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(54) Positive-working thermal imaging element and positive-working lithographic printing plate
precursor

(57) A positive-working thermal imaging element,
which can be imaged by thermal energy is made up of
a hydrophilic substrate, and a composite layer structure
composed of two layer coatings. The first layer of the
composite is composed of an aqueous developable pol-
ymer mixture containing a photothermal conversion ma-
terial which is contiguous to the hydrophilic substrate.
The second layer of the composite is composed of one

or more non-aqueous soluble polymers which are solu-
ble or dispersible in a solvent which does not dissolve
the first layer. The second layer may also contain a pho-
tothermal conversion material. The element is exposed
with an infrared laser or a thermal print head. Upon
aqueous development of the imaged unexposed por-
tions are ink-receptive.
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Description

[0001] The present invention relates to thermal litho-
graphic printing plates which are imaged with an infrared
laser and processed with an aqueous alkaline develop-
er.
[0002] U.S. 5,493,971 discloses lithographic printing
constructions which include a grained-metal substrate,
a protective layer that can also serve as an adhesion-
promoting primer, and an ablatable oleophilic surface
layer. In operation, imagewise pulses from an imaging
laser interact with the surface layer, causing ablation
thereof and, probably, inflicting some damage to the un-
derlying protective layer as well. The imaged plate may
then be subjected to a solvent that eliminates the ex-
posed protective layer, but which does no damage either
to the surface layer or to the unexposed protective layer
lying thereunder.
[0003] A heat-sensitive imaging element for making
positive working lithographic printing plates is disclosed
in European Patent Publication EP 0864420 A1. The im-
aging element disclosed comprises a lithographic base,
a layer comprising a polymeric material which is soluble
in an aqueous alkaline solution and an IR-radiation sen-
sitive second layer. Upon image-wise exposure and ab-
sorption of IR-radiation in the second (top) layer, the ca-
pacity of the aqueous alkaline solution to penetrate and/
or solubilize the second layer is changed. Image-wise
exposure can be performed with an infrared laser with
a short as well as with a long pixel dwell time.
[0004] Although advances have been made in the
preparation of heat-sensitive elements for the produc-
tion of lithographic printing plates, there remains a need
for such elements having improved sensitivity to infrared
laser imaging devices. There is also a need for longer
shelf-life with wider development latitude and wider ex-
posure latitude.

SUMMARY OF THE INVENTION

[0005] These needs are met by the present invention
which is a positive-working thermal imaging element
comprising;

A. a substrate; and
B. a thermally sensitive composite layer structure
having an inner surface contiguous to the substrate
and an outer surface, the composite layer structure
comprising:

(a) a first layer having the inner surface, the first
layer comprising a first polymeric material,
wherein the first polymeric material is soluble
or dispersible in an aqueous solution; and
(b) a second layer having the outer surface, the
second layer comprising a second polymeric
material, wherein the second layer is insoluble
in the aqueous solution, and wherein when the

first layer is free of photothermal conversion
material, the second layer is free of photother-
mal conversion material;

wherein, upon heating the composite layer structure, the
heated composite layer structure has an increased rate
of removal in the aqueous solution.
[0006] More particularly, the present invention is a
positive-working, lithographic printing plate, precursor
comprising;

A. a hydrophilic substrate; and
B. a thermally sensitive composite layer structure
having an inner surface contiguous to the hy-
drophilic substrate and an outer oleophilic surface,
the composite layer structure comprising:

(a) a first layer having the inner surface, the first
layer comprising a first polymeric material and
photothermal conversion material, wherein the
first polymeric material is soluble or dispersible
in an aqueous solution; and
(b) a second layer having the outer oleophilic
surface, the second layer comprising a second
polymeric material, wherein the second layer is
insoluble in the aqueous solution;

wherein, upon heating the composite layer structure, the
heated composite layer structure has an increased rate
of removal in the aqueous solution.
[0007] An added embodiment of this invention is a
method for forming a planographic printing plate com-
prising the steps, in the order given:

I) providing a lithographic printing plate precursor
comprising;

A. a hydrophilic substrate; and
B. a thermally sensitive composite layer struc-
ture having an inner surface contiguous to the
hydrophilic substrate and an outer oleophilic
surface, the composite layer structure compris-
ing:

(a) a first layer having the inner surface, the
first layer comprising a first polymeric ma-
terial, wherein the first polymeric material
is soluble or dispersible in an aqueous so-
lution; and
(b) a second layer having the outer ole-
ophilic surface, the second layer compris-
ing a second polymeric material, wherein
the second layer is insoluble in the aque-
ous solution, and wherein when the first
layer is free of photothermal conversion
material the second layer is free of photo-
thermal conversion material;
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II) imagewise exposing the composite layer struc-
ture to thermal energy to provide exposed portions
and complimentary unexposed portions in the com-
posite layer structure, wherein the exposed portions
are selectively removable by the aqueous solution;
and
III) applying the aqueous solution to the outer ole-
ophilic surface to remove the exposed portions to
produce an imaged lithographic printing plate hav-
ing uncovered hydrophilic areas of the hydrophilic
substrate and complimentary ink receptive areas of
the outer oleophilic surface. In an added embodi-
ment of the method of this invention, the imaged lith-
ographic printing plate is uniformly exposed to ther-
mal energy after step III.

[0008] In a further embodiment of this invention the
first layer of the thermal imaging element contains pho-
tothermal conversion material and a photohardenable
material activatable by ultraviolet radiation. In use, the
thermal imaging element of this embodiment is imaged
and developed according to the method of this invention
to form the imaged lithographic printing plate. The im-
aged lithographic printing plate is then uniformly ex-
posed to ultraviolet radiation.
[0009] In of each of the embodiments of this invention
the aqueous solution preferably has a pH of about 6 or
greater; the first polymeric material preferably is insolu-
ble in an organic solvent, and the second polymeric ma-
terial is soluble in the organic solvent; and the first layer
preferably contains a photothermal conversion material
particularly when the element is imagewise exposed
with a radiant source of energy such as an infrared emit-
ting laser. Preferably, the second layer is free of the pho-
tothermal conversion material.

