be desirable. Smooth surfaces
generally display an arithmetical mean deviation R, of less than 1 micrometer. In some
embodiments, the surface roughness Ra of the imaging surface is less than 0.5 um, or less than

0.2 pm, or less than 0.1 pm.

Manufacturers generally provide the average primary particle size of the CB material, as
assessed for instance according to ASTM D 3849. Particle size distribution, whether assessed
by DLS or microscopic techniques, may provide information on the primary particle size (PPS)
of the material and on its secondary particle size (SPS), i.e. the size of assembly of primary

particles forming for instance clusters or agglomerates.

The CB particles may have any suitable aspect ratio, i.e., a dimensionless ratio between
the smallest dimension of the particle and the longest dimension in the largest plane orthogonal
to the smallest dimension. In some embodiments, the carbon black primary particles are
approximately spherical and can have an aspect ratio in the range of 0.2:1 to 1:5, or 0.5:1 to
1:2. Secondary particles of CB which may agglomerate therefrom are not necessarily spherical,

still their aspect ratio can be in the range of 0.1:1 to 1:10, 0.2:1 to 1:5, or 0.5:1 to 1:2.

Though not essential, the carbon black primary particles may preferably be uniformly
shaped and/or within a symmetrical distribution relative to a median value of the population. In
some embodiments, the carbon black secondary particles are within a relatively narrow particle
size distribution, such narrow PSD being advantageously maintained in the cured silicone

elastomer.

First Exemplary Procedure
Grinding step

A silicone dispersant having good heat stability and compatibility with dimethyl silicone
fluids was poured into a spinning tree-roll mill grinding machine (Model JRS230, manufactured
by Changzhou Longxin Machinery Co. Ltd.), and operated for up to about one hour, at room
temperature (circa 23°C). The speed was adapted to the viscosity of the paste as the milling
process proceeds, such that the speed was decreased from 800 rpm to 100 rpm as viscosity
increased with the addition of CB. One such dispersant was a functional pendant amine /
dimethyl silicone copolymer having an amine number of 8 and a kinematic viscosity at 25°C

of about 3700 mm?/s (GP-342, Genesee Polymers Corporation) which was added in an amount
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of 373 grams () so a8 to constitute 37.5% by weight of the tota] composition {wi%) Carbon
Rlack npno-powder {Colowr Black FW 182, Orion Engineered Carbons, TAS No. 13338644,
2w volatile matter, pH 2.5, 530 /g BET Swrface, PPR 15 mn) was dried for at loast 2 hrs

3
%

at 120°C, 2540g of the dried OB powder wers slowly added to the silicone fluid, such amount of

e

OB copstituting 23w1.% of the {inal composition. It is 1 be noted that while the CB material s
defined as being i the nano-range due o its primary partiele size of about 13 nmy, the powder
indtially mixed with the dispersant maindy consisted of larger agplomerstes, aggrogates or
chunks of CB having sixe of above 3 pm or even greater thar 10 pm, as estinmated by microscope
technigues. The CB-dispersant mixtore was milled until the OB powder was sufficiently size
redduced o be homogencousty disporsed in the silicone Buid and a black, high viscosily mass
was obtained. Such size reduction (as well as any other step of the process) was performed
under 2 controlied termperature environment a2t 3 temperature suttable 1o the most heat-sepsitive
of the materials emploved. In the present case, amino-siicones set such threshold of heat-
sensiiivity, fosing thelr sctivity at temperatores of about 7050 or more. Hence the size-reduction
step wmvolving the wuino-silicons dispersant was performed under controlled temperatire of
aboutl 30°C. The OB primary parlicles formed agglovierates and the svergge size {e.gl,
diamueter} of such CR secondary particlos following this step was of abont 200400 nanometers,
as estimated by image snalvsis of the cured Wayver later obtained under Hght microscops
{Olvpus™ BX61 U-LH100-3) The Bght microscope analysis supported the even distribution
of the clusters across the silicone malrig, Trained n%:asxarve g estimated that sroallsr clusters of
100-200 nm were also prosent in the matrix, though helow formal level of detection. & fop view
picture was captured by scanming el¢ciron microscops (SEM; FEI Magellan™ 400 operated in
tunneting mode} and at loast 10 particles deemed by ¢ trained operator to represent the majority
of the U8 population, such particles forming 3 reprosentative sel, were messured. The
dimensions of isolated pariicles forming the olusters were found 1o be W areement with PPS
as provided by the manutacturer, and the cluster sizes was as preliminarily sssessed under hght
microsveps, confirming the presence of clusters g semall as 100 ne. Without wishing 1o be
bound by any pacticular theory, it is bolieved thet amine groups of the amdno-silivons dispersant
hind to carboxy moisties of the carbon black, sufficiently enveluping the CB particles so as to
veduos OF prevent thelr aggdomeration. Carben black need not nevessarily be fonctionalized with

organic carboxyviic acid, as enygen shsorbed on its surfive bebiaves in a similar manner.

RECTIFIED SHEET (RULE 91) ISA/EP
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A mixture of vinyl functional polydimethyl siloxane (Polymer XP RV 5000, Evonik®
Hanse, CAS No. 68083-18-1) containing a small amount of the same GP-342 dispersant (9:1
ratio by weight, respectively) was separately prepared with a high-shear homogenizer (T 50
digital Ultra-Turrax® equipped with R50 stirring shaft, IK A®-Werke GmbH) operated for about
twenty minutes at a controlled temperature of 25°C and at 10,000 rpm. It is believed that the
presence of additional surfactant in the curable fluid prevents or reduces migration of this amine
silicone polymer from the carbon particles to the vinyl functional PDMS, which diffusion, if
overly extensive, could cause undesired agglomeration/aggregation/flocculation of the carbon
black particles. The mixture comprising the vinyl functional PDMS was added to the black
mass in an amount of about 375g, so as to provide the remaining 37.5wt.% of the composition.
The addition was performed in step-wise fashion under continuous milling at the same
conditions, until the black mass turned into a high-viscosity, shiny black paste (typically within

1 hour) having a high concentration of carbon black.

Dilution step

In order to increase the fluidity of the black paste (25wt.% CB) and facilitate spontaneous
self-leveling after coating, the black silicone paste prepared as above-detailed was diluted to a
concentration of 5wt.% CB or less. Dilution was performed with a “Silicone premix” which
was prepared as follows: a vinyl-terminated polydimethylsiloxane 5000 mm?/s (DMS V35,
Gelest®, CAS No. 68083-19-2) in an amount of about 50wt.%, a vinyl functional polydimethyl
siloxane containing both terminal and pendant vinyl groups (Polymer XP RV 5000, Evonik®
Hanse, CAS No. 68083-18-1) in an amount of about 21.4wt.%, and a branched structure vinyl
functional polydimethyl siloxane (VQM Resin-146, Gelest®, CAS No. 68584-83-8) in an
amount of about 28.6wt.%, were mixed by the high-shear T 50 digital Ultra-Turrax®
homogenizer operated at a controlled temperature of 25°C and at 10,000 rpm for about twenty

minutes.

The concentrated black paste was mixed with the silicone premix to reduce the CB
concentration to 5 wt.% CB, as follows: GP-342 was added to the silicone premix so that their
respective concentrations were 8 wt.% and 72wt.% of the final diluted composition. The
concentrated black paste was added so as to constitute 20wt.% of the diluted composition, all
these additions being performed under continuous stirring with a high-shear homogenizer (T
50 digital Ultra-Turrax® - IKA) at a controlled temperature of 25°C and at 10,000 rpm. The
stirring was maintained for approximately 2 hrs until the diluted black PDMS silicone mixture

was homogeneous (e.g., no black chunks or aggregates were observed). Different final
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concentrations of carbon black were similarly prepared by accordingly adjusting the quantities

of the afore-mentioned stock fluids or pastes.

