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PHOTOSENSITIVE RESIN LAMINATE
AMND THERMAL PROCESSING OF THE 5AME

FIELD OF THE INVENTION

The present invention relates generally to methods of processing resin laminates to

produce flexographic relief image printing elements for optimal printing.

BACKGROUND OF THE INVENTION

Flexographic printing plates are relief plates with image elements raised above open

areas. Generally, the plate is somewhat soft, and flexible enough to wrap around a printing
cylinder, and durable enough to print over a million copies. Such plates offer a number of
advantages to the printer, based chiefly on their durability and the ease with which they can

be made.

" Flexography is commonly used for high-volume runs. Flexography is employed for
printing on a variety of substrates such as paper, paperboard stock, corrugated board, films,
foils and laminates. Newspapers and grocery bags are prominent examples. Coarse surfaces
and stretch films can be economically printed only by means of flexography. Corrugated
board generally inchudes a corrugating medium which is typically a layer of pleated or nwlti-
grooved paperboard, called “flute”, adjacent to a flat paper or paper-like layer called a
“liner.” A typical corrugated board construction comprises a flute layer sandwiched between
two liner layers. Other embodiments may include multiple layers of flute and/or liner, The
fluted interlayer provides structural rigidity to the corrugated board. Since corrugated board
is used as packaging and formed info boxes and containers, the liner layer forming an
exterior surface of the corrugated board is frequently printed with identifying information for
the package. The exterior liner layer often has slight indentations due to the uneven support

of the underlying flute layer.

A problem that may be encountered when printing on corrugated board substrates is

the occurrence of a printing effect referred to as “fluting” (and which is also known as
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“banding” or “striping” or “washboarding™). Fluting may occur, when printing the hiner on
the exterior surface of the corrugated board, afier the corrugated board has been assembled.
The fluting effect is visible as regions of dark printing, ie., bands of higher density,
alternating with regions of light printing, i.e., bands of lighter density, that comrespond to the
underlying fluting structure of the corrugated board. The darker printing occurs where
uppermost portions of the pleated innerlayer structure support the printing surface of the
Hner. The fluting effect can be apparent in areas of a printed image having tones or tini
values where the inked areas represent a fraction of the total area as well as in areas of the
printed image where the ink coverage is more complete, This fluting effect is typically more
pronounced when printing with a flexographic printing element produced using a digital
workflow process because of the shape of the dots produced by the digital process.
Furthermore, increasing the printing pressure does not eliminate fluting, and the increased
pressure can cause damage to the corragated board substrate. Therefore, other methods are

needed to reduce fluting when printing on corrugated board substrates.

A typical flexographic printing plate as delivered by its manufacturer is a
multilayered article comprising, in order, a backing, or support layer; one or more unexposed
photocurable layers; optionally a protective layer or slip film; and ofien a protective cover

sheet,

The support sheet or backing layer lends support to the plate. The support sheet, or
backing layer, can be formed from a transparent or opaque material such as paper, cellulose
film, plastic, or metal. Preferred materials include sheets made from synthetic polymeric
maierials such as polyesters, polystyrene, polyolefins, polyamides, and the like. Generally the
most widely used support layer is a flexible film of polyethylene terephthalate. The support
sheet can optionally comprise an adhesive layer for more secure attachment to the
photocurable layer(s). Optionally, an antihalation layer may also be provided between the
support layer and the one or more photocurable layers. The antihalation layer is used to
minimize balation caused by the scaftering of UV light within the non-image areas of the

photocurable resin layer.
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The photocurable layer(s) can include any of the known photopolymers, monomers,
initiators, reactive or non-reactive diluents, fillers, and dyes. The term “photocurable” refers
to a composition which undergoes polymerization, cross-linking, or any other curing or
hardening reaction in response to actinic radiation with the result that the unexposed portions
of the material can be selectively separated and removed from the exposed (cured) portions
to form a three-dimensional or relief pattern of cured material. Preferred photocurable
materials include an elastomeric compound, an ethylenically unsaturated compound having
at least one terminal ethylene group, and a photoinitiator. Exemplary photocurable materials
are disclosed in European Patent Application Nos. § 456 336 A2 and 0 640 878 Al to Goss,
et al., British Patent No. 1,366,769, U.S. Pat. No. 5,223,375 to Berrier, et al,, U.S. Pat. No.
3,867,153 to MacLahan, U.S. Pat. No. 4,264,705 to Allen, U.S. Pat. Nos. 4,323,636,
4,323 637, 4,369,246, and 4,423,135 all to Chen, et al,, U.S. Pat. No. 3,265,765 to Holden, et
al., U.S. Pat. No. 4,320,188 to Heinz, et al,, U.S. Pat. No. 4,427,759 to Gruetzmacher, et al,,
U.S. Pat. No. 4,622,088 to Min, and U.S. Pat. No. 5,135,827 to Bohm, et al,, the subject
matter of each of which is herein incorporated by reference in its entirety. More than one

photocurable layer may be used.