DETAILED DESCRIPTION OF THE INVENTION

[0010] This invention relates to an imaging element
which can be imaged with thermal energy. More partic-
ularly, this invention relates to thermal lithographic print-
ing plates, which can be imaged by thermal energy typ-
ically by imagewise exposure with an infrared emitting
laser, a thermal printing head, or the like. The lithograph-
ic plates described in this invention are made up of a
hydrophilic substrate, typically an aluminum or polyester
support, and adhered thereto, a thermally sensitive
composite layer structure typically composed of two lay-
er coatings. An aqueous developable polymeric mixture
typically containing a photothermal conversion material
is coated on the hydrophilic substrate to form the first
layer. The second layer is composed of one or more
non-aqueous soluble polymeric materials which are sol-
uble or dispersible in a solvent which does not dissolve
the first layer. In the positive-working thermal imaging
element of this invention, the term"photothermal con-
version material" is intended to be one or more thermally
sensitive components which absorb incident radiation

and convert the radiation to thermal energy. Typically,
the photothermal conversion material is an "infrared ab-
sorbing" compound. When the first layer contains a pho-
tothermal conversion material, i.e., a first material, the
second layer may contain the same first material or a
different photothermal conversion material, i.e., a sec-
ond material. As used herein, the term "thermally sen-
sitive" is intended to be synonymous with the term "heat
sensitive", and the term "image area(s)" is intended to
mean the surface area(s) of the imaged plate which is
ink-receptive. The plate is exposed in non-image area
(s), i.e., areas outside the "image areas" which are not
ink-receptive, typically with an infrared laser or a thermal
print head. Upon aqueous development of the imaged
plate, the exposed portions are developed away thus
exposing hydrophilic surfaces of the substrate which are
receptive to conventional aqueous fountain solutions.
The second layer composed of ink-receptive image ar-
eas, protects the underlying aqueous-soluble coating
areas from the aqueous developer. In one embodiment
of this invention, the second layer may also contain a
photothermal conversion material. In this instance, im-
aging exposure may result in at least partial removal of
exposed areas of the second layer from the underlying
coating. Any remaining exposed areas of the second
layer are removed during development of the imaged
plate. In the following description, the invention will be
illustrated using infrared radiation, and infrared absorb-
ing material as the photothermal conversion material,
but is not intended to be limited thereby.

Plate Construction

[0011] The plate construction of the present invention
includes a composite layer structure supported by a
substrate. The composite layer structure contains at
least an ink-receptive, aqueous-insoluble second layer
overlying an aqueous-soluble infrared absorbing layer
which is adhered to the surface of the substrate. The
composite structure may additionally contain intermedi-
ate layers such as substrate subbing layers to enhance
hydrophilicity or adhesion to the composite structure, or
an adhesion promoting interlayer between the second
layer and the infrared absorbing layer.

Substrate

[0012] Hydrophilic substrates which may be used in
the planographic plate of this invention may be any
sheet material conventionally used to prepare litho-
graphic printing plates such as metal sheet materials or
polymeric sheet material. A preferred metal substrate is
an aluminum sheet. The surface of the aluminum sheet
may be treated with metal finishing techniques known
in the art including brushing roughening, electrochemi-
cal roughening, chemical roughening, anodizing, and
silicate sealing and the like. If the surface is roughened,
the average roughness Ra is preferably in the range
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from 0.1 to 0.8 µm, and more preferably in the range
from 0.1 to 0.4 µm. The preferred thickness of the alu-
minum sheet is in the range from about 0.005 inch to
about 0.020 inch. The polymeric sheet material may be
comprised of a continuous polymeric film material, a pa-
per sheet, a composite material or the like. Typically, the
polymeric sheet material contains a sub-coating on one
or both surfaces to modify the surface characteristics to
enhance the hydrophilicity of the surface, to improve ad-
hesion to subsequent layers, to improve planarity of pa-
per substrates, and the like. A preferred polymeric sub-
strate comprises polyethylene terephthalate.

Thermally-Sensitive Composite Layer Structure

[0013]

First Layer: The first layer of the composite layer
structure is composed of a polymeric material and
optionally, a first photothermal conversion material
such as an infrared absorbing compound, in which
the polymeric material is soluble or dispersible in an
aqueous solution having a pH of about 6 or greater,
i.e., in a slightly acidic, neutral or alkaline aqueous
solution. Optionally, the first layer may contain a
photohardenable material in addition to the thermal
conversion material. Useful polymeric materials
contain acid functionality and may be composed of
one or more polymers or resins. Such polymers and
resins include carboxy functional acrylics, acrylics
which contain phenol groups and/or sulfonamide
groups, cellulosic based polymers and copolymers,
vinyl acetate/crotonate/vinyl neodecanoate copoly-
mers, styrene maleic anhydride copolymers, poly-
vinyl acetals, phenolic resins, maleated wood rosin,
and combinations thereof. Typically two polymers
are used in combination to achieve the desirable
solubility in a wholly aqueous solution having a pH
of about 6 or greater and typically between about 8
and about 13.5. A further criterion for the polymeric
material, is that it be insoluble in an organic solvent
for the second layer hereinafter discussed.