Curing step

A diluted black PDMS silicone mixture as above-prepared can be rendered curable by the
addition of: at least one catalyst, typically in an amount of about 0.0005wt.% to 0.2wt.%, or
about 0.05wt.% to about 0.2wt.% of the total curable composition, at least one retardant or
curing inhibitor to better control the curing conditions and progression, typically in an amount
of about 0.1wt.% to 10wt.%, or from about 1wt.% to 10wt.% and finally, at least one reactive
cross-linker, typically in an amount of about 0.5wt.% to 15wt.%, or from about 5wt.% to
15wt.%, the addition of the reactive cross-linker initiating the addition curing of the black

PDMS mixture.

The above-described Swt.% CB diluted black PDMS silicone mixture was rendered
curable by the addition of: a platinum catalyst, such as a platinum divinyltetramethyl-disiloxane
complex (SIP 6831.2, Gelest®, CAS No. 68478-92-2) in an amount of about 0.1wt.%, a
retardant, such as Inhibitor 600 of Evonik® Hanse, in an amount of about 3.7wt.%, and finally,
a reactive cross-linker, such as a methyl-hydrosiloxane-dimethylsiloxane copolymer (HMS
301, Gelest®, CAS No. 68037-59-2) in an amount of about 8.7wt.% of the total curable

composition.

This addition-curable composition was shortly thereafter applied upon the desired
transparent mechanical support with an automatic film applicator (Model: BGD281, Shanghai
Jiuran Instrument Equipment Co., Ltd.) operated at 5-100 mm/s draw-down speed, the layers

so applied forming predetermined thicknesses in the range of 5-200 micrometers.

As an example of a transparent body, a sheet of polyethylene terephthalate (PET, 100 &
150 micrometer thickness from Jolybar Ltd.) was used, such support being optionally pre-
treated (e.g., by corona or with a priming substance) to further the adherence, to its support, of
the material including the radiation absorbing layer. Corona treatment, when applied to the
body, included an exposure of about 20 minutes to UV-irradiation (UltraViolet Ozone Cleaning
System T10X10/OES/E, supplied by UVOCS® Inc.). A priming substance, when used to pre-
treat the body, can comprise 2.5wt.% tetra n-propyl silicate (CAS No. 682-01-9, Colcoat Co.),
2.5wt.% vinyltrimethoxysilane (such as Dynasylan® VTMO, Evonik®), 5wt.% titanium
diisoproposy (bis-2,4-pentanedionate) (such as Tyzor AKT855, Gelest®), 2.5wt.% platinum-
divinyl tetramethyl (CAS No. 68478-92-2, such as SIP 6831.2, Gelest®) all in pure methanol
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AR (CAS No. 67-56-1, Bio-Lab Ltd.). The priming substance can be applied by wiping the

surface of the recipient layer / body with a clean laboratory fabric soaked with the priming fluid.

Transparent supports can be made of any optically clear suitable material (e.g., silicones
such as polysiloxanes, polyethylenes, such as polyethylene terephthalate (PET) and
polyethylene naphthalate (PEN), polyacrylates, such as poly(methylacrylate) (PMA) and
poly(methyl methacrylate) (PMMA), polyurethanes (PU), polycarbonates (PC), polyvinyls,
such as polyvinyl chloride (PVC), polyvinyl alcohol and polyvinyl acetate, polyesters,
polystyrenes including acrylonitrile-butadiene-styrene copolymer, polyolefins (PO), fluoro-
polymers, polyamides, polyimides, polysulfones or the like, copolymers thereof or blends
thereof. A material is said to be optically clear if it allows light to pass through the material
without being scattered (ideally 100% transmission). While transparency is generally assessed
with respect to visible light, in the present context a material would be suitably transparent if
having a transparency/transmission of at least 85%, at least 90% or at least 95% to the
wavelengths of relevance to the emitting beams used in any particular system. Transparency
can be assessed by measuring the optical transmittance of a predetermined thin sample of the
material (e.g., a flat square having edges of 1 cm and a thickness of 0.2-2 mm, or more if desired
for elements external to the transfer member) using a spectrophotometer, over the wavelength
range of relevance. A refractive index (RI) of about 1.35 to 1.45 indicates an optically clear /
transparent material. Each layer of a transparent transfer member through which radiation
should progress should have similar or same RI values and/or transparency properties, so as to
constitute a multi-layered transfer member having preferably even such characteristics across
its thickness. Such properties are considered similar if within = 5%, or within = 2%, or even

within + 0.5%.

The refractive index (RI) of materials is generally provided by the manufacturers, but can
be independently assessed by methods known to the skilled person. For fluid materials (e.g.,
uncured / pre-cured silicones) methods such as described in ASTM D1218 may be suitable,

while solid materials can be tested according to ASTM D542.

As explained, when using a transparent transfer member and rear-side irradiation, a
compressible element external to the transfer member can be used instead of an internal
compressible layer. In such case, the compressible element needs to be transparent at least to
the same extent. Transparent supports, layers thereof, or external elements, preferably have a

yellowness index of 1 or less.
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The black polydimethyl siloxanes mixture, whether applied on a pre-treated body or on a
non-pre-treated body, was cured for 2 hrs at 70°C in a ventilated oven (UT 12 P, Thermo
Scientific Heraeus® Heating and Drying Ovens), followed by one hour post-curing at 120-

140°C to achieve a full cure and stable bonding of the layer to the support.

It is to be noted that the suitability of an amino-silicone polymer (deemed relatively
hydrophobic) to disperse CB in size-reduced form in a silicone matrix is unexpected, in
particular when the CB material is relatively hydrophilic. As a rule, dispersions of carbon black
nanoparticles in silicones are difficult to achieve even when the particles and the silicone media
have similar hydrophobicity. Such particles tend to agglomerate with one another, rather than
remaining homogeneously dispersed in their primary particle size or any relatively small
secondary particle size that would have been achieved by the dispersing step. To resolve this
issue, conventional manufacturing methods aim to increase the relative polarity of the silicone

media, using therefore condensation-curable silicone polymers and associated reagents.

In contrast, in the present example according to embodiments of the invention, such
dispersion of CB particles was achieved while using addition curing of the PDMS silicones and
counter-intuitively using amino-silicones as a dispersant. The obtained environment, which is
relatively hydrophobic/non-polar, was expected to be “adverse” to relatively “size-stable”
dispersions of CB. It should be additionally noted that the use of amino silicones is deemed
counterintuitive because their amine moieties, when unbound and thus free to interact, are
known to prevent or otherwise deleteriously affect addition-curing of the silicone matrix.
Hence, the inventors have found a delicate balance concerning the amount of amino silicone
present during the preparation of a CB-loaded silicone matrix. On the one hand, the amount
should be enough to envelop the CB particles and prevent, reduce or delay their
agglomeration/aggregation; on the other hand, an excess amount should be avoided to prevent,
reduce or delay any deleterious effect on addition curing that such unbound amino silicones
may have. A suitable concentration of amino silicones may depend on the type of CB particles
and silicone media, as well as on the relative concentrations of the carbon black and curable
silicone. This concentration may be determined by routine experimentation. In some
embodiments, the weight-per-weight ratio between the carbon black and its dispersant (e.g.,
amino silicone, silicone acrylate efc.) is from 0.4:1 to 2:1, from 0.7:1 to 1.8:1, or 0.9:1 to 1.6:1,

or approximately 1:1 or 1:1.5.