Photocurable materials generally cross-link (cure) and harden through radical
polymerization in at least some actinic wavelength region. As used herein, actinic radiation is
radiation capable of polymerizing, crosslinking or curing the photocurable layer. Actinic
radiation includes, for example, amplified (e.g., laser) and non-amplified light, particularly in
the UV and violet wavelength regions. One commonly used source of actinic radiation is a

mercury arc lamp, although other sources are generally known to those skilled in the art.

The slip film is a thin layer, which protects the photopolymer from dust and increases
its ease of handling. In a conventional (“analog”} plate making process, the slip film is
transparent to UV light. In this process, the printer pecls the cover sheet off the printing plate
blank, and places a negative on top of the slip film layer. The plate and negative are then
subjected to flood-exposure by UV light through the negative. The areas exposed to the light
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cure, or harden, and the unexposed areas are removed (developed) to create the relief image

on the prinling plate.

In a “digital” or “direct to plate” plate making process, a laser is guided by an image
stored in an electronic data file, and is used to create an in situ negative in a digital (i.e., laser
ablatable) masking layer, which is generally a slip {ilm which has been modified to include a
radiation opague material. Portions of the laser ablatable layer are then ablated by exposing
the masking layer to laser radiation at a selected wavelength and power of the laser.
Examples of laser ablatable layers are disclosed, for example, in U.S. Pat. No. 5,925,500 to
Yang, et al., and U.8. Pat. Nos. 5,262,275 and 6,238,837 to Fan, the subject matter of each of

which is herein incorporated by reference in its entirety.

After imaging, the phoiosensitive printing element is developed to remove the
unpolymerized portions of the layer of photocurable material and reveal the crosstinked relief
image in the cured photosensitive printing element. Typical methods of development include
washing with various solvents or water, offen with a brush. Other possibilities for
development include the use of an air knife or heat plus a blotter (i.¢,, thermal development).
Thermal development has the advantage of not requiring an additional drying step after

development and thus provides the ability to go more quickly from plate to press.

Thermal development processes work by processing photopolyruer printing plates
using heat; the differential meliing temperature between cured and uncured photopolymer is
used to develop the latent image. The basic parameters of this process are known, as
described in U.S. patent Nos. 7,122,295, 6,773,859, 5,279,697, 5,175,072 and 3,264,103 and
in WO 017886135, WO 01/18604, and EP 1239329, the ieachings of each of which arc
incorporated herein by reference in their entirety. These processes allow for the elimination
of development solvents and the lengthy plate drying times needed fo remove the solvent.
The speed and efficiency of these processes allow for their use in the manufacture of
flexographic plates for printing newspapers and other publications where quick turnaround

times and high productivity are important.
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In order for printing plates to be thermally developable, the composition of the
photopolymer must be such that there exists a subsiantial difference in the melt temperature
between the cured and uncured polymer. It is precisely this difference that allows the
creation of an image in the photopolymer when heated. The uncured photopolymer {i.e., the
portions of the photopolymer not contacted with actinic radiation) melis and/or substantially
softens while the cured photopolymer remains solid and intact at the temperature chosen.
Thus, the difference in melt temperature allows the uncured photopolymer to be selectively

removed, thereby creating the desired image.

Thereafter, uncured photopolymer can be softened and/or mwelied and removed. In
most instances, the heated printing element is contacted with an absorbent material that
absorbs or otherwise removes the sofiened and/or melied uncured photopolymer. This

removal process is generally referred {o as “blotting.”

The resulting surface, after development, has a relief pattern that reproduces the
image to be printed and which typically includes both solid areas and patterned aress
comprising 2 plurality of relief dots. After the relief image is developed, the relief image

printing element may be mounted on a press and printing commenced.

The shape of the dots and the depth of the relief, among other factors, affect the
quality of the printed image. It is very difficult to print small graphic elements such as fine
dots, lines and even text using flexographic printing plates while maintaining open reverse
text and shadows. In the lightest areas of the image (commonly referred to as highlights) the
density of the image is represented by the total area of dots in a halfione screen
representation of a contimuous tone image. For Amplitude Modulated (AM) screening, this
involves shrinking a phurality of halftone dots located on a fixed pertodic grid to a very small
size, the density of the highlight being represented by the area of the dots, For Frequency
Modulated (FM) screening, the size of the halfione dots is generally maintained at some

fixed value, and the number of randomly or psendo-randomly placed dots represent the
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density of the image. In both cases, it is necessary to print very small dot sizes to adequately

represent the highlight areas.

Maintaining small dots on flexographic plates can be very difficult due to the nature
of the platemaking process. In digital platemaking processes that use a UV-opaque nask
layer, the combination of the mask and UV exposare produces relief dots that have a
generally conical shape. The smallost of these dots are prone to being removed during
processing, which means no ink is transferred fo these areas during printing (the dot is not
"held” on plate and/or on press). Altematively, if the dot survives processing they are
susceptible to damage on press. For example small dots often fold over and/or pariially break

off during printing causing either excess ink or no ink to be transferred.

