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(57) ABSTRACT 

This invention relates to a photosensitive element for use as 
a flexographic printing plate and a process for preparing the 
plate from the element. The photoSensitive element has at 
least one photopolymerizable elastomeric layer that com 
prises a binder, a monomer, a photoinitiator, an onium Salt, 
and a leuco dye. Upon exposure to actinic radiation, the 
onium Salt and leuco dye react resulting in a change of color 
in polymerized portions of the photopolymerizable layer. 
The color change provides enhanced image color contrast in 
the photoSensitive element. 
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PHOTOPOLYMERIZABLE ELEMENT FOR USE AS 
A FLEXOGRAPHIC PRINTING PLATE AND A 
PROCESS FOR PREPARING THE PLATE FROM 

THE ELEMENT 

BACKGROUND OF THE INVENTION 

0001) 1. Field of the Invention 
0002 This invention relates to a photopolymerizable 
element for use as a flexographic printing plate and a proceSS 
for preparing the plate from the element. The photopoly 
merizable element has at least one photopolymerizable 
elastomeric layer that comprises a binder, a monomer, a 
photoinitiator, an onium Salt, and a leuco dye. 
0003 2. Description of Related Art 
0004 Flexographic printing plates are widely used for 
printing of packaging materials ranging from corrugated 
carton boxes to cardboard boxes and to continuous web of 
plastic films. Flexographic printing plates are used in relief 
printing in which ink is carried from a raised-image Surface 
and transferred to a Substrate. Flexographic printing plates 
can be prepared from photopolymerizable compositions, 
Such as those described in U.S. Pat. Nos. 4,323,637 and 
4,427,759. The photopolymerizable compositions generally 
comprise an elastomeric binder, at least one monomer and a 
photoinitiator. PhotoSensitive elements generally have a 
Solid layer of the photopolymerizable composition inter 
posed between a Support and a coversheet or a multilayer 
cover element. Flexographic printing plates are character 
ized by their ability to crosslink or cure upon exposure to 
actinic radiation. Typically, the plate is uniformly exposed 
through its backside, i.e., backflashed, to a Specified amount 
of actinic radiation to form a floor. Next, the plate is 
imagewise exposed through its front Side with the same 
actinic radiation that was used for the backflash exposure. 
The imagewise exposure is made through an image-bearing 
art-work or a template, Such as a photographic negative or 
transparency (e.g. silver halide films), or through an in-situ 
mask having radiation opaque areas that had been previously 
formed above the photopolymerizable layer. The actinic 
radiation exposures can be conducted with ultraviolet (UV) 
or black light. The actinic radiation enters the photoSensitive 
element through the clear areas and is blocked from entering 
the black or opaque areas of the tranparency or in-situ mask. 
The areas of the photopolymerizable layer that were exposed 
to the actinic radiation crosslink and harden and/or become 
insoluble to Solvents used during development. The unex 
posed areas of the photopolymerizable layer that were under 
the opaque regions of the transparency or in-situ mask 
during exposure do not hardened and/or remain Soluble. The 
unexposed areas are removed by treating with washout 
Solutions or heat leaving a relief image Suitable for printing 
If treated with washout solutions, the plate is dried. The 
printing plate can be further exposed to complete polymer 
ization and to remove Surface tackiness. After all desired 
processing Steps, the plate is then mounted on a cylinder and 
used for printing. 
0005 The above method for forming a flexographic 
printing plate from Such a photoSensitive element can be 
facilitated at the various steps described above by the ability 
to see the image created in the photopolymerizable layer. 
Typically the image cannot be easily Seen in the photopo 
lymerizable layer prior to forming the relief, and is in effect 
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a latent image. A change in color in exposed areas of the 
photopolymerizable layer as a result of the imagewise 
exposure to actinic radiation would allow for easy visual 
observation of the image. One could readily determine at a 
glance if a plate has been imagewise exposed or not. Also, 
contrasting colors would easily distinguish the unexposed 
areas from the exposed areas. The plate having a color 
contrasting image could be preliminarily checked for the 
desired image and image quality prior to treating. The ability 
to check if a plate has been exposed and if it has the desired 
image is particularly useful in plate making shops where 
many plates are handled and may expose Several plates prior 
to treating. 

0006. A change in color in the photopolymerizable layer 
as a result of imagewise exposure can also be an indicator 
that the photopolymerizable layer has been given desired 
imagewise exposure to form the relief. Too long of exposure 
of the element will overharden the polymerizable layer and 
ultimately cause cracking in the printing Surface of the plate. 
If the plate is underexposed, the plate will not have desired 
relief necessary for flexographic printing. 

0007 Further, it would be desirable to maintain color 
contrast of the image after imagewise exposure and the 
treating Step, as well as the Subsequent exposure Steps, to 
form the relief printing plate. It is advantageous for a 
flexographic printing plate to have contrasting color between 
the exposed (raised) areas and the floor (recessed) areas of 
the image. Color contrast of the print-ready flexographic 
printing plate is helpful for mounting of the plate on printing 
cylinder, particularly on printing presses having multiple 
Stations where plates need to be mounted in register on 
multiple printing cylinders. 

0008. It is known to include dyes, particularly leuco dyes, 
in photopolymeric radiation curable Systems to produce 
colored images in the exposed regions of the photopolymer. 
See “Photopolymers: Radiation Curable Imaging Systems.” 
B. M. Monroe, in Radiation Curing. Science and Technol 
ogy, Pappas, S. P., ed., Plenum Press, New York (1992). In 
this case, the photoinitiator System generally provides the 
free radicals necessary to convert the leuco dye to its color 
form. The leuco dye must then compete with the monomer/S 
for the free radicals in the photopolymerizable composition. 
A problem with this approach to provide color contrast, 
particularly for the elastomeric, relatively thick, photopoly 
merizable layer/S associated with flexographic printing ele 
ments, is that the leuco dye will not convert to its color form 
in the exposure time necessary to polymerize the exposed 
areas of the photopolymerizable layer. 

0009 U.S. Pat. No. 5,942.554 discloses a method for the 
formation of highly colored polymeric bodies which 
includes Subjecting a curable composition containing a color 
precursor and an onium Salt to heat or actinic radiation to 
cure the composition where the color precursor is converted 
to its colored form. The method provides for simultaneous 
color development and photopolymerization of curable films 
using a color precursor Such as a lactone and an onium Salt 
Such as iodonium or Sulfonium Salt. In addition to the color 
precursor and the onuim Salt, the curable composition 
includes curable compounds, Such as free-radical curable 
and/or cation curable monomers. A photoinitator may 
optionally be present in the curable composition. However, 
only thin films up to 15 micron (0.59 mils) of the curable 
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composition were disclosed. Prior to polymerization, the 
thin film is a liquid layer. There is no Suggestion that the 
method is useful in a flexographic printing element having 
a photopolymerizable layer which is thick, that is greater 
than 20 mils (>508 micron), and is a solid elastomeric layer. 

SUMMARY OF THE INVENTION 

0010. It is an object of the present invention to provide a 
photoSensitive element for use as a flexographic printing 
plate that forms an image having contrasting color in an 
exposed area than in an unexposed area upon imagewise 
exposure to actinic radiation. 
0011. It is another object of the present invention to 
provide a process for making a flexographic printing plate 
from the photoSensitive element having the contrasting color 
image So that the contrasting image is Substantially retained 
throughout the process. 
0012. In accordance with this invention there is provided 
a photopolymerizable element for use as a flexographic 
printing plate comprising a Support and a photopolymeriz 
able layer on the Support. The photopolymerizable layer 
comprising an elastomeric binder, at least one monomer, a 
photoinitiator, an onium Salt and a leuco dye. 
0013 In accordance with another aspect of this invention 
there is provided a process for making a flexographic 
printing plate from the photoSensitive element comprising 
imagewise exposing the photopolymerizable layer to actinic 
radiation forming polymerized portions and unpolymerized 
portions in the layer, and treating to remove the unpolymer 
ized portions and form a relief Surface Suitable for printing. 

DESCRIPTION OF THE PREFERRED 

EMBODIMENT(S) 
0.014. The present invention concerns a photosensitive 
element and a process of using the photosensitive element to 
make a flexographic printing plate. The photoSensitive ele 
ment is in particular a photopolymerizable printing element 
having a photopolymerizable layer that includes an onium 
Salt and a leuco dye which together photoinduce contrast and 
effectively differentiate exposed areas relative to unexposed 
(or underexposed) areas in an image. Upon exposure to 
actinic radiation the onium Salt and the leuco dye react 
causing a change in color in the exposed areas compared to 
the unexposed areas and thus provide color contrast to the 
image. The image color contrast between the exposed areas 
and the unexposed areas in the element is retained prior to 
treating to form a relief for the plate. Preferably, the image 
contrast in color is also retained between the raised 
(exposed) areas of the relief and a floor of the plate after 
treating and throughout Subsequent exposure Steps, Such as 
post-exposure and light finishing. The color contrast of the 
image in the element is useful during the Steps of forming 
the relief plate from the element as well as for mounting of 
the plate onto printing cylinders. The photoSensitive element 
of the present invention used for preparing flexographic 
printing plates comprises a Support and at least one photo 
polymerizable layer. The photopolymerizable layer is an 
elastomeric layer that includes a thermoplastic binder, at 
least one monomer, a photoinitiator, the onium Salt, and the 
leuco dye. 
0.015 Unless otherwise indicated, the term “flexographic 
printing plate or element' encompasses plates or elements in 
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any form Suitable for flexographic printing, including, but 
not limited to, flat sheets and SeamleSS continuous forms. 

