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Description

FIELD OF THE INVENTION

[0001] This invention relates to a processing solution that can be used as a developer or "washout" solution in the
preparation of flexographic relief images. This invention also relates to a process of preparing flexographic printing plates
having relief images.

BACKGROUND OF THE INVENTION

[0002] Flexography is a type of relief printing that uses flexible sheets of photopolymer to transfer an image onto a
substrate. The photopolymer sheet is generally exposed to suitable radiation (usually actinic or visible or UV light) through
a negative or mask that blocks selected portions of the photopolymer from the light. The portions of the photopolymer
that are exposed are crosslinked or hardened and the non-exposed portions are removed because of their solubility in
various organic solvents in a "washout" or development process. The resulting developed flexographic printing plate
has a raised relief image in those portions that were exposed to radiation. The flexible printing plate is usually wrapped
around a cylinder on a printing press and used to transfer ink to a suitable substrate such as papers, films, fabrics,
ceramics, and other materials.
[0003] While the non-exposed photopolymer may be soluble in a variety of organic solutions, only some of those
solutions are the best developers that do not damage or swell the crosslinked portions while cleanly removing the non-
crosslinked portions. Swelling will eventually cause the relief image to deteriorate in the processing bath and the process-
ing solution will have to be changed frequently due to the build-up of sludge.
[0004] The development or washout of imaged photopolymerizable flexographic printing plate precursors is well known,
for example as described in U.S. Patents 5,354,645 (Schober et al.) and 6,162,593 (Wyatt et al) and U.S. Patent
Application Publication 2005/0227182 (Ali et al.), and the references cited in therein. Representative processing solutions
(developers) are also described in U.S. Patent 6,248,502 (Eklund). Sometimes, the photopolymer compositions used
in the flexographic printing plate precursors are carefully matched to the desired processing solutions.
[0005] Many known processing solutions include chlorohydrocarbons, saturated cyclic or acyclic hydrocarbons, aro-
matic hydrocarbons, lower aliphatic ketones, and terpene hydrocarbons. While these processing solutions are effective
for the intended purpose, they have a number of disadvantages. They may act too slowly, causing swelling in the printing
plates and thus damage the fine detail in the relief images, require long drying times, and have low flashpoints resulting
in dangerous situations. Many of these solvents are also considered hazardous air pollutants (HAPS) and are subject
to stringent governmental reporting requirements. They may also be too toxic for direct disposal into the environment
or create worker safety problems with strong odors or handling problems.
[0006] More recently, there has been an emphasis on reclaiming processing solutions. A major drawback of reclamation
processes is the lack of an inexpensive method for reclaiming the solvent for subsequent use. Reclamation and recycling
of processing solvents generally require distillation that is energy and labor intensive. Improved reclamation processes
are described for example in U.S. Patent 7,326,353 (Hendrickson et al.) in which centrifugation is used alone or in
combination with filtration to remove solids from reusable processing solvents.
[0007] Copending and commonly assigned U.S. Serial No. 12/391,344 filed February 24, 2009 by Bradford and Ali
describes the use of microfiltration techniques for reclamation of processing solvents.
[0008] U.S. Patent Application Publication 2010/0068651 describes flexographic printing plate washout or processing
solutions containing dipropylene glycol dimethyl ether (DME) alone or in combination with various co-solvents such as
alcohols and aliphatic dibasic acid ethers.
[0009] U.S. Patent 6,162,593 (noted above) describes the use of diisopropylbenzene (DIPB) alone or with alcohol co-
solvents in processing solutions.
[0010] Aliphatic dibasic acid is used in cleaning compositions as described in U.S. Patents 4,867,800 (Disharat et al.),
5,011,620 (Dishart et al.), and 5,378,386 (Laven et al.).
[0011] Whether the processing solutions are reclaimed or not, there is a need for more environmentally friendly de-
veloping solutions that offer improvements in handling, disposal, low odor, and low levels of volatility (lower level of
"volatile organic chemicals", or "VOC" content) while still providing the effective cleanout (or washout) of non-polymerized
material in an imaged flexographic printing plate precursor. It is also desirable that the processing solution be useful for
a variety of photopolymer compositions so that the processing solution is versatile for multiple uses.

SUMMARY OF THE INVENTION

[0012] The present invention provides a method for providing a flexographic printing plate comprising:
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A) imagewise exposing a flexographic printing plate precursor comprising on a support a photopolymerizable elas-
tomeric layer comprising a photopolymerizable composition to curing radiation to provide exposed and non-exposed
regions in the photopolymerizable elastomeric layer
B) removing the non-exposed regions with a developer solution to provide a relief image in the photopolymerizable
elastomeric layer, resulting in a flexographic printing plate, the developer solution comprising:

1) diisopropylbenzene, and
2) one or more organic co-solvents, at least one of which is dimethyl or diisobutyl ester of a dicarboxylic acid and

C) optionally, drying the processed flexographic printing plate.

[0013] The processing solution of this invention provides a more environmentally friendly means for providing flexo-
graphic printing plates because of the higher boiling points of the solvents used therein. There is less odor from the
processing solution while it can be used for high printing plate throughput and good drying characteristics. The processed
flexographic printing plates do not suffer excessive surface swelling during processing but the non-polymerized material
is washed out to provide sharp relief images.