Furthermore, photocurable resin compositions typically cure through radical
polymerization, upon exposure to actinic radiation. However, the curing reaction can be
inhibited by wolecular oxygen, which is typically dissolved in the resin compositions,
hecause the oxygen functions as a radical scavenger. It is therefore desirable for the dissolved
oxygen 1o be removed from the resin composition before image-wise cXposure so that the

photocurable resin composition can be more rapidly and uniformly cured.

Various methods of removing dissolved oxygen have been developed for use in the
art. For example, the removal of dissolved oxygen can be accomplished by placing the
photosensitive resin plate in an atmosphere of inert gas, such as carbon dioxide gas or
nitrogen gas, before exposure in order to displace the dissolved oxygen. A noted drawback to
this method is that it is inconvenient and cumbersome and requires a large space for the
apparatus. In addition, as discussed in more detail below, this approach has not been found

to be particularly effective in digital printing clements that are thermally developed.

Another approach involves subjecting the plates to a preliminary exposure (i.e.,
“bump exposure”} of actinic radiation. During bump exposure, a low intensity “pre-

exposure” dose of actinic radiation is used to sensitize the resin before the plate is subjected
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to the higher intensity main exposure dose of actinic radiation. The bump exposure is applied
to the entire plate area and is a short, low dose exposure of the plate that reduces the
concentration of oxygen, which inhibits photopolymerization of the plate (or other printing
element) and aids in preserving fine features (i.e., highlight dots, fine lines, isolated dots,
ete.} on the finished plate, However, the pre-sensitization step can also cause shadow fones to

fill in, thereby reducing the tonal range of the halftones in the image.

The bump exposure requires specific conditions that ave limited to only quench the
dissolved oxygen, such as exposing time, irradiated light intensity and the like. In addition, a
selective preliminary exposure, as discussed for example in U.S. Pat. Publication No.
2009/0043138 to Roberts ot al, the subject matter of which is herein ivcorporated by

reference in its entirety, has been proposed.

Other efforts have involved special plate formulations alone or in combination with
the bump exposure, such as in U.S. Pat. No. 3,330,882 to Kawaguchi, the subject matier of
which is herein incorporated by reference in its entirety, which suggests the use of a separate
dye that is added to the resin to absorb actinic radiation at wavelengths at least 100 nm
removed from the wavelengths absorbed by the main photoinitiator. U8, Pal. No. 4,540,649
to Sakurai, incorporated herein by reference in its entirety, describes a photopolymerizable
composition that contains at least one water soluble polymer, a photopolymerization initiator
and a condensation reaction product of N-methylol acrylamide, N-methylol methacrylamide,
N-alkyloxymethyl acrylamide or N-alkyloxymethyl methacrylamide and a2 melamine
derivative, which, according to the inveniors, climinates the need for pre-exposure

conditioning and produces a chemically and thermally stable plate.

However all of these methods are still deficient in producing a relief truage printing
element having a superior dot sbructure, especially when designed for printing comrugated
board substrates. Tn addition, all of the methods described above have also not been shown
to produce a relief fmage printing element having superior dot structure when the relief

image is subjected to a thermal development siep.



10

25

WO 2012/145111 PCT/US2012/029766

When developing in solvent, the main consideration is whether or not the solvent can
swell and disperse/dissolves the uncured photopolymer and associated barrier layers, in
combination with the appropriate mechanical agitation, resulting in a clean printing plate free
of contaminants, surface defects, or other unwanted solvent-based phenomenon common o

the platemaking industry.

In confrast, developing plates thermally sometimes requires other considerations.
Digital plaies, when exposed by conventional means (i.e, in air) have previcusly been
believed to be interchangeable whether subject to a solvent development process or a thermal
development process, using the same base resin formulation. Analog thermal has shown
itself to be more challenging, oftentimes requiring the use of a novel slip film or umique

properties to the resin itself, such as very high melt flow,

Thus, there is a need for an improved process for preparing relief image printing

elements.

There is also a need for an improved relief image printing cleroent that comprises an
improved relief structure including printing dots that are configured for superior printing

performance on various substrates.

The present invention relates generally to a digital plate with dots of a controlled

architecture beneficial to printing (i.e., flat top, steep shoulders).

The present invention also provides a means for exposing and processing an analog

plate via the same exposure technique.
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SUMMARY OF THE INVENTION

It is an object of the present invention to provide an improved method of thermally

developing digital relief image printing elements.

I is another object of the present invention to provide an improved method of

thermally developing analog relief image printing elements.

It is another object of the present invention to provide an iroproved method of
developing relief image printing plate that produces printing dots having a flat top and stecp

shoulders.

1t is still another object of the present invention to provide a methed of uaging and
developing relief image printing elements that provides a good result when printing on

corrugated board substrates.

It is another object of the present invention to produce a relief image printing plate

that reduces print fluting when printing on corrugated board subsirates.

It is another object of the present invention to create a relief image printing clement
that comprises printing dots having a superior dot structure in terms of print surface, edge

definition, shoulder angle, depth and dot height.

It is another object of the present invention to provide a dot shape and structure on the

printing element that is highly resistant to print fluting.