0016. The support can be any flexible material that is 
conventionally used with photoSensitive elements used to 
prepare flexographic printing plates. Preferably the Support 
is transparent to actinic radiation to accommodate “back 
flash” exposure through the Support. Examples of Suitable 
Support materials include polymeric films Such those formed 
by addition polymers and linear condensation polymers, 
transparent foams and fabrics. Under certain end-use con 
ditions, metals Such as aluminum, may also be used as a 
Support, even though a metal Support is not transparent to 
radiation. A preferred Support is a polyester film, particularly 
preferred is polyethylene terephthalate. The Support may be 
in sheet form or in cylindrical form, Such as a sleeve. The 
sleeve may be formed from Single layer or multiple layers of 
flexible material. Flexible sleeves made of polymeric films 
are preferred, as they typically are transparent to ultraViolet 
radiation and thereby accommodate backflash exposure for 
building a floor in the cylindrical printing element. A pre 
ferred sleeve is a multiple layered sleeve as disclosed in U.S. 
Pat. No. 5,301,610. The sleeve may also be made of non 
transparent, actinic radiation blocking materials, Such as 
nickel or glass epoxy. The Support typically has a thickness 
from 0.002 to 0.050 inch (0.0051 to 0.127 cm). A preferred 
thickness for the sheet form is 0.003 to 0.016 inch (0.0076 
to 0.040 cm). The sleeve typically has a wall thickness from 
10 to 80 mils (0.025 to 0.203 cm) or more. Prefered wall 
thickness for the cylinder form is 10 to 40 mils (0.025 to 0.10 
cm). 
0017 Optionally, the element includes an adhesive layer 
between the Support and the photopolymerizable layer, or a 
Surface of the Support that is adjacent the photopolymeriZ 
able layer has an adhesion promoting Surface. The adhesive 
layer on the Surface of the Support can be a Subbing layer of 
an adhesive material or primer or an anchor layer as dis 
closed in U.S. Pat. No. 2,760,863 to give strong adherence 
between the Support and the photopolymerizable layer. The 
adhesive compositions disclosed in Burg, U.S. Pat. No. 
3,036,913 are also effective. Alternatively, the surface of the 
Support on which the photopolymerizable layer resides can 
be treated to promote adhesion between the Support and the 
photopolymerizable layer, with flame-treatment or electron 
treatment, e.g., corona-treated. Further, the adhesion of the 
photopolymerizable layer to the Support can be adjusted by 
exposing the element to actinic radiation through the Support 
as disclosed by Feinberg et al. in U.S. Pat. No. 5,292,617. 

0018. The photosensitive element includes at least one 
layer of a photopolymerizable composition. AS used herein, 
the term "photopolymerizable' is intended to encompass 
Systems that are photopolymerizable, photocrosslinkable, or 
both. The photopolymerizable layer is a solid elastomeric 
layer formed of the composition comprising a thermoplastic 
binder, at least one monomer, a photoinitiator, the onium Salt 
and the leuco dye. The photoinitiator has Sensitivity to 
actinic radiation. Throughout this specification actinic light 
will include ultraviolet radiation and/or visible light. The 
Solid layer of the photopolymerizable composition is treated 
with one or more solutions and/or heat to form a relief 
Suitable for flexographic printing. AS used herein, the term 
“Solid” refers to the physical state of the layer which has a 
definite Volume and shape and resists forces that tend to alter 
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its Volume or shape. A Solid layer of the photopolymerizable 
composition may be polymerized (photohardened), or unpo 
lymerized, or both. 

0019. The thermoplastic binder can be a single polymer 
or mixture of polymers. The thermoplastic binder preferably 
is elastomeric. Binders include natural or Synthetic polymers 
of conjugated diolefin hydrocarbons, including polyiso 
prene, 1,2-polybutadiene, 1,4-polybutadiene, butadiene/ 
acrylonitrile, and diene/Styrene thermoplastic-elastomeric 
block copolymers. Preferably, the thermoplastic binder is an 
elastomeric block copolymer of an A-B-A type block 
copolymer, where A represents a non-elastomeric block, 
preferably a vinyl polymer and most preferably polystyrene, 
and B represents an elastomeric block, preferably polybuta 
diene or polyisoprene. Preferred thermoplastic elastomeric 
binders are poly(styrenefisoprene?styrene) block copoly 
mers and poly(styrene/butadiene/Styrene) block copolymers. 
The non-elastomer to elastomer ratio of the A-B-A type 
block copolymers is preferably in the range of from 10:90 to 
35:65. The thermoplastic binder can be soluble, Swellable, or 
dispersible in aqueous, Semi-aqueous, water, or organic 
Solvent washout Solutions. Elastomeric binders which can be 
washed out by treating in aqueous or Semi-aqueous devel 
opers have been disclosed by Proskow, in U.S. Pat. No. 
4,177,074; Proskow in U.S. Pat. No. 4,431,723; Worns in 
U.S. Pat. No. 4,517,279; Suzuki et al. in U.S. Pat. No. 
5,679,485; Suzuki et al. in U.S. Pat. No. 5,830,621; and 
Sakurai et al. in U.S. Pat. No. 5,863,704. The block copoly 
mers discussed in Chen, U.S. Pat. No. 4,323,636; Heinz et 
al., U.S. Pat. No. 4,430,417; and Toda et al., U.S. Pat. No. 
4,045,231 can be washed out by treating in organic Solvent 
Solutions. Generally, the thermoplastic binders which are 
Suitable for washout development are also Suitable for use in 
thermal treating wherein the unpolymerized areas of the 
photopolymerizable layer Soften, melt, or flow upon heating. 
It is preferred that the binder be present in an amount of at 
least 60% by weight of the photosensitive composition. 

0020. The term binder, as used herein, encompasses core 
shell microgels and blends of microgels and performed 
macromolecular polymers, Such as those disclosed in Frydet 
al., U.S. Pat. No. 4,956,252 and Quinn et al., U.S. Pat. No. 
5,707,773. 

0021. The photopolymerizable composition contains at 
least one compound capable of addition polymerization that 
is compatible with the binder to the extent that a clear, 
non-cloudy photoSensitive layer is produced. The at least 
one compound capable of addition polymerization may also 
be referred to as a monomer and can be a Single monomer 
or mixture of monomers. Monomers that can be used in the 
photopolymerizable composition are well known in the art 
and include, but are not limited to, addition-polymerization 
ethylenically unsaturated compounds with at least one ter 
minal ethylenic group. Generally the monomers have rela 
tively low molecular weights (less than about 30,000). 
Preferably, the monomers have a relatively low molecular 
weight less than about 5000. 