DETAILED DESCRIPTION OF THE INVENTION

[0014] Unless otherwise indicated, the terms "processing solution", "developer", "washout solution" all refer to the
compositions of this invention.
[0015] In addition, all percentages of processing solutions, unless otherwise noted, represent weight %.
[0016] The present invention provides a unique and advantageous flexographic printing plate processing solution
containing at least diisopropylbenzene and an aliphatic dibasic acid ester as at least one of the co-solvents. These
processing solutions can be used to develop an array of different imaged flexographic printing plate precursors that are
described in more detail below.
[0017] Diisopropylbenzene (DIPB) is a Chemical that is produced as a byproduct of the cumene manufacturing process,
wherein benzene is reacted with propylene to form isopropylbenzene. The properties of diisopropylbenzene are well
known (see for example U.S. Patent 6,162,593, noted above). It can be obtained from a number of commercial sources
such as Eastman Chemical Company (Kingsport, TN) and JLM Chemical Inc. (Blue Island, IL).
[0018] The processing solution comprises at least 5 and up to 95 weight % of diisopropylbenzene, and typically from
5 to 70 weight %.
[0019] The processing solution also includes from 5 to 70 weight % of one or more organic co-solvents, and typically
from 10 to 60 weight % of one or more of these solvents, provided that at least one of the co-solvents is an aliphatic
dibasic acid ester selected from dimethyl and diisobutyl esters of dicarboxylic acids.
[0020] Useful aliphatic dibasic acid esters include but are not limited to, aliphatic diesters of dicarboxylic acids, such
as oxalic acid, malonic acid, succinic acid, glutaric acid, adipic acid, pimelic acid, suberic acid, azelaic acid, and sebacic
acid, such as dimethyl-2-methylglutarate, dimethyl adipate, dimethyl glutarate, dimethyl succinate, diisobutyl succinate,
diisobutyl adipate, and diisobutyl glutarate.
[0021] Mixtures of these aliphatic dibasic acid esters can be used. Dimethyl-2-methylglutarate is particularly useful.
Such compounds are also available from various commercial sources. For example, dimethyl-2-methylglutarate can be
obtained as Rhodiasolv® IRIS from Rhodia (Cranbury, NJ). Similarly, a mixture of dimethyl glutarate, succinate, and
adipate and a mixture of diisobutyl glutarate, succinate, and adipate can be obtained from Rhodia as Rhodiasolve®
RPDE and Rhodiasolv® DIB, respectively.
[0022] The aliphatic dibasic acid ester is present in the processing solution in an amount of from 5 and less than 70
weight %, and typically from 10 to 65 weight %. For example, dimethyl-2-methylglutarate can be present in an amount
of from 10 to 60 weight %.
[0023] The weight ratio of DIPB to the aliphatic dibasic acid ester is generally from 1:10 to 5:1, or typically from 1:9 to
3:2, although a weight ratio may be useful outside these ranges if the chemical composition of the printing plate precursor
is suitable for a different weight ratio.
[0024] The processing solution can also include one or more alcohols as co-solvents in an amount of up to 35 weight
%, or typically from 5 to 35 weight %.
[0025] There are a vast number of alcohols that can be used in the fashion and the following list is not meant to be
exhaustive, but representative of the most useful alcohols. Such alcohol co-solvents include one or more of n-butanol,
2-ethoxyethanol, benzyl alcohol, a hexyl alcohol, a heptyl alcohol, an octyl alcohol, a nonyl alcohol, a decyl alcohol, 2-
phenylethyl alcohol, isopropylbenzyl alcohol, alpha-terpineol, dipropylene glycol methyl ether, 2-butoxyethanol, isopropyl
alcohol, and 2-(2-butoxyethoxy) ethanol, substituted or unsubstituted cyclopentanol, substituted or unsubstituted cy-
clohexanol, substituted or unsubstituted cycloheptanol, cyclopentyl substituted alcohol, cyclohexyl substituted alcohol,
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or cycloheptyl substituted alcohol.
[0026] Three useful alcohol co-solvents include one or more of 2-ethylhexyl alcohol, 2-phenylethyl alcohol, and iso-
propylbenzyl alcohol. Other organic solvents can be present if desired including a hydrocarbon paraffin, petroleum
distillates, terpene hydrocarbons, mixed aromatic solvents, or halogenated hydrocarbon solvents. When present, such
solvents may comprise up to 35 volume % of the processing solution. An advantage of the present invention is that such
organic solvents are not generally needed for effective development of many photopolymer-containing flexographic
printing plate precursors.
[0027] The processing solution can optionally include one or more hydrocarbon paraffins, isoparaffins, naphthenic
hydrocarbons, or combinations thereof.
[0028] Some embodiments of the present invention include a processing solution comprising:

from 30 to 80 weight % of diisopropylbenzene,
from 10 to 60 weight % of dimethyl-2-methylglutarate, and
from 5 to 35 weight % of one or more alcohols selected from the group consisting of benzyl alcohol, 2-ethylhexyl
alcohol, 2-phenylethyl alcohol, and isopropylbenzyl alcohol,
and the weight ratio of DIPB to dimethyl-2-methylglutarate is from 1:9 to 3:2.