Amino silicones having a relatively low number of amine moieties (correlating with a

low amine number) may be advantageous in achieving this balance. In some embodiments, the
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amino-silicone dispersant has an amine number within a range of 6 to 80. While the amine
number of amino-silicones is generally provided by the manufacturer of such materials, it can
also be determined by routine analysis using standard methods. By way of non-limiting
example, the amine number of a molecule harboring amine moieties can be assessed by titration
of the amino-silicone with hydrochloric acid, the amine number corresponding to the milliliters

of 0.1N HCI needed to neutralize 10g of product.

Mono-amines may be preferred, in particular when the amine moiety is terminally
positioned. Without wishing to be bound by any particular theory, it is believed that once
attached to carbon black, a terminal mono-amine is hindered and thus unavailable to negatively

affect curing.

The surprising efficacy of the amino-silicone was further corroborated with the
preparation of a first comparative formulation similar to the above, in which the amino-silicone
was replaced by a dispersant of a different chemical family known for its expected suitability
with CB: a polyglycerin-modified silicone KF-6106, supplied by Shin-Etsu Chemical Co. This
conventional surfactant failed to satisfactorily disperse the CB particles of the present

formulation.

In a second comparative example, a commercially available concentrated CB paste
(Akrosperse 20-MI-005, 50%wt CB, Akrochem Corporation) was mixed with the same ACS
PDMS (DMS V35) in respective amounts yielding a 5wt.% final CB concentration. The CB
paste was used as supplied, without addition of any dispersant of any type. The mixture was
dispersed using the spinning tree-roll mill similarly operated. Following this control process,
the CB displayed relatively large aggregates (~0.5-1.5 um, as microscopically assessed), which
were at least two-fold larger than the secondary particles formed using the present formulation

and method.

Following the same rationale concerning the prevention of carbon black self-
agglomeration / self-aggregation (through formation of a dispersant’s envelop), it was found
that in addition to amine functions of amino-silicones, acrylate functions of silicone acrylates
can achieve similar CB dispersion. Exemplary silicone acrylates were formulated in a PDMS
matrix as above-detailed, with minor modifications, such as the amount of the carbon black
being of only 3wt.% instead of previously described 5wt.%. KP-578 supplied by Shin-Etsu
Chemical Co., Tego® RC 711 (~1% acrylate) and Tego® RC 902 (~4% acrylate), supplied by

Evonik® Industries, achieved satisfactory CB dispersion at the tested CB concentration.
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In the case of silicone acrylates, an acrylate content of at least 0.5wt.% in the silicone
dispersant is believed to be satisfactory, higher contents of more than 5wt.% being deemed
preferable. It is believed that higher amount of an active CB-affinic moiety of a dispersant on
any given backbone may allow reducing the amount of dispersant necessary for the dispersion
of same amount of CB particles. The content of acrylate in the silicone dispersants is typically

provided by their suppliers, but can be determined by standard measuring procedures.

Second Exemplary Procedure

While the afore-mentioned method of preparing a radiation absorbing layer or an imaging
layer including the same, such layers able to later form an imaging surface, was substantially
devoid of added volatile organic solvents, the following alternative procedure makes use of
such liquids. Such solvents, when compatible with the intended silicone fluid, may facilitate
some stages of the layer preparation or application to recipient layers or supports, a relatively
high volatility being advantageous in reducing or eliminating the presence of these solvents in
a final transfer member. A solvent is deemed sufficiently volatile if capable of fully evaporating,

or substantially so, during curing.

In the present example, 50g of CB (Colour Black FW 182, Orion Engineered Carbons)
having a Dv10 of about 2.9 pm, a Dv50 of about 4.5 um, and a Dv90 of about 6.1 um, as
measured by DLS (Malvern Zetasizer Nano S) were mixed with 50g of amino-silicone
dispersant (BYK LPX 21879, having an amine number of about 36, BYK Additives &
Instruments) in 200g of xylene AR (having a boiling point of about 138.4°C, CAS No. 1330-
20-7, Bio-Lab Ltd.). As in previous example, the CB powder was dried for at least 2 hrs at
120°C before being mixed with the silicone dispersant. The dispersion was carried out in an
attritor bead mill (Attritor HD-01, Union Process®) with stainless steel beads of about 4.76 mm
(SS 302 3/16 inch beads, Glen Mills Inc.) at 700 rpm until the CB particles reached an average
SPS (e.g., as assessed by D50) of less than 100 nm, generally of about 70 nm, which typically
required about 1.5-2.5 hrs, depending on the batch size. The size reduction was performed under
controlled temperature of 50°C. The size distribution was then assessed by DLS (Malvern
Zetasizer Nano S) on a sample comprising about 0. 1wt.% of CB and the CB particles co-milled
with the dispersant were found to be predominantly in the nano-range (having a Dv10 of about

48 nm, a Dv50 of about 74 nm, and a Dv90 of about 139 nm).

The CB dispersion was added to a two-part LSR silicone fluid, the relative amount of the
added dispersion depending on the desired final amount of CB in the matrix. In the present set

of experiments, the CB concentrations per weight of the final matrix (i.e. excluding the volatile
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solvent) were about 2.4wt.%, 4.5wt.%, 6.5wt%, 83wt.%, 11.5wt.% and 14.3wt.%. The
according weight of CB dispersions (i.e. about 6g, 12g and so on) was added to 20g of Silopren®
LSR 2540 (Part A), gently hand mixed, then poured into 20g of Silopren® LSR 2540 (Part B),
by Momentive Performance Materials Inc. It is noted that adding the CB materials to a pre-mix
of Part A and Part B of the LSR was also found to be satisfactory. The resulting CB silicone
fluid was further mixed for about three minutes in a planetary centrifugal mixer (Thinky ARE-
250, Thinky Corporation) operated at 2,000 rpm at ambient temperature and allowed to defoam
under sole same centrifugal conditions for another three minutes. A sample was cured at 140°C
for about 2 hrs. The pattern of dispersion of the CB particles in the silicone matrix was assessed
by light microscopy as previously detailed and found stable over the curing period of the LSR

components.

To facilitate the application of the afore-mentioned CB dispersed LSR silicone fluid, the
stock was diluted in excess volatile solvent, xylene in the present case, typically at a weight per
weight ratio of at least 1:4, for instance at 1:9 wt./wt. The CB particles in the diluted silicone
matrix appeared to remain stably dispersed for a period of time corresponding at least to

duration of casting, as assessed by light microscopy.