It is still another object of the present invention to contro} the surface roughness of

the print surface of the relief image printing element.

The inventors here have discovered that a characteristic of plates processed by

thermal means is higher surface roughness of both solid areas and the tops of dots, as well as
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the floor of the plate. This is due to the fact that ‘blotting’ is incapable of removing all of the
photopolymer during thermal processing. There is always some small amount of residual
polymer left on the plate, both on the relief elements and on the plate’s floor. The texture of
the blotter material is typically transferred into this remnant photopolymer. In the floor areas
of the plate, this distinctive pattern has only cosmetic effect. However, on the relief
clements, this texture can be problematic. If the roughness of the textare is excessive, it can
affect print quality by actually transferring the patiern 1o the surface being printed, resulting
in gualitative print defects often described as mottling or pinholing, and the quantitative print
defect of reduced solid ink density (SID). These defects generally degrade the guality of the
printed articles made from plates with excessive roughness, reducing the vibrancy of colors

and making it difficult io achieve consistent color reproduction.

Some degree of plate surface roughness can be beneficial to print performance, but
excessive surface roughness can have the above-described negative effects. The definition of
‘excessive’ plate surface roughness varies depending upon many factors, including ithe
substrate printed, the ink characteristics, and the amount of ink used om each image.
Generally, the inventors have found that plate surface roughness of less than 2000 wm (R,) s
required to achieve good and uniform solid ink coverage, with plate surface roughness of less

than 1200 nm preferred, and plate surface roughness of less than 800 nm most preferred.

To these ends, in a preferred embodiment, the present invention relaies generally to a
method of developing a photocurable printing blank to produce a relief pattern comprising a
plurality of relief dots, wherein the photocurable printing blank comprises a backing layer
having at least one photocurable layer disposed thereon, a barrier layer disposed on the at
least one photocurable layer, and a laser ablatable mask layer disposed on top of the bamier
layer, the method comprising the steps oft

a) tmaging the at least one photocurable layer by selectively ablating the laser

ablatable mask laver fo create an image on the swface of the photocurable

printing blank;

10
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exposing the printing blank to actinic radiation through the mask layer and the
barrier layer to one or more sources of actinic radiation to selectively crosshink
and cure portions of the at least one photocurable layer, wherein the at least
one photocurable layer is crosslinked and cured in the portions not covered by
the mask laver, thereby crealing the relief pattern; and

developing the printing blank to remove the laser ablated mask layer, the
barrier layer and uncured portions of the photocurable layer and reveal the

relief patiern;

wherein the presence of the barrier layer produces printing dots having desired

characteristics

about 6.9 x 1§

and wherein the barrier Iaver has an oxygen diffusion coefficient of less than

9 m2 . .
" "™/sec and an optical transparency of at least 50%.

In another preferred embodiment, the present invention relates generally to a method

of developing a photocurable printing blank to produce a relief pattern comprising a plurality

of relief dots, wherein the photocurable printing blank comprises a backing layer having at

least one photocurable layer disposed thercon and a barrier layer on the af least one

photocurable layer, the method comprising the steps of:

a)
b)

placing a negative of a desired relief image on top of the bamier layer;

exposing the printing blank to actinic radiation through the barrier layer and

‘negative to selectively crosslink and cure the at least one photocurable layer,

<)

wherein the at least one photocurable layer is crosshinked and cured in the
areas that are not covered by the negative, thereby creating the desired relief
image; and

developing the printing blank to remove the barrier layer and the uncured

portions of the photocurable layer and reveal the desired relicf image;

wherein the presence of the barrier layer results in the pluralily of printing dois

having desired characteristics and wherein the barrier layer has an oxygen diffusion

coefficient of less than about 6.9 x1

0 "/sec and an optical fransparency of at least 50%.

i1
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BRIEF DESCRIPTION OF THE DRAWINGS

For a fuller understanding of the invention, reference is had to the following

description taken in connection with the accompanying figures, in which:

Figure 1 depicts the measurement of the dot shoulder angle 8.

Figure 2 depicts relief image definitions.

Figure 3 depicts a means of characterizing the planarity of a dot’s printing surface
where p is the distance across the dot top and ry is the radius of curvature across the sorface
of the dot,

Figure 4 depicts a flexo dot and its edge, where p is the distance across the dot top.
This is used in the characterization of edge sharpness, 7..p, wWhere r, is the radius of curvature

at the intersection of the shoulder and the top of the dot.

DETAILED DESCRIPTION OF THE INVENTION

The inventors of the present invention have found that the shape and structure of a

printing dot has a profound impact on the way it prints. This is especially true in digital
relief image printing elements. The inventors of the present invention have also determined
that there are special considerations which must be addressed when using thermal
development processes to provide a relief surface that inclndes relief printing dots having flat

tops and steep shoulders.

The nventors of the present invention have discovered that there is an advantage fo
reducing the impact of oxygen inhibifion during plate oxposure while simultaneously
maintaining the physical properties necessary 1o produce high quality thermally processed

printing plates.