[0029] After suitable use, the processing solution of this invention can be reclaimed in a suitable fashion or disposed
of in an environmentally proper manner.
[0030] Some useful flexographic printing plate precursors are described in U.S. Patent Application Publication
2005/0227182 (noted above) and U.S. Patents 7,226,709 (Kidnie et al.) and 7,348,123 (Mengel et al.).
[0031] For example, the precursors are generally composed of a photopolymerizable elastomer or elastomeric layer
composition disposed on a suitable support. By "photopolymerizable", we mean that the composition is polymerizable
or crosslinkable using suitable radiation, or both polymerizable and crosslinkable. The elastomeric layer composition
generally includes a thermoplastic binder, at least one monomer and an initiator (photoinitiator) that is sensitive to suitable
radiation such as actinic radiation (for example, UV radiation). Various polymeric binders are known in the art as described
in the publications noted in the preceding paragraph. Poly(styrene/isoprene/styrene) and poly(styrene/butadiene/styrene)
block copolymers are useful, as well as various synthetic or natural polymers of conjugated hydrocarbons, including
polyisoprene, 1,2-polybutadiene, and butadiene/acrylonitrile.
[0032] The "monomer" is generally considered a compound that is compatible with the polymeric binder and is capable
of addition polymerization in response to irradiation with actinic radiation. There can be a mixture of monomers if desired.
They typically have a molecular weight less than 5000 although compounds with higher molecular weight can be used
if desired. Useful monomers include various acrylates, methacrylates, mono- and polyesters of alcohols and polyols
such as polyacrylates and polymethacrylates. Photoinitiators can include but are not limited to, compounds that generate
free radicals upon exposure to actinic radiation such as quinones, benzophenones, benzoin ethers, aryl ketones, per-
oxides, biimidazoles, benzyl dimethyl ketal, and others known in the art.
[0033] The elastomeric layer composition can also include various additives such as colorants, processing aids, anti-
oxidants, and antiozonants as are known in the art.
[0034] Additionally, a protective cover sheet can be placed over the photosensitive elastomeric composition layer,
which cover sheet contains a protective polymer that is soluble or dispersible in the solvent(s) that is capable of dissolving
or dispersing the uncured photosensitive elastomeric composition. Generally, the protective layer is transparent and has
little tackiness before irradiation. It can be washed away or removed using the processing solutions described herein.
Examples of polymers suitable for preparing this cover sheet include but are not limited to, polyamides and cellulose
esters such as cellulose acetate butyrate and cellulose acetate propionate (for example, see U.S. Patent 6,030,749 of
Takahashi et al., Cols. 4-8).
[0035] The flexographic printing plate precursors that can be processed according to this invention in general comprise
a photopolymerizable layer comprising an elastomeric binder, a photoinitiator, at least one compound that is free radical
crosslinkable with actinic radiation, and optionally a plasticizer.
[0036] Such flexographic printing plate precursors can be imaged by exposure to curing radiation through a suitable
mask image to form an imaged element. In this step, the curing radiation is projected onto the photosensitive composition
through the mask image that blocks some of the radiation. The exposed regions are hardened or cured. Exposure
through the mask image can be accomplished by floodwise exposure from suitable irradiation sources (visible or UV
radiation). For example, curing radiation may be at a radiation at a wavelength of from 340 to 400 nm from a suitable
irradiation source. The time for exposure through the mask image will depend upon the nature and thickness of the
flexographic printing plate precursor and the source of the radiation. For example, useful commercial flexographic printing
plate precursors such as Eastman Kodak’s FLEXCEL brand precursors and DuPont’s Cyrel® brand precursors can be
imaged on commercial apparatus such as a Mekrom processor, model 302 EDLF.
[0037] The processing solution can be applied to an imaged flexographic printing plate precursor in any suitable
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manner including but not limited to spraying, brushing, rolling, dipping (immersing), or any combination thereof. This
removes uncured or non-polymerized regions of the photopolymerizable composition. Development or processing is
usually carried out under conventional conditions such as for from 5 to 20 minutes and at from 23 to 32°C. The specific
development conditions will be dictated by the type of apparatus used and the specific processing solution.
[0038] Post-developing processing of the relief image may be suitable under some circumstances. Typical post-
development processing includes drying the relief image to remove any excess processing solution and post-curing by
exposing the relief image to curing radiation to cause further hardening or crosslinking. The conditions for these processes
are well known to those skilled in the art. For example, the relief image may be blotted or wiped dry or dried in a forced
air or infrared oven. Drying times and temperatures would be readily apparent to one skilled in the art.
[0039] Detackification can be carried out if the flexographic printing plate is still tacky after drying. Such treatments,
for example, by treatment with bromide or chlorine solutions or exposure to UV or visible radiation, are well known to a
skilled artisan.
[0040] The resulting relief image may have a depth of from 2% to 100% (typically from 10 to 80%) of the original
thickness of the radiation-sensitive composition in the flexographic printing plate precursor. For example, if the radiation-
sensitive composition is disposed on a non-photosensitive support, up to 100% of the radiation-sensitive composition
can be removed in the relief image. The relief image depth may be from 150 to 2000 mm
[0041] The flexographic printing plates can be used to advantage in the formation of seamless, continuous flexographic
printing elements, or they can be formed as flat sheets that can be wrapped around a cylinder form, for example as a
printing sleeve or the printing cylinder itself. Alternatively, the radiation-sensitive composition can be mounted around
a cylindrical form for imaging and development.
[0042] The following examples are provided to illustrate the practice of this invention but they are not intended to be
limiting in any fashion.