The diluted CB — LSR — xylene suspension was applied to a smooth releasable support
(e.g., non-treated PET sheet) by spray coating using an air pressure brush. Alternative
application methods are possible (e.g., rod coating and the like). While partial curing of the
silicone matrix may proceed at relatively low temperature of 100-120°C (taking at most 2 hrs,
but generally about 0.5-1 hr, depending on layer thickness), such step can be accelerated by
raising the temperature (e.g., reducing curing duration to about 20 minutes if cured at 140°C).
A clear silicone layer (due to serve as a conformational layer) was then cast on top of such a
partially cured radiation absorbing layer / imaging layer. One such silicone overcoat was a two-
component clear liquid silicone, QSil 213, commercially available from Quantum Silicones.
The resulting PET-supported layers were further partially cured at about 100°C for
approximately 1-2 hrs. The PET support was then peeled away and the two layers inverted so
as to have the CB-loaded radiation absorbing layer facing up and the clear conformational layer
facing down, the latter layer being then attached to the desired support (e.g., a transparent
support) by any suitable method. In some embodiments, the attachment of such layers to the

support contributed to the completion of the curing of the imaging surface.
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This alternative procedure allows the prepavation o g silicone matnix having a velatively
¥
high load of carbon black particles, such particles having the advantage, a3 in the previously

described ethod, of being in the sub-micron range and even predominantly in the nano-rang

Third Fxemplary Procedurs

While the afore-mentioned methods of preparing a radiation shsorbing layer, or an
imaging layver including the same, werg based on addition-curing of cross-linkable addition
curable stlivones,; the present procedure slternatively involves condensation-euring of cross-

{inkabls condensation-vurable silicones

i a firsf step, the OB wuatertad wax dried (atleast 2 hes at 120°C), thon size reduced in the
presence of a stlicone dispersant. In the present example, $0g of UB (Colouy Black FW IR2}
were wdxed with 33z of amino-silicone disporsamt {BYX LP X 21879) in 100g of
hexamethydisiloxane (HMDSO; having a boiling point of about 101°C, CAS No. 1Hi7-46-0,
Sigma-Aldrich Co. Lad). HMDSO was used as a volatile Hooid diluent, in a manner similar to

xylenie i previows example. The dispersion was carried out for 4 hrs iy any gifritor bead mull

with stairiless steel heads of shont 4.76 mm (as previnusly described) at 700 rproont! the OB

particles reached an average SPY {e.g., a8 assessed by D30) of about B0 nm, as assessed by

DLS. The size reduction was parformed ander conteolled temperature o 3570

The size distribution was then assessed by DLS (Malvern Fetasizer Nano 5} on a sample
cornprising aboot (1 wi % of OB and the surfactant-dispersed OB pamicles were found to be in
ther sub-micron to nane-range (having a i of about 52 vy 8 DS of abeart 91 e, and &

P90 of about 211 mum}

in & second step, the OB dispersion was added 10 a stlanobterminated polydimethyl-
sitoxane, the relative amounts of the added dispersion depending on the desived final amowst
of UR in the matrix. bythe present set of experiments, the OB concentrations per weight of the
fing] matnix were about 55w, 12.5w19% and 214wi% The sccording weight of CB

dizpersions {ie. 40g, 80g and 120z} was added o silsnob-terminated PDMS {DMS 8427, 700~

-

2060 mms, Gelest ®) in respective srounts of 160g, 120g and R gr. The resulting C8 silicone

fluid was mised for about ninaty minates 1n the atiritor pnder the same condittons (700 rpa and

2535 resulting in a black masy of condeasation-curable POIMS.

To 8g of CUB-dispersed in the ourable silicone, were added g of cross-linker

{ethvipolysilicate PRIO23, Gelest™ or ethylsilicate 48, Colooat) and 0.05g of thn catalyst (dioctyl

b

tin bis{acstviacetomate) Tin Kat¥ 223, £AS No, 54068289, TIR). The cursble mixture was

RECTIFIED SHEET (RULE 91) ISA/EP
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degassed and applied o a desived support. Prior to the application of the degassed mixtare, a
fransparent PET was pretreatad with ozone and coated with a priming layer {SR412

Muomentive) to factitate sitachment. The condensation-curable silicone layer was applied %}y a
rod wire at predeternsined thicknesses of up to about 40y Gncluding layers of § pm and 20
pn) and altowed to partially cure at ambient condifions {circa 23°C and 3G-50% RY) for abowt
12~24 hrs, The partly cured sfructure was transforred to an oven for 2 hes &t 12G-140°C and
about 30% R, for curing finalization. The patiern of dispersion of the ©8 particles in the
condensation-cured silicome matnix was assessad by Hght microscopy gk provicusty detatled

and found stabdle, the particles being well-dispersed and without particles flocking.

While silicones comprising VB are commercially available, aitempts to size reduce their
CH contends o such desived particle size ranges have so far proven difficult. In a comparative
exampic, & cormmoercially available concentrated OB paste wherein OB is pre~dispersed in a
stlicone fluld {Akrosperse 2-MBU05, S0%wi CB, Akrochem Corporation) was mixed with the
sutng CUS PDMS (DMS §271 in respective amounts vielding a 3w1.% final OB concentration.
The CB paste was used as sopplied, without addition of any dispersant of any type. The mixtore

>

was dispersad using the spinning tree-roll mill operated as described in the first experimental

g~

seedure. Following this control process, the OB displaved relatively lorge aggregates (015
1.3y, as microscopically assessed), which were, as previcusly observed with the ACS control,
at least two-fnid larger thaw the secondary particles framed ssing the present formulation and

method.
Without wishing 1o be bound by any particular theory, it is belteved that the conventinnal
formyelations {ack U8 particles having suitable properties, andfor appropriste amounts amdior

suitable aperts able 1o preventthe reagglomeration of primary particles that may be fransientdy

chbiained during any such midling.

Optics! Messuromeans

Sotne optival properties of the radiation absirbing layers or iimaging surfaces prepared by
the above-described methods were assessed. Unless otherwise stated, the sample of intorest was

cast o a smooth support, siuch as » glass slide, and loveled by vod costing o a known thickness

Lo

angd oured feag, B2 Tas gt 120-14000), the cured taver having generally a thickness of al least

2 pm, as established by condoeal microscopy.
The cured fayer was gently sepavated from i3 casting support snd placed in o film holder
suttable for subseguent measuremenss, The optical absorbance of such samples was me

castived

RECTIFIED SHEET (RULE 91) ISA/EP
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with a spectrophotometer over a range of at least 300 nm to 1200 nm (Cary 5000, UV-Vis-NIR
spectrophotometer from Agilent Technologies). The drop in intensity between the two sides of
the film was normalized to the thickness of the tested samples and the absorbance of such layers

per micrometer of thickness (Abs/um) was calculated.

Representative results of normalized absorbance at selected wavelengths, for layers
including CB particles dispersed with amino-silicone dispersants, are presented in the table
provided below in which the values reported for the matrices loaded with carbon black relate

to the effect of the sole CB particles (the baseline values of the respective matrices being

subtracted).
Table 1
No. [ Sample Abs/um Abs/pum Abs/pum Abs/pm Abs/pm
@300nm | @ 500 nm | @ 700 nm | @ 900 nm | @1100nm
2.5wt.% CB in
1 PDMS 0.293 0.093 0.069 0.056 0.048
5.0wt.% CB in
2 PDMS 0.479 0.188 0.138 0.109 0.091
7.5wt.% CB in
3 PDMS 0.692 0.291 0.204 0.158 0.129
Control: 10wt.%
4 CCB in PDMS 0.290 0.102 0.090 0.087 0.085
— ° )
5 ig;owm’ CBin 0.00103 | 0.00149 | 000137 | 0.00150 | 0.000135
6 2.4wt.% CB in LSR 0.067 0.041 0.029 0.021 0.018
7 4.5wt.% CB in LSR 0.196 0.106 0.074 0.056 0.047
8 6.5wt.% CB in LSR 0.439 0.224 0.156 0.117 0.096
9 8.3wt.% CB in LSR 0.651 0.326 0222 0.165 0.133
10 11.5wt.% CB in LSR 0.681 0.379 0.261 0.195 0.159
11 14 3wt.% CB in LSR 0.733 0413 0.285 0214 0.172
12 5.5wt.% CB in S27 0.549 0.226 0.167 0.135 0.114
13 12.5wt.% CB in S27 0.577 0.271 0214 0.172 0.147