0022. Examples of Suitable monomers include, but are 
not limited to, t-butyl acrylate; lauryl acrylate; the acrylate 
and methacrylate mono- and poly-esters of alcohols and 
polyols Such as alkanols, Such as hexanediol diacrylate and 
hexanediol dimethacrylate; alkylene glycols, Such as ethyl 
ene glycol diacrylate, ethylene glycol dimethacrylate, and 
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diethylene glycol diacrylate; trimethylol propane, Such as 
trimethylol propane triacrylate; ethoxylated trimethylol pro 
pane; pentaerythritol, dipentaerythritol; polyacrylol oligo 
mers, and the like. If a polyacrylol oligomer is used, the 
oligomer should preferably have a molecular weight greater 
than 1000. A mixture of monofunctional and multifunctional 
acrylates or methacrylates may be used. Other examples of 
Suitable monomers include acrylate and methacrylate 
derivatives of isocyanates, esters, epoxides and the like. 
Further examples of monomers include acrylated liquid 
polyisoprenes, acrylated liquid polybutadienes, liquid poly 
isoprenes with high Vinyl content, and liquid polybutadienes 
with high vinyl content, (that is, content of 1-2 vinyl groups 
is greater than 20% by weight). Further examples of mono 
mers can be found in Chen U.S. Pat. No. 4,323,636; Frydet 
al., U.S. Pat. No. 4,753,865; Fryd et al., U.S. Pat. No. 
4,726,877 and Feinberg et al., U.S. Pat. No. 4,894,315. 
0023 The at least one compound capable of addition 
polymerization (i.e., monomer) is present in at least an 
amount of 5%, preferably 10 to 20%, by weight of the 
photopolymerizable composition. 
0024. The photoinitiator can be any single compound or 
combination of compounds which is Sensitive to actinic 
radiation, generating free radicals which initiate the poly 
merization of the monomer or monomers without excessive 
termination. Any of the known classes of photoinitiators, 
particularly free radical photoinitiatorS Such as quinones, 
benzophenones, benzoin ethers, aryl ketones, peroxides, 
biimidazoles, benzyl dimethyl ketal, hydroxyl alkyl phenyl 
acetophenone, dialkoxy acetophenone, trimethylbenzoyl 
phosphine oxide derivatives, aminoketones, benzoyl cyclo 
hexanol, methyl thio phenyl morpholino ketones, mor 
pholino phenyl amino ketones, alpha halogennoacetophe 
nones, oxySulfonyl ketones, Sulfonyl ketones, oxySulfonyl 
ketones, benzoyl oxime esters, thioxanthrones, com 
phorquinones, ketocoumarins, and Michler's ketone may be 
used. Alternatively, the photoinitiator may be a mixture of 
compounds in which one of the compounds provides the free 
radicals when caused to do So by a Sensitizer activated by 
radiation. Preferably, the photoinitiator for the main expo 
Sure (as well as post-exposure and backflash) is sensitive to 
visible or ultraviolet radiation, between 310 to 400 nm, and 
preferably 345 to 365 nm. A second photoinitiator sensitive 
to radiation between 220 to 300 nm, preferably 245 to 265 
nm, may optionally be present in the photopolymerizable 
composition. After treating, a plate can be finished with 
radiation between 220 to 300 nm to detackify the relief 
Surfaces. The Second photoinitiator decreases the finishing 
exposure time necessary to detackify the plate. Photoinitia 
tors are generally present in amounts from 0.001% to 10.0% 
based on the weight of the photopolymerizable composition. 
0025 The photopolymerizable composition includes the 
onium Salt and the leuco dye which function together to 
provide contrasting color to the image in the photoSensitive 
element upon imagewise exposure to actinic radiation. The 
color contrast of the image is photoinduced Such that the 
areas of the photopolymerizable layer which are exposed to 
actinic radiation change color and thus contrast with the 
unexposed or underexposed areas. The onium Salt is Sensi 
tive to the same or Substantially the same wavelength of 
actinic radiation at which the photopolymerization reaction 
occurs. Exposure to a certain amount of actinic radiation 
causes the onium Salt to generate an acid that reacts with the 
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leuco dye. The reacted leuco dye changes to its color form 
and thereby changes the color of the polymerized portions 
relative to the unpolymerized portions of the photopolymer 
izable layer. The presence of the onium Salt provides the 
Lewis acid necessary for the leuco dye to convert to its color 
form without competing with the free radicals necessary for 
polymerization to occur. The photoinduced color formation 
occurs independent of the photoinduced polymerization 
reaction of the photoinitiator with the monomer or mono 
merS. Color formation may or may not be induced during 
each exposure conducted to polymerize the photopolymer 
izable layer. 
0026. The onium salt comprises a strongly oxidizing 
cation paired with a normucleophilic anion. Onium Salts 
Suitable for use include phosphonium Salts, Selenonium 
Salts, triarylselenonium Salts, aryldiazonium Salts, iodonium 
Salts, diaryliodonium Salts, Sulfonium Salts, triarylsulpho 
nium Salts, dialkylphenacylsulphonium Salts, triarylsul 
phoXonium Salts, aryloxydiarylsulphoXonium Salts, dialky 
lphenacylsulphoXonium Salts, and combinations thereof. 
Preferred onium Salts are Sulfonium Salts, phosphonium 
Salts, and iodonium Salts. The counter ion of the onium Salt 
is a non-nucleophilic anion. Suitable non-nucleophilic 
anions to the onium salts include tetrafluoroborate (BFI), 
hexafluoro phosphate (PF), hexafluoro arsenate (ASF), 
hexafluoro antimonate (SBF). The onium salt can be a 
combination of any cation with any anion. 
0027. The onium salt is sensitive to the same or substan 
tially the same wavelength of radiation as the photoinitiator 
for the exposure used to polymerize the photopolymerizable 
layer. Since the photoinitiator is preferably Sensitive to 
actinic radiation in the ultraViolet and/or visible region, the 
onium Salt is also Sensitive to wavelength in the region of 
310 to 400 nm, preferably 345 to 365 nm, most preferably 
354 nm. In addition to its sensitivity to actinic radiation, the 
onium Salt may also be sensitive to heat that may induce the 
reaction to occur with the leuco dye. Although heat may be 
naturally generated by the conditions during exposure, it is 
preferred that the onium Salt be induced primarily by actinic 
radiation to form the acid that reacts with the leuco dye. The 
onium Salt is present in the photopolymerizable composition 
in greater effective amount than the effective amount of the 
leuco dye, So that the leuco dye is completely reacted or 
Substantially completely reacted with the onium Salt during 
the main imagewise exposure of the element. After the main 
exposure, no or Substantially no leuco dye is available to 
react with the exceSS onium Salt. Thus any further change in 
color contrast should not occur when the element is post 
exposed. Preferably, the amount of the onium Salt is at least 
twice the effective amount of the leuco dye. The onium salt 
is present in the photopolymerizable composition from 0.2 
to 0.6% by weight, preferably 0.25 to 0.5% by weight, based 
upon the total weight of the components in the photopoly 
merizable layer. 
0028. The leuco dye reacts with the acid of the onium salt 
and converts to its color form to provide color to the exposed 
portions of the photopolymerizable layer. The leuco dye is 
colorless or only slightly color prior to conversion to its 
color form. The color form of the leuco dye should be in the 
Visible region of the Spectrum So that the change in color can 
be observed. Examples of leuco dyes include, but are not 
limited to, aminotriarylmethane compounds, aminoxanthene 
compounds, aminophenoxazine compounds, aminodihydro 

May 8, 2003 

phenazine compounds, aminodiphenylmethane compounds, 
leucoindamine compounds, hydrazines, leuco indigoid dyes, 
amino-2,3-dihydroanthraquinones, tetrahyhalo-p,p'-bi 
henols, 2-(phydroxyphenyl)-4,5-diphenylimidazoles, and 
pheneethylaniline compounds. Preferred are cyclic lactone 
dyes, which include, but are not limited to, aminotriaryl 
methane compounds, amino-2,3-dihydroanthraquinones, 
and tetrahyhalo-p,p'-bihenols. Particularly preferred cyclic 
lactone dyes are aminotriarylmethane compounds. 
Examples of Suitable aminotriarylmethane compounds can 
be found in U.S. Pat. No. 4,857.438 column 3, line 8 through 
column 5, line 33. Particularly preferred cyclic lactone dyes 
include: 

0029) 6'-(diethylamino)-3'-methyl-2'-(phenylamino) 
spiro(isobenzofuran-1 (3H).9'-(9H)xanthen)-3-one; 

0030) 2-di(phenylmethyl) amino-6'-(diethylamino) 
spiro(isobenzofuran-1 (3H).9'-(9H)xanthen)-3-one; 

0031 6-(dimethylamino)-3,3-bis(4-dimethylami 
no)phenyl-1(3H)-isobenzofuranone; 

0032 6-(dimethylamino)-3,3-bis(4-(dimethylami 
no)phenyl-1(3H)-isobenzofuranone (crystal violet lac 
tone-CAS No. 1552-42-7); 

0033 2'-bis(phenylmethyl)amino-6'-diethylamino 
spirobenzofuran-1 (3H).9'-9Hxanthen-3-one (green 
dye precursor CAS No. 34372-72-0); 

0034) 3-bis(4-octylphenyl)aminol-3-4-dimethylami 
no)phenyl-3(3H)-izobenzofuranone (orange dye pre 
cursor CAS No. 67697-75-0); and 

0035) 3,3-bis(1-butyl-2-methyl-1H-indol-3-yl)-1(3H)- 
izobenzofuranone (magenta dye precursor CAS No. 
50292-91-6). 

0036) The leuco dye is present in the photopolymerizable 
composition from 0.1 to 0.3% by weight, preferably 0.12 to 
0.25% by weight, based upon the total weight of the com 
ponents in the photopolymerizable layer. 
0037 Since photoinduced color formation can occur at 
Substantially the Same time as free-radical polymerization of 
the photoinitiator occurs, leuco dyes having a color form that 
may interfere with the transmission of the actinic radiation 
to the photoinitiator should be avoided. AS Such leuco dyes 
that have a color form which is black or very dark, Such as 
dark brown, should be avoided. Further, the leuco dye as 
well as the color form of the leuco dye should have minimal 
absorption to the radiation at which polymerization occurs. 
0038 Given the same photopolymerizable composition, 
the amount of the leuco dye, as well as the corresponding 
amount of onium Salt, may need to be adjusted generally 
within the Stated range to compensate for different thick 
neSSes of the photopolymerizable layer. Also, the effective 
amount of the leuco dye and the onium Salt may need to be 
adjusted in photopolymerizable compositions that include 
components which have an acid functionality. 
0039. To prepare a flexographic printing plate from the 
photpolymerizable element, the element is exposed to 
actinic radiation between 310 and 400 nm, for each of the 
main imagewise exposure, backflash exposure, and post 
exposure. Generally, the time of the main imagewise expo 
Sure is longer than the backflash exposure and post-expo 
Sure. Color formation may or may not be induced to occur 
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during each Such exposure used to polymerize the photo 
polymerizable layer or portions thereof. Due to the presence 
of the onium Salt and leuco dye, color formation will at least 
occur as a result of the main imagewise exposure So that the 
color contrast between the exposed areas and the unexposed 
areas of the photopolymerizable layer can be seen. Color 
formation may also occur as a result of backflash exposures 
and/or the post-exposure, but is not desired since the relief 
image of the plate will not have contrasting color to aid in 
plate mounting on printing cylinders. Preferably, color for 
mation does not occur as a result of the backflash exposure 
and post-exposure, So that the relief image has contrast in 
color between the raised polymerized areas and the floor of 
the plate. The thickness and the Solid nature of the elasto 
meric photopolymerizable layer hinder the energy from the 
exposure from inducing the reaction of the onium Salt with 
the leuco dye. Such that, color formation is delayed relative 
to photopolymerization, but Still occurs, during the main 
exposure time. Also color formation may not occur during 
the short backflash exposure and post-exposure times, Since 
Sufficient exposure energy may not be reached to induce the 
color change. For elements having a photopolymerizable 
layer greater than about 112 mils (0.28 cm) and the onium 
Salt and leuco dye in the Stated range, the exposure energy 
is about 2.0 Joules/cm in order to reach the threshold in 
which photoinduced color change of the onium Salt with the 
leuco dye begins. For elements less than 112 mils (0.28 cm) 
the threshold energy is about 1.0 Joules/cm’. In order for the 
floor of the element not to change color and thereby contrast 
with the raised areas of the relief, the total amount of energy 
of both the backflash exposure and the post-exposure should 
be less than the threshold energy. It is possible to Select a 
combination of the amount of the leuco dye (and onium 
salt), photopolymerizable layer thickness, and/or exposure 
times in which photoinduced color change occurs at Sub 
Stantially the same time that polymerization occurs for each 
eXposure. 