Invention Example 1:

[0043] A flexographic plate developer composition was prepared comprising 20 wt. % of Rhodiasolv® Iris (containing
dimethyl-2-methyl glutarate) from Rhodia-Novecare of Cranbury, NJ, which is considered to be a non-VOC solvent
according to EU regulation 1999/13/EC, and 80 wt. % of diisopropyl benzene. This developer composition was charged
to a commercially available Kelleigh model 310 processor containing a processing drum. A sample of the commercially
available 0.067 inch (0.17 cm) thick photopolymer flexographic printing plate (Kodak Flexcel® NXH) was cut into sample
strips measuring 2 inches x 12 inches (5.1 cm x 30.5 cm). The cover sheets from the sample strips were then removed,
and the sample strips were then clamped down, 8 abreast, along the width of the processing drum. The brush pressure
in the processor was adjusted to a setting of 3.5 and processing was started using the developer composition. Beginning
after 8 minutes of processing, one of the samples was removed at 2 minutes intervals. Each sample strip was blotted
dry with a non-lint plate wipe fabric and was placed in the Kelleigh drying section set to 60°C.
[0044] After drying for 2 hours, the sample strips were removed from the drying section to provide sample flexographic
printing plates. The dried printing plates were then light finished with 9 minutes exposure to UVC light and 4 minutes
exposure to UVA light using the Mekrom model 302 EDLF unit. Measurements were made with an Ono-Sokki model
EG-225 digital caliper comparing the unexposed washed out area of the printing plate to the original plate caliper (0.067
inch, 0.17 cm). The difference between the non-exposed washed out printing plate and the original plate caliper was
recorded as the relief depth that was plotted versus the processing times. The point where processing time intersected
a 0.040" (0.1 cm) relief depth was determined to be the wash-out time. The wash-out time for the inventive developer
composition was found to be 10 minutes.
[0045] To determine the "dry time" with the inventive developer composition, the same commercially available pho-
topolymer flexographic printing plate as described above, was first back exposed from a UV light source for 14 seconds,
to give a floor thickness of 0.027 inch (0.069 cm). The cover sheet was then removed, and an imaged mask was produced
by a commercially available Kodak Flexcel® NX Thermal Imaging device and the Kodak Flexcel® NX thermal imaging
layer was laminated at room temperature to the flexographic photopolymer printing plate. The photopolymer printing
plate precursor was then exposed to UV light for 12 minutes through the negative mask. The images on the mask
contained multiple repeating sections of small halftone dots of various line rulings as well as fine line and text images
to gage image quality. The mask also contained Dmin areas to generate fully crossed linked patches on the printing plate
for caliper measurements to determine drying time. A commercially available Mekrom model 302 EDLF unit was used
for the UV exposure sequence. After the UV exposure, the mask was removed from the exposed printing plate and it
was processed in the Kelleigh model 310 processor for 10 minutes (the wash-out time). After processing, the printing
plate was blotted dry using a non-lint plate wipe fabric and placed in the drying section of the Kelleigh processor. Caliper
measurements of the printing plates in the fully exposed area were made at 10 minute intervals using an Ono-Sokki
model EG-225 digital caliper. The printing plate "dry time" was determined to be at a point when the printing plates
reached a steady state where no further thickness decrease was measured.
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[0046] The dried printing plate was then light finished with 9 minutes exposure to UVC light and 4 minute exposure to
UVA light using the Mekrom model 302 EDLF unit. After light finishing, the printing plates were examined under a 60X
stereo microscope to determine image quality. Image quality determination was made by examining the areas of small
dots and looking for miss-shaped or missing dots. The fine line rulings and text areas were examined for shoulder angle
and structure. The overall quality of the printing plate image was deemed to be excellent.
[0047] The odor of the developer composition was quite mild and the dried printing plate also had a mild odor.

Comparative Example 1:

[0048] The procedure of Invention Example 1 was followed except that a commercially available flexographic plate
developer composition called Dupont Optisol Rotary was used for processing. The wash-out time for this developer
composition was determined to be 20 minutes to achieve the same relief depth as in Invention Example 1 (0.04 inch,
0.1 cm), which is twice as long, as for the Inventive developer composition. The dry time with the comparative developer
composition was similar (90 minutes) to the Invention developer composition (105 minute). The image quality was also
found to be similar to that obtained in Invention Example 1. The comparative developer composition, however, it had a
moderate odor and contained no known non-VOC solvent.

Comparative Example 2:

[0049] The procedure of Invention Example 1 was followed except that a commercially available flexographic plate
developer composition called MacDermid Solvit was used for processing. The wash-out time and the dry time were
found to be 11 minute and 105 minutes, respectively, to achieve similar image quality as in Invention Example 1. This
developer composition, however, had a moderate odor and also left a moderate odor on the finished and dried plate.
This printing plate developer composition contained no known non-VOC solvent.