In a preferred embodiment of this invention, the
first layer contains a first photothermal conversion
material such as an infrared absorber. An infrared
absorber may be selected from either a dye or pig-
ment. A primary factor in selecting the infrared ab-
sorber is its extinction coefficient which measures
the efficiency of the dye or pigment in absorbing in-
frared radiation in accordance with Beer's Law. The
extinction coefficient must have a sufficient value in
the wavelength region of infrared radiation expo-
sure usually from 780 nm to 1300 nm. Examples of
infrared absorbing dyes useful in the present inven-
tion include, Cyasorb IR 99 and Cyasorb IR 165
(both available from Glendale Protective Technolo-
gy), Epolite IV-62B and Epolite III-178 (both availa-
ble from the Epoline Corporation), PINA-780 (avail-

able from the Allied Signal Corporation), Spectra IR
830A and Spectra IR 840A (both available from
Spectra Colors Corporation), ADS 830A and ADS
1060A (ADS Corp) and EC 2117 (FEW Wolfen). Ex-
amples of infrared absorbing pigments are Projet
900, Projet 860 and Projet 830 (all available from
the Zeneca Corporation). Carbon black pigments
may also be used. Carbon black pigments are par-
ticularly advantageous due to their wide absorption
bands since such carbon black-based plates can be
used with multiple infrared imaging devices having
a wide range of peak emission wavelengths.

In addition to the photothermal conversion ma-
terial, the first layer may also contain a photohard-
enable material which is activatable by ultraviolet
radiation. With the addition of the photohardenable
material, printing plates with high press life and re-
sistance to press room chemicals are produced. As
used herein the term "photohardenable" material is
intended to mean any component or group of com-
ponents which, upon activation by ultraviolet radia-
tion forms a matrix within the first layer by polymer-
ization and/or crosslinking, so as harden and/or in-
solubilize the first layer; and/or to interact with sur-
faces of adjacent layers to increase adherence
thereto. The photohardenable material may contain
a photopolymerizable component, a photo-
crosslinkable component, or a combination thereof.
Such photohardenable materials may additionally
contain a photoinitiating system and/or a photosen-
sitizing system. Without being bound by any partic-
ular theory, it is believed that the photohardenable
material may form a matrix independent of the first
polymeric material; may function to crosslink the
first polymeric material; may function to chemically
bond the first layer to the second layer; or a combi-
nation thereof. Typical photohardenable materials
include diazonium polycondensation products,
photoinitiated free radical polymerizable systems,
hybrid combinations of diazonium polycondensa-
tion products and photoinitiated free radical polym-
erizable systems, cationically or anionically pho-
topolymerizable systems, and systems which un-
dergo photocrosslinking by photodimerization or
photocycloaddition. Typically such photohardena-
ble material contain a photoinitiating system, a pho-
tosensitizing system or a combination thereof. Such
photoinitiating systems include conventional pho-
toinitiators which form free radicals or ionic cata-
lysts upon exposure to ultraviolet radiation. Such
photosensitizing systems include conventional
photosensitizing compounds which extend the ef-
fective spectral region of the photoinitiating system
into the near ultraviolet and visible spectral region.
Preferred among these photohardenable materials
are those based on diazonium polycondensation
products and systems which undergo photocy-
cloaddition. Examples of such diazonium poly-
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condensation products are described in U.S. Patent
4,687,727. A preferred product is derived from poly-
condensation of 3-methoxydiphenylamine-4-diazo-
nium sulfate and 4,4'-bis-methoxymethyldiphe-
nylether, isolated as the mysitylene sulfonate salt,
and available from Panchim as Nega 107. Systems
based on photocycloaddition are described in U.S.
Patent 5,112,743, EP A 368 327 and DE 198 47
616.7. The effective spectral region of the latter sys-
tems can be extended into the near ultraviolet and
visible regions using photosensitizers as described
in DE 42 31 324 and DE 26 26 769. Preferred pho-
tosensitizers are thioxanthone derivatives.

Second Layer: The second layer of the composite
layer structure, i.e. the top layer, contains as an es-
sential ingredient a polymeric material which is ink-
receptive, is insoluble in the aqueous solution hav-
ing a pH of about 6 or greater, and is soluble or dis-
persible in a solvent such as an organic solvent or
an aqueous solvent dispersion. Useful polymers of
this type include acrylic polymers and copolymers;
polystyrene; styrene-acrylic copolymers; polyes-
ters, polyamides; polyureas; polyurethanes; nitro-
cellulosics; epoxy resins; and combinations thereof.
Preferred are polymethylmethacrylate and polysty-
rene. When the first layer contains a photothermal
conversion material, the second layer may also
contain a photothermal conversion material, which
typically is the same infrared absorbing dye which
is used as the photothermal conversion material in
the first infrared absorbing layer. The second layer
may also contain a dye or pigment, such as a print-
out dye added to distinguish the exposed areas
from the unexposed areas during processing; or a
contrast dye to distinguish image areas in the fin-
ished imaged plate. The second layer may also con-
tain polymeric particles which are incompatible with
the second polymeric material. As used herein the
term "incompatible" is intended to mean that the
polymeric particles are retained as a separate
phase within the second polymeric material. Typi-
cally, the polymeric particles have an average diam-
eter between about 0.5 µm and about 10 µm. Pre-
ferred polymeric particles of this type are poly
tetrafluoroethylene particles. The presence of such
polymeric particles improves scratch resistance of
the composite layer and surprisingly enhances ex-
posure latitude for processing the plate. Typically,
the second layer is substantially free of ionic
groups.