As can be seen in the above table, CB particles dispersed according to the various methods

herein disclosed provided comparable absorbing properties per micrometer depth of layer, such
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ahsorbance generally decrensing ax the wavelengihy inoreased. I the above, the methods of
preparation and reselting layers were exemphified with three types of sibicone polyroers, two
types of cunng methaod and two types of aming-silicones, see ftoms -3 for addition curing of
AR POME, ftems 6-11 for addition curing of AUS LR and ems 12413 for condensation

curing of CO8 PIMMS, These examples also represont different types of interactions betwems
the sibcone dispersants and the OB particles. Anuns-sihicones duapersants are expested to form
auid-base relgtionship or amine-epoxry mteractions. Silicone acrylate disporsants are believed

to form dipole:dipols interactions,

Al items reprosonting cxomplary embodiments of silicone matrix embedded dispersions
of OB particles prepared according o the present teachings, formed clear saoples (e, lacking
haziness / tarbidity), as assessed by visual inspection: Such results support the compatibility of
the silicone dispersants with the curable silicone dlastomers, including thelr miscibility therein.

Such compatibility can also be preliminanty assessed in a screening method of such materials,

performed i the absence of carbon black paticles.

For comparison, stnular silivene matrices preparsd in the absence of OB particles
according o the present teachings dizplaved an imsignificent to null baseline normalized
ahsorbanve, of abom 0001 Abs/um or less, over the same manpe of wavelongths, see ftom 8 for

LR muadrix, the PDME matrices bebaving sivoilarly whether cured by addifion-curing or by

vondessation-curing. The impact of the CR napoparticles dispersed aveording 1o presens

teachings can be seen from the positive corvelation between the wi, concentration of UB in the
siiteone metrix and the gbsorbing capasity of the layver over the tested range. Based on the
present set of results pesk or platean of abzorbance for each partionlsr formulation are expecied
gt carbon loading of at loast 10wiL.%, at teast 15w1.% or possibly at carbon loading of more than
20wt % Such OB concentration dependent patierns can readily be established by the skilled
person, whom can elect desived OB loading as per peak of optimal acthaity andfor intended use.
For all practical purposes, 1 1% beleved that carbon bisck presence i ourable v cwred silicone

compositions need nut exesed 30wWL%, belng often of o more than 28w L%,

Reverting to the table, in a contrel exporiment, see itom 4, a comparative layver was
prepaved inowhivh the swme carbon black material way milled and incorporated in a2 PDMS
raatrix similardy to Htoms 153, the method however lscking sny amino-silicone dispersant. Inthe

resulting layer, the U particles wore therefore of & worsconventional size, it the range of 0.5
3 . This copventions! OB {CUR) material was erabedded in the PDMS matrix ab s relatively

Hgh concentration of 10 wt.%. Despite such high load, the OCB control provided & poorsr

RECTIFIED SHEET (RULE 91) ISA/EP
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absorption relatively to lower concentrations of CB particles prepared according to some
embodiments of the invention. In this experiment, the 10wt.% CCB in PDMS was found
comparable to the 2.5wt.% CB in PDMS, see items 4 and 1, respectively. Therefore, the present
methods and formulations are approximately 4-fold superior, with respect to the amount of CB
particles providing similar absorbance. The ability to reduce the amount of CB to achieve a
particular radiation absorbance can have numerous beneficial implications, beyond cost

reduction, as readily appreciated by the skilled person.

An adhesive layer can be used to attach the layers of the transfer member. Such layers
have a thickness which may depend on the roughness of the recipient layer, for relatively
smooth recipient body, the adhesive layer can have a thickness typically not exceeding 10 pum.
Any suitable adhesive can be used, its composition being compatible with the layers to be
attached thereby. Furthermore, the adhesive layer, as any other layers of the transfer member,
is preferably adapted to the working conditions to which the transfer member is subjected in

operation of the printing system.

An adhesive layer can be made of silicones, polyurethanes, and such known flexible
elastomeric adhesive materials. Such examples are not limiting, materials suitable to adhere

elastomers one to another being known and in no need of being further detailed herein.

Alternatively, a priming layer can be used, the composition of which depends on the
layers to be bound. Such layers typically have a thickness of 1 um or less. Suitable materials

include silanes, titanates and other such sizing agents.

In some embodiments, adhesive layers or priming layers are not necessary, the attachment
of one layer to another being achieved by co-curing of the two layers, at least one of which

would have been previously partially cured.

In embodiments of the present invention, the imaging and transfer stations are combined
and the imaging surface 12 (and the particles thereon) is selectively heated substantially at the
same time as it is pressed against the substrate for transfer of the films of tacky particles from
the selected regions of the imaging surface. This may be achieved, for example, by forming the
drum 10 of a transparent material and locating the imaging station 16 within the drum or
externally to the drum and across it at a position “facing” the transfer station. By “transparent”
it 1s meant that the material of the drum and/or of the imaging surface does not significantly
affect the irradiation of the selected particles and/or allow the transfer of sufficient power to

render them tacky.



CA 03044935 2019-05-24

WO 2018/100528 PCT/IB2017/057535
45

Some embodirsents of soch transparent alternative printing systems are schematically
tHusirated in Figures 310 5, to be described in more details in the fold ywing.

As descoribed above, the polvimer particles are rendered tacky by application of ratiation
to the rear side of the transfer member, the latter needs to be transparent, as is the case for the
ransior member 700 iHustrated In Figure 2. As shown in Figurs 38, & coating siation 34 can
cont the imaging surface of a transpavent transfer member 708 - belng tHustraied as 2 h}s}p{i‘-ﬁi
endiess bell -~ with thesmoplastic particles. The tragsfer member can continuoasly for
imtermittently} cyelically circulate over a driving dram 3, serving at the toating s:i'ai.ian i
purpose simiar fo provieusly deseribed droon 1, and over guide rollers 40, An imaging station
1$ positioned within the pertraeter formed by the contineous belt s schematically shown. The
Taser beavos emitted by the imaging device at sugh a station are projected towards the sear side
of a run of the wansfer member passing along the gap formed between guide rollers 48, The
imaging device comprises @ stationary transparent coanpressible elensent 788, which can contaet
the rear side of the transfer meomber-at the transfer station. When refeming to the stationary
compressible slement, the term “compressihle”™ i used to deseribe the deformation which fhe
slernent wndergoes when subjected to pressure, in which the dimension vormal © the process
direotion diminishes in response io inoreassed transfer pressure, while s crthoponal dimension
inoreases. Thus, though the element 788 s ned compressed, in the sense of its density being

incregsed, s thickness dimension 15 reduced,

While in the present ilustratios, two goide rollers 48 bound the vun of transfer member
subjected to the hoaging device or station 16 and contacting ity compressible gloment 708, this
should pot be construed as limiting, as one or more guide rollers or smooth shiders may be used

for this effect,

Figure 3b schematically shows a vigw of this printing svsteyn al the impression nip 18,
5 an enlarged scale, At the nip 18, the Uansfer member T8 and the printing substrate 20 are
compresssd bebweers an tmpression oyvlinder 22 on one side and the compeessible clement 768
an the other side, As can be seen, the compressible slewent 708 of the imaging device ma
cordact & wmuli-layered transfor member, the thormoplastic particles {not shown) being
positioned on the cuter Imaging surface {thal facing the printing substrate). As previousiy
mentioned, 4 fraraperent lobricant 73¢ can be used to Hcilitate the sliding of the transfer
member vear side over the compressible clement 788, The thickness of s compressible sloment

I8 and of the lavers forming s transparery irssfer member to be ¥ therowith are selectad

u/.