Invention Examples 2-8 and Comparative Example 3:

[0050] A prototype R&D processor was used to evaluate various developer composition combinations of diisopropyl-
benzene and Rhodiasolv® Iris according to the present invention, and to compare these compositions with commercially
available developer compositions. The flexographic printing plate precursors used were the same as those described
in Invention Example 1.
[0051] To determine the developer processing time, the photopolymer printing plate precursor was first UV exposed
on the Mekrom model 302 EDLF unit for 5 minutes. A 5 inches x 5 inches (12.7 x 12.7 cm) area in the center of each
printing plate precursor was covered by an opaque mask (orange rod) to provide an unexposed area and the exposed
printing plate precursor sample was placed at the bottom of a shallow pan. A 350 ml aliquot of the developer composition
(see TABLE I below) was added to the pan and placed under the brush section of the R&D processor. The brush was
used to rub the submerged surface of the exposed printing plate precursor in a reciprocating motion for 1 minute. After
this time, the pan containing the exposed printing plate precursor was turned 90 degrees and rubbed for an additional
1 minute. This was repeated until the exposed printing plate precursor had been rubbed in all 4 directions for a total of
4 minutes. The processed printing plate was removed from the pan, blotted dry with a non-lint plate wipe, and placed
in a 60°C oven to dry. The spent developer compositions were poured from the pan and collected for disposal. A second
sample of the exposed printing plate precursor was placed in the pan and a second aliquot of fresh developer composition
was added to the pan. The second exposed printing plate was processed with the same procedure except that the total
processing time was increased to 6 minutes. This was repeated twice and for each subsequent printing plate sample,
the processing time was increased by an additional 2 minutes.
[0052] After drying for 2 hours, each printing plate was removed from the oven. The dried printing plates were then
light finished with 9 minutes exposure to UVC light and 4 minutes exposure to UVA light using the Mekrom model 302
EDLF unit. Measurements were made with an Ono-Shokie model EG-225 digital caliper comparing the non-exposed
area of the printing plate to the exposed area. The difference between the exposed and unexposed areas was recorded
as "relief depth" that was plotted versus processing times for each developer composition. The point where processing
time intersected a 0.040 inch (0.1 cm) relief depth is listed in TABLE I as the "developer time".
[0053] To determine the dry time and image quality, the commercially available photopolymer flexographic printing
plate (Kodak Flexcel® NXH) was exposed from the backside, and then exposed from the frontside through a mask as
described in Invention Example 1. The mask was then removed from the exposed printing plate precursor that was then
cut into sample sections, each having a latent image of the image quality target. The exposed samples were then
processed using the prototype processor having various developer compositions as listed in TABLE I below. Processing
was carried out at ambient temperature (20°C).
[0054] After this processing, the resulting flexographic printing plates were blotted dry using a non-lint plate wipe fabric
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and placed in a drying oven at 60°C. Caliper measurements of the printing plates in the fully exposed areas were made
at 10 minute intervals using an Ono-Shokie model EG-225 digital caliper. The "Dry Times" listed in TABLE I were
determined when the printing plates reached a steady state where no thickness decrease was measured.
[0055] The dried printing plates were then lightly finished with 9 minutes exposure to UVC light and 4 minutes exposure
to UVA light using the Mekrom model 302 EDLF unit. The plates were then examined under a 60X stereo microscope
to determine image quality by examining the areas of small dots and looking for misshapen or missing dots. The fine
line rulings and text areas were examined for shoulder angle and structure. The results of this examination are listed as
"Image Quality" in TABLE I.
[0056] To determine the percent swell and percent weight gain, the commercially available photopolymer flexographic
printing plate precursor (Kodak Flexcel® NXH) was first exposed through the backside using a UV light source for 15
seconds. Next, the frontside was given a main exposure of UV light for 12 minutes. A commercially available Mekrom
model 302 EDLF unit was used for the UV exposure sequence. This exposure method insures that the photopolymer
was fully crossed linked throughout its entire thickness.
[0057] The exposed printing plate precursor was cut into strips measuring ª inch x 3 inches (1.9 cm x 7.6 cm). After
removing the cover sheets from the sample strips, each of the sample strips was weighed using a Mettler AC-100
analytical balance with a precision to 0.0001 g. The thickness of each sample strips was also measured with an Ono-
Shokie model EG-225 digital caliper with a precision to 0.0001 inch (0.00254 cm).
[0058] After the initial weight and thickness of the sample strips were measured and recorded, the sample strips were
placed singly into vials containing 100 ml of each of the various developer compositions listed in TABLE I. The depth
was adequate to allow complete submersion of the samples that were allowed to soak in the developer compositions
for 6 minutes at ambient temperature (20°C). After 6 minutes, the samples were removed and blotted dry with a non-
lint plate wipe fabric and immediately reweighed and re-measured for thickness. The difference in thickness between
the initial and post soak sample measurements are listed in TABLE I as "% Plate Swell." The difference in weight between
the initial and post soak sample measurements are listed as "% Plate Weight Gain".
[0059] TABLE I below also lists the amount of non-VOC solvents for the different developer compositions.
[0060] As can be seen in TABLE I, the solvent composition without any Rhodiasolv® Iris (Comparative Example 3)
shows significantly higher level of plate swelling, compared to the developer compositions of the present invention.
Excessive plate swelling could lead to plate performance issues. The compositions of current invention, not only reduces
the swell of the plate, but also provides the benefit of enhanced environmentally friendliness due to presence of Rhodi-
asolv® Iris in significant quantity.