Plate Precursor Preparation

[0014] The composite layer structure may be applied
to the substrate by sequentially applying the first layer
and then the second layer using conventional coating
or lamination methods. Alternatively, both layers may be

applied at the same time or from a single solution which
undergoes self-stratification into top and bottom layers
upon drying. However it is important to avoid intermixing
the two layers which tends to reduce the sensitivity. Re-
gardless of the method of application, the first layer of
the applied composite has an inner surface which is con-
tiguous to the substrate, and the second layer of the ap-
plied composite has an outer surface.
[0015] The first layer may be applied to the hydrophilic
substrate by any conventional method. Typically the in-
gredients are dissolved or dispersed in a suitable coat-
ing solvent, and the resulting solvent mixture is coated
by known methods such as by whirl coating, bar coating,
gravure coating, roller coating, and the like. Suitable
coating solvents include alkoxyalkanols such as
2-methoxyethanol; ketones such as methyl ethyl ke-
tone; esters such as ethyl acetate or butyl acetate; and
mixtures thereof.
[0016] The second or top layer may be applied to the
surface of the thermal conversion first layer by any con-
ventional method such as those described above. Typ-
ically the ingredients are dissolved or dispersed in a suit-
able organic coating solvent which is not a solvent for
the thermal conversion layer. Suitable coating solvents
for coating the second layer include aromatic solvents
such as toluene and mixtures of aromatic solvents with
alkanols such as a 90:10 weight ratio of toluene and bu-
tanol.
[0017] Alternatively, the first layer, the second layer or
both layers may be applied by conventional extrusion
coating methods from a melt mixture of layer compo-
nents. Typically, such a melt mixture contains no volatile
organic solvents.

Plate Imaging and Processing

[0018] The thermal digital lithographic printing plate
precursor is imaged by the method comprising the fol-
lowing steps. First a lithographic printing plate precursor
is provided which comprises a hydrophilic substrate and
adhered thereto, a composite layer structure having an
inner surface contiguous to the hydrophilic substrate
and an outer oleophilic, ink-receptive surface. The com-
posite layer structure comprises a first layer which forms
the inner surface of the composite layer structure and a
second layer which forms the outer surface of the com-
posite layer structure. The first layer comprises a first
polymeric material and a photothermal conversion ma-
terial, as previously described, in which the first poly-
meric material is soluble or dispersible in an aqueous
solution having a pH of about 6 or greater, and which is
insoluble in an organic solvent. The second layer con-
sists essentially of a second polymeric material, as pre-
viously described, which is soluble in the organic sol-
vent, wherein the second layer is insoluble in the aque-
ous solution. Next the composite layer structure is im-
agewise exposed to thermal energy to provide exposed
portions, or areas, and complimentary unexposed por-
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tions, or areas, in the composite layer structure. The ex-
posed portions surprisingly are selectively removable by
the aqueous solution. Finally, the aqueous solution is
then applied to the outer oleophilic surface to remove
the exposed portions of the composite layer structure to
produce an imaged lithographic printing plate. The re-
sulting imaged lithographic printing plate has uncovered
hydrophilic areas of the hydrophilic substrate and com-
plimentary ink receptive areas of the outer oleophilic
surface. While not being bound by any particular theory,
selective removability of the exposed portions is be-
lieved to result from an increased rate of dissolution or
dispersibility of the first layer in the aqueous solution,
from enhanced permeability of the second layer to the
aqueous solution or to a combination thereof.
[0019] The lithographic plate of this invention and its
methods of preparation have already been described
above. This plate may be imaged with a laser or an array
of lasers emitting infrared radiation in a wavelength re-
gion that closely matches the absorption spectrum of the
first infrared absorbing layer. Suitable commercially
available imaging devices include image setters such
as a Creo Trendsetter (available from the CREO Corpo-
ration, British Columbia, Canada) and a Gerber Cres-
cent 42T (available from the Gerber Corporation). While
infrared lasers are preferred other high intensity lasers
emitting in the visible or ultraviolet may also be used to
image the lithographic plate of this invention. Alterna-
tively, the lithographic plate of this invention may be im-
aged using a conventional apparatus containing a ther-
mal printing head or any other means for imagewise
conductively heating the composite layer such as with
a heated stylus, with a heated stamp, or with a soldering
iron as illustrated in the following examples.
[0020] When portions of the composite layer structure
are exposed to infrared radiation, they become selec-
tively removable by an aqueous developer liquid and are
removed thereby. The developer liquid may be any liq-
uid or solution which can both penetrate the exposed
areas and dissolve or disperse the exposed areas of the
infrared absorbing layer without substantially affecting
the complimentary unexposed portions of the composite
layer structure. Useful developer liquids are the aque-
ous solutions having a pH of about 6 or above as previ-
ously described. Preferred developer solutions are
those that have a pH between about 8 and about 13.5.
Useful developers include commercially available de-
velopers such as PC3000, PC955, PC956, and PC9000
aqueous alkaline developers each available from Kodak
Polychrome Graphics, LLC. Typically the developer liq-
uid is applied to the imaged plate by rubbing or wiping
the second layer with an applicator containing the de-
veloper liquid. Alternatively, the imaged plate may be
brushed with the developer liquid or the developer liquid
may be applied to the plate by spraying the second layer
with sufficient force to remove the exposed areas. Alter-
natively, the imaged plate can be soaked in the devel-
oper liquid, followed by rubbing or brushing the plate

with water. By such methods a developed printing plate
is produced which has uncovered areas which are hy-
drophilic and complimentary areas of the composite lay-
er, not exposed to infrared radiation, which are ink re-
ceptive.
[0021] Although lithographic printing plates having
high press life with good ink receptivity are produced at
high imaging speeds by the method of this invention,
press life surprisingly is further enhanced by uniformly
exposing the imaged lithographic printing plate to ther-
mal energy after it has been developed in step III. Such
a uniform thermal exposure may be carried out by any
conventional heating technique, such as baking, contact
with a heated platen, exposure to infrared radiation, and
the like. In a preferred mode for post development ther-
mal exposure, the developed imaged lithographic print-
ing plate is passed through a baking oven at 240° C for
3 minutes after treatment with a baking gum.
[0022] When the first layer of the lithographic printing
plate precursor element contains a photohardenable
material, the developed, imaged lithographic printing
plate may be uniformly exposed to ultraviolet radiation
to further enhance press life and resistance to press
room chemicals. Such post development flood expo-
sures may be carried out using any conventional ultra-
violet exposure source. In a typical post development
flood exposure, the developed, imaged plate is placed
in a conventional exposure device such as a 5W The-
imer device for 20 seconds. As used herein, the term
"ultraviolet radiation" is intended to include actinic radi-
ation within the spectral region from about 2500Å to
about 4200Å with the near ultraviolet spectral region
from about 3600Å to about 4000Å being preferred.
[0023] The thermal lithographic printing plate of the
present invention will now be illustrated by the following
examples, but is not intended to be limited thereby.