The present invention relates generally to the application of a barrier layer onto (i) the
surface of the photopolymer between the ablatable mask layer and the photopolymer layer or
(i) the surface of the photopolymer layer between the photopolymer layer and the phototool
negative. The plate is then processed to remove uncured photopolymer, thereby producing a

relief printing plate. The barrier layer’s function is to serve as a oxygen barrier which allows

12
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for altering of the shape of the formed dots on the printing plate. The result of the use of this

barrier layer is the advantageous control of the curing mechanistn such that the following

QCCUTS:

1)

Dots are formed without the restricting effect of oxygen inhibition, resulting
in flat tops and steep shoulder angles;

The curing rate is controlled to the point that opfimum reverse depths are
maintained and shoulder angles are not excessively broadened;

The barrier layer minimizes the creation of excessive surface roughness
during thermal processing; and

The barrier layer allows for more efficient thermal processing of a printing

form than currently existing plate constructions.

The present invention utilizes the aforementioned advantages of the barrier layer as

an oxygen barrier and combines them with the surprising discovery that plates comprising a

barrier layer perform better in print studies than standard processed plates as well as those

exposed in inert gas media, showing reduced dot gain and cleaner solids and reverse print.

In a preferred embodiment, the present invention relates generally 1o a method of

developing a photocurable printing blank to produce a relief pattern comprising a plurality of

relief dots, wherein the photocurable printing blank comprises a backing layer having at least

one photocurable layer disposed thereon, a barmier layer disposed on the at least one

photocurable layer and 2 laser ablatable mask layer disposed on top of the barrier layer, the

method comprising the steps oft

a)

b)

imaging the at least one photocurable layer by selectively ablating the laser
ablatable mask layer to create an image on the surface of the photocurable
printing blank;

exposing the at least one photocurable layer to actinic radiation through the
barrier layer and mask layer to one or more sources of actinic radiation fo

selectively crosslink and cure portions of the at least one photocurable layer,
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wherein the at least one photocurable layer is crosshinked and cured in the
portions not covered by the mask layer, thereby creating the relief pattern; and
¢} develeping the printing blank to remove the laser ablated mask layer, the
barrier layer, and uncured portions of the photocurable layer and reveal the

relief pattern;
wherein the presence of the barrier layer produces printing dots having desired
geometric parameters and wherein the barrier layer has an oxygen diffusion coefficient of

less than about 6.9 x107° ™/sec and an optical transparency of at least 50%.

The desired geometric parameters of the printing dots are typically one or more of
steep shoulder angles, planarity of the dot surface, sufficient depth of relief between the dots,
sharpness of the edge at the point where the dot top transitions to the dot shoulder, low
surface roughness and combinations thereof. One can manipulate the resultant shape of the

pririting dots {o optimize printing by utilizing the methods described herein.

The inventors of the present invention have found that a particular set of geometric
characteristics define a flexo dot shape that yiclds superior printing performance. These
geometric parameters include, but are not limited fo, (1) planarity of the dot surface; (2)
shoulder angle of the dot; (3) depth of relief between the dots; and {(4) sharpness of the edge
at the point where the dot top transitions to the dot shoulder. These geometric parameters are
described in more detail in related patent application Nos. 12/571,523 to Recchia and
12/660,451 to Recchia et al., the subject matter of cach of which is hersin incorporated by
reference in tis cutirety. However the particolar use of these geometric parameters in
optimizing print quality of printing dots produced in thermally development processes has

not been previously been investigated.

Firstly, the angle of the dot shoulder has been found to be a good predictor of print
performance. The dot shoulder is defined as shown in Figure 1 as the angle 8 formed by the
dot’s top and side. At the exireme, a vertical column would have a 90° shoulder angle, but in

practice most flexo dots have an angle that is considerable lower, often nearer 45° than 50°
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The shoulder angle can vary depending on the size of the dots as well. Small dots, for
example in the 1-15% range, may have large shoulder angles, while larger dots, for example
greater than about 15% dots may exhibit smaller shoulder angles. It is desirable for all dots
to have the largest shoulder angle possible. In one embodiment, the desired charvacteristics
comprise steep shoulder angles and the shoulder angle of cach of the plurality of dots is such

that the overall shoulder angle is greater than about 50°, preferably greater than about 70°,

There are two competing geometric constraints on shoulder angle — dot stability and
impression sensitivity. A large shoulder angle minimizes impression sensitivity and gives
the widest operating window on press, but at the expense of dot stability and durability. In
contrast, a lower shoulder angle improves dot stability but makes the dot more sensitive 1o
impression on press. As used herein, dot shoulder angle means the angle formed by the
intersection of a horizontal (or parallel io the dot top, depending on the shape of the dot’s tip)

line tangential to the top of the dot and a line representing the adjacent dot side wall.