TABLE I

Examples Developer 
Solvent (by 

weight)

Developer 
Time (min)

Dry 
Time 
(min)

Image 
Quality

% 
Plate 
Swell

% Plate 
Weight 
Gain

Solvent 
Odor

% Non-
VOC 

Solvents

Invention 3 10% Rhodia, 
90% DIPB

7 60 Excellent 14.3 11.84 Mild 10

Invention 4 20% Rhodia, 
80% DIPB

8 60 Excellent 13.4 11.52 Mild 20

Invention 5 30% Rhodia, 
70% DIPB

8 90 Excellent 11.6 11.01 Mild 30

Invention 6 40% Rhodia, 
60% DIPB

8 90 Excellent 9.6 10.23 Mild 40

Invention 7 50% Rhodia, 
50% DIPB

10 90 Excellent 9.0 9.41 Mild 50

Invention 8 60% Rhodia, 
40% DIPB

11 90 Excellent 5.2 6.99 Mild 60

Comparative 
3

0% Rhodia, 
100% DIPB

7 min 70 Excellent 16.5 12.14 Mild 0

"Rhodia" is Rhodiasolv® Iris, DIPB is diisopropylbenzene
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Claims

1. A method for providing a flexographic printing plate comprising:

A) imagewise exposing a flexographic printing plate precursor comprising on a support a photopolymerizable
elastomeric layer comprising a photopolymerizable composition to curing radiation to provide exposed and non-
exposed regions in the photopolymerizable elastomeric layer,
B) removing the non-exposed regions with a developer solution to provide a relief image in the photopolymer-
izable elastomeric layer, resulting in a flexographic printing plate, the developer solution comprising

1) diisopropylbenzene, and
2) one or more organic co-solvents, at least one of which is dimethyl or diisobutyl ester of a dicarboxylic
acid, and

C) optionally, drying the processed flexographic printing plate.

2. The method of claim 1, wherein the dimethyl or diisobutyl ester of a dicarboxylic acid is dimethyl-2-methylglutarate.

3. The method of claim 1 or 2 wherein the flexographic printing plate precursor comprises a photopolymerizable
elastomeric layer comprising an elastomeric binder, an initiator, at least one monomer, and optionally a plasticizer,
and the precursor is imagewise exposed using actinic radiation.

4. The method of any one of claims 1 to 3, wherein the developer solution comprises at least 5 weight % and up to 95
weight % of diisopropylbenzene, and from 5 to 70 weight % of the organic co-solvents.

5. The method of any one of claims 1 to 4, wherein the dimethyl or diisobutyl ester of a dicarboxylic acid is present in
an amount of from 5 and less than 70 weight %.

6. The method of any of claims 1 to 5, wherein the dimethyl or diisobutyl ester is a diester of oxalic acid, malonic acid,
succinic acid, glutaric acid, adipic acid, pimelic acid, suberic acid, azelaic acid, or sebacic acid, or combinations
thereof, that is present in an amount of from 10 to 65 weight %.

7. The method of any of claims 1 to 6 wherein the weight ratio of diisopropylbenzene to the dimethyl or diisobutyl ester
of a dicarboxylic acid is from 1:10 to 5:1.

8. The method of any of claims 1 to 7, wherein at least one of the co-solvents is an alcohol that is present in an amount
of up to 35 weight %.

9. The method of claim 8, wherein the alcohol co-solvent includes one or more of n-butanol, 2-ethoxyethanol, benzyl
alcohol, a hexyl alcohol, a heptyl alcohol, an octyl alcohol, a nonyl alcohol, a decyl alcohol, 2-phenylethyl alcohol,
isopropylbenzyl alcohol, alpha-terpineol, dipropylene glycol methyl ether, 2-butoxyethanol, isopropyl alcohol, and
2-(2-butoxyethoxy) ethanol, substituted or unsubstituted cyclopentanol, substituted or unsubstituted cyclohexanol,
substituted or unsubstituted cycloheptanol, cyclopentyl substituted alcohol, cyclohexyl substituted alcohol, or cy-
cloheptyl substituted alcohol.

10. The method of claim 8 or 9 wherein the alcohol co-solvent is one or more of 2-ethylhexyl alcohol, 2-phenylethyl
alcohol and isopropylbenzyl alcohol.

11. The method of any of claims 1 to 10 wherein the Developer solution further comprises a hydrocarbon paraffin,
isoparaffin, naphthenic hydrocarbon, or a combination thereof.

12. The method of claim 1, wherein the Developer solution comprises:

from 30 to 80 weight % of diisopropylbenzene,
from 10 to 60 weight % of dimethyl-2-methylglutarate, and
from 5 to 35 weight % of one or more alcohols selected from the group consisting of benzyl alcohol, 2-ethylhexyl
alcohol, 2-phenylethyl alcohol, and isopropylbenzyl alcohol,
and the weight ratio of diisopropylbenzene to dimethyl-2-methylglutarate is from 1:9 to 3:2.
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13. The method of any of claims 1 to 12, comprising imagewise exposing the flexographic printing plate precursor
through a mask image using radiation having a wavelength of from 340 nm to 400 nm.