Example 1

[0024] A lithographic printing plate was prepared as
follows:

First Layer: 2.5 grams of 28-2930 copolymer (vinyl
acetate/crotonates/ vinyl neodecanoate copolymer
from National Starch and Chemical Co.) and 2.5
grams of Scripset-550 (styrene maleic anhydride
copolymer from Monsanto) were dissolved in 50 mL
of 2-methoxyethanol and 50 mL methyl ethyl ketone
solvent mix. 0.9 g. of ADS-830A dyes (American
Dye Source Inc.) was added to this solution and
stirred until all the ingredients were completely dis-
solved. The solution was then coated on an alumi-
num lithographic substrate to achieve a 2.0 g/m2

coating.
Second layer: 13.2 g of A-21 ( a 30% solution of
polymethylmethacrylate (PMMA) in toluene/buta-
nol 90:10 solvent mixture from Rohm & Haas) was
dissolved in 190 g. of toluene. The solution was
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stirred and then coated on top of the above men-
tioned first layer coated plate.

[0025] The plate precursor was laser imaged on a
Creo Trendsetter thermal exposure device having a la-
ser diode array emitting at 830 nm with a dose of 100 to
300 mJ/cm2. Upon alkali development with positive de-
veloper PC3000 (from Kodak Polychrome Graphics)
having a pH of about 13.5 , laser exposed areas of both
the bottom and second layers were removed without af-
fecting the unexposed areas of either layer.
[0026] When ADS-830A dye, in the amount indicated
above, was added to both the first layer and the second
layer of the plate precursor, similar results were ob-
tained following thermal imaging and development as
above.
[0027] When the plate precursor was prepared using
Epolite III-178 dye (Epolin Inc.) in place of ADS-830A
dye in the first layer, similar results were obtained fol-
lowing thermal imaging with a Gerber Crescent 42T ex-
posure device, emitting at 1064 nm, and development
as above.
[0028] When the plate precursor was prepared using
Epolite III-178 dye in place of ADS-830A dye in both the
first layer and the second layer, similar results were ob-
tained following thermal imaging with a Gerber Crescent
42T exposure device and development as above.
[0029] When the plate precursor was thermally im-
aged with a Weller soldering iron (EC2100M), followed
by development in an aqueous solution of sodium meta-
silicate pentahydrate (14 wt%), a positive image was
similarly obtained. Similar results were obtained by
scanning the coating or the substrate side of the plate
precursor with the soldering iron at a rate of 10cm/sec.
[0030] When the plate precursor was prepared with-
out the addition of an IR absorber, thermal imaging with
the Weller soldering iron, followed by development in
the sodium metasilicate solution also provided a positive
image. Similar results were obtained by scanning either
the coating or the substrate side of the plate precursor.

Example 2

[0031] A lithographic printing plate was prepared as
follows:

First Layer: 2.5 g. of SMA-1000 polymer (styrene
maleic anhydride copolymer from ARCO Chemical)
and 2.5 g. of PN-430 resin (phenolic resin from
American Hoeschst) were dissolved in 50 mL of
2-methoxyethanol and 50 mL of methyl ethyl ketone
solvent mix. 0.9 g. ADS-830A dye was added to this
solution. The solution was stirred to dissolve all
three components completely and was then coated
on a lithographic substrate to achieve 2.0 g/m2 coat-
ing weight using a whirl coater.
Second layer: 13.2 g. of A-21 was dissolved on 190
g. of toluene. The solution was stirred and then

coated on top of the above mentioned first layer
coated plate.

[0032] This plate was laser imaged on a Creo Trend-
setter system as described in Example 1. Upon alkali
development with positive developer PC3000, laser ex-
posed areas of both the first and second layers were
removed without affecting the unexposed areas of either
layer.
[0033] In accordance with Example 1, similar results
were obtained when ADS-830A dye was added to both
the first and the second layers; similar results were also
obtained when ADS-830A dye was replaced by Epolite
III-178 dye, in the first layer or in both layers, and the
plate precursor was exposed in the Gerber Crescent
42T device.

Example 3

[0034] A lithographic printing plate was prepared as
follows:

First Layer: 2.5 g. of SD-140 resin, a phenol novolac
resin, and 2.5 g. of 28-2930 copolymer were dis-
solved in 50 mL of 2-methoxyethanol and 50 mL of
methyl ethyl ketone solvent mix. 0.9g. ADS-830 dye
was added to this solution. The solution was stirred
to dissolve all three components completely. The
solution was then coated on lithographic substrate
to achieve 2.0g/m2 coating weight using a whirl
coater.
Second layer: A 2% solution of Acryloid B-44 resin,
an acrylic copolymer from Rohm & Haas having a
Tg =60°C, in toluene was applied on top of the
above mentioned first layer coated plate.

[0035] This plate was laser imaged on a Creo Trend-
setter system as described in Example 1. Upon alkali
development with positive developer PC3000, laser ex-
posed areas of both the first and second layers were
removed without affecting the unexposed areas of either
layer.
[0036] In accordance with Example 1, similar results
were obtained when ADS-830A dye was added to both
the first and the second layers; similar results were also
obtained when ADS-830A dye was replaced by Epolite
III-178 dye, in the first layer or in both layers, and the
plate precursor was exposed in the Gerber Crescent
42T device.