In another embodiment, the desired characieristics comprise planarity of the dot
surface. The planarity of the top of a dot can be measured as the radius of curvature across
the top surface of the dots, r,, as shown in Figure 3. Preferably, the top surface of the dot has
a planarity, where the radius of curvature of the dot top is greater than the total thickness of
the at least one laver of photocurable material, more preferably twice the thickness of the at
least one layer of photocurable material, and most preferably, more than three times the total
thickness of the photopolymer layer. A planar dot surface is preferred thronghout the tonal
range. Most preferred are planar dot surfaces, even on dots in the highlight range (ie., (-

10% tonal}.

In still another embodiment, the desired characteristic of the printing dots is low
surface roughness and the surface roughness of the top of the plurality of relief printing dots
is less than about 2000 nm, preferably less than about 1250 nm, and most preferably less than

&00 mm,

15
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In another embodiment, the desived characteristic of the printing dots is sufficient
depth of relief between the dots, and a dot relief of priniing element is greater than about 9%
of the overall plate relief, preferably greater than gbout 12% of the overall plate relief. Plate
relief is expressed as the distance hetween the floor of the plate and the top of a solid reliet
surface, as shown in Figure 2. For example, a 0.125 inch thick plate is typically made so as
to have an 0.040 inch relief. However, the plate relief is typically much larger than the relief
between dots in tone patches (Le., the “dot relief”), which is a result of the close spacing of
the dots in tonal areas. The low relief between dofs in tonal areas means that the dots are
structurally well-supported, but can cause problems during printing as ink builds up on the
plate and eventually fills in the areas between dots, causing dot bridging or dirty print. The
inventors have found that deeper dot relief can reduce this problem significantly, leading to
longer print runs with less operator interference, a capability that is often called “cleaner

C s
prinfing,

In another embodiment, the desired characteristic is sharpness of the edge at the pomnt
where the dot top transitions to the dot shoulder. It is generally preferred that the dotf edges
be sharp and defined. These well-defined dot edges better separate the “prinling” portion
from the “support” portion of the dot, allowing for a more consistent contact area between
the dot and the substrate doring printing.  Edge sharpness can be defined as the ratio of ry,
the radius of curvature (at the intersection of the shoulder and the top of the dot) to p, the
width of the dot’s top or printing surface, as shown in Figure 4. For a truly round-tipped dot,
it is difficult to define the exact printing surface because there is not really an edge in the
commonly understood sense, and the ratio of r.:p can approach 50%. In contrast, a sharp-
edged dot would have a very small value of r,, and r..p would approach zero. In practice, an

vo:p of less than 5% is preferred, with an r.op of less than 2% being most preferred.
A wide range of materials can serve as the barrier layer. Four qualities that the

inventors have identified in producing effective barrier layers include optical transparency,

low thickness, oxygen transport inhibition and the ability o preferentially develop away the
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barrier layer using solvents or heat, Oxygen transport inhibition is measured in terms of a
low oxygen diffusion coefficient. As noted, the oxygen diffusion coefficient of the oxygen
barrier membrane is typically less than about 6.9 x 107 m%sec, more preferably less than

about 6.9 x 107" m*/sec, and most preferably less than sbout 6.9 x 107 m¥sec.

The most preferred oxygen barrier layer ave clear films that minimize light scattering.
Examples of materials which are suiiable for use as the bamrier layer include pelyamides,
polyvinyl alcohol, hydroxyalky! cellulose, polyvinyl pyrrolidinone, copolymers of ethylene
and vinyl acetate, amphoteric interpolymers, cellulose acetate butyrate, alkyl celiulose,

butryal, cyclic rubbers, and combinations of one or more of the foregoing.

The barrier layer should be as thin as possible, Barrier laver thicknessss between
about 1 and 100 microns are preferred, with thickness of between about 1 and about 20

microns being most preferred.

The barrier laver needs to have a sufficient optical transparency so that the membrane
will not detrimentally absorb or deflect the actinic radiation used to expose the photosensitive
printing blank. As such it is preferable that the barrier layer have an optical transparency of

at loast 50%, most preferably at least 75%.

The barrier layer needs to be sufficiently impermeable to oxygen diffusion so that it
can cffectively limit diffusion of oxygen into the photocurable layer during exposure to
actinic radiation. The inventors herein have determined that the barrier laver materials noted
above in the thicknesses noted above will substantially limit the diffusion of oxygen into the

photocurable layer when used as described herein.

Suitable thermal development processes are generally well known to those skilled in

the art. In one emboediment, the thermal development step comprises the steps off
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sofiening non-crosslinked polymer on the imaged and exposed surface of the
printing element by contacting the imaged and exposed surface with an
absorbent layer capable of absorbing non-crosslinked portions of the at least
one layer of photocurable material when it has been heated to a temperature of
hetween 40° and 200°C,

heating said at least one layer of photocurable material to a temperature of
between 40° and 200°C and allowing the non-crosslinked portions of the at
ieast one layer of photocurable material in contact with the absorbent layer to
be absorbed by said absorbent layer, and

removing said absorbent layer containing the nou-crosslinked portion of the at

least one photocurable layer, whereby the relief pattern is revealed.