0040 Since the leuco dye is converted to its color form 
during the same imagewise exposure that the exposed areas 
of the photopolymerizable layer polymerize, the change in 
color of the exposed areas, i.e., color contrast, can also be an 
indicator that the photopolymerizable layer has been given 
Sufficient imagewise exposure. Observation of Visual color 
contrast in the element would avoid over exposing as well as 
underexposing the element during the main exposure. The 
amount of lueco dye is determined So that it is completely 
consumed by the acid of the onium Salt within the imagewise 
exposure time for optimum polymerization of the photopo 
lymerizable layer. 

0041. The photopolymerizable composition may also 
contain an inert dye to provide the unexposed "raw plate, 
i.e., photopolymerizable printing element, with a character 
istic color. The reaction of the onium salt with the leuco dye 
will generate a color form of the leuco dye in those portions 
of the photopolymerizable layer which were exposed to 
radiation. If the inert dye and the color form of the leuco dye 
are too similar in color, the color of the exposed areas and 
the color of the unexposed areas will not be differentiated 
enough to provide Sufficient contrast to the image. In order 
to take best advantage of the present invention of providing 
enhanced color contrast for the photoSensitive element, the 
inert dye and/or the leuco dye should be chosen in order to 
enhance the color differentiation and provide the desired 
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color contrast between the exposed areas and unexposed 
(and/or underexposed) areas of the photopolymerizable 
layer. 

0042. The photopolymerizable composition can contain 
other additives depending on the final properties desired. 
Additional additives to the photopolymerizable composition 
include Sensitizers, plasticizers, rheology modifiers, thermal 
polymerization inhibitors, colorants, processing aids, anti 
oxidants, antioZonants, and fillers. Sensitizers can be used to 
enhance the color effect in various color formation Systems. 
Although the present photopolymerizable composition may 
include a Sensitizer, it is preferred not include a Sensitizer in 
the composition. The onium Salt and leuco dye alone in the 
photopolymerizable composition provide Sufficient color 
contrast to the exposed areas of the element. Processing aids 
may include low molecular weight polymers compatible 
with the elastomeric block copolymer, Such as low molecu 
lar weight alpha-methylstyrene polymers or copolymers. 
AntioZonants include hydrocarbon waxes, norbornenes, and 
vegetable oils. Suitable antioxidants include alkylated phe 
nols, alkylated bisphenols, polymerized trimethyldihydro 
quinone, and dilauryl thiopropinoate. 

0043. Plasticizers are used to adjust the film forming 
properties of the elastomer. Examples of Suitable plasticizers 
include aliphatic hydrocarbon oils, e.g., naphthenic and 
paraffinic oils, liquid polydienes, e.g., liquid polybutadiene; 
liquid polyisoprene, polystyrene, poly-alpha-methyl Sty 
rene, alpha-methylstyrenevinyltoluene copolymers, pen 
taerythritol ester of hydrogenated rosin; polyterpene resins, 
and ester resins. Generally, plasticizers are liquids having 
molecular weights of less than about 5000, but can have 
molecular weights up to about 30,000. Plasticizers having 
low molecular weight will encompass molecular weights 
less than about 30,000. 

0044) The thickness of the photopolymerizable layer can 
vary over a wide range depending upon the type of printing 
plate desired, for example, from about 0.020 inches to about 
0.250 inches or greater (about 0.05 cm to about 0.64 cm or 
greater). For So-called “thin plates' typically the photopo 
lymerization layer can range from about 0.020 inches to 
about 0.067 inches (about 0.05 cm to about 0.17 cm) in 
thickness. Thin plates can also encompass photopolymeriZ 
able layers about 0.112 inches (0.28 cm). Thicker plates can 
have a photopolymerizable layer of about 0.112 inches to 
about 0.250 inches or greater (0.28 cm to about 0.64 cm or 
greater). 
004.5 The photopolymerizable layer itself can be pre 
pared in many ways by admixing the binder, monomer, 
initiator, onium Salt, leuco dye, and other ingredients. It is 
preferred that the photopolymerizable mixture be formed 
into a hot melt and then calendered to the desired thickness. 
An extruder can be used to perform the functions of melting, 
mixing, deaerating and filtering the composition. The 
extruded mixture is then calendered between the Support and 
a temporary coversheet. Generally, the use of onium Salts 
and leuco dyes that are Sensitive to heat should be avoided 
when the photopolymerizable layer is formed into a hot melt 
and calendered to prevent premature color formation of the 
element. Alternatively, the photopolymerizable material can 
be placed between the Support and the temporary coversheet 
in a mold. The layers of material are then pressed flat by the 
application of heat and/or pressure. Cylindrical SeamleSS 
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photopolymerizable elements may be prepared according to 
the method and apparatus disclosed by Cushner et al. in U.S. 
Pat. No. 5,798,019. 
0046) The photosensitive element includes at least one 
photopolymerizable layer that can be of a bi- or multi-layer 
construction. Further, the photosensitive element may 
include an elastomeric capping layer on the at least one 
photopolymerizable layer. The elastomeric capping layer 
should have an elastic modulus in the polymerized State not 
Substantially less than the elastic modulus of the photopo 
lymerizable layer in the exposed State. The composition of 
the elastomeric layer comprises an elastomeric polymeric 
binder, a Second onium Salt and a Second leuco dye. Both the 
Second onium Salt and the Second leuco dye can be the same 
or different than the onium salt and the leuco dye in the 
photopolymerizable layer. A Second polymeric binder and a 
nonmigratory dye or pigment can optionally be present in 
the elastomeric capping layer. The elastomeric composition 
can also contain a monomer or monomers and a photoini 
tiating System. The elastomeric polymeric binder in the 
elastomeric composition is generally the same as or similar 
to the elastomeric binder present in the photopolymerizable 
layer. The elastomeric capping layer is typically part of a 
multilayer cover element that becomes part of the photo 
Sensitive printing element during calendering of the photo 
polymerizable layer. The thickness of the elastomeric cap 
ping layer is typically 1.5 to 3.0 mils (38.1 to 76.2 micron), 
preferably 1.8 to 2.8 mils (45.7 to 71.1 micron). Such 
multilayer cover elements and compositions Suitable as the 
elastomeric capping layer are disclosed in Gruetzmacher et 
al., U.S. Pat. No. 4,427,759 and U.S. Pat. No. 4,460,675. 
Although the elastomeric capping layer may not necessarily 
contain photoreactive components, the layer ultimately 
becomes photoSensitive when in contact with the photopo 
lymerizable layer. AS Such, upon imagewise exposure to 
actinic radiation, the elastomeric capping layer has portions 
in which polymerization or crosslinking have occurred and 
portions which remain unpolymerized, i.e., uncrosslinked. 
Treating with washout Solutions or heat causes the unpoly 
merized portions of the elastomeric capping layer to be 
removed along with the photopolymerizable layer in order to 
form the relief Surface. The elastomeric capping layer that 
has been exposed to actinic radiation remains on the Surface 
of the polymerized areas of the photopolymerizable layer 
and becomes the actual printing Surface of the printing plate. 
0047 The present photosensitive printing element may 
further comprise one or more additional layerS on the at least 
one photopolymerizable layer. Additional layers on the 
photopolymerizable layer include release layer, an actinic 
radiation opaque layer, a barrier layer, and a layer which 
alters the Surface characteristics of the photoSensitive ele 
ment. One additional layer may provide multiple functions 
for the photosensitive element. One or more of the additional 
layers can cover the photopolymerizable layer. If the actinic 
radiation opaque layer is present, at least one barrier layer 
may be interposed between the photopolymerizable layer 
and the radiation opaque layer. If present, the barrier layer 
minimizes migration of materials between the photopoly 
merizable layer and the radiation opaque layer. Monomers 
and plasticizers can migrate over time if they are compatible 
with the materials in an adjacent layer. Such migration can 
occur, for example, from the photopolymerizable layer into 
the radiation opaque layer. In Such instances, the infrared 
Sensitivity of the radiation opaque layer may be altered. In 
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addition, Such migration can cause Smearing and tackifying 
of the radiation opaque layer after imaging. 
0048 Since the surface of the photopolymerizable layer 
may be tacky, a release layer having a Substantially non 
tacky Surface can be applied to the Surface of the photopo 
lymerizable layer. Such release layer can protect the Surface 
of the photopolymerizable layer from being damaged during 
removal of an optional temporary coversheet and can ensure 
that the photopolymerizable layer does not Stick to the 
coversheet. During image exposure, the release layer can 
prevent the image-bearing mask from binding with the 
photopolymerizable layer. The release layer is insensitive to 
actinic radiation. The release layer is also Suitable as a first 
embodiment of the barrier layer which is optionally inter 
posed between the photopolymerizable layer and the actinic 
radiation opaque layer. The elastomeric capping layer may 
also function as a Second embodiment of the barrier layer. 
Examples of Suitable materials for the release layer are well 
known in the art, and include polyamides, polyvinyl alcohol, 
hydroxyalkyl cellulose, copolymers of ethylene and Vinyl 
acetate, amphoteric interpolymers, and combinations 
thereof. 

0049. The photosensitive printing element may further 
include the actinic radiation opaque layer disposed above a 
Surface of the photopolymerizable layer opposite the Sup 
port. The actinic radiation opaque layer may Substantially 
cover the Surface or only cover an imageable portion of the 
photopolymerizable layer. The actinic radiation opaque 
layer is Substantially opaque to actinic radiation and pref 
erably is sensitive to infrared radiation. The actinic radiation 
opaque layer can be used with or without the barrier layer. 
If used with the barrier layer, the barrier layer is disposed 
between the photopolymerizable layer and the radiation 
opaque layer. The actinic radiation opaque layer comprises 
a radiation-opaque material, an infrared-absorbing material, 
and an optional binder. Dark inorganic pigments, Such as 
carbon black and graphite, mixtures of pigments, metals, 
and metal alloys generally function as both infrared-sensi 
tive material and radiation-opaque material. The optional 
binder is a polymeric material which includes, but is not 
limited to, Self-Oxidizing polymers, non-Self-oxidizing poly 
mers, thermochemically decomposable polymers, polymers 
and copolymers of butadiene and isoprene with Styrene 
and/or olefins, pyrolyzable polymers, amphoteric interpoly 
mers, polyethylene wax, materials conventionally used as 
the release layer described above, and combinations thereof. 
The thickness of the infrared-sensitive layer should be in a 
range to optimize both Sensitivity and opacity, which is 
generally from about 20 Angstroms to about 50 microme 
ters. The actinic radiation opaque layer should have a 
transmission optical density of greater than 2.0 in order to 
effectively block actinic radiation and the polymerization of 
the underlying photopolymerizable layer. 