.

so as atlow the adiation ernitted by any laser clement of a chip of an maging device to targst

3
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the radiation absorbing layer 704, or any sufficiently adjacent strata, of the member to permit

sufficient radiation absorbance, and subsequent heat delivery to the thermoplastic particles.

In Figure 4, an alternative configuration of rear side irradiation of particles positioned on
an imaging surface through a transparent transfer member, is schematically illustrated. The
transparent transfer member 700 can be as described above by reference to Figure 2. In this
embodiment, the compressible element previously shown as 708 in Figure 3 is no longer
associated with the imaging device or station 16’, but with a separate pressure applicator 90,
the compressible segment of which, identified as 92, serves a similar purpose as previous 708.
While similar concerns may apply, for instance, a lubricant can be used to facilitate the sliding
of the transfer member rear side over the compressible segment 92 of the pressure applicator
90, the compressible segment 92 is now relieved from certain constraints of previous 708. By
way of example, the compressible material forming such segment need not necessarily be
transparent, permitting the use a wider range of elastomers. Regarding the imaging device 16°,
the segment 94 contacting the transfer member rear side no longer needs to be as compressible,
but mainly transparent to enable sufficient progression of the laser beams towards the imaging
surface. Thus, segment 94 can be made of a variety of materials, including, for example, glass
and transparent plastics, such as acryl. Such materials are typically preferable, as far as choice
and optical imaging quality are concerned, over compressible transparent elastomers from
which previous compressible element 708 would be formed. In the embodiment illustrated in

Figure 4, irradiation takes place immediately upstream of the impression nip.

While this embodiment is less compact than the alternative embodiment schematically
illustrated in Figure 3a, it offers a substantially constant optical path length between the laser
beam emitting element of the imaging device and the absorbing layer being targeted within the
transfer member. A printing system operating with such essentially invariable optical path
length is expected to benefit from a more uniform spot aspect and a more even optical

magnification, resulting on the surface of the substrate in images of higher quality.

Figures 5a and 5b schematically depict separate embodiments of lubrication systems
that may be used to apply lubricant 730 to the rear surface of transparent transfer member 700.
Any one of the embodiments of Figures 5a and 5b may be used with the systems described in

Figure 3a and in Figure 4.

In Figure Sa, lubrication is applied to the rear surface of the transfer member 700 by a
lubrication roller 800 positioned upstream, and preferably close to the compressible element

708. Lubrication roller 800 extends parallel to the rotational axes of the guide rollers 40 and
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across the entive width of transfer member 708, Lubrication roller 888 may comprise a hollow
tabe 802 in fluid comwmunication with 3 Iubricant reservoir (not shown hers), and having a
multitude of gpertures along its cyhindrical surface. Hollow tube 882 may be Ruther snveloped
atong its Oviindrical sueface with a compressible sleove 804 made of a porous material, such a
sponge. The deeve B304 iz thereby vonfigured o allow liquid to drip in 2 generslly radial
direction from the hollow tube 882 throogh the aperiures and the sleeve 884 onto the rear side

of thetransfer member 780,

Lubrication roller 888 is posttioned so that comprossible sleeve 804 contacts the transfer
member, and s configured o revolve abount #s axis. It may revolve correspondingly to the
movement of the transfer member {e.g, by being driven by friction with the transfer msmber)
or it taay revelve independently of the movement of the fransfer member so that the surfaco of
steeve shides over the rear surfaoe of the transfor member, In some embodiments, tie lnbrication
roller 806 may revolve in the epposite direction w the dirgction determined by the movernent

o the transtfer member,

o operation, the hollow tube 882 may be substantially flled with lubricant 73¢ and
fubricant 730 way corvespondingly drip through the apertures of the hollow tube 8682 and
through compressible sleeve B4 10 be smeared on the rear surface of the transfer member.
Accovding to some embodimenis Tubricant 738 may be pressurized through the apertures, e.g.,
by a pumnp, and according to some embodiments the tansparent lubricant drips through the

apertures through gravitational forge.

In Figurs Sb there are no guide rollers, and the transfor member shdes instead over
rounded comery B18s and 810h of & construction 812 that he upsirems and downstream of the
compressible clement 788, respectively. Construction BIZ may be smploved in some
smbodiments to secure the imaging system 16 o the compresaible element 788, A hollow
passage 828 in construction 813 may be in Huid communication with 3 lubwicant reservorr (not
shown here} and & lubricant 730 may escape trough mudiiple of apertures in the wall of the
passage BIS onto the extemal surfsce of the construction 812 over which the transfer member
700 slides. Hollow passage 828 is advantageously positioned upstream of the compressible
clement 708 and even upstream of rounded corser 818a, so thal ju operation fubricant 738 is
appited © the ransfer mamber just upstream to the point whers the ransfor menber slides over

the rounded corner 81,

Lubricant 739 is configured 1 lubricate wmul faoilitate the shiding of the fravsfer wember

pver the compressible element 708 without interforing, or at least with mindmal interforence

X
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with the optical path of radiation from imaging system 16 towards the impression cylinder 22
through the compressible element 708. While the lubrication systems have been illustrated in a
system wherein the rear side of the transfer member is contacted by a compressible element
708, the same principles apply to printing systems alternatively using a separate pressure
applicator 90, the rear side of the transfer member being then in contact with segments 92 and
94.

In any configuration of the printing system, lubricant 730 is advantageously transparent,
and has the same or similar refractive index as the transparent transfer member 700 and/or the
refractive index of the compressible element 708 of an imaging station 16 or of segment 94 of
an imaging station 16’, to minimize reflections at the interface between the compressible
element (or any other element in the optical path) and the transfer member. According to some
embodiments lubricant 730 is selected to be a transparent silicone oil compatible with the
silicone matrix of the compressible element 708 and/or the silicone matrix of the transfer
member 700. The lubricant typically has a surface tension higher than the surface energy of the
transfer member and different than the surface energy of the compressible element. The
lubricant, if and when sweating out of a silicone matrix should preferably bead on the surface

of at least one of the two surfaces the oil is due to lubricate.

According to some embodiments, the silicone oil is further adapted to penetrate through
the transfer member so as to replenish the content of silicone oils that may exude on the imaging
surface during operation. Without wishing to be bound by any particular theory, it is believed
that the oil constituents that may be released from a cured matrix with time can form a thin film
upon the imaging surface and enhance release of tacky particles or film onto the substrate at the
transfer station as described above. In such embodiments the use of a suitable silicone oil as a
lubricant on the rear side of the transfer member may prolong the useful life expectancy of the
transfer member, because, in contrast to spontaneous release of silicone oils from a silicone
matrix, which may diminish and even end over time, the added lubricant is supplied incessantly
during operation. The viscosity of the silicone oil may be selected in accordance with the
permeability of the silicone matrix of the transfer member and with the total thickness thereof,
to obtain sufficient penetration of the silicone oil through the transfer member, yet to avoid
swelling of the transfer member to an extent that may affect the imaging surface uniformity,
hence print quality. Similarly, the molecular weight of the silicone oil may be small enough to
allow diffusion through the transfer member, yet sufficiently high to control the rate of

diffusion. In any event, the amount of silicone oil that may be desorbed from an elastomeric
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matrix is sufficiently high to provide the desired release of the image, yet sufficiently low, so
as to avoid any significant transfer to the printing substrate. A lubricant, which in a particular
embodiment, facilitates the release of the ink image from the transfer member to the printing

substrate is considered “a release enhancing aid”.