Example 4

[0037] A lithographic printing plate was prepared as
follows:

First Layer: 2.5 g. of cellulose acetate phthalate and
2.5 g. of 28-2930 copolymer were dissolved in 50
mL of 2-methoxyethanol and 50 mL of methyl ethyl
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ketone solvent mix. 0.9 g. ADS-830 dye was added
to this solution. The solution was stirred to dissolve
all three components completely. A solution was
then coated on lithographic substrate to achieve 2.0
g/m2 coating weight using a whirl coater.
Second layer: A 2% solution of Acryloid B-66 resin
(an acrylic copolymer from Rohm & Haas having a
Tg = 50° C) in toluene was applied on top of the
above mentioned first layer coated plate.

[0038] This plate was laser imaged on a Creo Trend-
setter system as described in Example 1. Upon alkali
development with positive developer PC3000, laser ex-
posed areas of both the first and second layers were
removed without affecting the unexposed areas of either
layer.
[0039] In accordance with Example 1, similar results
were obtained when ADS-830A dye was added to both
the first and the second layers; similar results were also
obtained when ADS-830A dye was replaced by Epolite
III-178 dye, in the First layer or in both layers, and the
plate precursor was exposed in the Gerber Crescent
42T device.

Example 5

[0040] A lithographic printing plate was prepared as
follows:

First Layer: 2.5 g. of Carboset-500 (an acrylic co-
polymer from Goodrich) and 2.5 g. of 28-2930 co-
polymer were dissolved in 50 mL of 2-methoxyeth-
anol and 50 mL of methyl ethyl ketone solvent mix.
0.9 g. ADS-830 dye was added to this solution. The
solution was stirred to dissolve all three compo-
nents completely. The solution was then coated on
a lithographic substrate to achieve 2.0 g/m2 coating
weight using a whirl coater.
Second layer: A 2% solution of Acryloid B-82 (an
acrylic copolymer from Rohm & Haas having a Tg
= 35° C) in toluene was applied on top of the above
mentioned first layer coated plate.

[0041] This plate was laser imaged on a Creo Trend-
setter system as described in Example 1. Upon alkali
development with positive developer PC3000, laser ex-
posed areas of both the first and second layers were
removed without affecting the unexposed areas of either
layer.
[0042] In accordance with Example 1, similar results
were obtained when ADS-830A dye was added to both
the first and the second layers; similar results were also
obtained when ADS-830A dye was replaced by Epolite
III-178 dye, in the first layer or in both layers, and the
plate precursor was exposed in the Gerber Crescent
42T device.

Example 6

[0043] A lithographic printing plate was prepared as
follows:

First Layer: 2.5 g. of Scripset-540 (styrene maleic
anhydride copolymer from Monsanto) and 2.5 g. of
28-2930 copolymer were dissolved in 50 mL of
2-methoxyethanol and 50 mL of methyl ethyl ketone
solvent mix. 0.9 g. ADS-830A dye was added to this
solution. The solution was stirred to dissolve all
three components completely. The solution was
then coated on a lithographic substrate to achieve
2.0 g/m2 coating weight using a whirl coater.
Second layer: A 2% solution of Acryloid B-84 resin
(an acrylic copolymer from Rohm & Haas having a
Tg = 50° C) in toluene was applied on top of the
above mentioned first layer coated plate.

[0044] This plate was laser imaged on a Creo Trend-
setter system as described in Example 1. Upon alkali
development with positive developer PC3000, laser ex-
posed areas of both the first and second layers were
removed without affecting the unexposed areas of either
layer.
[0045] In accordance with Example 1, similar results
were obtained when ADS-830A dye was added to both
the first and the second layers; similar results were also
obtained when ADS-830A dye was replaced by Epolite
III-178 dye, in the first layer or in both layers, and the
plate precursor was exposed in the Gerber Crescent
42T device.

Example 7

[0046] A lithographic printing plate was prepared as
follows:

First Layer: 2.5 g. of Scriptset-550 and 2.5 g. of
28-2930 copolymer were dissolved in 50 mL of
2-methoxyethanol and 50 mL of methyl ethyl ketone
solvent mix. 0.9 g. ADS-830 dye was added to this
solution. The solution was stirred to dissolve all
three components completely. The solution was
then coated on a lithographic substrate to achieve
2.0 g/m2 coating weight using a whirl coater.
Second layer: A 2% solution of polystyrene in tolu-
ene was applied on top of the above mentioned first
layer coated plate.

[0047] This plate was laser imaged on a Creo Trend-
setter system as described in Example 1. Upon alkali
development with positive developer PC3000, laser ex-
posed areas of both the first and second layers were
removed without affecting the unexposed areas of either
layer.
[0048] In accordance with Example 1, similar results
were obtained when ADS-830A dye was added to both
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the first and the second layers; similar results were also
obtained when ADS-830A dye was replaced by Epolite
III-178 dye, in the first layer or in both layers, and the
plate precursor was exposed in the Gerber Crescent
42T device.

Example 8

[0049] A lithographic printing plate was prepared as
follows:

First Layer: A carbon dispersion was made by dis-
persing 15 g carbon black (Spezialschwarz 250
from Degussa) in a solution of 30 g of PD 140 A
resin (cresol novolac resin from Borden) in 55 g
2-methoxyethanol. 4.33 g of this dispersion was
stirred into a solution made up of 3.7 g PD 140A
resin, 0.35 g EC 2117 IR dye (available from FEW
Wolfen GmbH), 30 mL methyl ethyl ketone and 30
mL 2-methoxyethanol and coated on a lithographic
substrate to obtain 1.8 g/m2 coating weight.
Second layer: 5 g of A-21 was dissolved on 100 mL
toluene. The solution was stirred and then coated
on top of the above mentioned first layer coated
plate to give a coating weight of 1.0 g/m2.