0050. The actinic radiation opaque layer is employed in 
digital direct-to-plate image technology in which laser radia 
tion, typically infrared laser radiation, is used to form a mask 
of the image for the photosensitive element (instead of the 
conventional image transparency or phototool). Digital 
methods create a mask image in Situ on or disposed above 
the photopolymerizable layer with laser radiation. Digital 
methods of creating the mask image require one or more 
Steps to prepare the photosensitive element prior to image 
wise exposure. Generally, digital methods of in-situ mask 
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formation either Selectively remove or transfer the radiation 
opaque layer, from or to a Surface of the photoSensitive 
element opposite the support. The method by which the 
mask is formed with the radiation opaque layer on the 
photoSensitive element is not limited. The photoSensitive 
element may include the actinic radiation opaque layer 
disposed above and covers or Substantially covers the entire 
Surface of the photopolymerizable layer. In this case the 
infrared laser radiation imagewise removes, i.e., ablates or 
Vaporizes, the radiation opaque layer and forms an in-Situ 
mask as disclosed by Fan in U.S. Pat. No. 5,262,275; Fan in 
U.S. Pat. No. 5,719,009; Fan in EP 0 741 330 A1; and Van 
Zoeren in U.S. Pat. Nos. 5,506,086 and 5,705,310. A mate 
rial capture sheet adjacent the radiation opaque layer may be 
present during laser exposure to capture the material as it is 
removed from the photoSensitive element as disclosed by 
Van Zoeren in U.S. Pat. No. 5,705,310. Only the portions of 
the radiation opaque layer that were not removed from the 
photoSensitive element will remain on the element forming 
the in-situ mask. 

0051. In another digital method of mask formation, the 
photoSensitive element will not initially include the actinic 
radiation opaque layer. A separate element bearing the 
radiation opaque layer will form an assemblage with the 
photoSensitive element Such that the radiation opaque layer 
is adjacent the Surface of the photosensitive element oppo 
Site the Support, which is typically is the photopolymerizable 
layer. (If present, a coversheet associated with the photo 
Sensitive element typically is removed prior to forming the 
assemblage.) The separate element may include one or more 
other layers, Such as ejection layerS or heating layers, to aid 
in the digital exposure process. Hereto, the radiation opaque 
layer is also Sensitive to infrared radiation. The assemblage 
is exposed imagewise with infrared laser radiation to Selec 
tively transfer or selectively alter the adhesion balance of the 
radiation opaque layer and form the image on or disposed 
above the photopolymerizable layer as disclosed by Fan et 
al. in U.S. Pat. No. 5,607,814; and Blanchett in U.S. Pat. 
Nos. 5,766,819; 5,840,463; and EPO 891877A. As a result 
of the imagewise transfer process, only the transferred 
portions of the radiation opaque layer will reside on the 
photoSensitive element forming the in-situ mask. 
0.052 It is also contemplated that digital mask formation 
can be accomplished by imagewise application of the radia 
tion opaque material in the form of inkjet inkS. Imagewise 
application of an ink-jet ink can be directly on the photo 
polymerizable layer or disposed above the photopolymeriz 
able layer on another layer of the photosensitive element. 
Another contemplated method that digital mask formation 
can be accomplished is by creating the mask image of the 
radiation opaque layer on a separate carrier and then trans 
ferring with application of heat and/or pressure to the 
Surface of the photopolymerizable layer opposite the Sup 
port. The photopolymerizable layer is typically tacky and 
will retain the transferred image. The Separate carrier can 
then be removed from the element prior to imagewise 
exposure. The Separate carrier may have a radiation opaque 
layer that is imagewise exposed to laser radiation to Selec 
tively remove the radiation opaque material and form the 
image. 

0053. It is also possible to use more than one additional 
layerS or types of layer. For example, an elastomeric capping 
layer may be present next to the photopolymerizable layer 
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and this, in turn, may be overcoated with a release layer. The 
exact choice of additional layer(s) will depend on the nature 
of the photopolymerizable layer, whether or not the actinic 
radiation opaque layer is present, the nature of the radiation 
opaque layer and other physical requirements of the photo 
Sensitive element. 

0054 The photosensitive printing element of the present 
invention may further include a temporary coversheet on top 
of the uppermost layer of the element. One purpose of the 
coversheet is to protect the uppermost layer of the photo 
Sensitive printing element during Storage and handling. 
Examples of Suitable materials for the coversheet include 
thin films of polystyrene, polyethylene, polypropylene, 
polycarbonate, fluoropolymers, polyamide or polyesters, 
which can be subbed with release layers. The coversheet is 
preferably prepared from polyester, Such as Mylar(R) poly 
ethylene terephthalate film; most preferably the coversheet 
is 5-mil Mylar(R). 
0055. In preparation for the next step of the process 
which is to overall expose the photoSensitive element to 
actinic radiation through a mask, an in-situ mask image may 
need to be formed on or disposed above the surface of the 
photopolymerizable layer opposite the Support. The mask 
includes opaque areas and “clear areas that form the image. 
The opaque areas of the mask prevent the photopolymeriZ 
able material beneath from being eXposed to the radiation 
and hence those areas of the photopolymerizable layer 
covered by the dark areas do not polymerize. The “clear” 
areas of the mask expose the photopolymerizable layer to 
actinic radiation and polymerize or crosslink. The image 
necessary for the imagewise exposure of the photopolymer 
izable layer can be generated by any method including 
conventional and digital methods, including inkjet applica 
tion. 

0056. The infrared laser exposure can be carried out 
using various types of infrared lasers, which emit in the 
range 750 to 20,000 nm. Infrared lasers including diode 
lasers emitting in the range 780 to 2,000 nm and Nd:YAG 
lasers emitting at 1064 nm are preferred. A preferred appa 
ratus and method for infrared laser exposure to imagewise 
remove the actinic radiation opaque layer from the photo 
sensitive element is disclosed by Fan et al. in U.S. Pat. Nos. 
5,760,880 and 5,654,125. The in situ mask images remain on 
the photosensitive element for Subsequent Steps of overall 
exposure to actinic radiation and treating. 
0057 The next step of the process of the present inven 
tion is to overall expose the photosensitive element to actinic 
radiation through a mask, that is, imagewise exposure of the 
element. If the digital mask was formed in-situ on the 
photosensitive element, the element is overall exposed 
through the in-situ mask image. 
0058 Alternatively, a conventional method for image 
wise exposure is by using an image-bearing transparency 
film or phototool, typically a Silver halide film, as the mask. 
Typically, the phototool includes the image on a polyester 
base that is 5 to 7 mils thick. The image-bearing transpar 
ency film is placed on the release layer, a vacuum is pulled 
to assure good contact of the mask film to the element, and 
the element is exposed. The image-bearing transparency 
film is removed from the element prior to treating. 
0059. The photosensitive element of the present inven 
tion is exposed through the mask to actinic radiation from 
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Suitable Sources. The actinic radiation exposure time can 
vary from a few Seconds to minutes, depending upon the 
intensity and Spectral energy distribution of the radiation, its 
distance from the photoSensitive element, the desired image 
resolution, and the nature and amount of the photopolymer 
izable composition. Exposure temperatures are preferably 
ambient or slightly higher, i.e., about 20 to about 35 C. 
Exposure is of Sufficient duration to crosslink the exposed 
areas down to the Support or to the back exposed layer, i.e., 
floor, and to convert the leuco dye into its color form to 
change the color in the exposed areas. Imagewise exposure 
time is typically much longer than backflash exposure time, 
and ranges from a few to tens of minutes. 
0060 Actinic radiation sources encompass the ultraviolet 
and visible wavelength regions. The Suitability of a particu 
lar actinic radiation Source is governed by the photosensi 
tivity of the initiator and the at least one monomer used in 
preparing the flexographic printing plates, as well as the 
photoSensitivity of the onium Salt and leuco dye used to 
provide color contrast. The preferred photosensitivity of 
most common flexographic printing plates are in the UV and 
deep UV area of the spectrum, as they afford better room 
light stability. Examples of suitable visible and UV sources 
include carbon arcs, mercury-vapor arcs, fluorescent lamps, 
electron flash units, electron beam units, lasers, and photo 
graphic flood lamps. The most suitable sources of UV 
radiation are the mercury vapor lamps, particularly the Sun 
lamps. Examples of industry Standard radiation Sources 
include the Sylvania 350 Blacklight fluorescent lamp 
(FR48T12/350 VL/VHO/180, 115w), and the Philips UV-A 
“TL'-Series low-pressure mercury-vapor fluorescent lamps. 
Typically, a mercury vapor arc or a Sunlamp can be used at 
a distance of about 1.5 to about 60 inches (about 3.8 to about 
153 cm) from the photosensitive element. These radiation 
Sources generally emit long-wave UV radiation between 
310-400 nm. Flexographic printing plates sensitive to these 
particular UV sources use photoinitiators that absorb 
between 310-400 nm. 