The silicone oil that may serve as transparent lubricant can be relatively polar as
compared to the silicone matrix to be “replenished” therewith. The transparent lubricant can be
selected from polyether silicone oils and amino-silicone oils. In some embodiments the
viscosity of the transparent lubricant lies within the range of 30-400mPa-S. More preferably,
the viscosity may lie within the range of 50-300mPa-S. Non limiting examples of suitable
silicone oils include Silsurf® A004-UP and Silsurf® C208, polyether silicones commercialized
by Siltech Corporation, and GP-4, an amino-silicone oil commercialized by Genesee Polymers

Corporation.

The digital printing system shown in Figures 3a and 4 can only print in one color but
multicolor printing can be achieved by passing the same substrate successively through multiple
arrangements of coating, imaging and transfer stations (such as illustrated in by printing system
1000 in Figure 6) that are synchronized and/or in registration with one another and each printing
a different color. In such case it may be desirable to provide substrate treating stations between
the different coating stations. A treating station can be, for instance, a cooler able to reduce the

temperature of the substrate on its exit of a previous transfer station.

As some transferred films may retain some residual tackiness to a degree that may impair
a subsequent transfer of different particles, it may be advantageous to eliminate such residual
tackiness by cooling of the film transferred to the substrate. Depending on the thermoplastic
polymer, the elimination of any residual tackiness, or its reduction to a level not affecting the

process, can alternatively be achieved by a treating station being a curing station.

Moreover, while in previous paragraphs each arrangement of coating, imaging and
transfer stations was considered for the sake of printing a different color, in a further
embodiment, one set of such stations (in a printing system comprising at least two said
arrangements of stations) can be used to apply colorless particles. For instance, the colorless
particles can be applied at the final arrangement. In such a case, the colorless film of tacky
thermoplastic particles of the last coating station, exposed to radiation of the last imaging
station, are transferred at the last transfer station, for instance, to serve as overcoat to the

previous colored films. These stations can be said to form an over-coating arrangement or sub-
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systern, Conversely, an arrasgement for colorless printing can be the first of 2 serifzsg for
instanee, 0 modify the later application of colorved filmes andior the visual effect they may

provide, These stations gan be sard to fonm an under-coaling armangement o sub-system,

Furthermore, a printing system, even if monochrome, may inchude a perfecting systen
altowing double-sided printing, In some cases, perfecting can be addressed at the lovel of the
substrate transport systern, which may for example revert 4 substrate o o side not yet printed
on and retwen the unprinted side of the substeate to the same reating and impressions stations
having served o print the first side. In other cases, pecfocting oan be addressed by including
two separate ransfer stations {and their respective upsiteam or downstroam stations), each

transtor station enabling printing on a different side of the same subsirste.

Figure & shows an embodiment 4 which & first printing svstom, generally designated
HHME, 35 the same as that iHostrated in Figore 3a The same reference numerals have been
retained o avoid the need for repetition. In one embodiment, a seeond prioting system 20680 is
provided 1w onat the substrate, or selected regions thereof, with a4 vamish ar prefective or
decorative coal. In this printing system 2808, a coating station 14° applies a monclaver of
transparent particles to a transfer member T passing over a dnin 387, There s however no
sefective heating of the parficles in the transfer member THY | lustead, the transfer member 7B
iz pressed sgatnst the subsirate 28 and transparent particles are farsferred to the substrate either
because the polymer film on the substrate applied by the pringing systern 1088 s still tackyv or
because a pressure roller 726 and / or the impression Svlinder 23° 8 heated, In the former case,
only unage aveas of the substrate will have a vamish coating, whereas in the latter case the

ertire surface of the subsirate will receive a fransparent coatis

g

Particles rendered tacky af printing systom 1688, and polvmoer films theveof subseguently
transferred to the subsirate, may retain at least some degree of tagkiness from the time they are
apphed on the substrate 1l i reaches the wip of printing system 2086, This can be achieved by
either ensuring that the thermal chargoteristios of the ransfor mamber mwl/or the particles are

adequate to Keep the particles warm enough (e fackyy unttl said contact is waade, or, proferabiy,

o

¥

by emploving thermoplastie particles which have a delayed orystallization characteristiv (valled

“ppen tinw” in bot melt adhesive parlance} adequste © rotain tarkinesy until pressed o

coptacy with the substrate andfor ] renching & second printing gyvstem,

Figure 6 also shows a finishing station 748 where the pelymer film may undergn thermsd
freatmerntt o fix, cure or dey the polymer flme 1 such thermiad tregiment is accompanied by

Pressure contaet with the polvimer fil, 3 may also serve to impart & desived surfacs fanish, such
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as a gloss, to the surface of the substrate.
The substrate

The printing systems shown in Figures 1, 3a, 4 and 6 are not restricted to any particular
type of substrate. The substrate may be individual sheets of paper or card or it may have the
form of a continuous web. Because of the manner in which a thin film of softened polymeric
particles is applied to the substrate, the film tends to reside on the surface of the substrate. This
allows printing of high quality to be achieved on paper of indifferent quality. Furthermore, the
material of the substrate need not be fibrous and may instead be any type of surface, for example

a plastics film or a rigid board.
The transfer station

The transfer station illustrated in Figure 1 comprises only a smooth impression cylinder
22 that is pressed against the drum 10 and its outer imaging surface 12. The impression cylinder
22 may form part of a substrate transport system, in which case it may be equipped with grippers
for engaging the leading edge of individual substrate sheets. In other than digital printing
systems, the impression cylinder 22 may have an embossed surface to select the regions of the

particle coating to be transferred to the substrate 20.

In the description and claims of the present disclosure, each of the verbs, “comprise”
“include” and “have”, and conjugates thereof, are used to indicate that the object or objects of
the verb are not necessarily a complete listing of features, members, components, elements,

steps or parts of the subject or subjects of the verb.

£C % K

As used herein, the singular form “a”, “an” and “the” include plural references and mean

“at least one” or “one or more” unless the context clearly dictates otherwise.

Positional or motional terms such as “upper”, “lower”, “right”, “left”, “bottom”, “below”,

2% e 2 e

“lowered”, “low”, “top”, “above”, “elevated”, “high”, “vertical”, “horizontal”, “front”, “back”,
“backward”, “forward”, “upstream” and “downstream”, as well as grammatical variations
thereof, may be used herein for exemplary purposes only, to illustrate the relative positioning,
placement or displacement of certain components, to indicate a first and a second component
in present illustrations or to do both. Such terms do not necessarily indicate that, for example,
a “bottom” component is below a “top” component, as such directions, components or both
may be flipped, rotated, moved in space, placed in a diagonal orientation or position, placed

horizontally or vertically, or similarly modified.



10

15

20

~ Unless otherwise stated, the use of the expression “and/or” between the last two members
of a list of options for selection indicates that a selection of one or more of the listed options is

appropriate and may be made.