[0050] This plate was laser imaged on a Creo Trend-
setter system as described in Example 1. Upon devel-
opment with developer Goldstar from Kodak Poly-
chrome Graphics, laser exposed areas of both first and
second layers were removed without affecting the un-
exposed areas of either layer.

EXAMPLE 9

[0051] A lithographic printing plate was prepared as
follows:

First Layer: A polymeric solution was prepared by
dissolving 1.25 g of 28-2930 copolymer, 1.25 g of
Scriptset-550, 2.5 g of negative diazo N-5000 (con-
densation product of p-diazo diphenylamine bisul-
fate and formaldehyde isolated as the 2-hydroxy-
4-methoxy benzophenone-5-sulfonate salt), and
0.9 g of ADS-830A IR dye into a solvent mixture
containing 45 mL methyl ethyl ketone and 55 mL
2-methoxyethanol. The solution was spin coated on
an electrolytically grained aluminum substrate to
obtain a coating weight of 1.8 g/m2.
Second layer: A solution containing 2.0 g of PMMA
and 0.26 g of MP-1100 (polytetrafluoroethylene ad-
ditive, available from DuPont Co.) in 100 g. toluene
was coated on the above layer to obtain a coating
weight of 0.6 g/m2.

[0052] Two plates were imaged on the Creo Trendset-
ter thermal plate setter (wavelength 830 nm) at energy
density between 140 and 240 mJ/cm2. The plates were

then developed with T-153 aqueous developer (from
Kodak Polychrome Graphics) to produce printing plates
having acceptable resolution.
[0053] One of the above developed plates was then
flood exposed with UV radiation with a dose of 350 mJ/
cm2 using a SACK LCX3 5W source. Both the UV flood
exposed and unexposed plates were then soaked for 2
min in developer T-153. The UV exposed plate exhibited
higher resistance to developer and solvent.

EXAMPLE 10

[0054] A lithographic printing plate was prepared as
follows:

First Layer: 2.13 g of a carboxy-functional polyvinyl
acetal (described in preparation example 11 of U.S.
Patent 5,700,619 which is incorporated herein by
reference) (T71 polymer), 2.13 g Nega 107 (a neg-
ative diazo resin derived from polycondensation of
3-methoxy-diphenylamine-4-diazonium sulfate and
4,4'-bis-methoxymethyldiphenyl ether, isolated as
the mesitylene sulfonate salt, and available from
Panchim) and 0.15 g EC 2117 IR 830 dye were dis-
solved in 50 mL of a solvent mixture of 2-methoxy-
ethanol, methanol and methyl ethyl ketone (35: 25:
40). The solution was coated on an electrolytically
grained, anodized and polyvinylphoshonic acid
sealed substrate to obtain a coating weight of 1.4
g/m2.
Second layer: A solution of 2 g nitrocellulose E950
(available from Wolff Walsrode) in 100 mL ethylac-
etate was coated on the above layer to give a coat-
ing weight of 1.1 g/m2.

[0055] Two plates were laser imaged with a 810 nm
laser diode mounted on a rotating drum to provide single
lines and solid areas. The plates were then developed
with aqueous alkaline developer 956 (from Kodak Poly-
chrome Graphics) to obtain a good image with a clean
background.
[0056] One of the plates was then flood exposed to
UV radiation with a dose of 300 mJ/cm2, using a SACK
LCX3 5W radiation source. Both plates were soaked in
diacetone alcohol for 15 minutes, resulting in a coating
weight loss of 94% for the plate which was not flood ex-
posed. The flood exposed plate had a weight loss of
46%, corresponding mainly to the loss of the nitrocellu-
lose second layer. These results indicate that the pho-
tohardenable first layer was crosslinked during flood ex-
posure.

EXAMPLE 11

[0057] A lithographic printing plate was prepared as
follows:

First Layer: A carbon dispersion AC 252 with 14.4%
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solid content was made by dispersing 20 g of T71
resin and 10 g carbon black (Spezialschwarz 250
from Degussa) in Dowanol PM. A coating solution
was made up of 6.38 g of the dispersion, 0.41 g of
T71 resin, 1.0 g of Nega 107 and 0.03 g of phos-
phoric acid in a solvent mixture of 2-methoxyetha-
nol, methanol and methyl ethyl ketone (35: 25: 40).
The solution was coated on an electrolytically
grained, anodized and polyvinylphosphoric acid
sealed substrate to obtain a coating weight of 1.0
g/m2.
Second layer: A solution of 5 g PMMA in 100 mL
toluene was coated on the above layer to give a
coating weight of 0.5 g/m2.

[0058] The plate was laser imaged with a 810 nm la-
ser diode mounted on a rotating drum to obtain single
lines and solid areas. The plate was then developed with
aqueous alkaline developer 956 to obtain a good image
with a clean background.

EXAMPLE 12

[0059] A lithographic printing plate was prepared as
follows:

First Layer: 5.1 g AK 128 (a polyvinylacetal contain-
ing dimethyl maleimido groups, described in DE
198 47 616.7 by Kodak Polychrome Graphics), 0.3
g Quantacure CPTX (thioxanthone derivative), 0.6
g EC 2117 IR 830 dye and 0.06 g 4-toluene sulfonic
acid were dissolved in 80 mL of a solvent mixture
of 2-ethoxyethanol, methanol and methyl ethyl ke-
tone (35: 25: 40). The solution was coated on an
electrolytically grained, anodized and polyvinyl-
phosphonic acid sealed substrate to obtain a coat-
ing weight of 1.5 g/m2.
Second layer: A solution of 5 g PMMA in 100 mL
toluene was coated on the above layer to give a
coating weight of 0.6 g/m2.