0061 Imagewise exposure of the photosensitive element 
to actinic radiation may be conducted in the presence or 
absence of atmospheric oxygen for photoSensitive elements 
having an in Situ mask. Atmospheric oxygen is eliminated 
when the exposure is conducted in a vacuum. The exposure 
may be conducted in a vacuum to minimize the effects of 
oxygen on the polymerization reactions occurring in that 
layer. The exposure may be conducted in the presence of 
atmospheric oxygen Since the mask is formed in Situ or 
applied imagewise with radiation opaque material on the 
photopolymerizable layer, there is no need for vacuum to 
assure intimate contact of the in-situ mask. In the process of 
preparing a digital flexographic printing plate or sleeve, the 
overall exposure Step preferably is conducted without 
Vacuum, i.e., while the photosensitive element is in the 
presence of atmospheric oxygen, and without any additional 
layerS present on top of the in-situ mask. For photoSensitive 
elements that are exposed through an image transparency, 
the exposure must be conducted in Vacuum to assure good 
contact between the image transparency and the photosen 
Sitive element. 

0062) The process of the invention usually includes a 
back exposure or backflash Step. This is a blanket exposure 
to actinic radiation through the Support. It is used to create 
a layer of polymerized material, or a floor, on the Support 
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Side of the photopolymerizable layer and to Sensitize the 
photopolymerizable layer. The floor provides improved 
adhesion between the photopolymerizable layer and the 
Support, helps highlight dot resolution and also establishes 
the depth of the plate relief. The backflash exposure can take 
place before, after or during the other imaging Steps. Any of 
the conventional radiation Sources discussed above for the 
overall (imagewise) actinic radiation exposure Step can be 
used for the backflash exposure Step. Exposure time gener 
ally range from a few Seconds up to a few minutes. 
0063 Since the time for backflash exposure is relatively 
Short (compared to the exposure time of the imagewise 
exposure), the photosensitive element is not given a Suffi 
cient amount of radiation during backflash to induce the 
photoreaction of the onium Salt and leuco dye. Thus the 
element is “underexposed’ relative to the photoinduced 
reaction of the onium Salt and the leuco dye, even though the 
backflash exposure is Suitable to polymerize and form a floor 
in the photopolymerizable layer. The leuco dye (and the 
onium salt) can be present in Such an amount that the 
reaction of the onium Salt and leuco dye occurs during the 
backflash exposure, but is not desireable. In this case, the 
color of the floor of the element would change to the color 
of the color form of the leuco dye. Thus no color contrast 
would exist between the exposed (raised) areas and the floor 
of the photopolymerizable layer after treating to form the 
relief in the element. 

0064. Following overall exposure to UV radiation 
through the mask, the photoSensitive printing element is 
treated to remove unpolymerized areas in the photopoly 
merizable layer and thereby form a relief image. The treating 
Step removes at least the photopolymerizable layer in the 
areas which were not exposed to actinic radiation, i.e., the 
unexposed areas or uncured areas, of the photopolymeriz 
able layer. Except for the elastomeric capping layer, typi 
cally the additional layers that may be present on the 
photopolymerizable layer are removed or Substantially 
removed from the polymerized areas of the photopolymer 
izable layer. For photosensitive elements in which the mask 
was formed digitially, the treating Step also removes the 
mask image (which had been exposed to actinic radiation) 
and the underlying unexposed areas of the photopolymer 
izable layer. 

0065 Treatment of the photosensitive printing element 
includes (1) “wet” development wherein the photopolymer 
izable layer is contacted with a Suitable developer Solution 
to washout unpolymerized areas and (2) “dry” development 
wherein the photoSensitive element is heated to a develop 
ment temperature which causes the unpolymerized areas of 
the photopolymerizable layer to melt or soften or flow and 
is wicked away by contact with an absorbant material. Dry 
development may also be called thermal development. 

0066 Wet development is usually carried out at about 
room temperature. The developerS can be organic Solvents, 
aqueous or Semi-aqueous Solutions, and water. The choice of 
the developer will depend primarily on the chemical nature 
of the photopolymerizable material to be removed. Suitable 
organic Solvent developerS include aromatic or aliphatic 
hydrocarbon and aliphatic or aromatic halohydrocarbon 
Solvents, or mixtures of Such Solvents with Suitable alcohols. 
Other organic Solvent developerS have been disclosed in 
published German Application 38 28 551. Suitable semi 
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aqueous developers usually contain water and a water mis 
cible organic Solvent and an alkaline material. Suitable 
aqueous developerS usually contain water and an alkaline 
material. Other Suitable aqueous developer combinations are 
described in U.S. Pat. No. 3,796,602. 
0067. Development time can vary, but it is preferably in 
the range of about 2 to about 25 minutes. Developer can be 
applied in any convenient manner, including immersion, 
Spraying and brush or roller application. Brushing aids can 
be used to remove the unpolymerized portions of the ele 
ment. Washout can be carried out in an automatic processing 
unit which uses developer and mechanical brushing action to 
remove the unexposed portions of the plate, leaving a relief 
constituting the exposed image and the floor. 
0068. Following treatment by developing in solution, the 
relief printing plates are generally blotted or wiped dry, and 
then more fully dried in a forced air or infrared oven. Drying 
times and temperatures may vary, however, typically the 
plate is dried for 60 to 120 minutes at 60° C. High tem 
peratures are not recommended because the Support can 
Shrink and this can cause registration problems. 
0069 Treating the element thermally includes heating the 
photoSensitive element having at least one photopolymeriz 
able layer (and the additional layer/s) to a temperature 
Sufficient to cause the uncured portions of the photopoly 
merizable layer to Soften or melt or flow, and contacting an 
outermost Surface of the element to an absorbent Surface to 
absorb or wick away the melt or flow portions. The poly 
merized areas of the photopolymerizable layer have a higher 
melting temperature than the unpolymerized areas and there 
fore do not melt, soften, or flow at the thermal development 
temperatures. Thermal development of photoSensitive ele 
ments to form flexographic printing plates is described by 
Martens in U.S. Pat. Nos. 5,015,556; 5,175,072; 5,215,859; 
and by Wang et al. in WO 98/13730. 
0070 The term “melt” is used to describe the behavior of 
the unirradiated portions of the photopolymerizable elasto 
meric layer Subjected to an elevated temperature that Softens 
and reduces the Viscosity to permit flow and absorption by 
the absorbent material. The material of the meltable portion 
of the photopolymerizable layer is usually a Viscoelastic 
material which does not have a sharp transition between a 
Solid and a liquid, So the process functions to absorb the 
heated composition layer at any temperature above Some 
threshold for absorption in the absorbent material. A wide 
temperature range may be utilized to "melt the composition 
layer for the purposes of this invention. Absorption may be 
slower at lower temperatures and faster at higher tempera 
tures during Successful operation of the process. 
0071. The thermal treating steps of heating the photosen 
Sitive element and contacting an outermost Surface of the 
element with an absorbent material can be done at the same 
time, or in Sequence provided that the uncured portions of 
the photopolymerizable layer are Still Soft or in a melt State 
when contacted with the absorbent material. The at least one 
photopolymerizable layer (and the additional layer/s) are 
heated by conduction, convection, radiation, or other heating 
methods to a temperature Sufficient to effect melting of the 
uncured portions but not So high as to effect distortion of the 
cured portions of the layer. The one or more additional layers 
disposed above the photopolymerizable layer may Soften or 
melt or flow and be absorbed as well by the absorbent 
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material. The photosensitive element is heated to a Surface 
temperature above about 40 C., preferably from about 40 
C. to about 230° C. (104-446°F) in order to effect melting 
or flowing of the uncured portions of the photopolymeriZ 
able layer. By maintaining more or leSS intimate contact of 
the absorbent material with the photopolymerizable layer 
that is molten in the uncured regions, a transfer of the 
uncured photoSensitive material from the photopolymeriz 
able layer to the absorbent material takes place. While still 
in the heated condition, the absorbent material is separated 
from the cured photopolymerizable layer in contact with the 
Support layer to reveal the relief Structure. A cycle of the 
Steps of heating the photopolymerizable layer and contacting 
the molten (portions) layer with an absorbent material can be 
repeated as many times as necessary to adequately remove 
the uncured material and create sufficient relief depth. How 
ever, it is desirable to minimize the number of cycles for 
Suitable System performance, and typically the photopoly 
merizable element is thermally treated for 5 to 15 cycles. 
Intimate contact of the absorbent material to the photopo 
lymerizable layer (while in the uncured portions are melt) 
may be maintained by the pressing the layer and the absor 
bent material together. 

0072 A preferred apparatus to thermally develop the 
photosensitive element is disclosed by Peterson et al. in U.S. 
Pat. No. 5.279,697, and also by Johnson et al. in Patent 
Cooperation Treaty Application No. PCT/US00/24400 filed 
Sep. 6, 2000 (IM-1289 PCT). The photosensitive element 
may be placed on a drum or a planar Surface in order for 
thermal treatment to be carried out. 

0073. The absorbent material is selected having a melt 
temperature exceeding the melt temperature of the uncured 
portions of the photopolymerizable layer and having good 
tear resistance at the same operating temperatures. Prefer 
ably, the Selected material withstands the temperatures 
required to process the photoSensitive element during heat 
ing. The absorbent material is Selected from non-woven 
materials, paper Stocks, fibrous woven material, open-celled 
foam materials, porous materials that contain more or leSS a 
Substantial fraction of their included volume as void volume. 
The absorbent material can be in web or sheet form. The 
absorbent materials should also possess a high absorbency 
for the molten elastomeric composition as measured by the 
grams of elastomer that can be absorbed per Square milli 
meter of the absorbent material. Preferred is a nonwoven 
nylon web. 