Suitable solvent development materials and techniques are also known in the art.

in addition, the barrier layer can be used in an analog consiruction wherein a barrer

layer is applied to a photopolymer resin layer. A negative is then placed upon the barrier

layer, and the plalemaking ocours via standard analog platemaking practices.

More specifically, in another preferred embodiment, the present invention relates

generally to a method of developing a photocurable printing blank ¢ produce a relief pattern

comprising a plurality of relief dots, wherein the photocurable printing blank comprises a

backing layer having at least one photocurable layer disposed thereon, and a barrier layer on

the gt least one photocurable laver, the method comprising the steps oft

aj
b}

placing a negative of a desired relief image on top of the barrier layer;

exposing the at least one photocurable layer to actinic radiation through the
barrier layer and negative to selectively crosslink and cure the at least one
photocurable layer, wherein the at least one photocurable layer is crosslinked
and cured in the areas that are not covered by the negative, thereby creating

the desired relief image; and

18



WO 2012/145111 PCT/US2012/029766

¢} developing the printing blank fo remove, the barrier layer and the uncured
portions of the photocurable layer and reveal the desired relief image;

wherein the presence of the barrier layer results in the plurality of printing dots

having desired characteristics and wherein the barrier layer has an oxygen diffusion

5 goefficient of less than 6.9 x10° ™/sec and an optical transparency of at least 50%..

Finally, once the plates have been subjected to development, the velief image printing

clement is mounted on a printing cylinder of a printing press and printing is commenced.

10 Thus, it can be seen that the method of making the relief image printing element
described herein produces a relief image printing element having a relief patiern comprising
relief dots to be printed that are configured for optimal print performance. In addition,
through the method described herein, it is possible to make thermally developed plates, both
digital and analog that have optimized geomeiric characteristics of the relief dots in the

15  resulting relief image to produce a desired result.
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WHAT IS CLAIMED IS:
1. A method of developing a photocursble printing blank to produce a relief patiemn

comprising a plurality of relief dots, wherein the photocurable printing blank COMPIISEs a

backing layer having at least one photocurable layer disposed thereon, a barrier layer on top

of the photocurable layer, and a laser ablatable mask layer disposed on top of the barrier

layer, the method comprising the step off

a}

b

imaging the at least one photocurable layer by sclectively ablating the laser
ablatable mask layer {o create an image;

exposing the printing blank to actinic radiation through the barrier layer and
mask layer to one or more sources of actinic radiation to selectively crosslink
and cure portions of the at least one photocurable layer, wherein the at least
one photocurable layer is crosslinked and cured in the portions not covered by
the mask layer, thereby creating the relief pattern; and

developing the printing element to remove the barrier layer, the laser ablated
mask layer and wncured portions of the photocurable layer and teveal the

relief pattern;

wherein the barrier layer has an oxygen diffusion cocfficient of less than 6.9 x10 ¥

m2y

/sec and an optical fransparency of at least 50%.

2. The method according to claim 1, wherein the printing dots have one or more
characteristics selected fron:

aj steep shoulder angles, wherein the shoulder angle of each of the plurality of
dots is such that the overall shoulder angle is greater than about 30%;

b) planarity of the dot surface, wherein the planarity of a top surface of the dots
is such that the radius of curvature of the top surface of the dots, 1, is greater
than the total thickness of the at least one layer of photocurable material;

c} sufficient depth of relisf between the dots, wherein the dot relief is greater

than about 9% of the overall plate relief]
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d) sharpness of the edge at the point where the dot fop transitions to the dot
shoulder, wherein a rafio of r.;p 1s less than 5%; and
e} low surface roughness, wherein the surface roughness of the top of the

plurality of relief dots is less than about 700 nm.

3. The method according to claim 2, wherein the at least one characteristic comprises

steep shoulder angles.

4. The method according to claim 3, wherein the shoulder angle of each of the plurality

of dots is such that overall shoulder angle is greater than about 70°.

5, The method according to claim 2, wherein the at least onc characteristic comprises

planarity of the dot surface.

6. The method according to claim 2, wherein the at least one characteristic comprises

low surface roughness,

7. The method according to claim 6, wherein the surface roughness of the top of the

plurality of relicf printing dots is less than about 800 nm,

3. The method according to claim 2, wherein the at least one characteristic comprises

sufficient depth of relief between the dots.

9. The method according to claim §, wherein the dot relief of the printing element is

greater than about 12% of the overall plate reliefl

10, The method according to claim 2, wherein the at least one characteristic comprises

edge sharpness of the dots.

11, The method according to claim 10, wherein the ratio of r..p is less than 2%.
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12.  The method according to claim 1, wherein the barrier layer is selected from the group
consisting of polyamides, polyvinyl alcohol, hydroxyalkyl celiulose, polyvinyl pyrrolidinone,
copolymers of ethylene and vinyl acetate, amphoteric interpolymers, cellulose acetate
butyrate, alkyl celloloss, buiryal, cyclic rubbers, and combinations of one or more of the

foregoing.

13, The method according to clabms 1, wherein the barrier layer has a thickness of

between about | and 100 microns.