[0060] Two plates were laser imaged with a 810 nm
laser diode mounted on a rotating drum to provide single
lines and solid areas. The plates were then developed
with an aqueous alkaline developer 956 to obtain a good
image with a clean background.
[0061] One of the plates was then flood exposed to
UV radiation with a dose of 150 mJ/cm2, using a SACK
LCX3 5W radiation source. Both plates were soaked in
diacetone alcohol for 15 minutes, resulting in a coating
weight loss of 95% for the plate which was not flood ex-
posed. The flood exposed plate had a weight loss of
37%, corresponding mainly to the loss of the PMMA sec-
ond layer. These results indicate that the photoharden-
able First layer was crosslinked during flood exposure.

EXAMPLE 13

[0062] A lithographic printing plate was prepared as
follows:

First Layer: To the first layer solution of Example 12,
0.3 g of Nega 107 was added and the resulting so-
lution coated on an electrolytically grained, ano-
dized and polyvinylphosphonic acid sealed sub-
strate to obtain a coating weight of 1.4 g/m2.
Second layer: A solution of 5 g PMMA in 100 mL
toluene was coated on the above layer to give a
coating weight of 0.6 g/m2.

[0063] Two plates were laser imaged with a 810 nm
laser diode mounted on a rotating drum to provide single
lines and solid areas. The plates were then developed
with aqueous alkaline developer 956 to obtain a good
image with a clean background.
[0064] One of the plates was then flood exposed to
UV radiation with a dose of 150 mJ/cm2, using a SACK
LCX3 5W radiation source. Both plates were soaked in
diacetone alcohol for 15 minutes, resulting in a coating
weight loss of 93% for the plate which was not flood ex-
posed. The flood exposed plate had a weight loss of
32%, corresponding mainly to the loss of the PMMA sec-
ond layer. These results indicate that the photoharden-
able first layer was crosslinked during flood exposure.
[0065] Those skilled in the art having the benefit of
the teachings of the present invention as hereinabove
set forth, can effect numerous modifications thereto.
These modifications are to be construed as being en-
compassed within the scope of the present invention as
set forth in the appended claims.

Claims

1. A positive-working thermal imaging element com-
prising:

A. a substrate; and
B. a thermally sensitive composite layer struc-
ture having an inner surface contiguous to the
substrate and an outer surface, the composite
layer structure comprising:

(a) a first layer having the inner surface, the
first layer comprising a first polymeric ma-
terial and a photothermal conversion ma-
terial and wherein the first polymeric mate-
rial is soluble or dispersible in an aqueous
solution; and
(b) a second layer having the outer surface,
the second layer comprising a second pol-
ymeric material, wherein the second layer
is insoluble in the aqueous solution;
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wherein the first layer, containing the photothermal
conversion material, is applied first, and the second
layer is subsequently applied; and wherein, upon
imagewise heating of the composite layer structure,
the composite layer structure is provided with heat-
ed portions and complementary unheated portions,
wherein the heated portions have an increased rate
of removal in the aqueous solution.

2. The imaging element of claim 1, wherein the aque-
ous solution has a pH of 6 or greater.

3. The imaging element of claim 1, wherein the second
layer contains photothermal conversion material.

4. The imaging element of claim 1, wherein the second
layer is free of photothermal conversion material.

5. The imaging element of claim 1, wherein upon heat-
ing the composite layer structure, the first layer has
an increased rate of dissolution or dispersibility in
the aqueous solution.

6. The imaging element of claim 1, wherein upon heat-
ing the composite layer structure, the second layer
has enhanced permeability to the aqueous solution

7. The imaging element of claim 1, wherein the first
polymeric material is insoluble in an organic sol-
vent, and the second polymeric material is soluble
in the organic solvent.

8. The precursor imaging element of claim 1, wherein
the first polymeric material is taken from the group
consisting of carboxy functional acrylics, acrylics
which contain phenol groups, acrylics which contain
sulfonamido groups, cellulosic based polymers and
copolymers, vinyl acetate/crotonate/vinyl neo-
decanoate copolymers, styrene maleic anhydride
copolymers, polyvinyl acetals, phenolic resins,
maleated wood rosin, and combinations thereof.

9. The imaging element of claim 1, wherein the first
polymeric material contains acid functionality de-
rived from carboxylic acid groups, phenolic groups,
sulfonamide groups or a combination thereof.

10. The imaging element of claim 1, wherein the first
layer contains a photohardenable material activat-
able by actinic radiation.

11. The precursor of claim 1, wherein the second poly-
meric material is selected from the group consisting
of acrylic polymers and copolymers; polystyrene;
styrene-acrylic copolymers; polyesters, polya-
mides; polyureas; polyurethanes; nitrocellulosics;
epoxy resins; and combinations thereof.

12. A positive-working lithographic printing plate pre-
cursor which is the positive-working thermal imag-
ing element of any preceding claim wherein the sub-
strate is a hydrophilic substrate; and the outer sur-
face is an outer oleophilic surface.

13. A method for forming a planographic printing plate
comprising the steps, in the order given:

I) providing the lithographic printing plate pre-
cursor of claim 12;
II) imagewise exposing the composite layer
structure to thermal energy to provide exposed
portions and complimentary unexposed por-
tions in the composite layer structure, wherein
the exposed portions are selectively removable
by the aqueous solution; and
III) applying the aqueous solution to the outer
oleophilic surface to remove the exposed por-
tions to produce an imaged lithographic printing
plate having uncovered hydrophilic areas of the
hydrophilic substrate and complimentary ink re-
ceptive areas of the outer oleophilic surface.

14. The method of claim 13, wherein the first layer con-
tains photothermal conversion material and a pho-
tohardenable material activatable by actinic radia-
tion wherein after step III, the imaged lithographic
printing plate is uniformly exposed to ultraviolet ra-
diation or to thermal energy.
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