0074. It is also contemplated that the photosensitive 
element may undergo one or more treating Steps to Suffi 
ciently remove the uncured portions to form the relief. The 
photosensitive element may undergo both wet development 
and dry development, in any order, to form the relief. A 
pre-development treating Step may be necessary to remove 
one or more of the additional layerS disposed above the 
photopolymerizable layer if Such additional layers are not 
removable by the washout Solution and/or by heating. 

0075. The photosensitive printing elements of the present 
invention can be uniformly post-exposed to ensure that the 
photopolymerization proceSS is complete and that the ele 
ment will remain Stable during printing and Storage. This 
post-exposure Step can utilize the same radiation Source as 
the main overall exposure. Since it is preferred that the leuco 
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dye was consumed by the main overall exposure, no further 
change in color contrast should occur as a result of post 
eXposure. 

0.076 Detackification is an optional post-development 
treatment that can be applied if the Surface of the photosen 
Sitive printing element is still tacky, Such tackineSS not 
generally being removed in post-exposure. TackineSS can be 
eliminated by methods well known in the art, Such as 
treatment with bromine or chlorine solutions. Preferably, 
detackification is accomplished by exposure to radiation 
Sources having a wavelength not longer than 300 nm, as 
disclosed in European Published Patent Application 0 
017927 and Gibson U.S. Pat. No. 4,806,506. Since the 
detackification Step occurs at a different wavelength than the 
main exposure and the Sensitivity of the onium Salt is 
matched to the wavelength of the main exposure, no change 
in color contrast will occur as a result of detackification Step. 
However, the presence of exceSS leuco dye in the photopo 
lymerizable layer when detackifying may result in color 
change. 

EXAMPLES 

0077. In the following examples, all percentages are by 
weight unless otherwise noted. CYREL(R) exposure unit and 
CYREL(R) OPTISOL(R) developing solution are all available 
from The DuPont Company (Wilmington, Del.). 

Example 1 
0078. The following mixture was prepared: 76% of a 
poly(styrenefisoprene/styrene) binder, 12.5% of polyiso 
prene oil (Mw-30,000), 7% of a diacrylic monomer, 2.5% of 
a first photoinitiator (Irgacure 651, a benzyldimethylketal 
from Ciba), 0.5% of a second photoinitiator (Esacure TZT, 
4-methylbenzophenone from Lamberti), 0.5% of a thermal 
stabilizer, 0.25% of a solution of inert dye, 0.5% of iodo 
nium Salt (4-((octyloxy)phenylphenyl)iodonium hexafluo 
roantimonate), and 0.25% of leuco Crystal Violet Lactone 
(Pergascript Blue), a blue color promoter. The inert dye 
provided a pink-red color to the mixture. The first photo 
initiator was used for crosslinking the mixture during the 
main exposure Step and had an absorption maximum at 365 
nm, and the Second photoinitiator was used for the light 
finishing Step and had an absorption maximum at 260 nm. 
0079 The mixture was extruded and calendered to form 
a photosensitive element having a photopolymerizable layer 
between a support of Mylar(R) (5 mils) and a coversheet (7 
mils). The coversheet included a release layer of Mac 
romelt(R) polyamide, which was adjacent the photopolymer 
izable layer. The total thickness of the element was 72 mils. 
The element obtained was backflash exposed to UV light 
(365 nm) for 45 seconds (0.75 joules/cm') on a CYREL 
exposure unit to form a floor. No change in color was 
observed for the element as a result of this step, that is, the 
photopolymerizable layer remained a pink-red color. The 
coversheet was removed, and an image-bearing negative 
was placed on a Surface of the element opposite the Support, 
and a vacuum was drawn. The element was exposed to UV 
light (365 nm) through the negative for 12 minutes (12 
joules/cm) on the exposure unit. A change in color was 
observed between the exposed areas and the unexposed 
areas of the photopolymerizable layer. The exposed areas 
(polymerized portions) were dark blue whereas the unex 
posed areas (unpolymerized portions) remained pink-red. 
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0080. The element was developed in organic solvent, 
CYREL(E) OPTISOLCE) washout Solution for 480 seconds in 
a CYREL 1002 type processor to remove the unexposed 
areas and form a relief printing plate. The plate was then 
dried for 2 hours in a convection oven. The color contrast 
remained unchanged after these two additional Steps. The 
exposed areas (raised imaged areas) were dark blue and the 
floor (valley areas) were pink-red. After drying, the plate 
was further exposed to UV light (254 nm) on the exposure 
unit for 7 minutes to light finish eliminating any residual 
tackiness. The contrast between the image areas and the 
floor areas remained unchanged. 

Example 2 

0081. The following mixture was prepared: 64.5% of a 
poly (styrene/butadiene/styrene) binder, 26% of a polybuta 
diene oil (Mw-20,000), 6% of a diacrylic monomer, 1.65% 
of a first photoinitiator, 0.5% of a second photoinitiator, 
0.5% of a thermal stabilizer, 0.25% of a solution of inert dye, 
0.4% of a sulphonium salt (thiophenoxyphenyl diphenylsul 
phonium hexafluoro antimonate), and 0.2% of a leuco dye 
grape color promoter (Copykem Magenta). The inert dye 
provided a pink-red color to the mixture. The first photo 
initiator was used to crosslink the mixture during the main 
exposure Step and has an absorption maximum at 365 nm, 
and the Second photoinitiator was used for light finishing 
Step and has an absorption maximum at 260 nm. 
0082 Similar to Example 1, the mixture was extruded 
and calendered to form a photoSensitive element having a 
photopolymerizable layer between the Support and the cov 
ersheet. The total thickness of the element was 165 mils. The 
element obtained was backflash exposed to UV light (365 
nm) for 75 seconds (1.25 joules/cm) to form a floor. No 
change in color was observed during this Step, that is, the 
photopolymerizable layer remained a pink-red color. The 
coversheet was removed, and an image-bearing negative 
was placed on a Surface of the element opposite the Support, 
and a vacuum was drawn. The element was exposed to UV 
light (365 nm) through the negative for 20 minutes (20 
joules/cm) on the exposure unit. A change in color was 
observed between the exposed areas and the unexposed 
areas of the photopolymerizable layer. The exposed areas 
(polymerized portions) were dark magenta whereas the 
unexposed areas (unpolymerized portions) remained pink 
red. 

0083. The element was developed in organic solvent, 
CYREL(R) OPTISOL(R) washout solution, for 660 seconds in 
a CYREL 1002 type processor to remove the unexposed 
areas and form a relief printing plate. The plate was then 
dried for 2 hours in a convection oven. The color contrast 
remained unchanged after these two additional Steps. After 
drying, the plate was further exposed to UV light (254 nm) 
on the exposure unit for 7 minutes to light finish the plate 
eliminating any residual tackiness. The floor turned slight 
blue color, but the imaged (polymerized) areas remained 
dark magenta color and provided good contrast between the 
raised image areas and the floor. 

Comparative Example 1 

0084. The following mixture was prepared: 76% of a 
poly(styrenefisoprene/styrene) binder 12.5% of polyiso 
prene oil (Molecular weight=30,000), 7% of a diacrylic 
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monomer, 2.5% of a first photoinitiator, 0.5% of a second 
photoinitiator, 0.5% of a thermal stabilizer, 0.25% of a 
solution of inert dye, 0.25% of an iodonium salt (4-( 
(octyloxy)phenylphenyl)-iodonium hexafluoroanti 
monate), and 0.5% of a leuco dye of Crystal Violet Lactone 
(Pergascript Blue), a blue color promoter. The inert dye 
provided a pink-red color to the mixture. The first photo 
initiator was used to crosslink a layer of the mixture during 
the main exposure Step and had an absorption maximum at 
365 nm, and the Second photoinitiator was used to light 
finish and had an absorption maximum at 260 nm. 
0085 Similar to Example 1, the mixture was extruded 
and calendered to form a photosensitive element having a 
photopolymerizable layer between the Support and the cov 
ersheet. The total thickness of the element was 72 mils. The 
element obtained was backflash exposed to UV light (365 
nm) for 45 seconds (0.75 joules/cm ) to form a floor. No 
change in color was observed during this Step, that is, the 
photopolymerizable layer remained a pink-red color. The 
coversheet was removed, and an image-bearing negative 
was placed on the element and a vacuum was drawn. The 
element was exposed to UV light (365 nm) for 12 minutes 
(12 joules/cm) on the exposure unit. A change in color was 
observed between the exposed areas and the unexposed 
areas of the photopolymerizable layer. The exposed areas 
(polymerized portions) were blue whereas the unexposed 
areas (unpolymerized portions) remained pink-red. 
0.086 Similar to Example 1, the element was developed 
in organic Solvent and then dried for 2 hours in convection 
oven to form a relief printing plate. The color contrast 
remained unchanged after these two additional steps. After 
drying, the plate was further exposed to UV light (254 nm) 
on the exposure unit for 7 minutes to light finish. The 
contrast between the exposed areas and unexposed areas 
disappeared. Both the exposed areas and the floor areas 
turned blue. In this example, it is believed that not all the 
leuco dye was consumed during the main exposure Step. The 
remaining leuco dye further reacted during the light finish 
ing step (254 nm) and changed color of the floor. This 
demonstrated the requirement have the effective amount of 
the onium Salt in greater amount than the leuco dye. 