14. The method of any of claims 1 to 13, further comprising drying and post-curing the flexographic printing plate.

Patentansprüche

1. Ein Verfahren zur Bereitstellung einer Flexodruckplatte, umfassend:

A) bildweises Aussetzen eines Flexodruckplattenvorläufers, umfassend auf einem Träger eine photopolymeri-
sierbare elastomere Schicht, umfassend eine photopolymerisierbare Zusammensetzung, einer härtenden
Strahlung, um belichtete und nicht belichtete Bereiche in der photopolymerisierbaren elastomeren Schicht
bereitzustellen,
B) Entfernen der nicht belichteten Bereiche mit einer Entwicklerlösung, um ein Reliefbild in der photopolyme-
risierbaren elastomeren Schicht bereitzustellen, was zu einer Flexodruckplatte führt, wobei die Entwicklerlösung
umfasst:

1) Diisopropylbenzol und
2) ein oder mehrere organische Co-Lösungsmittel, von welchen mindestens eines Dimethyl- oder Diisobu-
tylester einer Dicarbonsäure ist, und

C) gegebenenfalls Trocknen der behandelten Flexodruckplatte.

2. Das Verfahren gemäß Anspruch 1, wobei der Dimethyl- oder Diisobutylester einer Dicarbonsäure Dimethyl-2-me-
thylglutarat ist.

3. Das Verfahren gemäß Anspruch 1 oder 2, wobei der Flexodruckplattenvorläufer eine photopolymerisierbare elas-
tomere Schicht umfasst, welche ein elastomeres Bindemittel, einen Initiator, mindestens ein Monomer und gege-
benenfalls einen Weichmacher umfasst, und wobei der Vorläufer unter Verwendung von aktinischer Strahlung
bildweise belichtet wird.

4. Das Verfahren gemäß einem der Ansprüche 1 bis 3, wobei die Entwicklerlösung mindestens 5 Gew.-% und bis zu
95 Gew.-% Diisopropylbenzol und 5 bis 70 Gew.-% der organischen Co-Lösungsmittel umfasst.

5. Das Verfahren gemäß einem der Ansprüche 1 bis 4, wobei der Dimethyl- oder Diisobutylester einer Dicarbonsäure
in einer Menge von 5 und weniger als 70 Gew.-% vorliegt.

6. Das Verfahren gemäß einem der Ansprüche 1 bis 5, wobei der Dimethyl- oder Diisobutylester ein Diester von
Oxalsäure, Malonsäure, Bernsteinsäure, Glutarsäure, Adipinsäure, Pimelinsäure, Korksäure, Azelainsäure oder
Sebacinsäure oder Kombinationen davon ist, welcher in einer Menge von 10 bis 65 Gew.-% vorliegt.

7. Das Verfahren gemäß einem der Ansprüche 1 bis 6, wobei das Gewichtsverhältnis des Diisopropylbenzols zu dem
Dimethyl- oder Diisobutylester einer Dicarbonsäure von 1:10 bis 5:1 beträgt.

8. Das Verfahren gemäß einem der Ansprüche 1 bis 7, wobei mindestens eines der Co-Lösungsmittel ein Alkohol ist,
welcher in einer Menge von bis zu 35 Gew.-% vorliegt.

9. Das Verfahren gemäß Anspruch 8, wobei das Alkohol-Co-Lösungsmittel eines oder mehrere von n-Butanol, 2-
Ethoxyethanol, Benzylalkohol, einem Hexylalkohol, einem Heptylalkohol, einem Octylalkohol, einem Nonylalkohol,
einem Decylalkohol, 2-Phenylethylalkohol, Isopropylbenzylalkohol, alpha-Terpineol, Dipropylenglykolmethylether,
2-Butoxyethanol, Isopropylalkohol und 2-(2-Butoxyethoxy)ethanol, substituiertem oder unsubstituiertem Cyclopen-
tanol, substituiertem oder unsubstituiertem Cyclohexanol, substituiertem oder unsubstituiertem Cycloheptanol, Cy-
clopentyl-substituiertem Alkohol, Cyclohexyl-substituiertem Alkohol oder Cycloheptyl-substituiertem Alkohol ein-
schließt.

10. Das Verfahren gemäß Anspruch 8 oder 9, wobei das Alkohol-Co-Lösungsmittel eines oder mehrere von 2-Ethylhe-
xylalkohol, 2-Phenylethylalkohol und Isopropylbenzylalkohol ist.
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11. Das Verfahren gemäß einem der Ansprüche 1 bis 10, wobei die Entwicklerlösung ferner ein Kohlenwasserstoffpa-
raffin, Isoparaffin, naphthenischen Kohlenwasserstoff oder eine Kombination davon umfasst.

12. Das Verfahren gemäß Anspruch 1, wobei die Entwicklerlösung umfasst:

von 30 bis 80 Gew.-% Diisopropylbenzol,
von 10 bis 60 Gew.-% Dimethyl-2-methylglutarat und
von 5 bis 35 Gew.-% eines oder mehrerer Alkohole ausgewählt aus der Gruppe bestehend aus Benzylalkohol,
2-Ethylhexylalkohol, 2-Phenylethylalkohol und Isopropylbenzylalkohol,
und das Gewichtsverhältnis von Diisopropylbenzol zu Dimethyl-2-methylglutarat von 1:9 bis 3:2 ist.