In the disclosurc, unless otherwise stated, adjeétives such as “substantially” and “about”
that modify a condition or relationship characteristic of a feature or features of an embodiment
of the present technology, are to be understood to mean that the condition or characteristic is
defined to within tolerances that are acceptable for operation of the ‘embodiment for an
application for which it is intended, or within variations expected from the measurement being
performed and/or from the measuring instrument being used. When the term “about” precedes
a numerical value, it is intepded to indicate +/-15%, or +/-10%, or even only +/-5%, and in

some instances the precise value.

While this disclosure has been described in terms of certain embodiments and generally
associated methods, alterations and permutations of the embodiments and methods will be
apparent to those skilled in the art. The present disclosure is to be understood as not limited by

the specific embodiments described herein.

Certain marks referenced herein may be common law or registered trademarks of third
parties. Use of these marks is by way of example and shall not be construed as descriptive or
limit the scope of this disclosure to material associated only with such marks. For instance,
poly(dimethylsiloxane-co-methylhydrosiloxane), trimethylsilyl terminated (CAS No. 68037-
59-2) can be alternatively purchased from Milliken Chemical as DMH-5A, from Gelest as
HMS-301, from Evonik as Crosslinker 100, or from Siltech Corp. as Silmer H E4, to name a
few.
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What is claimed is:

1. A printing system for thermal transfer printing onto a surface of a substrate, the system
comprising:
a) amovable transfer member having opposite front and rear sides with an imaging surface on

the front side,

b) a coating station at which a monolayer of particles made of a thermoplastic polymer or
particles coated with a thermoplastic polymer is applied to the imaging surface or at least a segment

thereof,

c) animaging station at which energy in the form of electromagnetic (EM) radiation is applied
via the rear side of the transfer member to selected regions of the particles coated imaging surface to

render the particles thereon tacky within the selected regions, and

d) atransfer station at which the imaging surface and the surface of the substrate, or respective
segments thereof, are pressed against one another to cause transfer to the surface of the substrate of

only the regions of the particle coating that have been rendered tacky,
wherein
(e) the rear side of the transfer member is formed of a body transparent to the EM radiation, and

() an EM radiation absorbing layer made of an elastomeric silicone is provided on the front
side of the transfer member adjoining the transparent body, the imaging surface being formed on, or

as part of, the radiation absorbing layer.

2. The printing system as claimed in claim.l, wherein said transfer station comprises an
impression cylinder positioned facing the front side of the transfer member so as to define a nip at
which at least a segment of said imaging surface of said transfer member and at least a segment of
the substrate surface are pressed against each other, and wherein said imaging station is configured
and aligned to apply radiation to the rear side of the transfer member at or adjacent the nip, so that
the rendering of the thermoplastic particles tacky, and the impression of the particles onto the

substrate surface, occur substantially concurrently.

3. The printing system as claimed in claim 2, wherein said imaging station further comprises a
transparent member facing the rear side of the transfer member at the nip, the transfer member sliding
during operation between the transparent member and the impression cylinder, the EM radiation

applied to the particles on the imaging surface passing through the transparent member.
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4.  The printing system as claimed in claim 3, further comprising a lubrication system
configured to controllably release a lubricant to the rear side of the transfer member to lubricate the

rear side as it slides over the transparent member.

5. The printing system as claimed in claim 4, wherein the transfer member has a thickness and
the lubricant is capable of passing through the thickness of the transfer member to act as a release

enhancing aid.

6.  The printing system as claimed in any one of claim 3 to claim 5, wherein said transparent

member is compressible.

7. The printing system as claimed in any one of claim 3 to claim 5, wherein said transparent
member is non-compressible, the printing system further comprising a pressure applicator having a

compressible segment in contact with the rear side of the transfer member adjacently to the nip.

8.  The printing system as claimed in any one of claim 1 to claim 7, wherein the radiation

absorbing layer comprises sub-micron carbon black particles dispersed in a silicone material.

9.  The printing system as claimed in any one of claim 1 to claim 8, further comprising a second
coating station serving to apply a monolayer coating of different particles to a second transfer member
that is pressed against the substrate at a second transfer station disposed downstream of the first

transfer station in the path of the substrate.

10. The printing system as claimed in claim 9, wherein the particles applied to the second

transfer member serve as a varnish, protective or decorative coating.

11. The printing system as claimed in claim 10, wherein the particles applied to second transfer
member adhere only to regions of the surface of the substrate having a still tacky polymer coating

polymer film applied at the first transfer station.

12. The printing system as claimed in any one of claim 1 to claim 11, further comprising a
finishing station for applying a thermal treatment to the substrate after passage through all transfer

stations.

13. The printing system as claimed in claim 12, wherein the finishing station includes a surface
that contacts the polymer film applied to the substrate during the thermal treatment of the polymer
film.

14. A method of thermal transfer printing onto a surface of a substrate, which comprises:

a)  providing a movable transfer member having opposite front and rear sides with an imaging

surface on the front side,

b) applying to the imaging surface a monolayer coating of particles made of a thermoplastic
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polymer or particles coated with a thermoplastic polymer,

c) applying EM radiation via the rear side of the transfer member to selected regions of the

coated imaging surface to render the particles thereon tacky within the selected regions, and

d) pressing the imaging surface and the surface of the substrate against one another to cause
transfer to the surface of the substrate of only the regions of the particle coating that have been

rendered tacky,
wherein
{e) therear side of the transfer member is formed of a body transparent to the EM radiation, and

(f) aradiation absorbing layer made of an elastomeric silicone is provided on the front side of
the transfer member adjoining the transparent body, the imaging surface being formed on, or as part
of, the radiation absorbing layer such that the EM radiation reaches the imaging surface by passing

through the transparent body.

15. The method as claimed in claim 14, wherein the pressing causing transfer of the regions
rendered tacky is performed at a first transfer station, the method further comprising applying
additional particles to the surface of the substrate following said transfer in the first transfer station,

the application of the particles being performed at a second transfer station.

16. The method as claimed in claim 15, wherein the particles transferred to the surface of the
substrate at the first transfer station, and/or the substrate selectively coated by transferring the
particles to the surface of the substrate at the first transfer station, are non-selectively heated prior to

and/or whilst contacted at the second transfer station by a layer of particles.

17. The method as claimed in claim 15 or claim 16, wherein an open time of the particles
transferred to the surface of the substrate at a first transfer station is such that an image formed by
transferring the particles to the surface of the substrate at the first transfer station remains tacky at
least until contacted at a second transfer station by a layer of particles which adhere to the tacky image

on the substrate.

18. The method as claimed in any one of claim 15 to claim 17, wherein the particles of the

second transfer station serve as a varnish, protective or decorative coating.

19. A transfer member for use in a printing system as claimed in any one of claim 1 to claim 13
or in a method as claimed in any one of claim 14 to claim 18, the transfer member having the form
of an endless belt or a drum and comprising a body transparent to electromagnetic (EM) radiation
lying within a predetermined range of frequencies disposed on a rear side of the transfer member, a
radiation absorbing elastomeric silicone layer opaque to the EM radiation adjoining the transparent

body and disposed on or adjacent a front side of the transfer member, and a hydrophobic release layer
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formed on the front side of the transfer member, the release layer being in thermal contact with, or

formed as part of, the radiation absorbing layer.

20. The transfer member as claimed in claim 19, wherein the radiation absorbing layer is

composed of an elastomeric silicone having carbon black particles dispersed therein.

21. The transfer member as claimed in claim 19 or claim 20, wherein the radiation absorbing
layer has an absorbance of at least 0.1/um, the absorption being measured at a wavelength of said EM

radiation or within a proximal range thereof.
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