Comparative Example 2 
0087. The following mixture was prepared: 76% of a 
poly(styrene/isoprene/styrene) binder, 12.5% of polyiso 
prene oil (Mw-30,000), 7% of a diacrylic monomer, 2.5% of 
a first photoinitiator (Irgacure 651), 0.5% of a second 
photoinitiator (Esacure TZT), 0.5% of a thermal stabilizer, 
0.25% of a solution of inert dye, 0.5% of iodonium salt 
(4-((octyloxy)phenylphenyl)iodonium hexafluoroanti 
monate), and 0.25% of leuco dye, 6'-(diethylamino)-3'- 
methyl-2'-phenylaminospiro isobenzofuran-1-(3H).9-9H 
Xanthen-3-one (which is black/dark brown in its color 
form). The inert dye provided a pink-red color to the 
mixture. The first photoinitiator was used for crosslinking 
the mixture during the main exposure Step and had an 
absorption maximum at 365 nm, and the Second photoini 
tiator was used for the light finishing Step and had an 
absorption maximum at 260 nm. 
0088 Similar to Example 1, the mixture was extruded 
and calendered to form a photosensitive element having a 
photopolymerizable layer between a support of Mylar(R) (5 
mils) and a coversheet (7 mils). The coversheet included a 
release layer of Macromelt(R) polyamide, which was adjacent 
the photopolymerizable layer. The total thickness of the 
element was 72 mils. 
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0089. The element obtained was backflash exposed to 
UV light (365 nm) for 45 seconds (0.75 joules/cm) on a 
CYREL exposure unit to form a floor. No change in color 
was observed for the element as a result of this Step, that is, 
the photopolymerizable layer remained a pink-red color. The 
coversheet was removed, and an image-bearing negative 
was placed on a Surface of the element opposite the Support, 
and a vacuum was drawn. The element was exposed to UV 
light (365 nm) through the negative for 12 joules (12 
joules/cm) on the exposure unit. A change in color was 
observed between the exposed areas and the unexposed 
areas of the photopolymerizable layer. The exposed areas 
(polymerized portions) were dark brown whereas the unex 
posed areas (unpolymerized portions) remained pink-red. 
Due to the interference of the color formation with the 
polymerization process, the exposed areas were Soft and not 
fully crosslinked. 
0090 The element was developed in organic solvent, 
CYREL OPTISOL washout Solution for 480 seconds in a 
CYREL 1002 type processor to remove the unexposed areas 
and form a relief printing plate. The plate was then dried for 
2 hours in a convection oven. The color contrast remained 
unchanged after these two additional Steps, with exposed 
areas dark brown and unexposed areas (the floor) pink-red, 
but Some of the exposed features were lost in the developing 
Step due to the incomplete polymerization of the plate. After 
drying, the plate was further exposed to UV light (254 nm) 
on the exposure unit for 7 joules to light finish eliminating 
any residual tackiness. The contrast between the exposed 
areas (image) and unexposed (floor) areas remain 
unchanged, but the image areas remained weak and Soft. 

What is claimed is: 
1. A photopolymerizable element for use as a flexographic 

printing plate comprising: 
(a) a Support; 
(b) a photopolymerizable elastomeric layer on the Sup 

port, comprising a binder, at least one monomer, a 
photoinitiator, an onium Salt and a leuco dye. 

2. The photopolymerizable element of claim 1 wherein 
the onium Salt is Selected from the group consisting of 
phosphonium Salts, Selenonium Salts, triarylselenonium 
Salts, aryldiazonium Salts, iodonium Salts, diaryliodonium 
Salts, Sulfonium Salts, triarylsulphonium Salts, dialkylphena 
cylsulphonium Salts, triarylsulphoXonium Salts, aryloxydi 
arylsulphoXonium Salts, dialkylphenacylsulphoXonium 
Salts, and combinations thereof. 

3. The photopolymerizable element of claim 2 wherein 
the onium Salt is Selected from the group consisting of 
Sulfonium Salts, phosphonium Salts, and iodonium Salts. 

4. The photopolymerizable element of claim 1 wherein 
the leuco dye is a cyclic lactone dye. 

5. The photopolymerizable element of claim 4 wherein 
the cyclic lactone dye is Selected from the group consisting 
of aminotriarylmethane compounds, amino-2,3-dihydroan 
thraquinones, and tetrahyhalo-p,p'-bihenols. 

6. The photopolymerizable element of claim 4 wherein 
the cyclic lactone dye is Selected from the group consisting 
of 

6'-(diethylamino)-3'-methyl-2'-(phenylamino) 
spiro(isobenzofuran-1 (3H).9'-(9H)xanthen)-3-one; 

2'-di(phenylmethyl) amino-6'-(diethylamino) 
spiro(isobenzofuran-1 (3H).9'-(9H)xanthen)-3-one; 
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6-(dimethylamino)-3,3-bis(4-dimethylamino)phenyl 
1(3H)-isobenzofuranone; 

6-(dimethylamino)-3,3-bis(4-(dimethylamino)phenyl 
1(3H)-isobenzofuranone; 

2'-bis(phenylmethyl)amino-6'-diethylaminospirobenzo 
furan-1 (3H).9-9Hxanthen3-one; 

3-bis(4-octylphenyl)aminol-3-4-dimethylamino)phe 
nyl-3(3H)-izobenzofuranone; and 

3,3-bis(1-butyl-2-methyl-1H-indol-3-yl)-1(3H)-izoben 
Zofuranone. 

7. The photopolymerizable element of claim 1 wherein 
the onium Salt is Sensitive to the Same wavelength of 
radiation as the photoinitiator. 

8. The photopolymerizable element of claim 1 wherein 
the onium salt is sensitive to radiation between 310 and 400 

. 

9. The photopolymerizable element of claim 7 wherein 
the onium salt absorbs radiation between 345 and 365 nm. 

10. The photopolymerizable element of claim 1 wherein 
the amount of the onium salt is 0.2 to 0.6% by weight, based 
on the total weight of the components in the photopolymer 
izable layer. 

11. The photopolymerizable element of claim 1 wherein 
the onium Salt is present in greater reactive amount than the 
leuco dye. 

12. The photopolymerizable element of claim 4 wherein 
the amount of the onium Salt is at least twice the amount of 
the cyclic lactone dye. 

13. The photopolymerizable element of claim 1 wherein 
the amount of the leuco dye is 0.1 to 0.3% by weight, based 
on the total weight of the components in the photopolymer 
izable layer. 

14. The photopolymerizable element of claim 1 further 
comprising an actinic radiation opaque layer disposed above 
a Surface of the photopolymerizable layer opposite the 
Support. 

15. The photopolymerizable element of claim 1 further 
comprising a release layer disposed above a Surface of the 
photopolymerizable layer opposite the Support. 

16. The photopolymerizable element of claim 1 further 
comprising an elastomeric layer on the Surface of the 
photopolymerizable layer opposite the Support, the elasto 
meric layer comprising an elastomeric binder, a Second 
onium Salt and a Second lueco dye, wherein both of the 
Second Salt and the Second leuco dye can be the same or 
different than the onium Salt and leuco dye in the photopo 
lymerizable layer. 

17. The photopolymerizable element of claim 1 wherein 
the photopolymerizable layer is at least 0.020 inch (0.05 cm) 
thick. 

18. The photopolymerizable element of claim 1 wherein 
the binder is elastomeric. 

19. The photopolymerizable element of claim 1 wherein 
the photoinitiator is sensitive to radiation between 310 and 
400 nm, and the photopolymerizable layer further comprises 
a Second photoinitiator Sensitive to radiation between 220 
and 300 nm. 
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20. A proceSS for making a flexographic printing plate 
comprising: 

(a) providing a photosensitive element comprising a Sup 
port and a photopolymerizable elastomeric layer on the 
Support, the photopolymerizable layer comprising a 
binder, at least one monomer, a photoinitiator, an onium 
Salt and a leuco dye, 

(b) imagewise exposing the photopolymerizable layer to 
actinic radiation forming polymerized portions and 
unpolymerized portions in the layer; 

(c) treating the element of (b) to remove the unpolymer 
ized portions and form a relief Surface Suitable for 
printing. 

21. The process of claim 20 wherein the treating step (c) 
is Selected from the group consisting of 

(a) processing with at least one washout Solution Selected 
from the group consisting of Solvent Solution, aqueous 
Solution, Semi-aqueous Solution, and water, and 

(b) heating the element to a temperature Sufficient to cause 
the unpolymerized portions to melt, flow, or Soften, and 
contacting the element with an absorbant material to 
remove the unpolymerized portions. 

22. The process of claim 20 further comprising during 
imagewise exposing in portions of the photopolymerizable 
layer which are exposed to actinic radiation converting the 
leuco dye to its color form by reaction of an acid of the 
onium Salt thereby providing a change in color of the 
polymerized portions relative to the unpolymerized portions. 

23. The process of claim 20 further comprising backflash 
exposing the photopolymerizable layer through the Support 
to actinic radiation to form a floor. 

24. The process of claim 23 wherein the product of step 
(c) has a contrast in color between raised areas of the relief 
surface and the floor of the plate. 

25. The process of claim 24 further comprising mounting 
the element of Step (c) onto a carrier, sleeve, or printing 
cylinder based upon the color contrast of the imaged relief 
Surface. 

26. The process of claim 20 wherein the actinic radiation 
is between 310 and 400 nm. 

27. The process of claim 20 wherein the photopolymer 
izable layer is at least 0.020 inch (0.05 cm) thick. 

28. The process of claim 20 wherein the onium salt is 
present in greater reactive amount than the leuco dye and the 
leuco dye is 0.1 to 0.3% by weight, based on the total weight 
of the components in the photopolymerizable layer. 

29. The process of claim 20 wherein during imagewise 
exposing Step, the actinic radiation is providing at least 1.0 
joules/cm to the photopolymerizable layer. 

30. A flexographic printing plate prepared according to 
claim 23 having a contrast in color between raised areas of 
the relief Surface and the floor of the plate. 

31. The photopolymerizable element of claim 1 wherein 
the photopolymerizable layer having a first color is exposed 
to actinic radiation of at least 1 joules/cm to change the 
photopolymerizable layer to Second color. 

32. The photopolymerizable element of claim 1 wherein 
the photoinitiator when exposed to actinic radiation gener 
ates free radicals which initiate the polymerization of the at 
least one monomer. 