13. Das Verfahren gemäß einem der Ansprüche 1 bis 12, umfassend bildweises Belichten des Flexodruckplattenvor-
läufers durch ein Maskenbild unter Verwendung von Strahlung mit einer Wellenlänge von 340 nm bis 400 nm.

14. Das Verfahren gemäß einem der Ansprüche 1 bis 13, ferner umfassend Trocknen und Nachhärten der Flexodruck-
platte.

Revendications

1. Procédé de création d’une plaque d’impression flexographique, comprenant :

A) l’exposition selon une image d’un précurseur de plaque d’impression flexographique comprenant sur un
support une couche élastomère photopolymérisable comprenant une composition photopolymérisable à un
durcissement par rayonnement afin de fournir des régions exposées et des régions non exposées dans la
couche élastomère photopolymérisable,
B) l’élimination des régions non exposées à l’aide d’une solution de révélateur pour fournir une image en relief
dans la couche élastomère photopolymérisable, afin d’obtenir une plaque d’impression flexographique, la so-
lution de révélateur comprenant

1) du diisopropylbenzène, et
2) un ou plusieurs co-solvants organiques, dont au moins un est un ester diméthylique ou diisobutylique
d’un acide dicarboxylique, et

C) éventuellement, le séchage de la plaque d’impression flexographique traitée.

2. Procédé selon la revendication 1, dans lequel l’ester diméthylique ou diisobutylique d’un acide dicarboxylique est
du diméthyl-2-méthylglutarate.

3. Procédé selon la revendication 1 ou 2, dans lequel le précurseur de plaque d’impression flexographique comprend
une couche élastomère photopolymérisable comprenant un liant élastomère, un initiateur, au moins un monomère,
et éventuellement un plastifiant, et le précurseur est exposé selon une image à l’aide de rayonnement actinique.

4. Procédé selon l’une quelconque des revendications 1 à 3, dans lequel la solution de révélateur comprend au moins
5 % en poids et jusqu’à 95 % en poids de diisopropylbenzène, et de 5 à 70 % en poids des co-solvants organiques.

5. Procédé selon l’une quelconque des revendications 1 à 4, dans lequel l’ester diméthylique ou diisobutylique d’un
acide dicarboxylique est présent en une quantité comprise entre 5 et moins de 70 % en poids.

6. Procédé selon l’une quelconque des revendications 1 à 5, dans lequel l’ester diméthylique ou diisobutylique est un
diester d’acide oxalique, d’acide malonique, d’acide succinique, d’acide glutarique, d’acide adipique, d’acide pimé-
lique, d’acide subérique, d’acide azélaïque, ou d’acide sébacique, ou de combinaisons de ceux-ci, qui est présent
en une quantité comprise entre 10 à 65 % en poids.

7. Procédé selon l’une quelconque des revendications 1 à 6, dans lequel le rapport pondéral du diisopropylbenzène
à l’ester diméthylique ou diisobutylique d’un acide dicarboxylique est de 1:10 à 5:1.

8. Procédé selon l’une quelconque des revendications 1 à 7, dans lequel au moins l’un des co-solvants est un alcool
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présent en une quantité allant jusqu’à 35 % en poids.

9. Procédé selon la revendication 8, dans lequel le co-solvant d’alcool comprend un ou plusieurs de n-butanol, 2-
éthoxyéthanol, alcool benzylique, un alcool hexylique, un alcool heptylique, un alcool octylique, un alcool nonylique,
un alcool décylique, alcool 2-phényléthylique, alcool isopropylbenzylique, alpha-terpinéol, éther méthylique de di-
propylène glycol, 2-butoxyéthanol, alcool isopropylique, et 2-(2-butoxyéthoxy)éthanol, cyclopentanol substitué ou
non substitué, cyclohexanol substitué ou non substitué, cycloheptanol substitué ou non substitué, alcool cyclopen-
tylique substitué, alcool cyclohexylique substitué , ou alcool cycloheptylique substitué.

10. Procédé selon la revendication 8 ou 9, dans lequel le co-solvant d’alcool est un ou plusieurs parmi alcool 2-éthyl-
hexylique, alcool 2-phényléthylique et alcool isopropylbenzylique.

11. Procédé selon l’une quelconque des revendications 1 à 10, dans lequel la solution de révélateur comprend en outre
une paraffine d’hydrocarbures, une isoparaffine, un hydrocarbure naphténique, ou des combinaisons de ceux-ci.

12. Procédé selon la revendication 1, dans lequel la solution de révélateur comprend :

de 30 à 80 % en poids de diisopropylbenzène, de 10 à 60 % en poids de diméthyl-2-méthylglutarate, et
de 5 à 35 % en poids d’un ou plusieurs des alcools sélectionnés parmi le groupe constitué d’alcool benzylique,
alcool 2-éthylhexylique, alcool 2-phényléthylique, et alcool isopropylbenzylique,
et le rapport pondéral du diisopropylbenzène au diméthyl-2-méthylglutarate est de 1:9 à 3:2.

13. Procédé selon l’une quelconque des revendications 1 à 12, comprenant l’exposition selon une image du précurseur
de plaque d’impression flexographique à travers une image de masque à l’aide de rayonnement ayant une longueur
d’onde de 340 nm à 400 nm.

14. Procédé selon l’une quelconque des revendications 1 à 13, comprenant en outre le séchage et le post-durcissement
de la plaque d’impression flexographique.
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