4. The method according to claim 13, wherein the barrier layer has a thickness of

bhetween ahout 1 and about 20 microns.

15. The method according to claim 1, wherein the barrier layer has an optical

transparency of at least about 75%.

16. The method according to claim 1, wherein the siep of developing the printing blank
COMPrises:

a) softening non-crosslinked polymer on the imaged and exposed surface of the
printing blank by coniacting the imaged and exposed surface with an
absorbent layer capable of absorbing non-crosslinked portions of the at least
one layer of photocurable material when it has boen heated to a temperature of
between 40° and 200°C,

B heating said at least one layer of photocurable material to a temperature of
between 40° and 200°C and allowing the non-crosslinked portions of the at
least one layer of photocurable material in contact with the absorbent layer to
be absorbed by said absorbent layer, and

ch removing said absorbent layer containing the non-crosslinked portion of the at

least one photocurable Iayer, whereby the relief patiern is revealed.
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17. The method according to claim 1, wherein the printing blank is not imaged in an inert

envirorment.

i&. A method of developing a photocurable printing blank to produce a relief paltem
comprising plurality of relief dots, wherein the photocurable printing blank comprises a
backing layer having at least one photocurable layer disposed thereon and a barrier layer
disposed on af least one photocurable layer, the method comprising the siep off

a} placing a negative of a desired relief image on top of the barrier layer;

b) exposing the printing blank to actinic radiation through the barrier layer and
negative o selectively crosslink and cure the at least one photocurable layer,
wherein  the at least one photocurable layer is crosslinked and cored in the
arcas that are not covered by the negative, thereby creating the desired relief
image; and

c developing the printing blank to remove, the barrier layer and the uncured
portions of the photocurable layer and reveal the desired relief image;

wherein the barrier layer has an oxygen diffusion coefficient of less than 6.9 x10 N

"/see and an optical transparency of at least 50%.

15. The method according to claim 18, wherein the printing dois have one or more
characteristics selected from:

a} steep shoulder angles, wherein the shoulder angle of each of the phwrality of
dots is such that the overall shoulder angle is grealer than about 50°C;

h) plavarity of the dot surface, wherein the planarity of a top surface of the dots
is such that the radius of curvature of the top surface of the dots, v, is greater
than the total thickness of the at least one layer of photocurable material;

[ sufficient depth of relief between the dots, wherein the dot relief is greater
than about 9% of the overall plate relief}

d) sharpness of the edge at the point where the dot top iransitions to the dot

shoulder, wherein a ratio of 7.:p is less than 5%; and
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€} fow surface roughness, wherein the surface roughness of the top of the

plurality of relief dots is less than about 700 nm.

20. The method according to claim 18, wherein the at least one characterisiic Comprises

steep shoulder angles.

21, The method according to claim 20, wherein the shoulder angle of each of the plurality

of dots is such that overall shoulder angle is greater than about 70°,

22.  The method according to claim 19, wherein the at least one characteristic comprises

planarity of the dot surface.

23. The method according to claim 19, wherein the af least one characteristic cornprises

low surface roughness.

24, The method according to clatm 23, wherein the surface roughness of the top of the

plurality of relief printing dots is less than about 800 nm.

25. The method according to claim 19, wherein the at least one characteristic comprises

sufficient depth of relie{ between the dots.

26. The method according to claim 25, wherein the dot relief of the printing element is

greater than about 12% of the overall plate relief.

7. The method according e claim 19, wherein the at least one characteristic comprises

edge sharpness of the dots.

28. The method according to claim 27, wherein the ratio of r..p is less than 2%.
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28,  The method according to claim 18, whersin the basrier layer is sclected from the
group consisting of polyamides, polyvinyl alcohol, hydroxyalkyl cellulose, polyvinyl
pyrrolidinone, copolymers of ethylene and vinyl acetate, amphoteric interpolymers, cellulose
acetate butyrate, alkyl cellulose, butrval, cychic rubbers, and combinations of one or more of

the foregoing.

30. The method according to claims 18, wherein the barrier layer has a thickness of

between about 1 and 100 microns.

31. The method according to claim 30, wherein the barrier layer has a thickness of

between about 1 and about 20 microns.

32. The method according fo claim 18, wherein the barrier layer has an optical

transparency of at least about 75%.

33.  The method according to claim 18, wherein the step of developing the printing blaunk
comprises:
a) softening non-crosslinked polymer on the imaged and exposed surface of the

printing blank by contacting the imaged and sxposed surface with an
absorbent layer capable of absorbing non-crosslinked portions of the at least
one layer of photocurable material when it has been heated to a temperature of
between 40° and 200°C,

b heating said at least one laver of photocurable material to a temperature of
between 40° and 200°C and allowing the non-crosslinked portions of the at
least one layer of photocurable material in comtact with the absorbent layer to
be absorbed by said absorbent layer, and

<} removing said absorbent layer containing the non-~crosslinked portion of the at

least one photocurable layer, whereby the relief pattern is revealed.

34. The method according to claim 18, wherein the printing blank is not imaged in an inert

envircrunent,
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